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The exercises in this workbook have been developed over the past several years 
for various courses and workshops on economic analysis offered by the CIMMYT 
Economics Program. TrheV build upon a set of exercises developed by Larry 
Harrington, Exercises in the Economic Analvsis of Agronomic Data ((IMMYT 
Economies Program Working Paper. 1982). We have modified some of those 

%V ones. weexercises and added iI.I , new All have been tested extensively, and feel 
they oft( good practice fhr learnn ig lhe procedures described in the manual, From 
Agrono.,nic Data to Firwr RcCOn11nndatioiis. We wish to thank our colleagues in 
the CIMMYT Economics Program alld the l-t 'ilcIants ill our training aclivities for 
their Conl t ribut ions to tlwI esceXrcisCs. 

We also wish to thank iainv other )Cole Wihioiel ped produce this workbOCK. 
Numerous drafts were typed wilh gi-etl eficicncy by Maria Luisa Rodriguez and 
Beatriz Roj6n. 'lhe workbook has been improved by the editing of Kelly Cassaday 
and the imaginative design of Anita Albert. Typesetting, layout, and production 
were done by Silvia Bistrain R., Maricela A. de Ramos. Miguel Mellado E., Rafael 
De la Colina F.. Jos( Manuel Fouilloux B.. and Bertha Regalado M. 

Robert Tripp 

Gustavo Sairi 
CIMMYT Economics Program 
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How to Use This Workbook 

This workbook is (esigned to be used with the manual, From Agronomic Data to 
FarmerRccommecla tionus. Completely Revised Edition, CIMMYT Economics 
Program (1988). It 'an bc us (din the classroom or for individual studv. 

The exerciscs are prslllt(d illOc Same order- astASthet 'heIneS of liet lmanlal. Each 
exercis, is kcvtd at the. t)ioi of thel late to the al)l)ro)priatc chapter or section 
and paes of tle nllilual. 

A separatc an swrr booklct is available. It is best to work through an entire 
exercise before (lhrc('kinlie the tiIswer in tilie booklet. 

Abbreviations Used in the Workbook 

The $ sign is not intended to represent any particular currency, and several 
different currencies are assumed in the exercises. 

Additional abbreviations include ha (hectare), kg (kilogram). and I (liter). 
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On-Farm Research 

For each of the following pieces of information derived from on-farm research,
indicate who is the most appropriate audience: researchers, farmers, or 
policyniakers. 

a. The most economic amount of fertilizer for maize in this area is 2 bags of 
18-46-0 and 1' 2 bags of urea per hectare. 

b. The efficiency of fertilizer utilization in this area is limited by acid soils. 

c. Fertilizer is most efficient if it is applied within 3 weeks of planting, but 
fertilizer is often not available in the government shop until at least 1 month 
after planting. 

On-Farm(Research, pp. 1,3 



Goals of the Farmer 

Determine which of the farmer's goals or interests (listed in the second column) is 
implied in each question in the first column. 

Question 	 Goal/Interest 

I. If Ichange mv weeding A. In order to provide for the
 
practices, will my chaice of 
 the 	needs of their families,
failure in a year of low farmers manage systems of 
rainfall increase or decrease? various crops and animals. 

2. 	 If I change my weeding pra,,ccs, B. Farmers are interested in 
how much more yield wi!i I get, the economic return1 fron 
and how m1ch muore money will I a new practice. 
have to spenld' 

3. 	 If I change my weeding practices. C. Farmers are concerned about 
will I have to make many other risks.
 
changes as well?
 

4. 	 If I change my weeding practices D. Farmers are interested in 
in maize, will I still be able making stepwise changes in 
to grow beans? teir practices. 

Goals -of the Farmer,. pp, 4-5 
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On-Farm Experiments 

Decide whether each of the following experiments is designed so that an economic 
analysis of the results is possible. If an analvsis cannot be done, what changes in 
the experinient would make, it l)Ossibh,? 

MVs te(l, 
farmers. The nox))erxpci iai 1 variables (varietv. seediag ratle. wced control, 
etc.) are rel)resentative of 1irtanners, l)ruclic. 

a. A trial in which -1 levels ot nitlcI' aniroe including the level used by 

b. A trial in which 5 levels of nitrogen and :1 levels of' )hosp)horus are applied to 
the crop. A tlr catunt is if(llhd Illil lth at -'tl'CS('its tanlners' currenI fertilizer 
praeti(c. Researchers prepare the )1)i \vlhre the (Xperimnlt will be )lanted 
an(] lSt sce(l iil rtr s,Vs.w)ltnlt r- ti , illl ( coli)t rol met hods iden tical to 
those l sd on thtc eX)erilllt statioll. 

c. An experiment that examines 2 new varieties and 2 ncw seeding rates (above
and 	below the farmers" usual rate). Farmers prepare the plot and control the 
veecds and insec(tstollowing representative practices. 

On-Farm Experiments, pp. 5-7 
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Experimental Locations and Recommendation Domains 

uIi IiWltytivc reonmiictidaiiou domahiill j)Ihlt 
anid e)rc)aI( hiri fiuh, with tractors. T(heir liaiZ(- plant" s]lmw (evideic of 
nlitrogen defici'ii(-\'. \Which mii!.(s) of lhie Iulds lisitd bllow wOmild be appropriate 
for Ia fertilizer uxi)t'rinwili oti 11'doilliaii? 

Th(e fIrIllrs ( i Imlize-lmlitiz( rotation 

Field Previous crop 
Method of land 

preparatlon Field size (ha) 

A Maize Ox plow 3 
B Maize Tractor 2 
C Tobaco Fractor I 
D Maize Tractor 15 

Experimental Locations and Recommendation Domains, PI.7-8 
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The Partial Budget 

Fill in the blanks in the partial budget below with the titles of budget items (a-c) 
or numbers (d-0. 

Treatment 

1 2 3
 
(No (100 kg (200 kg
 

fertilizer) urea/ha) urea/ha)
 

Average yield (kg/ha) 	 1,500 2,100 2,400 

a. 	 (kg/ha) 1,200 1.680 1,920
 

Gross field 600 840 960
 
benefits (S/ha)
 

Cost of fertilizer (S/ha) 
 0 80 160
 

Cost of labor to apply fertilizer (S/ha) 0 20 20
 

b. 	 (S/ha) 0 100 e. 

c. 	 (S/ha) 600 d. 

The Partiai Budget, pp. 9-11
 



Marginal Analysis 

Calculate the marginal rate of return between Treatment 1 and Treatment 2. 

Treatment 

1 2
 

Total costs that vary (S/ha) 150 200
 

Net !)CltiIs (S/ha) 
 430 470
 

.Marginal Analysis , pp. 11-12
 



Variability 

Each of the following situations is an examle of how variability affects the 
intcrpretaltion of cXpcrinenittal results. For cach siuatioll. iIndicatc Ihe type of 
variabilitv: 

!I \VIriklbilit v locattl liltcn-111 1't( o doillails)h~cm-,ctl ion 	 ,mewndatioll 
2) Vatrihilit v dltc io milirc(lic'til:h' {ict()r,,
3) Variahiliv I{lic f IIct Ileriuin 	 imdiet 

a. 	 T"I i-repolsc to fertilizer was better last year. when there were good rains, 
than it is this year. 

b. 	 Fertilizer use was economic last year when the price of fertilizer was 30% 
lower than it is this year. 

c. 	 The response to fertilizer on one farmer's field is different from that on a 
neighboring field because of differences in crop rotation. 

Variability, p. 12 



Identifying Variable Inputs 

List all varia)h, inputis associated with ite dilferett treattients in each of the 
following expe-iments. 

a. 	Insect Control Experiment 
Treatment 1: Nia iis'c-t control (fl'niirTs' practice) 
Treatment 2: hi5ctic ide X (granular) ajpplhd in lole at planting 
Treatment 3: 1[nsccticidc Y gra nilar) applied at 20 days 

b. 	 Fertilizer Experiment 
Treatment 1: 100 'g turea i' )n iit igIlftcirers' practice)
 
Treatment 2: 100 kg tue-a at 30 days
 
Treatment 3: 50 k, e;i ;it plating: 50 kg urea at 30 days

Treatment 4: 75 kg iti',. ait plIittin g: 75 kw urea at 30 cays
 

c. 	 Weed Control by Planting Method Experiment (Maize) 
Treatment 1: 30.000 pla;its/ha. )lantttd tandonly: one hand weeding 

(larniers r-' ti.c)
Treatment 2: :11.000 :laitts/ht;i. planted raiicdol: one ai)liciation of pre­

riclt .et'Ie I ltw)icide A 
Treatment 3: 50.000 plat its/l t. pinnd in rows: one hand weeding 
Treatment 	4: 50.000 plains/ha. jflantcd in rows: one aipplication of pr,'­

etn'erlgence llcr',)icide A 

Identifvinq Variable Inouts. o. 14 



Field Price and Field Cost of Purchased Inputs 

Insecticide A costs 8$10 for a 2,5-kg bag. Treamtmnt I in an experiment requires
5 kg/ha of Insecticide A and Trealment 2 ('alls 1bor 10 kg/ha of Insecticide A. 

,a. What is the h'ld pri, of Insect iide A'? 

b. What is the field cost of Insecticide A in Treatient 1? 

What is the field cost of Insecticide A in Treatment 2? 

Costs That Vary,. pp. 13-14
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Field Prices of Fertilizer and Nutrients 

The following data are from one research area: 
Cost of 45 kg aimi-ionium sulphate ii) shop $740 
Cost of 45 kg triple superpliosthatc in shop $1,620
Cost of tra st)ortirg a 45-kg bag from shop to faIrm $95 
{Aminonium sull)haic is 2 i % N: triplh superphosphate is 46% P205.) 

Calculate: 
a. TIhe field of amrxroriItIn01ri s!lphatt 

b. The field price of tripl superphosphate 

c. The field price of N 

d. The field price of P 2 0 5 

Purchased. InpUts,. 14-16 



Equipment 

Two types of land preparation were examined in an experiment. 

Treatment 1: One plowing and two harrowings with a tractor 
Treatment 2: Plowing with a horset 

Data 
Tractot" plowing -200tha
 

"Iraclor harrowing $ 100/ha
 

Horse, plowing S 35/day (horse can plow 1/4 ha in one day)
 

Calculate the costs of land preparation for each treatment.
 

Equipment and Machiner. D.,16 
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Labor 

U
 

In the anal\sis of a wccd control experinint, it was found that five 6-hour days 
are required to hand wcd 1 acre (0.4 ha). The local wage rate was $35 for a 
6-hour day, and Ilhc larmer was also expccted to provide the hahorer with one 
meal, valtd ltabout S 10. Calculate the ('(ost of wceeding 1 lctare. 

Labor,, pp. 16-18' 
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Total Costs That Vary 

Calculate the total costs that varv for each of the following experiments. 

a. Insect Control Experiment 

Treatment 1: No insect control (farmers' practice) 
Treatment 2: 10 kg/ha Insecticide X (granular), applied at planting 
Treatment 3: 8 kg/ha Insecticide Y (granular), applied at 20 days 

Data 
Field price of Inseclicide X $3.00/kg 
Field price of Insccticide Y $1.20/kg 
Labor to apply Insecticide X at planting 1.5 days/ha 
Labor to apply Insecticide Y at 20 days 1.0 days/ha 
Cost of labor $5.00/day 

Total Costs That Vary, pp. 18-19 



Total Costs That Vary 

b. Fertilizer Eperiment 

Kg N/ha Kg N/ha
Treatment at planting at 30 days 

1 40 0 
2 0 40 
3 20 20 
4 30 30 

Data 
Market price of urea $21.50/kg 
Cost of tranSportiIg urea $1.50/kg 
Percentagc N ini urea 46% 
Labor to apipl.vthrtilizer at planting 0.5 day/ha
Labor to apply f,.'rtilizv at 30 days 0.5 day/ha 
Cost of' labor $160/day 

Total CostsThat.vary, pp.189
 



Total Costs That Vary 

c. Weed Control by Planting Density Experiment (Maize) 

Treatment Planting Weeding 

1 30.000 iflallts/hut 
(r-aldoill ph',lllt~d) 

I hand ecding 

2 	 30000) naI 2.5 lkg/ha thcuimiidc A 
(ruull(do ll ip] 11((It 

3 	 50.000 1Lntwsihai 1 hand weedinlg 
(irow phlitl)
 

4 	 50.0)( pl as/Ia 2.5 kg/ha llcrbicide A 

Data 
Price of sced (1 kg%(Itfscd '()lwaiins 

2,500 seeds) $40/kg 
Labor to random latL 30.000 plants/ha 2 days/ha 
Labor to row plant 50.000 plants/ha 3 days/ha 
Labor to haid w ed 12 days/ha 
Pric. 1i hlrbi(icidt A S 1.000/kg 
Labor toiaitplv Ierbi'idc A 2 days/ha 
Labor to htul water to mix with herbicide 1 clay/ha 
Sprayvr rent a S600/ha 
Cost of labor $500/day 

Total Costs That Vary, pp. 18-19 



Pooling the Results From the Same Recommendation Domain 

A variclv t)\'l'rtilizcr cxpc'i lt wlls J)ladltld ill o11 rcsarch area consisli ng of 
two r't'((oli11(I(IciliiollolilaS. Rem)loln'l;Iioll it I)oiaiii A was l lned as tllose 

rilflcrs \kll() lifll v'crv sal)(1N\ soils, while Rlec()llflltldatioll )ollailil 13 conlsi:ted of 
lll).s' wll ,'lav-l sils.larmters had 

Ililw l';it piare'Yliltd (ht;lat )t 10 ;tw l)r(s('ltiil bclow. Find the averag.e yields for 
o'H(l r ll,lll e(,(.il i-t'Ollllll d ;.Olt .t- Itea l( 'r l domall 

Treatment yield (kg/ha) 

1 2 3 4 
Local Improved Local Improved 

variety, variety, variety variety
Recommendation no no with with 

Location domain fertilizer f~rt'iiztir fertilizer fertilizer 

1 A 960 910 1.560 1.380 
2 A 1.010 620 1,820 1.450 
3 13 1.820 I.650 2.240 2.920) 
4 A 570 -190 980 820 
5 B 2,270 2.420 2.750 3.300 
6 B 1.900 1.740 2. 190 2.840 
7a /  
 A 200 200 200 200 
8 B 2.430 2.010 2.740 3,.210 
9 A 890 G620 1.480 1.370 

a/ Trial lost (ltIt o (hotighl. Yield esliincted lo be 200 k./ha ae'ross irearments. 

Recommendation Domain A 

Treatment 

12 3 4 

Average yield 

(kg/ha) 

Recommendation Domain B 

Treatment 

23 4 
Average yield 

(kg/ha) 

Poolin the Results From the Same Recommendation Domain, pp.t 20-211 



Assessing Experimental Results Before Economic Analysis 

Inelll research area, .... liers sometimes plan lmed ljate b'easl th('v[ i( to vait to 
rent an ox plow Researchers decided to t 'st tlie alternative of l)atlial tillage using 
an o)x-drawn ripper tite, v h!ieh would opel, a fuirrow in to whiCh P.Irtll(S coul(l
plant. Inc tine made tillage and planiing q ticker. ItI miore weedir g \was required
after tillagc. ljXl)erillents ill eight locations iavc the flollowing yield rcstults: 

Method Average yield (kg/ha) 

Plow :3.258
 
T"ine 3.015
 

After carelullv examiinigif tlie data and iesults of thje statistical analysis, and 
reviewvin , the observations made at each location, agronomists concluded that 
there wv.,s ti yield diflcrelnc bet',veei tlh., Iwo treatll(nts. 

Use the following inlformation to (leciode whi i'il)raclice should be recomimended to 
Iarmers. 

Method 

Plow Tine 

Tillage time 2 days/ha I day/ha 

Equippi-nt and labor for S5.60/day $4.75/day 
tillage 

Planting tilinc 5 days/ha 2 days/ha 

Weeding ilm-e 20 days/ha 35 clays/ha 

Wage rate for planting or 
weeding S1.20/day $1.20/day 

" Assessing Experimental Results Before Economic AnalvAi nn- 21.22. 



Adjusted Yield 

BeCauLISe Of their Careftu appl ication of hftrtilizer in al exipe rinwn t on potatoes. 
[cscarchcr- decided to rcduc viIcis I)v 5 %,to0stiialc the vields that would be 

xpc((ted d' tanknrs hadlc nIan.L{Cd lietw ielilizer. Thev lso estinmatcd that the 'ifut 
of snuAll plot s xewiriiited ilulothier 5% rdhiieionl. IlarvcsilinL dat( and method 
wr i h s;1lins o t;irilnI'rs.I t t lilt - Thus ite exp-riiflenial vields were
adlistt' l :I ' hY,''l~I !W "?,.. 

I t I'll t r . 11f-d lkl Iw Io cit' itk cit 1 ;Vtl r~t' yields and the adjusted 
\'ic )(Is !,()I. ( w 1'llIt l lw( lll. 

Yield fkg/ha) 

Treatment A B C 

Location 1 11.560 1.,710 18,500 
Location 2 12,340 16,230 18.450 
LoaI oIt :1 13,760 16,150I 9,400 

Av'erage 'ield 
(kg/ha) 

AdtJuslcd yield 
(kg/ha) 

Adiusted Yield. no. 23-25 



Field Price 

In a maize-growxing ref4io, tfarmey's r'ccived 880 for a 50-kg )tag of grain in the 
local market. The cost of itransporii,gt 50-kg bag of"i'rain io market averaged $5. 
Harvestilg took abott 8 days perl1t,etlt . and aelra'igt vields ill the rlacil wTr 
2.400 kg/ht. '\ worker was ible to shlll hibom 400 kg of laize ill Oi1e daY. The 
wage rll ,-t 840 p)r (diV. \Vhat is tie ficld priec of maize? 

Field Price ,of the Cron.'n. 25-27 



Field Price 

Wheat farmuvrs harvestcd their crop with rentcd conihine harv. sers. 
The combinlie operators charged $550/ha, regardless of \ield. Farmers sold their 
whcat at a ioovernment wIrehouse town and had to pay Itrucking', costs of" 
$(0. 16/kg. TIe olfficial hiuving price of the wheat wa,, $2.20/kg, hut1)'eaimsc of 
(is'ouilts or (pmality lInlrs usually received 5% less than thle otfiial price. 
Avcrage \0wIlea yields in the area were 2,000 kg/hla. What is i ficid price of 
wheat? 

Field Price of the. Crop pp.., 25-27
 





Gross Field Benefits 

The avc-rage yields Iromn a maize experiment are shown below. 

Treatment 

1 2 3 4 

Average yield (kg/ha) 1.740 2,430 1,420 2.790 

()lI dil-er( l's ifll lialllagcnerliI, 
decided to) adjil sl yiclds tzin all t-ci tlments downward by 20?0. Maize was sold in 
town fOr S12.0)/kI.. Trl illsport costs froim kirm to tiox n we re $0.60/1.g and the cost 
()Ihare,.'stimi ;jin slicliii wvais S0.80/kt{. 

Beca st so eizc, and time of hrlivest l'tsCaICheIS 

Fill ill it1c Ii-St thrie lilles of the partial l)ldet't. 

Treatment 

2 4 

Average yield (kg/ha) 

Adjusted yield (kg/ha) 

Gross field bctits (S/ha) 

Gross Field Benefits, p. 27 



Partial Budgets 

Uxiis,9
 

Complete the partial budget for an insecticide experiment, using the following 
data. 

Insecticide A Insecticide B 
(One application = 8 kg/ha, (Ope application 4 kg/ha,= 

Treatment as a foliar insecticide) in the hole at planting) 

1 0 0 

2 1 application 0 

3 2 applications 0 

4 1 application 1 application 

Data 
Sale price of maize $0.32/kg Price of Insecticide B $4.50/kg
Harvesting cost $0.03/kg Labor required to apply
Shelling cost $0.02/kg Insecticide A I day/ha
Transport from1 eld Labor required to apply 

to sale point SO.04/kg Insecticide B 0.5 day/ha
Cost of labor $6.00/day Yield adjustment 20% 
Price of insecticide A $1.50/kg 

Partial Budget 

Treatment 

12 3 4 

Av-rage yield

(kg/ha) 2,717 2,635 2,917 3,233
 

.djusted yield
 
(kg/hal
 

Gross flield 
benelits tb/ha) 

Insecticide cost 
(Siha) 

Ap)lication cost 

Totai costs that. 
vary (S/ha) 

Net benefits 
(Sha) 

Net Benefits, p. 28 
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Partial Budgets 

Net Benefits, p. 28 _, 



Partial Budgets 

Construct a partial budget with the following data. 

Averago yield
Treatment Weeding Fertilizer (kg/ha) 

I I hand weeding 0 2,000 
2 1 hand weeding 50 kg N/ha 2,500 
3 2 hand weedings 50 kg N/ha 3,000 

Data 

Field price of maize $15.00/kg 

Price of urea (46% N) in town $17.00/kg 
Cost of transport of fertilizer $1.40/kg 

Cost of labor $100.00/day 

Labor for one hand weeding 12 days/ha 
Laber for applying fertilizer I day/ha 

Yield adjustment 10% 

Mt.. nef.ts. o-D. . 



Partial Budgets 

Net, Benefits,.p.28
 

http:Benefits,.p.28


Including All Gross Benefits in the Partial Budget 

An experiment looked at the response of wheat to diftfren levcls of nitrogen. Use 
the following iiftorn tat ion to ('aculate ross tiild benefits ro all (If it I realtmients 
of the experin ciil. ,ti(l coiili)l.i the partial bidget. 

* 	Both grailti 811( silaw arc iiiportalt proie(hts 1'0 theIl'lIrI, 

" 	Farmers stll lhir ciit ilttllw(rdttelY al'ter harvest fOr $4.00/kg. Harvesting and 
thrcshinig c'sis ()tl $).30/kg,. al(l Ii'ialrstpol to place of sale costs S0.20/kg. 

" 	Wheat straw is laled and sold ts atiimial teed. Fartners receive $5. 10 for a 18-kg
bale. The tir, ascr () sIt(-Straw, 11otl th larnl'lier. pays triallsport (eosts.The 
farner t) s ite ,()st 11 btliitg ($0.60/balej. 

* 	 It is cstitilatad thai r(seatrhl-s obtaiia higher wheat yields than fillrncrs because 
researchers matae the (,repwith great-er- prcisioln anld harvest earlier (15% 
adjustietw). it is estititaiitd thi researcher-s get higher straw yielIs as Well. 
because of p-c(,is 1 .tattent (10% a.tduenStl1'11t). 

* 	The field ric ofA'litrogiii is S1O/kg. The tCrilizer is all applied at plaing, at a 
cost of 8200/ha. 

Partial Budget 

Treatment 

1 2 3 4 
0 Kg N/ha 50 kg N/ha 100 Kg N/ha 150 Kg N/ha 

Grain yield (kg/ha) 1,500 2.100 2,400 2,500 

Straw yield (kg/ha) 1,800 2,520 2,880 3,000 

Adjusted grain yield (kg/ha) 

Adjusted straw yield (kg/ha) 

Gross field benefits, grain (S/ha) 

Gross ield benelits. straw (S/ha) 

Total gross field benefits (S/hal 

Cost of nitrogei (S/hal 

Cost of application (S/ha. 

Total costs that vary (S/ha) 

Net benefits (S/ha) 

Including All Gross Benfits, in ,the Partial Buddet./ i .28 29 
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Including All Gross Benefits in the Partial Budget 

Includin! A|| Gross Benefits in the Partial Budciet. im.,28-29 





Dominance Analysis 

The last two lines of a partial budgcet from a fertilizer experiment are presented
below. Do a dominance analysis to show which are the dominated treatments. 

Treatment 

1 2 e 4 _7 8 9
 

N (kg/ha) 0 50 100 0 50 100 
 0 50 100
 
P205 (kg/ha) 0 0 0 25 25 25 50 50 50
 

Total costs that 0 450 900 300 700 1,150 550 950 1,400
 
vary (S/ha)
 

Net benefits 1,990 2,380 2,&20 1,900 2,790 2,810 1,570 2,690 
 2,870 
(S/ha) 

:!iDominance Anal,,sis, )pp30-31 



Net Benefit Curve 

Perforin a don iiiaic l e curve for each of theanalvsis and draw netfi 

following t'Xpc'I-iJllct'll,;.
 

a. Nitrogen by Phosphorus Experiment 

Treatment 

N P20 5 Total costs Net benefits 
(kg/hal (kg/ha) that vary ($/ha) 

0 0 0 640
 
2. 40 
 0 38 692
 
3. 80 
 0 70 722
 
4. 40 
 30 83 704
 
5. 40 60 128 688
 
6. 80 30 115 735
 
7. 80 60 160 731
 

A/Farners' practice 

,,NetBenefit Cuveni. 21
 



Exrie 2
 
Net Benefit Curve 

b. Tillage by Weed Control Experiment 

Total costs Net 
that vary benefits

Treatment Land preparation Weed control 1$/ha) (S/ha) 

1 How I-h'rbicide 623 1,190 
2 IPrc-cmcr()cn(i herbicide No wccding 390 1.480 
3 Ire-c(.e1Irgci1' h'rhicide IIa id wcdinig 586 1,150
4 Plow No weceding 124 1,210 
5 Plow Hald wcedilg 320 1,280 

Net Benefit Curve, p. 31 



Net Benefit Curve 

c. Seed Rate by Fertilizer Experiment 

Total costs Net 

Treatment Seed rate Fertilizer 
that vary 
(S/ha) 

benefits 
(S/ha) 

1 Experinciitil Experimental 172 797 
2 Experimental Farmcrs' 35 812 
3 Farmers' Experimental 137 821 
4 Farmers' Farmwrs' 0 832 

Net Benefit Curvei.p. 31:1., 



Marginal Rate of Return 

Refer to the data in Exercise 22. and for each cxpcrijwit calculate marginal rates 
of return between the nondominated treatments. 

a. Nitrogen by Phosphorus Experiment 

. Marginal Rate of Return, .pP.!,31-33.' 



Partial Budgets and Marginal Rates of Return 

The following art, thc results of a nitrogen eperinient (0, 50. 100. and 150 kg 
N/ha.). 

For recommendation domain A: 

cl.. ( ) i!'jliwl 1i l l-iil htid.)ic l.
1). I)N) ;i(l(,milii;illw- <illilk'is',. 
c'. I)i,l\\" it it-" t l c~'tllV,.'. 

Treatment yields(kg/ha)a/ 

Reccnimendation 
domain 

Experiment 
no. 1 2 3 4 

A 1 1.000 1.850 2,200 2.250 
A 2 900 1,860 2,100 2.400 
13 
A 

3 
4 

1.900 
1.300 

2.400 
2,200 

2,500 
2.400 

2,600 
2,500 

B 5 2,000 2,600 2.600 2,700 
A 6 1,100 2,100 2.400 2,500 
A 
B 

7 
8 

14OO 
1,700 

2.050 
2.200 

2,600 
2.100 

2,600 
2.200 

A 9b/ 
/ Treatment Kg N/ha 

1 0 
2 50 
3 100 
4 150 

t/ Abandoned because of drought 

Data 

Yield adjust nicni 15% 
Maize -ah' price $6.50/kg 
Shellin !,fcost $0.50/kg 
Harvest cost $0.75/kg 
Cost of trans)ortin g maize to market $1.00/kg 

alafoe rate S 150/day' 
Urea (46% N) .84.00/kg 
Trainsport (IuIrea) $0.30/kg 
Fcltilizer alpplicalion 2 clays/ha 

(Fcrtilizer is applied ill t singl' application 
for -il rcalnients.) 

The Net Benefit, Curve and the-Marginal Rate of Return pp. 30-33 



Partial 3udgets and Marginal Rates of Return 

The Net Benefit Curve and the Marainal -Rate of Return. nn. 3 -23 



Uxise
 
Minimum Acceptable Rate of Return 

a. 	 To estimate the miniiii in rate of return aceptable Io farmers, a range of 50% 
to 100% per crop cycle 1)ay bc considtcred acceptal)h,. if io otlier i riforniation 
is available. 

For each of tlc following possil)lc rcconmlcnnldations. indicate whet her a 
minituni rate o[ ret111. closcr to 50' or 100% would be most appropriate. 

L 	 Herbicides, where 'ltlners are rrectlv wcedinlg with hoes 

2. 	 A new he'rbicide, where farmners arc already using herbicide 

3. 	 A change in seeding rate (but same seeding method) 

4. 	 Using a seed drill. where farmers are currently seeding by broadcasting 

b. 	 In one research area it was cotmmon to borrow money frot shopkeepers for 
agricultural purposes. The shopkeepers charged a flat rate of 8% per month. If 
the agricultural cycle is about 6 months, what would be a reasonable estimate 
for a minimum rate of return? 

c. 	 Farmers in a certain region have access to a government bank that caters to 
small- and medium-scale farmers. Tlie bank's loan rate is 24% per year. The 
bank also charges a flat rate of 15% of' the value of the loan for crop) insurance 
and a 10% service charge. If farmers can get loans to buy fertilizer, and if 
there are about 5 inonths from planting to the sale of the harvest, what would 
be 	a reasonable estimate for a minimun rate of return? 

.:The Minimum Acceptable Rate of Return, pp.. 34-37, 



Interpreting Net Benefit Curves 

The following are the results of 40 Jertilizcr trials planted over 3 years in one 
recommendation domain. There is a signifietnlt response to both nitrogen and 
phosphorus. ConduC a (loiniiacc rialvsis, draw the net beneit Curve, and use 
marginal analvsis to make a ri'iCOlliedat ioln to farmers. Check the analysis by 
using the melhod of r'csiduals. Tue nuiiinumum rate of return is assumed to be 50%. 

N P2 05 Total costs Net benefits 
Treatment (kg/ha) (kg/ha) that vary($/ha) ($/ha) 

1.a/ 
 40 0 99 500
 
2. 40 40 190 480
 
3. 80 0 198 610
 
4. 80 40 277 520
 
5. 120 0 285 675
 
6. 120 40 364 580
 
7. 80 80 372 420
 
8. 120 80 451 350
 

_/ Farmers' practice 

U--Llsing arginal Analvsis to.IN:ake Recommendations;bD 38-48
 



Interpreting Net Benefit Curves 

The tfollowingu arc the rcsuilts ol 5 nitroten Iy t)hosphorus experiments Vanted in 
I year in a single recomm ldation donMin. Statistical analysis shows siglificant 
r'Sp)lIlsc to hoth iii t rogell anl l)hOSIAhortLs. ('011CCI I t fl (l(olinlll'e alalyis., draw 
the net benehit curv(. and use 11narilm! aiml vs is to help (lecidc what levels of 
1eCrtilizer researchers should experinucni with next \car. Check the anmlysis by
 
uSing re-SidLals. l']e ntilliiUin rate o rTItirn is aSSlllctd 
to be 100%. 

Nitrogen by phosphorus experiment 

Total costs Net 
N P2 0 5 that vary benefitsTeeatment (kg/ha) (kg/ha) (S/ha) (S/ha) 

l.a/ 0 0 0 800
 
2. 50 
 0 50 950
 
3 100 0 100 965
 
4. 50 
 50 100 945
 
5. 100 
 50 150 1,065

6. 100 75 175 
 1,075 
7. 100 
 100 200 1,040
 

a/ Farmers' practice 

Using: Marginal :Analysis to Make Recommendations. nob. 38-48 



Interpreting Net Benefit Curves 

The followintg arc restilts of 25 trials plantcd over 2 ve'rs in one reconmendation 
domain. The trials were designedto lo)kiat h d1cets of improv'(d varicY. weed 
control, and fh'rtilizat ion. [ft the nini n in rate of rettul 1 is 100/., what should be 
recoin cide(ld o If firlCrs are likvIv to a(1opt recoin me (ia ti-)s in steps,0I'inners'? 

vhat shmild hN i-rolnlnll(hld( to fmers 

Total costs Not Marginal 

Treatment Varietya_/ 
Weed 

controla/ Fertilization! / 
that vary 

(S/ha) 
benefits 
(S/ha) 

rate 
of return 

1 0 0 0 0 625 

600% 
2 1 0 0 10 685 

197% 
3 1 1 0 72 807 

4 1 0 1 79 782 D 145% 

5 1 1 1 141 907 

al/ = Farmers' practice. I Improved practice) 

5
 
.900 


145%
 

.= 800 - 3
 

700
 

z 

0 0 %
 6
 

60
 

50 100 


Total costs that vary ($/ha) 

Using Marginal Analysis to Make Recommendations, pp. 38-48 

150 
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Interpreting Net Benefit Curves 

In one cccorunicldation don iai n rcsearclcrs plhinted 6 inisecticide experiments.
The respose t) iniscctii(de was stalisticallv sigiiflca t. The resillis of the partial
budget are shown below. If the Mi iinI two rate of return is 100%, what should 
research ers do Ihc followii.g ,'car? ('Ilick (hc inite)relation by cal ulnating 
residuals. 

Total costs Net Marignal 
that vary benefits rate ofTreatment (S/ha) (S/ha) return 

1. No inisetl control L1" 0 722 

25%2. IltsccltPikh A (at plning) 32 730 

267%3. Insecticide 13 (ria nlar) 35 738 
44% 

4. lnseclicidc A - Insecuticide B 67 752 

i! ]. tarI Ic- pl'xttiltt 

750 4 

= 740 .3
 

730 
25% 

720 

10 20 30 40 50 60 70 

Total costs that vary ($/ha) 

Using Marginal AnalySis to Make Recommendations,, Po. .38-48 



Interpreting Net Benefit Curves 

Rescarchers ilaIjted I0() s,co-i(iL jIt(n (t 1)Y,'fnn ilizer ,xperiini-nts in wheat in onmi 
recoin nencatlioii (h'.iaii w',h¢rc farni.-s A'cr(' Ill(hroi(aslil I hit'ir whnict and 
at)))lyiig ad){ott -10 Ig N/ha. Thl. t,.stills (A thw stlwil bIow.I'uarginal analvsis are 

lh(' linitut~m rat' ")Irt'ItrlT is 10(0%. Vhat sl.;hIItl I'(' I'rS r('('()Il'l1,i tod
 
I r I crs'.?
 

Total costs Nat Marginal
Seeding Fertilization that vary benefits rate of 

Treatment meth.od Kg N/ha Kg P2 0 5 /ha (S/ha) (S/ha) return 

I Broadclcast 0 0 24G) 6,30 

172% 
2 )rill 60 0 287 711 

141% 
3 DIrill 60 30 319 756 

(Farmers' prictice broadcast seeding and -40kg N/ha) 

750 

710 

172 

t240 260 280 300 320 

Total costs that vary (,I/ha} 

Usn agnlAnlsst.aeReo mnain, p,3 -'8,
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Partial Budgets and Complete Budgets 

To cCiclioZlsIr;'t, Owti' a ofolIr artial bld(cls, periorti dominancC analysis and 
SlllI.illiml Iw' tolowin, Iwo tiaa st'tS d'a\Vl1t,1.-is frolt lit sani' set of 

eXp)crill lts. Yit'l , d ( u, fits arte i(t'llfi'al for1 )01th data sets. Tlhc onlyht'ct 
dilh'rtc' is1o1 tl (,St 2 alSo iiltd's ('osts that t liilt)t v'arv hetween 
r+illlciu ll, ' As lII rltof odt,slillinni (rn1000o. 

Data Set 1, N by P Experiment 

Treatment 

Variable 1 2 3 4 

Yield (kti/ha) 2,000 2. 100 2.500 2,600 
Aojosted vi'ld (kirI;!) 1,600 1,680 2.000 2.080 
Gross ficld il'its (S/ta) 5.600 5.880 7.000 7,280 
Cost o'N (S!IhW 0 0 350 350 
('os of P2()5 (Silo;( 0 300 0 300 
App 'I.io'll 'o) (S/li) 0 150 150 150 
lotal ('(St 5 11Iliit V\.a\' (S/hia) 
Nct hc't('llt'its(S/hla) 

Data Set 2, N by P Experiment 

Treatment 

Variable 1 2 3 4 

Yi'ld (kg/ha) 2,000 2,100 2,500 2.600 
Adjus;c'd Yild (tgl/ha) 1,600 1.680 2.000 2.080 
Gross f(lt(d I).tl('fls (S/ha) 5.600 5.880 7.000 7.280 
Tillag(e (, S/I) 
Phalltin t)s (S/fm 

1.200 
400 

1,200 
-100 

1,200 
-400 

1,200 
i00 

(ost of ,tool S/Iolu 75 75 75 75 
W'o'(I in , ((St f(8/ha) 1,600 1,600.) 1.600 1,600 
('os( of N (S/hai 0 0 350 350 
Cost of I'2()5 (S/ha) 0 300 0 300 
Applicatitl (c,,t (S/ha) 0 150 150 150 
Total 'ost (Shalj 
Nct hfai l;sIfI 

Some Questions About Marginal Analysis, pp. 50-51 
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Marginal Analysis for Planning Experiments 

U
 

In one research arca ndizc larin(rs wcre c(ntrolling wccds by hand. Researchers 
Were consideCring eXp ( n , vcl[ngihi a herhicidc, which they elIt was rnore 
elfeeive. (Ctiulaw th \Yi(ld incre'asc re(quir(d to make herbicide adoption 
cc't.ahc toI Iaruers. 

Field pric' of Cizc S30/kg 

Nlinimnuum rtIc of rcturn 80% 

Cost CIhamd wedilig $ I,930/ha 

('ost of, Ieriiihide $6.200/ha 
(inch'uliing ap))lication costs) 

Some Questions About Marginal Analysis, pp. 53-54 
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Reviewing Experimental Results 

Ten on-ltrn fertilizer trials in wheati looked z Itlit farners' practice, whicb is not 
to fertilize. lld i)11 alcirnativc prae(itt ol 8jpplyiiig 80 kg/ha caeh of N and P205. 
Farmers pl1]a1 thcir w lleaI ill ,J.iiLI8V (rblarY ioll .a( I IlldiZ( or()r illroItlt 


barley. 

R'vicw Itlw (ll;t 1Itolli ti(1, book uinW (ht'idc whicth l)ca1tions should bc
cli] ill'itc Ill c'aul'l ca"d%, LKi\vc all 'xlIllllioll.(:I 11-([11 ll (,al1;lI\'%i.. 

(C'all'i fl ti\*() Itct'illllit, that wOl( (l u i\Irat yirlls f(lor il appcar in the 

Field Book Data 

Location 
Treatment yield (kg/ha)oi 

1 2 
Previous 

crop 
Planting 

date Notes 

1 1,730 3,280 Maize Jan. 2 
2 2,250 3,440 Maize Feb. 3 
3 1,890 3.360 Maize Jan. 20 
4 3,140 3.530 Barley Feb. 2 Farmer applied 

manure to field 

5 1,440 3.1 20 Maize Jan. 25 
af,er seeding 

6 2,690 3,020 Maize Jan. 8 
7 3,430 3.790 ot alocs Jan. 10 High fertilizer 

dosage on 

8 750 970 Ltarlev Feb. 14 
previous crop 
Hail damage 

9 1,440 1,590 Barley Mar. 15 
10 2,170 -. 420 Maize Jan. 22 

a/ Treatnmiv: Kg N/ha fKg P205/ha 

1 0 0 
2 80 80 

Reviewinq Experimental Results. nor. 58-59 



Statistical Analysis and Economic Analysis 

Table I shows ti n,slts of Ih;-cc Cxlhora lIorv 2.1 frt orial cxpcriine nts planted inmaize. IIn thcse txptti'Iwt-,, tliw four factors wec tillagc, t density, nitrogen, 

and pL)IIOItlS. For cdrh of tIf 1illf- faclors, two levels wvcr,' tsed: 11w fal-llers,
 
practic' ali tl '1l a!! ltt'it iv. Th' e' l)terillileit had a ota] of 16 treatiilt s.
 

Factors 

TO - 'I'Vl)or tilltil No = (=0 kg N/ha 
"Ii /r'-()tilklw( N I - 90 ki N/ha 

() - .00(t) plautts,/hila 10 () kg P2()5/tia
 
=
D] 5t.t( )pla1t ha 50 ki I'9()5/ha 

" Oi)h, 2 -11 (. ,t iiIta iii1\.sis "fl, I le , .IoI( IIti. l"I)lc 3 show " rel( vant 
t i l hfo It tIiI )((ll i I Illl \'is. 

I !Itwliilil< 1;11ioii mi Ili( - talisi III iuhi (o,l Tiiki, 2 tlcidi ho1w to illialyzv 
ilc (hi; t. I'irplii , (llt'ill\ 1 ir ( 111(Ih lds willi ti~ilors, 1)l;in1 it -10,000ir Ii 

i/ ii I 0 r0h i (itiSi . l(1IIi' Iili 'L i o . r !*)(rtiliXt'ar. Otit h i sis of11 IlI 
t'(t)IiO(ll ii ;i:I;Il\s i o I it(- (xt)I(l((Ir \" tx il)rilHi Sllts,ingkc stll t-lio)i; rcgarding 

l i iho lrii1 ((1 () iilillili I() c ( (xj il wli li I' fotrite 1 Mst 'icloe rs Inhe 

Table 1 Table 2 
Results of Exploratory Experiments Statistical Analybis of Exploratory Experiments 

Treatment Average yields Source of 
T D N P (kg/ha) variation F 

0 0 0 0 3,230 lot ition 0.47 
I 0 0 0 3,970 eHI)etltion 1.79 

0 1 0 0 5.300 T 0.28 
1 1 0 0 5.830 D 104.22* 
00 1 0 4.100 N 0.01 
1 0 1 0 3,600 1- 4.92* 
0 1 1 0 5.300 T x D 0.30 

S1 5,600 T x N 0.0210 
0 00 1 4.330 T x P 1.08 
10 0 1 4,170 D x N 0.01 

0 1 0 1 6.170 D x P 0.11 
1 0 1 5.370 N x P 0.05 

00 1 1 4,100 
1 0 1 1 4,030 * Signiricn,t aot .05
 
0 1 1 1 5,500 * Sigiitoanit al .01
 
1 111 6,200
 

Average 4,800 

Statistical Analysis, pp. 60-62 
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Table 3
 
Economic Data
 

Yield adjustment 10% Total costs that vary for treatments 

Field prie of ll$lize $0. 14/.g 'Total costs 

Treatment that vary ($/ha) 

Minimnni rrtcol return 100% 10 45 

1 1 26 
Do 17 
I 126 
No 0 
N1 95 
P0 0 
P1 35 



Minimum Returns Analysis 

Ihe results of an experiniri planted in 24 locations over 2 years are presented in
Table 1.The )1urposc of Ilu expcri enl ,Iwas to veril\' the ad vantages of inproved
practices illwee(l contIrol. planl I)ol)oplaition. ahld hihr lv'.ls of i'Vrtilization, ill 
comparison with tle hIll(is,l Ci irre l, r'l('ti((. 

Table 1
Data from 36 Verification Experiments 

B C 
A Impreved wood Improved weed control, 

Farmers' 
practice 

control and plant 
population 

plant population, and 
increased fertilization 

Average yield (kg/ha) 
Average net benefits ($/ha) 
Total costs that vary (,3/1ha) 

1.825 
2,278 

350 

2,617 
3, 119 
650 

3,098 
3,486 

975 

The IllaroillhI of reurn A -- '- 1H 280% 
Ih---- =* 113% 

Minimum rate of ret urn = 100% 

Bfore, iiiak iilg ;l recollll iiidit iOll h resear(chers have d't.ided that they wv,:l do 
a miniinninu ret i1ns analyl\sis on thc dka ta. Th first stli) is to) calculate net benefits
for iindividiial hocaioils. The vicld (laut froi locat ionis I ind 2 are i)ltsentld in 
Table 2 is ,xamplv. tis. these, viclds I) (';ahulat iwl tciceits. Use the data on
total ots, ihalt vary froili "'thi, . I'Tlnfield 1)i( c oW maizc is 81.60/kg and (he 
yield ad ,l('l illthe expwrililnts is 10),. 

Table 2 
Yields (kg/ha) by Location 

Treatment 

Location A B C 

1 2,706 3.677 4,319
2 3,542 4.188 4,139 
3 
4 

24 1,118 1,792 3,302
Average 1,825 2,617 3,098 

Net Benefits ($/ha) by Location 

Location A B C 

1 

2 

'Minimum Returns Analysis, pp. 6"-70 



Minimum Returns Analysis 

The rest of th c cah-ulhitions ippear in Tale 3. Use thes e( data to do a minimum 
r; tnrns analvsis and (hecide which treatmciat wouldhie most appropriate to 
RCOlm T'n(ITdto [:lti rs. 

"iable3 
Net Benefits ($/ha) 

Location A B C 

1 3.547 4,645 5,244 
2 4.750 5.381 4,985 
3 
4 

2.434 
2.925 

4,037 
3,959 

(3.888 
3.621 

5 1,307 3,023 4.749 
6 1.57-1 3.489 5.740 
7 1,521 2.587 361 
8 1.6i70 2.486 456 
9 1,872 3.023 3,923 

10 1.705 2,087 2,936 
11 2.925 4,271 5.656 
12 .3,838 5.236 7.652 
13 2.223 3,335 5.855 
1-t 1.12-1 i.697 39 
15 1.219 1,775 276 
16 1,370 2.999 3,383 
17 1,921 1.307 293 
18 2.803 1,619 1.396 
19 3.627 4,271 5,170 
20 1.242 2.431 707 
21 2,321 3,023 4,200 
22 2,527 2.399 1,699 
23 2.960 3,839 4,663 
24 1,260 1.931 3.781 

Minimum Returns Analysis, pp. 67-70%, 



Sensitivity Analysis 

1. 	 The yield results of 10 fcrItilizer cXlperi mtlits in whcat arc shown below. If the fId 
pricelef wheat is 85.50/kg. calcuL11c geross bCne'is and net benefis and do a
larginal aIalysis oil he l IfIt'. ItllilliIIIII rate of return-1l iS 100%. what would 

be the reconlln lenda lv useC n0 ferltilizer.)t ion? (Farmers et 

Adjusted Gross field Total costs Net Marginal

Treat- yield benefits that vary benefits rate of
 
ment Kg N/ha Kg P2 0 5 /ha (kg/hal ($/ha) ($/ha) ($/hal return (%
 

1 0 0 1,784 	 0 

2 150 0 2,564 	 2.803 

3 75 80 2,763 	 3.253 

4 75 160 3,340 	 5.105 

2. 	 The government is considering increasing the price of wheat. If this should 
happen, the field price of wheat would be S7.40/kg. Use the new field price to 
recalculate the gross benefits and net heilelits. Idcen tify a suitable 
rceomme(ndation with the highcr price of wheat. 

Adjusted Gross field Total costs Net Marginal
Treat- yield benefits that vary benefits rate of 
ment Kg N/ha Kg P2 0 5 /ha (kg/ha) ($/ha) ($/ha) ($/ha) return 1%) 

1 0 0 1.784 0 

2 150 0 2.564 2,803 

3 75 80 2,763 3,253 

4 75 160 3.340 5,105 

Sensitivity Analysis, pp. 72-74 



Sensitivity Analysis 

In an area where farmrs normnll \'owcd their maize only once, it was shown that 
a second hand weeding could give higher yielids. Researchers estimate that the
Opportuni(V Cost of ld)or is $20/day. Use the data presented below to decide if it is
worth ree)nnlugdin the extra wec(l i g. It the CI)portnLiity cost of labor is realiv 
$40/daN. wh ii should he the rucomlcnndation? 

Average yi'lId (me weeding) 2,450 kg/ha
Average yield (Hwo)weedings) 2,778 kg/ha
Yield adjustIItICll 10% 
One weeding 14 days/ha
Two weedings 24 days/ha
Field price of maize S 1.50/kg
Minimui rate of return 50% 

Sensitivity Analysis, ppl 74-75 
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Final Exercises 

After conducting ,xperiments for several years to explore various research issues, 
maize researche , in a certain area designed an experiment to be used in verifying 
and demonstrating to farnie,-s the advantages of improved planting density. 
fertilization, and insect conti ol. The experiment consisted of 3 treatments, all 
managed by the farmer, plant(d in a single repetition per site. The size of each 
plot was 200 in2 . Treatments and yields are iven below. 

Planting method 
Treatment and density 

1 4 plants per hill 
(Farmers' I in between hills, 
practice) 1 in between rows 

(density = 40.000 
plants/ha, 16 kg 
seed) 

2 3 plants per hill, 

0.6 m between 
hills, 1 m between 
rows (density = 
50,000 plants/ha, 
20 kg seed) 

3 Same as 
Treatment 2 

Fertilization 

Two bags of 
10-30-10 and 
one bag ammonium 
sulfate, applied 
together at 
planting 

Two bags of 

10-30-10 and one 
bag ammonium 
sulfate applied 
together at. 
planting; two 
bags ammonium 
sulfate applied 
at 30 days 

Same as 
Treatment 2 

Averags 
yield 

(kg/ha) 
Insect across 
control 18 sites 

None 2,425 

None 3,116 

1 application 3,405 
of granular 
insecticide A. 
10 kg/ha 
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Final Exercises 

Use the data presented below to construct a partial budget, draw net benefita 

curve, do the marginal analysis, and make a recommendation to farmers.
 

Labor time 
Planting. larmers' method 2 days/ha
 
Planting, improved method 
 3.5 days/ha

Fertilizer application at planting I day/ha
 
Fertilizer application at 30 days I day/ha
 
Application of inseeticide 1.5 days/ha
 
Harvest of 
a-ileld that vields 4 days/ha
 
2,400 kg/ha
 

Shelling 500 ki of maize 
 I day 

Inputs 
Sced $40/kg
 
10-30- 10 f'rtilizer 
 $450/bag 
Ammoniium sulfate $380/bag
Insecticide A $120/kg 
Transport of maize to market S1/kg 
Transport of fertilizer $30!bag 
Cost of labor $300/day 

Selling price of naize at market S15/kg
Yield adjust-nent 5% (triais 

harvested earlier 
than farmers 
normally harvest) 

Minimum rate of return 60% 



W,Lrci 
Final Exercises 



Final Exercises 

Ii the irsl \',' Xp.iiliclitationi a L rtcscarchcrsar ot ill wlflal-Lrox',i area. dccidecdthat it would )(.wortlwhih, to look at sccding rat h, )tr t)gcii .ilicractioll 


F"IIaIT, p ttit:o iltt IOW 1atNs (30 kL N/lia) att(Sd c ditu at 120 k.
it& '(t 

see(I/h;. 'Hu. '.Xpeiiits "wrl
. pl;illitd oi larliwt"r fhlcds'. Tlw farmcrs tprupared 
tltei [l ,ill1 :. wa ,tt(l i('llI) 1 \ 0, (< ,s ph it]d liw' i ults' t 1c1 applied 
(Ith l('rtili/hez-. , lse . lieu ltii i .l":tii'iii il i coWl(iillul))lt llod "llerc were 3
 
S((dill talaw" liIl -1 (XIs' oli l ThcI 
cex wlierilliti h;td 3 repetilions p.r site 

Scc iitig r ts 12(. ,:il l(;()1.0() k()-w'd'Ii;i
 

NiI rogett: :W0 GO. .00. aniid 120 .o Nih 
i'T,+:30 aiii 0) k Nih a latr(;lt:lit,*1ts tre t -illglu ap)licatiotn at 

plant iii : 9()and N/hi a ll tll split applicationsliw 120 kL It t IlS ai 
a pltl tit ill2 ,111(d it 0 (laV'.) 

Average treatment yields (kg/ha) 

Seeding rate 1 32 4 
(kg/ha) 30 Kg N/ha 60 Kg N/ha 90 Kg N/ha 120 Kg N/ha Average 

120 2.258 2.704 3,117 3,262 2.835 

140 2.380 2.587 2,995 3.398 2.840 

160 2.241 2.865 3,110 3,019 2,809 

Average 2,293 2.719 3,074 3,226 2.828 

Statistical and agrononiic analysis showed increased nitrogen use to be highly 
significant and seeding rate not significant: there was no evidence of nitrogen by 
see(iint.g tate itlteractiotl. 



Final Exercises 

Use the fUolowi ng1tcm% (jltato do im ani lysis of this experiment that will help
researchcrs dccidc which rxpe'rimels itl't for next vei.ap)ropriate 

F t-tiliizt ipplhitioii ,i(t)lialiting 0.5 day/ha 
lgertiliz.ur dl)t)licati( lit 30) d(vs 0.5 dav/hm
l larvslifiir (1l1w r),hililIC $85/ha( Ost filI)or Sl10/day 

Ureta (461),, N) S39/50kg
 
'ert ilize" I raltsp)Il 
 3/50kg 

Secd S1/kg 

Sellii g pri e ob wheat (u)r(hased 80.35/kg 
by tiue pcopl w)ho () th 

Yield adjust cit'lledlin l5 0 /I ratc and 

fertilizer nlmlaLHlcd hv t1st-ai(hrs.
 
lots hilv t eIl . t Ilild)
 

MilliInrolirn rate () Itclirtllr 80% 

http:lgertiliz.ur
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From Agronomic Data to
 
Farmer Recommendations
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The InterniationalI Nlalzt- aI(1i V~ficat fiI11Irox-clueli Center-ICIMNIY1' is 
an illterllationll\ nn(i nonpIiI s(1111t1ij( rus(rar nd1(1inhniling
0olizittioli. I l((IIqllIrterc Ii M.\xio Ill ('nlter is lilggl( ill a1
 
w orI d % i r Vts, -(11 prF(g1011 ii 
 o,izc. wlicat, ilid I ritica(l(, withi
 
((1ilfli-Os oil l1)1n 1)10(1(1(11 il1 dcol(\l1~ll Colil
)i_ irs. 11 is onrn of i 

i S I r cI ( 1 I n I) wins i -lIo1' no npoc ( ~ vill1 1(c lF o;( il l lA g ricml u c 
()vglt. ruzoin (IlA(\0) of(it In li i I Nio(ins. I li( hitcri ina0 Hank11 lot­
IW('(ltsil-li(iorlal Dr(1(1l 't..III((ItWorld HankiI), alld inl( ijnIhI
Nornions Iwclopinw I'loll rm1iI(( (1NI) Dm~ior to fill CG(IAIR
5v51tcl l(- it (ollll~l l(i tII)t of! .10 (n11(( 1(11111rn-, minclio 1il 111(rcgiouuI orgomniztron,. and( Jilviiir lomidlons. 

soll't., fl'II(ilILp III, 11(cmtioina ill ail.Iliic of! AIIsiIlia. Austria.Brazil, I nd. ojo climll-kf. Foivnoi IRoanfil of (lcriliaon,

iilonol, 13 annc. IInfji. InLcind.l lialv, 
 laim.~ Mcx.iro. till Nt-lncrIanls.

N(1rwv. ff(I PhIlipiylnos Sp'il, 'S(''ji-flndiiII(ic I lilrsi Kingdomn. and 

Fooltlmoll. flon .\nucnita;m lt-vtl(Jillciltl Iimi. OPE'C Fund(1 1or
fllcl-liloolaf l'.%c~lnii( I [' lD'. mid( \\olh1 lHanl(. CIMINI'T ilso 

I)r'cuicnjr Io oGIi iif in f'11('l(f(I Il lCIglllnl.iOWIIn[.0111 OlliX 

DclJ)loiliii 1(11al 11i tl~lfi1i011 ((1 cki501(' il Foundain. adIl 

('Orrccr ( itaon: ( IN1Mi'i 198H. From1 AL~rYomi( Daota to Fhr nir
Recoi(icl ivik nols: Aiislle1, toI Work book I,.xcriscs Meco, [)('
C INMMYT. 

ISBN 968-6127-28-3 



ii. Fki11111ers 

1). 	 13 s I ­

c. 	 IAoIiv akr 

. eti s Npiwrinicii (um hle analyzedl. 

1). 	 No. 1111iI )uitnvx('imctl x'ariibles sh~ould1 be 
rcjprtsefwiit iv oI* tal-ners. pitie. 

c. 	 No. flue kiiuniurs' Jpflltiee tvariety, sceding rate) should 
be iiuldd ais miw ol bei ireaiiilu(ls. 



Fh1ld H or Iehfil) \would bc aecurptabh,. Note that there is 
il li olfoIl tlI 11l)(mtI \'tvrra c Siz(e of fi,(1(1s ifI) I ('5 .(ih 
mI.tlt . IllessI Ii -t is m.'hh et hn t fiel.d size tlli ht Jflcet 
te tVJ cof *(l.tull r ( U Iililllaidlioll, tilt cilu . 13 or 1)U'o) ld hrt tlISwd Ifll tie" cN'I)criliciW II 

Ficti A is p:prel-(.d dilfrjl Ilv f1r01 lli llna iorit . of fields
 
tird I'sC n'litl i-s wIlild \witlt to thhiiik ecr 
 iillv 1)lo e 
pulttilng a! X) triteItI !tl r . Field C has a (liltlrcit 
rt)t l ll wI lierh WoUld ol 'iO11SIVh disu(JLalify it [Orit ICrtilizer 

II ,i~i 20t 5 tIIt ' arv 

('. Nr[ ie le'fits 

d. 740 

e. 180 

1. 780 

The marginal rate of' turn is 80%. 

470 -430 4 0
 
200- 150 50 -0.8=80%
 

[,,
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a. 2 (vIriabji~iit 11c to lliroi'.ricinlal risks) 

1). 3 (vil:ilitv (Itic to>ccomiic faclors) 

c. 	1 (variaeiliyV t[wr(I loImtiolils) 

it.	hise~cticide X 
Illsectic'idc Y 

Ilk.- X
 
Labor () appiy Ii.,'tlicidc ,'
 

Labor to l)pllv 'ticicI 


lj.	Urea (+ tritlk;I)rt) 
LaI)or to) apply*v crilizcr at planting 
Labor t) apply f'rl ilizcr at 30 days 

c. 	 Scd 
Herbicidc A 
Labor to randm(h)lant :30.000 plants/ha 
Labol to row platt 50,000 plants/ha
 
Labor fo: hand weding
 
Labor Ior tpplyiiig lierbi(ide
 
Labor for carrying wa clrto mix with herbicide
 
R(,ntal of slpr ycr
 

a. 	Field ri ol Insecticidce A = S4/kg 

b. 	Field cost of Insecticide A ilnTreatment 1 = S20/ha 

c. Field cost of Insecticide A inTreatmeit 2 = S40/ha 

3 



C( s.o (15"fS' kg w i itmonIlitII, sll)hatc 740 
'I'atspo)r o!145 t $ 95 

Field prirc '1 5 kg ntOllitlIu l $835imo sulhate 

Field pricc (d oull .ioliuti sull)h te. 835 ,q18.6/kl.
45 

1). 	 (-ost of -15 kg tripl ;tl)t-l)hosplhat(. 81.620
 
TlalS)ort of 45 kg 
 $ 95 

Field pri(ce of 45 l.: iriple suliprpl tosplhate S1.7 1-5 

Field pri'cei'Iof'l~ltrip]i,pr ('c ~ ihatepl $1 .7 15 $(if tr Ph stli),iiphospp'L llO ~~ -171­ = $38. 1/k g 
45 

$ 18.60 
C. 0.21 - $88.60/kg, field price of N 

-1. 0.4 ,-82 80,g, field pricC of P20 5 

Treatmant 1 

1 plowing $200/ha 
2 harrowings $200/ha 
Cost of tract or prcparation $400/ha 

Treatment 2 

S35/day 
,l40/ha, cost of plowing with horse 

A hakcla 



5 davs/acr [6 -A--- . . ---- 19 .5 ( hi l' hzt 
0.4 h/acre,' 

Wage rite S35/lay 
Meals S 10/daY 

Total S-45/dav 

S45/dav 
x 12.5 days 
$562.5,cost of weeding 1 ha 

Treatment 

a. 2 3 

Insecticid, X (S/ha) 0 30.0 0.0
 
Insecticide Y (Sha) 0 0.0 9.6
 
Labor (S/ha) 0 7.5 5.0
 
Total costs thai vary (S/ha) 0 37.5 14.6
 

Treatment 

b. 1 3 4 

Nitrogen (S/ha)a_/ 2,000 2,000 2.000 3,000 
Labor (Sha) 80 80 160 160 
Total costs thait vary (S/ha) 2,080 2.080 2.160 3,160 

a/ 
Cost of urva 821.50/kg 
lransIoI t S 1.50/kg 
F1ield price of urea 323.00/kg 

$23.00
 
Field price ol N = 0.4 6 - $50/kg
 

0.46 
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Treatment 

c. 	 1 2 3 4 

Seed (S/Ia) 480 480 800 800 
Herbicide A (S/ha) 0 2.500 0 2,500
Labor for planting (S/ha) 1,000 1,000 1,500 1,500 
Labor for hand wceding 
($/ha) 6,000 0 6,000 0 

Labor 	for applying
 
herbicide (S/ha) 
 0 1,000 0 1,000 

Labor for hauling water 
(S/ha) 0 500 0 500 

Sprayer lental (S/ha) 0 600 0 600 
Total uosts that vary (S/ha) 7,480 6,080 8,30 69,-9-00 

Recommendation Domain A 

Treatment 

1 2 3 4 

Average yield (kg/ha) 726 568 1,208 1,044 

Recommendation Domain B 

Treatment 

1 2 3 4 

Average yield (kg/ha) 2,105 1,955 2,480 3,068 

6 I 



Plow Tine 

Till L 'c costs (S/ha.1) 11.20 4.75 

Labor bor planting (S/ha) 6.00 2.40 
Labor for wctdi n (Siha) 2.4.00 42.00 
|ota! costs t hat vary (S/ha) 4 1.20 -19.15 

The plow ilitlhod hils ]ov,'cr tota costs that vary. If there 
is nod (iff in lhc two methods, then'cenc vield bet wtcll 
Ihc plow illcillod is pr(terl le. 

Treatment 

A B C 

Average yield (kg/ha) 11,100 14.900 17,700 

Adjusted yield (kg/ha) 9,990 13,410 15,930 

Fariners receive S1.60/kg . 

Transport $0.10/kg 
Harvest ($,10/300 kg) SO. 13/kg 
Shelling ($40/400 kg) $0.10/kg 
Costs proportional to yield $0.33/kg 

Field price = $1.60 - $0.33 = $1.27/kg 



-U
 
Selling price $2.20/kg 

IDis'oulit SO. 11/kg 
Transport $0.16/kg

Cosis proportional to yield $0.27/kg
 

Field price of wheat = $2.20 - $0.27 = $1.93/kg 

Note that harvest costs are nol proportional to yield (the
combine operators charge by the hectare), so these costs 
are not included in tihe calculation of the field price. 

Treatment 

2 3 4 
Average yield (kg/ha) 1,740 2,430 1,420 2,790Adjusted yield (kg/ha) 1,392 1,944 1,136 2,232
Gross field benefits (S/ha) 14,755 20,606 12,042 23,659 

Field price of maize = $12.00 ­($0.60 + $0.80) = $10.60 
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Troatmert 

1 2 3 4 

Average yield (kg/ha) 2,717 2,635 2,917 3,233 
Adjusted yield (kg/ha) 2,174 2,108 2,334 2,586 
Gross field benefils 

(S/ha)a / 500 485 537 595 
Insecticide cost ($/ha) 0 12 24 30 
Application cost (S/ha) 0 6 12 9 
Total costs that vary 

(S/ha) 0 18 36 39 
Net bctneflis (S/ha) 500 467 501 556 

1! IFicld iprice
• 

of"ina;izc. = 0.23/kg 

Treatment 

2 3 

Average yield (kg/ha) 2,000 2,500 3,000 
Adjusted yield (kg/ha) 1,800 2,250 2,700 
Gross field benefits (S/ha) 27,000 33,750 40,500 
Co:il of weeding (Sha) 1.200 1,200 2,400 

/Cost of nitrogen (S/ha) 0 2,000 2,000 
Cost of application (t/,Ihi) 0 100 100 
Total costs that vary (S/ha) 1,200 3.300 4,500 
Net benefits (S/ha) 25.800 30.450 36,000 

Fielc )ric( of N = 0.4 = S-(1/kg0.,46 



Field price of whea = 84.00 - ($0.30 + $0.20) = $3.50/kg
Field price of straw = -
 -S0.60
 

18 kg 

Treatment 

1 2 3 
Grain yield (kg/ha) 1,500 2.100 2,400 2,500 
Straw yield (kg/ha) 1,800 2,520 2,880 3,000 

Adjusted grain yield

(kg/ha) 
 1.275 1,785 2,040 2,125 

Adjusted straw yield 
(kg/ha) 1,620 2,268 2,592 2,700 

Gross field benefits, grain
($/ha) 4.463 6,248 7,140 7,438 

Gross field benefits, straw 
(S/ha) 405 567 648 675 

Total gross field hnefits 
(S/ha) 4,868 6,815 7,788 8,113 

Cost of nitrogen (S/ha) 0 500 1.000 1,500
Cost of application (S/ha) 0 200 200 200 

Total costs that vary ($./hia) 0 700 1,200 1,700
Net benefits (S/ha) 4,868 6.115 6,588 6,413 

4 
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Total costs 
Treatment that vary (S/ha) 

1 0 
4 300 
2 450 
7 550 
5 700 

3 900 
8 950 
6 1.150 
9 1,400 

Total costs 
a. Treatment that vary (S/ha) 

1 0 

2 38 
3 70 
4 83 


6 115 

5 128 

7 160 

750 

= 700 
C2 

z 650Z 

25 50 

Net benefits 
(S/ha) 

1,990 
1,900 D 
2,380 
1,570 D 
2,790
 
2,620 D 
2,690 D 
2,810 
2,870 

Net benefits 
(S/ha) 

640
 
692
 
722
 
704 D
 
735
 
688 D
 
731 D 

75 100 


Total costs that vary ($/ha) 

125 
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Total costs Net benefitsb. Treatment that vary ($/ha) (S/ha) 

4 
 12-
 1,210
5 
 "320 1.280 
2 
 390 
 1.480 
3 
 586 
 1,150 D 
1 
 623 
 1.190 D 

2
 

1,400 

S1,300 

1,200 4
 

150 200 250 
 300 350 400
 
Total costs that vary (S/ha) 

C. 

Treatments 1, 2, and 3 are dominated. The onlynondominated treaiment is 4. It is not possible to draw a 
net benefit curve. 
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a. Treatment 

1 

2 

3 

6 

b. Treatment 

4 

5 

2 

C. 

Yotal costs 
that vary ($/ha) 

0 

38 

70 

115 

Total costs 

that vary ($/ha) 


124 


320 


390 


Net benefits 
($/ha) 

Marginal rate 
of return 

640 

692 

722 

735 

137% 

94% 

29% 

Net benefits 
($/ha) 

Marginpl rate 
of return 

1,210 

1,280 

1,480 

36% 

286% 

No marginal analysis can be done. 



For recommendation domain A: 

Treatment 

1 2 3 4 
Average yield (kg/ha) 950 1,677 1,950 2.042
Adjusted yield (kg/ha) 808 1,425 1.658 1,736
Gross benefits (S/ha) 3.434 6,056 7,047 7.378
Cost of N (S/ha) 0 468 935 1,403Appli(alion cost (S/ha) 0 300 300 300Tota] costs thal v-Y (S/ha) 0 768 1,235 1 703
Net b)enefcits (S/ha) 3,434 5,288 5,812 , 675 

NIaizc eicld price $4.25/kg 

Field price of N 4.30-p =9.35/kg0.46-9.5k 

6,000 

5,000 2 

.00 

v 4,000 

3,400 1 

500 1,000 
Total costs that vary (S/ha) 

http:0.46-9.5k


Total costs Net benefits Marginal rate 
Treatment that vary ($/he) (S/ha) of return 

1 

2 

3 

0 

768 

1,235 

3,434 

5,288 

5,812 

241% 

112% 

4 1,703 5,675 D 

a. 	 1) 1(00%'Y1 
2) 	50% 
3) 	50% 
4) 	100% 

b. 	G nionths x 8%' per month 48% interest over 
6 ImlOlihs 

2 x 48% = 96%, estimate of minimum rate of return 

c. 	 10% interest over 5 months (5/12 x 24%) 
15% crop insurance 
10% service charge 
25% t )t; I m 

2 x 35% = 70%/0, estimate of'minimum rate of return 



Tre'atments 2,, 6.,7. and 1 arc domihjnated.
 

Total costs Net benefits Marginal rate
Treatment that vary (S/ha) (S/ha) of return 

99 500 
111% 

3 198 610 

75% 
5 285 675 

TIeTrl' lllHtIttliml is Treatment 5. 

Check using residuals: 

Treatment 
Total costs 

that vary (S/ha) 
Net benefits 

(S/ha) 
Return 

required (S/ha) Residual 

1 
3 

99 
198 

500 
610 

50 
99 

450 
511 

5 285 675 143 532* 

MaxiIIIun r'IIdI 

700 

(I> 

4 j 

600 

,01 

100 150 200 250 

Total costs that vary ($/ha) 

A 

500 

300 
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Trcatinents 4 and 7 are doniinated. 

Nitroge" by phosphorus experiment 

Total costs Net Marginal rate
 
Treatment that vary benafits of return
 

1t! 0 800 
300%
 

2 50 9500
 
30o%,
 

3 100 965 115% 
200% 

5 150 1,065 
40%/ 

6 175 1,075 

Thc mariOimal rate of' rcturn trom (2) to (5) is 1 15%. whic, 
is ahi,),ihle, t)tll ('lose to 100%. R(,s relihers may want to 
e.xperinew with lvwels ()f N (etweeti 50 and 100 kg/ha and 
1liir? cr cxalmliln iitcat('tiolls with 12()5 at those levCls. 

1,100 4)/ 

1,000 

'4 900 

Z;800 

50 100 150 200 

Total costs that vary ($/ha] 



Check using residuals: 

Total costs Net benefits Return

Treatment 
 that vary ($1ha) ($/he) required ($/ha) Residual 

Ia/ 0 800 0 800 
2 50 950 50 900 
3 100 965 
 100 865
 
5 150 1.065 150 915*
 
6 175 1,075 175 
 900
 

iFaIne'IIUI'5 pl'l icJ( t 

* MaiIX~IIIIII1 ''I d ll 

hnii provcd vari, ty, wved conl' ad feltilization can all be 
recorin ticded (e.*2,, TircatilnI 5). However, farmers may
wanit1 toteSt U(II its of IIlI( package on1e by on1e. The 
rcsults: show that f inllers c-la protitalv alopt ithe variety
by i5(11. uOlw tin variety is ,1(0ptecd, thc next step should
i)c bctter w\'eed control (niot Iertilization). As a Ihird step,
thc farmers c'an add fertilizatiol to their inipi-ovcd variety 
and wecd control. 
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The mirginal rate of r i mrii bctwccn (1) and (2) is below 
the ninimun aid so (2) is not acceptable. It is then 
l(t.ssa5rv t() taiclilatc ItI(hIllaIilll rate of r-etllrn bet ween 
(1) and (3). It is only -1(580. which is not acccptable, so 
ionc of the thti(tc altIeIativt5s to the arners' practice Cal 

bil lreolliIicllhcd(. -sc-chirhs Inav wish to sce if they can 
i1 less expeitc'lsive its{ t' (mi ol ItI.thods. 

Check using residuals: 

Total costs Net benefits Return
 
Treatment that vary ($/ha) ($/ha) req,,ired ($/ha) Residual
 

1 0 722 0 722* 
2 32 730 32 698 
3 35 738 35 703 
4 67 752 67 685 

*,axmInumu risildual 

It is 1ot i)ossibl lcto nllkc a recoimnencdhlion based on this 

'xperimcnt. The fa lnll r lrctice of broadcast seeditig 
and -10 kgi N/lta was not included in the experiment., so it 
iS 1hot p hieo!si say if thc I'atnts tcstcd are really 
superior to Htie !ail'ntns' plati(t'. 



Trestment 

2 3 4 

Data Set 1 
Yield (kg/hla) 2.000 2,100 2,500 2,600
Gross field benelits (S/ha) 5.600 5,880 7,000 7,280
Total costs that va r'v (S/ha) 0 450 500 800
Net benefits (S/ha) 5.600 5,430 6.500 6,480 

Data Set 2 
Yield (kg/ha) 2,000 2, 100 2.500 2,600 

7.280 
Gross field helefit s (S/ha) 5.4300 5,880 7,000
Towt,l e t;s thaIt varyV fS/ha) 3,275 3. 25 3.775 4,075
Ne ),nkt!, (S/!i,) 2.325 2.155 3,225 3,205 

For both data sets: 
Ireatietts 2 and-1 ,Ire dolijnael. 

The cHlt-CC1(-t,-: in net hcneli ts and costs that vary between
Treatiient I aod Treatment 3 are identical for the data
sels. 'l'herefore the nargincl rate of return is the same for
both sels a dalthe recoan meridation will be the same 
(Treatlmerit 3) whet-.,-'r you inelude fixed costs or not. 

Change ir Change in total Marginal rateTreatment change net ber,-fits costs that vary of return 

1 --- o. 3 900 500 180% 
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Field price of maize (P) = $30 kg 

Minimum rai . of rtLurn (M) = .8 

Change in costs that vary (,ATCVJ =
 

S6.200 - 81.930 S4.270$ 


Change in vi(d (Y) is calculatecd by: 

ATCV 	(1 ,'1AY = M-i 

AY = 4270 x 1.8
 
30
 

AY = 	256 kg/ha of maize, extra yield required for 
change in weed c.. trol to be acceptable to 
farmers 

The fol lowing locations should be eliminated: 

4 - Farmer ipplicd manure 
7 - Rotatioi with )o}tatoes and leavv close of fertilizer 
9 - PIlantd 1ate 

Th{ avergc yiIt(l for loea'itions 1, 2. 3, 5. 6. ., ond 10 
shouldIhC (,leulaC, tto resentilt rc-ol{llnlur dlion 
dolmai of()I I t eIIrs who do i1{ot tiSe fTizer. 1)1lllt their 
witat ill 1WIit ioll wilh lm ize' ol barley, alld p}!Ill ill 
JaLuary'or 1"')rUalIN'. 

Treatment 

1 	 2 

Average yield (kg/ha) 1.846 3.087 
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- - 14 

T No difference in yields. Choose lower cost treatment 
(T1 = zero tillage) for further experimentation. 

D
 
Do DI
 

Average yield (kg/ha) 3.940 5,660 
Adjusted yield (kg/ha) 3,546 5,094 
Gross field benefits (S/ha) 496 713 
Total costs that vary (S/ha) 17 26 
Net befncits (S/haj 479 687 

Marginal 687 - 479rate = 17-2-B 2,311% 

Choose D 1(= 50,0().) plantls/ha) ftr further 
experimentation. 

N No dilfcreliie in yields. Choose lo,.ver cost treatment 
(No = no llitrogen)I Ilfurther experimentation. 

P
 
PO PI
p0 p 

Average Yeld (kg/ha) 4.620 4,980 
Adjustc d yield (kg/ha) 4.158 4.482 
Gross ficid benefits ($/haj 582 627 
Total costs that vary (S/ha) 0 35 
Net bneflits 8/ha) 582 592 

592 - 582Marginal atae ofreturn 35--0 == - 29% 

Choose P0 (no phosphorus) for further experimentation. 
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Net benefits for
 
location 1
 

A (2706 x .9 x 1.60) - $350 = $3,547
 
B (3677 x .9 x 1.60) - $650 = $4,649
 
C (4319 x .9 x 1.60) - $975 = $5,244
 

Six 	!owest net benefits for each treatment: 
A. 	 Locations 5, 14, 15, 16, 20, 24
 

Average = $1,25-1
 

B. 	 Locations 10, 14, 15. 17, 18, 24
 
Average = S1,736
 

C. 	 Locations 7, 8, 14, 15, 17, 20
 
Average - S352
 

OW inlul- It'('ns 'Ium1I are 
thall Iroll cither "A'' or "B,'' ittiglht be best t1diicard 
"C' as being tou ri;kv. The mnimurn returns for "B" are 
well above thosc of' A,- so "B" would be a good 

Creei1mendat ion. 

Because [II, i ' "C'' much lower 

1. ,2 



1. Treatment 

Adjusted 
yield 

(kg/ha) 

Grass 
field 

gnetits 
(S/ha) 

Total 
costs 

that vary 
(S/ha) 

Net 
benefits 

($/ha) 

Marginal 
rate 

of return 

1 1.784 9,812 0 9,812 

53% 
2 2.564 14.102 2,803 1 1,299 66% 
3 2,763 15 197 3,253 11944 13 

4 3,340 18,370 5.105 13.265 
71% 

If the field price of wheat is $5.50,kg, the rccommendation 
should he 0 kg N/ha. 0 kg P205/ha (Treat ent 1). 

Adjusted 

2. Treatment 
yield 

(kg/ha) 

1 1.784 

2 2.564 

3 2,763 

4 3.340 

Gross field 
benefit,' 

(S/ha) 

13,2C2 

18.974 

20,446 

24,716 

Total costs 
that vary 

(S/ha) 

0 

2.803 


3,253 


5,105 


Net 
benefits 

(S/ha) 

Marginal 
rate 

of return 

13,202 

16.171 
106% 

17,193 
227% 

19.611 
131% 

If the field price of wheat is S7.40/kg, the recommendation 
should be 75 kg N/ha. 160 kg P205/ha (Treatment 4). 
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If opportunity cost of labor is $20/day: 

One Two 
weeding weedings 

Average vicW (kg/ha) 2,450 2,778 
Adjusted yield (kg/ha) 2,205 2.500 
Gross ield bciiclits (S/ha) 3,308 3.750 
Labor tor weedng (S/ha) 280 480 
lotul costs that varv (S/h1a) 280 480 
Net bcnefits (S/ha) :3.028 3.270 

= NhJlr..il)ll OflI+(CtlI 'r3270 - 30t.; _ I'illt' 3028 121%- 28 


Two tlc(t ,\v(dings call be reC('OllnItiled. 

If opportunity cost of labor is $40/day: 

One Two 
weeding weedings 

Average yield (kg/ha) 2.450 2,778 
Adjusted yield (kg/ha) 2.205 2,500 
Gross field benefits (S/ha) 3,308 3,750 
Labor for weeding (S/ha) 560 960 
Total costs that vary (S/h1a) 560 960 
Nct benefits (S/ha) 2,748 2,790 

Marginal rate of return = - 274 - 1% 
060 -n560 

One hand weeding can be recommended. 



Field price of maize: 

Harvcsting cost: 2.400 	kg = 600 kg/day
4 days 

300/da = 0.50/kg 
600 kg/day 

Shelling cost: 00/da'_ $0.60/kg
500 kg 

Transport cost: $ 1.00/kg 

S(lling PIli('(
in market $15.00/kg
 
Harvest 
cost $ 0.50/kg
 
Shelling cost 
 S 0.iO/kg

Transport 
cost S 1.00/kg
 
Fi(ld p1i( c of nmaize 5 12.90/kg
 

Field price of fertilizers: 

(Note that because thc experillClt is set up in terms of
bags of fert ilizer there is no need to calcutate field price of 
nu trich ts.) 

Field price of 10-:30-10 fertilizer: 

Selling price $450/50-kg l.a,
Transport S 30/50-kg ba 
Field price $480/50-kg bag 

Field pricc of anumloniuni sulfate: 

Selling price $380/50-kg bag
Transport S 30/50-kg bag
Field price $410/50-kg bag 
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Partial budget: 

Treatment 

1 2 3 

Avrigv,,il(t (jigl/ha) 2,425 3.1 16 3.405 
Adjtist(d yicld (kg/ha) 2,304 2.960 3.235 
Gross field clwti s (S/ha) 29,722 38, 18-1 -11.732 

Cost ()i5C't (S/aLj 640 800 800 
(')s p"ltallilig (S/hl 600 1.050 1.050 
(' t ()l1tr iliz l (81/im ) 1.370 2,190 2. 190 
(iost l)Iappialitllt (S/ha) 300 300 600 
('ost o iliscctiridc (S/ta) 0 0 1,200 
('s tI tlpIitiui1 (S/ha) 0 0 450 

Total ('()sts 1ha varv (S/ha) 2.910 4.64(0 6,290 

Nct bnlictits (S/hal 26,812 33,544 35.442 

k ('ft
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Marginal analysis: 

Treatment 
Total costs 

that vary ($/ha} 
Net 

benefits ($/ha) 
Marginal rate 

of return 

1 2,910 26,812 

389% 
2 4t,640 33.544 

115% 
3 6.290 35,442 

A reconimendationi can be nade for improved planting
densitv. fertilization, ani illscct COIIrol. IlI making the 
reCOmnmeiclatiOllS ('xltensioll aLEllts will Walnt to 
emphasize (ihat farmers C;mi adopt these improvements in 
Steps I,lirsi illiprovilt e(nllsitv all -fetilization, thenanrd 
adoptint insecticide. 

35,000 3 

Z'2 
4 

01 

30,000 

25,000 

3,000 4,000 5,000 6,000 7,000 
Total costs that vary (S/ha) 
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Field price of N: 

839.50/kg
 
IralsjIorl S 3.50/kg
 

S-42.50/kg
 

I:icld price (f urra = SO.8-t/kg 

S0.84
Field prie N = 0.46 = S 1.83/kg 

Field price of wheat: 

1ciatisc thw l tlirv(cst is Ihc heetare.elwa har(,d hy 
hlarvcsjillo osts di',ti lld( ) lh\'" to be 
inltludcd ill 1],' fici(d plit'' 1wtt. Hctcausc the wheat 
is [.)llplle ISt(I 1)11 ilw )c used as theol -p(oiS)35.ki call 

fl i)p 'wo)Iw\ ll.
 

Bcubo(l.s. >1( .isl il ;ilsltl\ si -ol\.- 10 I spOllS,- to 
g),1~1 al111(1 1w iii Sjito V 

(-(-di~l l ' l Al v s(,(-illL rate iliteraction. 
s('1(d1 Stlhltlld i litilded illIle part ial budgel.ll 1;11.I itit h 

"I'lir \VSwit";I Lllit';dll i Sl)vtllSe t(olliitroL .ll..o this 
should lt in'lti(hcd illall o(liilli( itllv\ is.TThe best 
StilllIt of, llitl'(tl w illI lt IcSIi()tl..- bc t e ax rahle yields 
itIoSS all sc'elill 1;I!I5. 

Treatment 

1 2 3 4 

Average yield (kg/la) 2.293 2.719 3,074 3.226
 
Adjusted vield (kg/la) 1.9,19 2.3 11 2.613 2,742
 
Gross field N-'efits (S/hal 682 809 915 960
 

Cost of N (8/ha) 55 110 165 220
 
Cost of aplliitat ion (S/ha) 5 5 10 10
 

lotal costs that vary iS/ha) 60 115 175 230 

Net benefits (S/ha) 622 694 740 730 
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Total costs Net benefits Marginal rate 
Treatment that vary($/ha) ($/ha) of return 

1 60 622 
131% 

2 115 694 
77% 

3 175 740 

4 230 730 1) 

Ifthe mInimit 1 [ 01 'Ttill is 8O%. (O kg N/ha 
(TcrtiIIcIt 2) WIUd Ml(( )e itp)oss~h itOfllmlll­10( 1o 

(ittioll aild colld c[ Sd il]wi. Exi)rileclits oil 
ll i l lo g lnIlm,vi l l l dhl~ i~l)w r hcvcl,s o f N . h i l l Hict 

p)llilinilhtr\v \-vi(1c1'r iii('irlt 9a() Nla11181 90g 

( T';,catIlinl Illt;\VI 3) l1l(I)r t'onoillic. 

qo,o
3 
4010

700 
o\o0
 

~2 

4 650 

4.1
 

600 

60 120 180 


Total costs that vary ($/ha) 
240 
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