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Introduction

How to Use This Workbook

This workbook is designed to be used with the manual, From Agronomic Data to
Farmer Recomnmendations. Completely Revised Edition, CIMMYT Economics
Program (1988}. It can be used in the classroom or for individual study.

The exercises are presented in the same order as the themes of the manual. Each
exercisce is keyved at the bottom of the page to the appropriate chapter or section

and pages of the manual.

A separate answer booklet is available. It is best to work through an entire
exercise before checking the answer in the hooklet.

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 1 (liter).



'Exercise

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
policvmakers.

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. 13



‘Exercise_ 2

Goals of the Farmer

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

Question Goal/Interest

1. It I change my weeding A. In order to provide for the
practices, will my chance of the needs of their families,
failure in a vear of low farmers manage systems of
rainfall increase or decrease? various crops and animals.

2. If I change my weeding pracaces, B. Farmers are interested in
how much more vield wili I get, the economic return from
and how much more money will | a new practice.

have 1o spend?

3. If I change my weeding practices, C. Farmers are concerned about
will [ 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? their practices.




"Exércise 3

—

On-Farm Experiments

Decide whether cach of the following experiments is designed so that an cconomic
analysis of the results is possible. If an analysis cannot be done, what changes in
the experiment would make it possible?

a. Atrial in which - levels of nitrogen are tested, ineluding the level used by
farmers. The nonexperimental variables (variety, seeding rate. weed controt,
ete.) are representative of farmers’ practice,

b. A wial in which 5 levels of nitrogen and 3 levels of phosphorus are applied 1o
the crop. A treatment is included that represents tarmers’ current fertilizer
practice. Rescarchers prepare the plot where the experiment will be planted
and use sceding rates, weed control, and pest control methods identical to
those used on the experiment station.

c. An experiment that examines 2 new varieties and 2 new sceding rates (above
and below the farmers’ usual rate). Farmers prepare the plot and control the
weeds and inseets following representative practices.

On-Farm Experiments, pp. 5-7



. '_Exé‘-r;c?se 4

Experimental Lucations and Recommendation Domains

The farmers of w tentative recommendation domain plant a maize-maize rotation
and prepare their ficlds with tractors. Their maize plants show evidence of
nitrogen deliciency. Which one(s) of the fields listed below would be appropriate
for a fertilizer experiment tor the domain®?

Method of land

Field Previous crop preparation Field size (ha)
A Maize Ox plow 3
B Maize Tractor 2
C Tobacco Tractor 1
D Maize Tractor 15

Experimental Locations and Recommendation Domains, pp. 7-8



Exercise 5°

The Partial Budget

Fill in the bianks in the partial budget below with the titles of budget items (a-c)
or numbers {d-f).

Treatment
1 2 3
{No {100 kg {200 kg
fortilizer) 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 {(8/ha) 0 80 160
Coct of labor to apply fertilizer (S/ha) 0 20 20
b. {S/ha) 0 100 e.
C. (S/ha) 600 d. f.

The Partiai Budget, pp. 9-11



Exercise 6

Marginal Analysis

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

Troatment
1 2
Total costs that vary (S/ha) 150 200
Net benetits (S/ha) 430 470

,Marginal Analysis, pp. 11-1 2 



Exercise 7

Variability

Each of the following situations is an example of how variability affects the
interpretation of experimental results. For cach situation, indicate the tvpe of
variability:

I Variability berween locations (ditterent recommendation domains)

2} Variabilitv duc to unpredictable factors
3) Variability due to ceonomic factors

. The response to fertilizer was better last yvear. when there were good rains,
than it is this vear.

b. Fertilizer usc was cconomic last year when the priee of fertilizer was 30%
lower than it is this vear.

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 variable inputs associated with the dilterent treatrments in each of the
following cxperiments.

a.

Insect Contirol! Experiment

Treatment 1: No inscet control (farmers’ practice)

Treatment 2: lusccticide X (granular) applied in hole at planting
Treatment 3: [nsceticide Y (granular) applicd at 20 davs

Fertilizer Experiment
Treatment 1: 100 g urca at planting {(farmers’ practice)
Treatment 2: 100 kg urca at 30 davs

Treatment 3: 50 ko urea at planting: 50
Treatment 4: 75 kg urca at planting: 75

g ourea at 30 davs

!
kg urea at 30 davs

Weed Control by Planting Method Experiment (Maize)

Treatment 1: 30.000 plants/ha. planted randomly: one hand weeding
(farmers’ practice)

Treatment 2: 50.000 plants/ha. planted randomly: one application of pre-
cmergence herbicide A

Treatment 3: 50.0C0 plants/ha. planted in rows: one hand weeding

Treatment 4: 50.000 plants/ha. planted in rows: one application of pre:-
cmerdgence herbicide A

Identifvinag Variable Inputs, p. 14



Field Price and Field Cost of Purchased Inputs

Insecticide A costs $10 for a 2.5-kg bag. Treatment | in an experiment requires
5 kg/ha of Insceticide A and Treatment 2 calls for 10 kg/ha of Insceticide A,

a. What is the field price of Inscctizide A?

b. What is the field cost of Insecticide A in Treatment 19

What is the field cost of Insecticide A in Treatment 29

5 ‘Qo,sts’That Vary, pp. 13-14
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 Exeitise 10
» R TR

Field Prices of Fertilizer and Nutrients

The following data are frem one research area:

Cost ol 45 kg ammonium sulphate in shop §740
Cost of 45 kg tnple superphiosphate in shop $1.620
Cost of transporting a 45-kg bag from shop o farm S95

{Ammonium sulphaic is 21 % N: triple superphosphate is 46% P20s.)

Calculate:
a. The field price of ammonium sulphate

b. The field price of triple superphosphate

¢. The field price of N

d. The field price of P20s5

“ Purchased Inputs, pp. 14-16



’ )

Exércise 11
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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 & horse

Data
Tractor plowing $200rha

Tractor harrowing  $100/ha
Horse plowing S 35/day (horse can plow % ha in one day)

Calculate the costs of land preparation for each treatment.

.. Equipment and‘Machinery. p. 16 . °



In the analysis of a weed control experiment, it was found that five 6-honr days
arc required to hand weed 1 acre (0.4 ha). The local wage rate was $35 for a
6-hour day. and the farmer was also expected to provide the laborer with one
meal, valued at about $10. Calculate the cost of weeding 1 hectare.




“Exercise 1 3

Total Costs That Vary

Calculate the total costs that vary for cach of the following experiments.

a. Insect Centrol Experiment

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

Data

Field price of Insceticide X 83.00/kg
Field price of Insceticide Y $1.20/kg
Labor to apply Insccticide 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 F-periment

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 orice of urea $21.50/kg
Cost of transporting urea $1.50/kg
Percentage N in urea 46%
Labor to apply fertilizer at planting 0.5 day/ha
Labor to apply fertilizer at 30 days 0.5 day/ha
Cost ol labor 5160/day

 Total Costs That Vary; pp. 18:15
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Exercisg” 13 ‘

Total Costs That Vary

c. Weed Control by Planting Density Experiment (Maize)

Treatment Planting Weeding

1 30.000 plants/ha I hand weeding
(random planted)

2 30.000 planis/ha 2.5 kg/ha Herbicide A
(random planted)

3 50.000 plants/ha I hand weeding
irow planted)
4 H0.000 plants/hia 2.5 kg/ha Herbicide A
frow planted)
Data
Price of seed (1 kg of sced contains
2,500 sceds) $40/kg
Labor to random plant 30.000 plants/ha 2 days/ha
Labor to row plant 50,000 plants/ha 3 days/ha
Labor to hand weed 12 davs/ha
Price ol Herbicide A 51.000/kg
Labor to apply Herbicide A 2 days/ha
Labor to haul water to mix with herbicide 1 day/ha
Sprayer rental $600/ha
Cost of labor $500/day

Total Costs That Vary, pp. 18-19



Pooling the Results From the Same Recommendation Domain

A variety by fertilizer experiment was planted in onc rescarch area consishing of

two recommendation domains. Recommendation Domain A was detined as those
farmers who had very sandy soils, while Recommendation Domain B consisted of
those tarmers who had clav-toam soils.

Yieid data trom nine locitions are presented below. Find the average vields for
cach treatunent tor each reconmumendation domain.

Treatment yield (kg/ha)

1 2 3 4
Local improved Local Improved
variety, variety, variety variety
Recommendation no no with with

Location domain fertilizer fartilizar {ertilizer fartilizer
1 A 960 910 1.560 1.380
2 A 1.010 620 1.820 1.450
3 B 1.820 1.650 2.240 2.920
4 A 370 490 980 820
5 B 2,270 2,420 2.750 3.300
6 B 1.900 1.740 2.190 2.840
78/ A 200 200 200 200
8 B 2,430 2,010 2.740 3.210
9 A 890 620 1.480 1.370

a/ Trial lost due to dronght. Yield estimated to be 200 kg/ha across treatments.

Recommendation Domain A

Treatment
1 2 3 4
Average yvield
(kg/ha)
Recommendation Domain B
Treatment
1 2 3 4

Average yield
(kg/ha)

Pooling the Resuits From the Same Recoinmendation Domain, pp.. 20-:2;1_\,




Exercise 15

Assessing Experimental Recults Before Economic Analysis

In onc research area, w..mers sometimes planted late because they had to wait to
rent an ox piow Rescarchers decided to test the alternative of partial tillage using
an nx-drawn ripper tine, which would oper. a furrow into which farmers could
plant. The tine made tiliage and planiing qaicker. but more weeding was required
after tillage. Experviments in cight locations vave the following vield resules:

Method Average vyield (kg/ha)
Plow 3,258
Tine 3.0i5

After carefully examining the data and 1esults of the statistical analysis, and
reviewin the observations made at each location, agronomists conchided that
there was no vield difference between the two treatments.

Use the following information to decide which practice should be recommended to
farmers.

tathod
Plow Tine

Tillage time 2 days/ha I day/ha
Equipm~nt and labor for $5.60/day 54.75/day

tillage

Planting vme 5 days/ha 2 days/ha

Weeding time 20 days/ha 35 days/ha

Wage rate for plunting or

weeding $1.20/day $1.20/day

5

. Assessing Experimental Results Before Economic Analvais. nn. 21.29 .



Exertise 16,

Adjusted Yield

Becausc of their careful application of fertilizer in an experiment on potatoes,
researchers decided to reduce vields by 5% to estimate the vields that would be
expected i farmers had managed the iertilizer. They also estimated that the citect
of small plot size warranted another 5% reduction. Harvesting date and method
were the same as those of the Girmers. Thus the experimental vields were
adjusted downward by oo

Use the data presented below o caleulate the average vields and the adjusted
vields for cach reatment,

Yield {kg/ha)

Treatment A B C
L.ocation 1| 11,560 1<1.710 18,500
LLocation 2 12,340 16,230 18.450
Location 3 9.400 13.760 16,150

Average vield
(kg/ha)

Adjusted vield
(kg/ha)

Adtusted Yield. opn. 23-25



Field Price

In a maize-growing region, farmers received 880 for a 50-kg bag of grain in the
local market. The cost of transporting a 50-kg bag ol grain 1o market averaged $5,
Harvesting ook about 8 days per hectare, and average vields in the arca were
2,400 kg/ha. A worker was able to shell about 400 kg ol maize in one day. The
wage rate was 840 per dav. What is the ficld price of maize?

Field Price of the Cron.. on. 25-27.



‘Exercise 17

Field Price

Wheat farmers harvested their crop with rented combine harvesters.

The combine operators charged $550/ha, regardless of vield. Farmers sold their
wheat at o government warchouse in town and had 1o pay trucking costs of
S0.16/kg. The official buving price of the wheat was $2.20/kg, but because of
disconnts for gqnality farmers usually reccived 5% less than the official price.
Average wheat vields in the area were 2,000 kg/hia, What is the field price of
wheat??

Field Price of the Crop,;




22



Gross Fiela Benefits

The average vields from a maize experiment are shown below.

Treatment

1 2 3 a4

Average yield (kg/ha) 1.740 2,430 1,420 2,790

Because of plot size, differences in management, and time of harvest rescarchers
decided to adjust vields from all treatments downward by 20%. Maize was sold in
town for S12.00/kg. Transport costs from farm to iown were $0.60/ky and the cost
ol harvestng and shelling was 80.80/ke.

Fill in the tirst three lines of the partial budget.
Treatment
Average vield (kg/ha)

Adjusted vield (kgrha)

Gross tield benetits (8/ha)

~ Gross. Field Benefits, p. 27. .




‘Exefcise 19A

3

Partial Budgets

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

data.
Treatment
1
2
3
4
Data

Sale price of maize

Harvesting cost

Shelling cost

Transport from ficird
to sale point

Cost of labor

Price of insecticide A

Partial Budget

Average vield
(kg/ha)

Adjusted vield
{(kg/ha)

Gross field
benefits (5/ha)

Insccticide cost
(S/ha)

Application cost
(Stha)

Todwai costs that
vary (S/ha)

Net benefits
(Sha)

Insecticide A
{One application = B8 kg/ha,
as a foliar insecticide)

0
I application
2 applications

1 application

Insecticide B

{Ore application = 4 kg/ha,
in the hole at planting)

0

0

0

1 application

50.32/kg Price of Insecticide B $4.50/kg
$0.03/kg Labor required to apply
50.02/kg Insecticide A 1 day/ha
Labor required to apply
S0.04/kg Insecticide B 0.5 day/ha
$6.00/day Yield adjustment 20%
$1.50/kg
Treatment
1 2 3 4
2,717 2,635 2,917 3.233

_: . Net.Benefits, p. 28~




Exercise 19A*

Partial Budgets

NetBeneflts p. 28 .



Exergise 198 |

Partial Budgets

- Construct a partial budget with the following data.

Treatment Weeding Fartilizer
1 I hand weeding 0
2 ! hand weeding ' 50 kg N/ha
3 2 hand weedings 50 kg N/ha
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 1 day/ha
Yield adjustment 10%

+ MNet Benefits.'p. 28 ¢

Average yield
{(kg/ha)

2,000
2,500
3.000
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Partiai Budgets



http:Benefits,.p.28

}E,xg‘r,éisé :20’

Including All Gross Benefits in the Partial Budget

An experiment looked at the response ol wheat to different levels of nitrogen. Use
the following information to calculate gross field benefits for all of the treatments
of the experiment. and complete the partial budget.

* Both grain and siraw are important products for the farmers.

e Farmers scll their wheat immediately after harvest for $4.007kg. Harvesting and
threshing costs total 80.30/kg. and transport to place of sale costs 50.20/kg.

e Wheat straw is baled and sold as animal feed. Farmers receive $5.10 for a 18-kg
bale. The purchaser of the straw, not the farmer, pavs transport costs. The
farmer pays the cost of baling (80.60/bale).

e It is estimated that researchers obtain higher wheat vields than farmers because
rescarchers manage the erop with greater precision and harvest carlier (15%
adjustment). it is estimated that rescarchers get higher straw vields as well,
because of precise management (10% adjusunent).

* The ficld price ol aitrogen is $10/kg. The fertilizer is all applicd at planting, at a
cost of $200/ha.

Partial Budget

Traatment
o 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 vield (kg/ha) 1.800 2.520 2,880 3.000

Adjusted grain vield (kg/ha)
Adjusted straw vield (kg/ha)

Gross ficld benefits. grain ($/ha)

Gross ficld benetits, straw (8/ha)
Total gross field benefits ($/ha)
Cost of nitrogen (8/ha)

Cost of application (S/ha)

Total costs that vary ($/ha)

Net benefits (S/ha)

. Including All Gross Benefits. inthe: Partial Buddet, pp. 28-29. " -




Including All Gross Benefits in the Partial Budget

- . Including All Gross Benefits in the Partial Budaet. op. 28-29






| Exercise 21 .

S

Dominance Analysis

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

Treatment
1 2 3 & n X ? 8 9

N (kg/ha) 0 50 100 ¢ 50 100 0 50 100
P205 (kg/ha) 0 ¢ 0 25 25 25 50 50 50
Total costs that 0O 450 900 300 700 1,150 550 9850 1.400
vary (S/ha)

Net benefits 1,990 2,380 2.€20 1.500 2,790 2.810 1,570 2,690 2.870
(S/ha)

“_. Dominance Analysis, pp. 30-31. .




Net Benefit Curve

Perform a dominance analysis and draw the net benefit curve for cach of the
following experiments.

a. Nitrogen by Phosphorus Experiment

Treatment
N P»0g Total costs Net benefits

{kg/ha} {kg/ha) that vary ($/ha)
1.8/ 0 O 0 640
2. 10 0 38 692
3. 80 0 70 722
4, 40 30 83 704
5. 40 50 128 688
6. 80 30 115 735
7. 80 60 160 731

a/ Farmers' practice

. ..Net .Benefit Curve. n. 31 -



Exercise 22

et Benefit Curve

b. Tillage by Weed Control Experiment

Treatment

U 0N —

Land preparation

Plow

Pre-cmergence herbicide
Pre-enmicrgence herbicide

Plow
Plow

Weed control

Herbicide

No weeding
Hand weeding
No weeding
Hand weeding

Net Benefit Curve, p. 31

Total costs
thst vary
{$/ha)

623
390
586
124
320

Net
benefits
{$/ha)

1,190
1.480
1.150
1.210
1.280



. Exercise 22 .
< WL

[}

Net Benefit Curve

c. Seed Rate by Fertilizer Experiment

Treatment

= N —

Seed rate

Experimental
Experimental
Farmers’
Farmers’

. Net Benafit Curve, p.31 .

i‘ertilizer

Experimental
Farmers’
Experimental
Farmers’

Total costs
that vary

{$/ha)

172
35
137
0

Net

benefits

{$/ha)

797
812
821
832



. Exergise 23 .

Marginai Rate of Return

Refer to the data in Exercise 22, and for cach experiment calculate marginal rates
of return between the nondominated treatments.

a. Nitrogen by Phosphorus Experiment

' Marginal Rate of Return, pp. 31-33 .
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- Exercise: 24

.

O S A T

Partial Budgets and Marginal Rates of Return

The following are the results of a nitrogen experiment (0, 50. 100, and 150 kg
N/ha.).

For recommendation domain A:
a. Construet a partial budget.

b. Do a dominance analvsis,
.o Draw aoe benefit eurv.e,

d. Calovlas caarging] rates ol return.
Treatment yields(kg/ha)a/
Reccrmimendation Experimant
domain no. 1 2 3 4
A I 1.000 1.850 2,200 2.250
A 2 900 1.860 2,100 2.400
B 3 1.900 2,400 2,500 2.600
A 4 1.300 2.200 2100 2.500
B 5 2.000 2.600 2,600 2,700
A 6 1.100 2,100 2,409 2,500
A 7 1.-100 2.050 2.600 2.600
B 8 1,700 2.200 2.100 2,200
A b/ - - . -
a/ Treatment Kg N/ha
1 0
2 50
3 100
4 150

b/ Abandoned because of drought

Data

Yield adjustment 15%
Maize sale price $6.50/kg
Shelling cost $0.50/kg
Harvest cost S0.75/kg
Cost of transporting maize to market 51.00/kg
Wage rate 5150/day
Urea (46% N) 84.00/kg
Transport (urca) $0.30/kg
Fertilizer application 2 days/ha

(Fertilizer is applied in a single application
for all treatnients.)

_ The Net Benefit Curve and the Marginal Rate.of Returm;'pp. 30-33

——



Partiai Budgets and Marginal Rates of Return

The Net Benefit Curve and the Marainal Rate of Return. nn. 30-23



a.

.Exercise 25

P

Minimum Acceptable Rate of Return

To estimate the minimum rate of return aceeptable to farmers, a range of 50%
to 100% per crop evele may be considered acceptable, i no other information
is available.

For cach of the following possible recommendations, indicate whether a
minirmum rate of return closer (o 50% or 100% would be most appropriate.

1. Herbicides, where farmers are currently weeding with hoes
2. A new herbicide. where farmers are already using herbicide
3. A change in sceding rate (but same seeding method)

4. Using a sced drill. where farmers are currently sceding by broadcasting

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

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

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




- Exercise 26A

Interpreting Net Benefit Curves

The following arc the results of 40 fertilizer trials planted over 3 years in one
recommendation domain. There is a significant response to both nitrogen and
phosphorus. Conduct a dominance analvsis, draw the net benefit curve, and use
marginal analysis to make a recommendation to farmers. Check the analysis by
using the method of residuals. The minimum rate of return is assumed to ne 50%.

N P05 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

a/  Farmers’ practice

. “Using Marainal Analysis to M:ake Recommendations. po. 38-48




“Exercise 268

interpreting Net Benefit Curves

The following are the results of 5 nitrogen by phosphorus experiments p.anted in
I vear in a single recommendation domain. Statistical analysis shows significant
response to both nitrogen and phosphorus. Conduet a dominance analysis, draw
the net benefit curve, and use marginal analvsis (o help decide what levels of
fertilizer rescarchers should experiment with next vear. Cheek the analveis by
using residuals. The minimum rate of return is assumed to be [009%.

Nitrogen by phosphorus experiment

Total costs Net
N P205 that vary benefits
Treatment {kg/ha) {kg/ha) {$/ha) {$/ha)

1.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. po. 38-48



" Exercise 26C "~

Interpreting Net Benefit Curves

The following are results of 25 trials planted over 2 vears in one recommendation
domain. The trials were designed to look at the effeets of improved variety, weed
control, and fertilization. If the minimum rate of return is 100%. what should be
recommended to farmers? I farmers are likely to adopt recommendations in steps,
what should be recommended to farmers?

Weed
Treatment Varietyd/ control®  Fertilizationd/
1 0 0 0
2 1 0 0
3 1 1 0
4 1 0 1
5 1 1 1
a/ 0 = Farmers’ practice. 1 = Improved practice)
-900
o
=
~
124
£
o
Q
=
Q
2
R
3]
Z

50
Total costs that vary ($/ha)

Total costs Not
that vary benefits
{$/ha) ($/ha)
0 625
10 685
72 807
79 782 D
141 907
145%

100

Marginal
rate
of return

600%

197%

145%

o}

- 150

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



Interpreting Net Benefit Curves

In one recommendation domain rescarchers planted 6 insecticide experiments.
The response to insccticide was statistically significant. The results of the partial
budget are shown below. It the minimum rate of return is 100%. what should
rescarchers do the following vear? Cheek the interpretation by caleulating
residuals.

Total costs Net Marignat
that vary nenefits rate of
Treatment ($/ha) ($/ha) return
1. No inscet control @/ 0 722
25%
2. Insceticide A (at planting) 32 730
267 %
3. Insccticide B (granmlar) 35 73R
449

4. Insceticide A+ Insccticide B 67 752

Y Farmers’ practice

Net benefits (S/ha)

720

s

10 20 30 40 50 60 70
Total costs that vary ($/ha)

. Using Marginal Analysis to Make Recommendations, pp: 3848 ... -




" " Exercise 26E

Interpreting Net Benefit Curves

Researchers planted 10 seeding method by fertilizer experiments in wheat in one
recommendation domain where farners were broadeasting their wheat and
applying about 40 kg N/ha. The results of the marginal analysis are shown below.
The minimum rate of return is 100%. What should researchers reconunend (o
farmers?

Total costs Nat Marginal
Seeding Fertilization that vary benefits rate of
Treatment mettiod Kg N/ha Kg P2Qg/ha ($/ha) {5/ha) roturn
1 Broadeast 0 0 240G 630
172%
2 Drill 60 0 287 711
141%
3 Drill 60 30 319 756

(Farmers’ practice = broadeast seeding and 40 kg N/ha)

750
g
& 710
@
=}
Q
=
3
. 670
Q
Z
630
4
14

240 260 280 300 320
Total costs that vary ($/ha)

, ljsin‘g ‘,Matg_inal ‘Angliy_sis to Make Recommendations, pp. 38-48 .
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Exercise 27.5~ .

Partial Budgets and Complete Budgets

To demonstrate the value of partial budgets, perform dominance analysis and
marginal anatysis on the tollowing two data sets drawn from the same set of
experiments. Yiclds and gross benefits are identical tor both data sets. The only
difference is that Data Set 2 also includes costs that do not vary between
treatments  Assume a mininmm rate of return of 1009

Data Set 1, N by P Experiment

Treatment

Variable 1 2 3 4
Yield (kg/ha) 2,000 2.100 2.500 2.600
Aqpasted vield (ke/ha) 1.600 1.680 2.000 2.080
Gross ficld benefics (8/ha) 5.600 5.880 7.000 7.280
Cost of N (S/ha 0 0 350 350
Cost of o037 (8'ha) 0 300 0 300
Application cost ($/ha) 0 150 150 150
Total costs that vary (S/ha)
Net henefits (S/ha)
Data Set 2, N by P Experiment

Treatment

Variable 1 2 3 4
Yield (kp/ha) 2,000 2.100 2.500 2.600
Adjusted vield (kg/ha) 1.600 1.680 2.000 2.080
Gross Neid benelits (8/ha) 5.600 9.880 7.000 7.280
Tillage cost (S/ha) 1.200 1.200 1.200 1.200
Planting cost (S/ha) 400 100 100 400
Cost of seed (8/ha) 5 75 75 75
Weeding cost (S/ha) 1.600 1.600) 1.600 1.600
Cost of N (S7ha) 0] O 350 350
Cost of '905 {S/ha) 0 300 0 300
Application cost ($/ha) 0 150 150 150

Total cost (Sihiay
Net benetits {$/ha)

Som‘g Questions About Marginal Analysis, pp. 50‘-51 '
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Exercise ,28:' J

Marginal Analysis for Planning Experiments

In one research area maize farmers were controlling weeds by hand. Rescarchers
were considering experimenting with a herbicide, which they felt was more
cffective. Caleulate the yield inercase required to make herbicide adoption
acceptable o farmers.

Field price of maize S30/kg
Minimuin rate of return 80%

Cost of hand weeding $1.930/ha
Cost of herbicide $6.200/ha

{including application costs)

. Some Questions About Marginal Analysis, pp. 53-54







Reviewing Experimental Results

Ten on-farm fertilizer trials in wheat looked at the farmers’ practice, which is not
to fertilize. and an alternative practice of applying 80 kg/ha cach of N and P20s5.
Farmers plant their wheat in January or FFebruary in rotation after maize or
barley.

Review the data from the ficld book and decide which locations should be
climinated from the analysis. In cach case, give an explanation.

Calendate the average vields Tor the two treatments that would appear in the
partial budger.

rield Book Data

Treatmant yield {kg/ha)2/ Previous Planting
Location 1 2 crop date Notes
| 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
alrer seeding
5 1.440 3.120 Maize Jan. 25
6 2.690 3.020 Maize Jan. 8
7 3.430 3.790 Potatocs Jan. 10 High fertilizer
dosage on
previous crop
8 750 970 Barley Feb. 14 Hail damage
9 1,440 1.590 Barley Mar. 15
10 2,170 4.420 Maize Jan. 22
a/ Treatment Kg Niha Kg PoOs/ha
1 0 0
2 80 80

- Reviewing Experimental Results. on. 58-59



Statistical Analysis and Economic Analysis

Table 1 shows the results of three exploratory 24 factorial experiments planted in
maize. In these experiments, the tour factors were tillage, plant density, nitrogen,
and phosphorus. For cach of the lour factors, two levels were used: the farmers’
practice and an alternative. The experiment haed a total of 16 treatments.

Factors

To = Tractor tillage NG = O kg N/ha

T o= Zerodllage N = 90 kg N/ha
1Y) = 40.000 plants/ha Po = 0 kg PuOxz/ha
Dy~ 50.000 plints/ha Py = 50 kg PoOs/ha

Table 2 shows the statistical analysis of the expesiment. Table 3 shows relevant
data for an ceonomic analysis,

Lise the intormation on the statistcal analvsis in Table 2 (o decide how 10 analyze
the datie Farmers currentdy propare ther ficlds with tractors, plant 4 10,000
plints/has and use no nitragen or phosphorus {ertilizer. On the basis of the
ceonotnic analysis of these exploratary experiments, make suggestions regarding
the importance ol continuing to experiment with cach of these four factors the
following vear.

Table 1 Table 2
Resuits of Exploratory Experiments Statistical Analysis of Exploratory Experiments

Treatiment Nuerage yields Source of

TDNRP ikg/ha) variation F
0000 3.230 L.ocation 0.47
1000 3.970 Repetition 1.79
0100 5.300 T 0.28
1100 5.6830 D 104.22**
0010 4,100 N 0.01
1010 3.600 I8 4.92*
0110 5.300 TxD 0.30
1110 5,600 TxN 0.02
0001 4.330 TxP 1.08
1001 4,170 DxN 0.01
0101 6.170 DxP 0.11
1101 5,370 NxP 0.05
0011 4,100

1011 4,030 * Significant at .05

0111 5.500 ** Significant at .01

1111 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
Ficld price of maize $0. 14/kg Totat costs
Treatment that vary ($/na)
Minimum rate of return 100% -
I'o 45
T 26
Do 17
Dy 26
NQ 0
N1 95
Po 0
P 35



Minimum Returns Analysis

The results of an experiment planted in 24 locations over 2 years are presented in
Table 1. The purpose of the experiment was 1o verily the advantages of improved
practices in weed control. plant population, and higher levels of iertilization, in
comparison with the farmers” current practice.

Table 1
Data from 36 Veification Experiments

B Cc
A impreved weoed Improved weed control,
Farmers’ control and plant plant population, and
practice population increased fertilization
Average vield (kg/na) 1.825 2617 3,098
Average net benefits (8/1ia) 2,278 3,119 3,486
Total costs that vary ($/ha) 350 650 975

The margingl rate ol returm A——» B = 280%
B—>C = 113%

Minimum rate of return = 1009

Before making a recommendation. the rescarchers have decided that they w.l do
a minimum returns analyvsis on the data. The first step s 1o caleulate net beneiits
for individual locations. The vield data from locations 1 and 2 are presented in
Table 2 as examples. Use these vields o cadeulate net benefits, Use the data on
total costs ihat vary from Table 1. The ficld price ol maize is $1.60/kg and the
vield adjustment in the experinents is 109%.

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. 67-70. -




Minimum Returns Analysis

The rest of these caleulations appear in Table 3. Use these data to do a minimum
returns analysis and decide which treatment would be most appropriate to
recommend to firmers,

‘table 3
Net Benefits ($/ha)

Location A B Cc
1 3.547 4,645 5,244
2 4.750 5,381 4,985
3 2,434 4,037 6.888
4 2,925 3.959 3.621
13 1.307 3,023 4,749
6 1.574 3,489 5.740
7 1,521 2,587 361
8 1 .H70 2,486 456
9 1,872 3.023 3,923
10 1.7056 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
1o 1.124 1.697 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,




Exercisé 32A

Sensitivity Analysis

L. The yield results of 10 fertilizer experiments in wheat are shown below. If the fiold
price of wheat is 85.50/kg. calculate gross benefits and net benefits and do a
marginal analysis on the data. If the minimum rate of return is 100%. what would
be the recommendation? (Farmers currently use no fertilizer.)

Adjusted Gross field  Total costs Net Marginal
Treat- yield benefits that vary benefits rate of
ment Kg N/ha Kg P20g/ha {kg/ha) {$/ha) {$/ha) ($/ha) return (%)
l 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 ficld price of wheat would be §7.40/kg. Use the new field price to
recaleulate the gross benefits and net benefits. Identifv a suitable
rccommendation with the higher price of wheat.

Adjusted Gross field  Total costs Net Marginal
Treat- yield benefits that vary henefits rate of
ment Kg N/ha Kg P20g/ha {kg/ha) {$/ha) {$/ha) {$/ha) 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

 Sensitivity Anal\,{sis;‘ pp. :72-74 5



" Exercise 32B

Sensitivity Analysis

In an arca where farmers normally weed their maize only once, it was shown that
a second hand weeding could give higher vields. Rescarchers estimate that the
opportunity cost ol labor is $20/day. Use the data presented below to decide if it is
worth recommending the extra weeding. If the cpportunity cost of labor is really
S40/day. what should be the recommendation?

Average virld (one weeding) 2,450 kg/ha
Average vield (two weedings) 2,778 kg/ha
Yield adjustment 10%

One weeding 14 days/ha
Two weedings 24 days/ha
Field price of maize S1.50/kg
Minimura rate of return 50%

Sensitivity Analysis, pp|| 74-75



‘Exercise 33A B

Final Exercises

After conducting «xperiments for several years to explore various research issues,
maize researche s 1n a certain area designed an experiment to be used in verifying
and demonstrating to farmers the advantages of improved planting density,
fertilization, and insect control. The experiment coasisted of 3 treatments, all
managed by the farmer, planted in a single repetition per site. The size of each
plot was 200 m2. Treatments and yields are given below.

Averags
ylald
{kg/ha)
Planting method fngect across
Treatment and density Fertillzation control 18 sites
1 4 plants per hill Two bags of None 2,425
(Farmers’ 1 m between hills, 10-30-10 and
practice) ! m between rows one bag ammonium
(density = 40.000 sulfate, applied
plants/ha, 16 kg together at
seed) planting
2 3 plants per hill, Two bags of None 3.116
0.6 m between 10-30-10 and one
hills, 1 m between bag ammonium
rows (density = sulfate applied
50,000 plants/ha, together at,
20 kg sced) planting: two
bags ammonium
sulfate applied
at 30 days
3 Same as Same as 1 application 3,405
Treatment 2 Treatment 2 of granular

insecticide A,
10 kg/ha



Exercise 33A

Final Exercises

Use the data presented below to construct a partial budget, draw a net benefit
curve, do the marginal analysis, and make a recommendation to farmers.

Labor time

Planting, larmers’ method

Planting, improved method

Fertilizer application at planting

Fertilizer application at 30 days

Application of insccticide

Harvest of a ficld that vields
2.400 kg/ha

Shelling 500 kg of maize

Inputs

Sced

10-30-10 fertilizer
Ammornrium sulfate
Insccticide A

Transport of maize to market
Transport of fertilizer

Cost of labor

Selling price of maize at market
Yield adjustrnent

Minimum rate of return

2 days/ha
3.5 days/ha
1 day/ha

1 day/ha
1.5 days/ha
4 days/ha

1 day

$40/kg
$450/bag
$380/bag
$120/kg
S1/kg
$30/bag
$300/day

S15/kg

5% (triais
harvested earlier
than farmers
normally harvest)

60%
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Final Exercises

In the first vear ot experimentation in a wheat-growing arca. rescarchers decided
that it would he worthwhile to look at seeding rate by nitrogen interactions.
Farmers were applving nitrogen at low rates (30 kg N/ha) and seeding at 120 kg
seed/has The experiments were plianted on farmers’ ficlds. The farmers prepared
their plois in the nenal wav, and rescarchers planted the experniments and applied
the fertilizer. Farmers used their normal weed control methods. There were 3
sceding rates and - levels of nitrogen. The experiment had 3 repetitions per site
and was planted ar 5 sites.

Sceding rates: 120, 110, and 160 ke seed/ha
Nitrogen: 30. 60, 90, and 120 ke N/ha
(The 30 and 60 ke Niha treatments are a single application at

plantng: the 90 and 120 kg N/ha treatments are split applications
at planting and at 30 davs.)

Average treatment yields (kg/ha)

Sueding rate 1 2 3 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 agronomic analysis showed increased nitrogen use to be highly
significant and seeding rate not significant: there was no evidence of nitrogen by
sceding rate interaction.




LA i
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. 'Eercise 33B -,

Final Exercises

Use the following ccononne data to do an analysis of this experiment that will help
researchers decide which experiments are appropriate for next yeas.

Fertilizer application wt planting 0.5 dav/ha
Fertilizer application ar 30 days 0.5 dav/ha
Harvesting done by machine $85/ha
Cost of labor $10/day
Urea (46% N) 839/F0kg
Fertilizer transport 83/50kg
Seed Sl/kg
Sclling price of wheat (purchased $50.35/kg
by the people who do the
harvesting)
Yield adjusunent (scoding rate and 15%
fertilizer managed by researchers,
lots harvested by nand)

Minimum rate of return 80%
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a. Farmers

b. Resecarchers

¢. Policvimakers

b«
2. B
3. D
3. A

a. Yes, this experiment can be analyzed.,

b. No. The nonexperimental variables should be
representative of farmers’ practice,

¢. No. The farmers’ practice (variety, seedind rate) should
be included as one of the treatments.



Field B or Field D would be acceptable. Note that there is
no information about average size of fields in the resear ‘ch
areas Unless there is evidenee that field size might affeet

the type ol fertilizer recommendation, then eithor B or D
could be used for the experiment.

Field A is prepared dilferenty from the njority of ficlds
and researchers wonld want to think care tully before

putting an experiment there. Field C has a different

rotation which would obviously disqualify it for a fertilizer
experinment.

A Adjisted vield

b Torad costs that vary

. Net beaelits

d. 740
c. 180
f. 780

The marginal rate of 1 turn is 80%.

470 - 430 _ 40
- = 0.8 = 80%
200 - 150 _ 50 8 0%

[

o~



2 (variability due to environmenial risks)
3 (variability due to economice factors)

1 {(variability between locations)

C.

d.

b.

C.

Inseeticide N
Inseeticide Y
Labor 1o apply Insecticide X

s

Labor to apply Insecticide

Ureca (+ transport)
Labor to apply tertilizer at planting
Labor to apply fertilizer at 30 days

Sced

Herbicide A

Labor to random plant 30.000 plants/ha

Labor to row plant 50,000 plants/ha

Labor fo hand weeding

Labor for applving herbicide

Labor for carrving water to mix with herbicide
Rental of spraver

Field price of Insecticide A = $4/kg

Ficld cost of Inseeticide A in Treatment 1 S20/ha

Ficeld cost of Insecticide A in Treatment 2 $40/ha



a Cost of 45 kg anunonium sulphate 5740
Transport of -5 kg S 95
Field price of 45 Ko anumonium sulphate 8835
Field price ol immenium sulphate = —bf?;) = $518.6/kg
b. Cost of 45 kg triple superphosphate $1.620
Transport of 5 kg S 95
Field price of 45 ke triple superphosphate 81.715
2 5
Field price ol triple superphosphate = leZSI_) = 538.1/kg
5_%{5_2%9 = 888.60/kg, ficld price ol N
d. ‘,S%féiéQ = $82.8C/kg. ficld price of PgOs

Treatmant 1

I plowing 8$200/ha
2 harrowings $200/ha
Cost of tractor preparation $400/ha

Treatment 2

$35/day

Y g i i 5
Vi Talday 140/ha, cost of plowing with horse



Exercise 12" . -

5 days/acre

st e = 105 days/ha
0.4 ha/acre \

Wage rale S35/day

Meals S10/day

Total S15/day
S45/day

x 12.5 davs

8562.5.cost of weeding 1 ha

{Exercise 13,

Treatment

a. 1 2 3
Insecticide X ($/ha) 0] 30.0 0.0
Insecticide Y (Sha) 0 0.0 9.6
Labor (8/ha) 0 7.5 5.0
Total costs that vary (8/ha) 0] 375 14.6

Treatinent

b. 1 2 3 4
Nitrogen (S$/haja/ 2.000 2,000 2.000 3.000
Labor (Sha) 80 80 160 160

Total costs that vary (8/ha) 2.080 2.080 2.160 3.160

a/
Cost of urea S21.50/kg
Transport 5 1.50/kg
Field price of urca $23.00/kg
523.00

Field price of N = =2

m = 550/1(4



| ?r'Ex'e'rc‘i.s_e 13 -

Seed (S$/ha)
Herbicide A (S/ha)

Labor for planting (S/ha)
Labor for hand wceding

(8/ha)

Labor for applying
herbicide (8/ha)

Labor for hauling water
(S/ha)

Spraver rental (8/ha)

Total costs that vary (8/ha)

. Exercise 14 * -

Recommendation Domain A

Average yield (kg/ha)

Recommendation Domain B

Average yield (kg/ha)

1

726

1

800

1.500

Treatment

1 2 3
480 480
0 2.500
1,000 1,000

6.000 0 6,000

0O 1.000
0] 500
0] 600

Treatment
2 3
568

1,208 1,044

Treatment

2

3

7.480 6,080 8.300

4

4

2,105 1,955 2,480 3,068

4

800
2,500
1.500



N o

- Exercise 15 .

Plow Tine
Tillage costs (S/ha) 11.20 4.75
Labor for planting ($/ha) 6.00 2.40
Labor tor weeding (S/ha) 24.00 42.00
Tota! costs that vary (S/ha) 41.20 49.15

The plow method has lower total costs that vary. It there
is no ditterenee in vield between the two methods, then
the plow method is preferable.

Treatment

A B C
Average vield (kg/ha) 11,100 14900 17.700

Adjusted yield (kg/ha) 4,990 13,410 15,930

Farmers receive 51.60/ky.

Transport 50.10/kg
Harvest (840/300 kg) S0.13/kg
Shelling (540/400 kg) S0.10/kg

Costs proportional to yield $0.33/kg

Field price = 81.60 - $0.33 = 81.27/kg



. Exercise 178 =7

Sclling price $2.20/kg
Discount S0.11/kg
Transport S0.16/kg

Coss proportional to vield $0.27/kg

Field price of wheat = $2.20 - 80.27 = $1.93/kg

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

Treatment
1 2 3 4
Average vield (kg/ha) 1,740 2430 1.420 2,790
Adjusted yield (kg/ha) 1.392 1,944 1,136 2,232

Gross ficld benefits (S/ha) 14,755 20.606 12.042 23.659

Field price of maize = $12.00 - (50.60 +80.80) = S10.60



1

Average vield (kg/ha) 2,717
Adjusted vield (kg/ha) 2,174
Gross ficld benefits

(§/ha)a/ 500
Insecticide cost (S8/ha) 0
Application cost (S/ha) 0
Total costs that vary

(S/ha) 0
Net benetits (3/ha) 500
A Field price of maize = $0.23/kg
" Exercis& 19B

1

Average vield (kg/ha) 2.000
Adjusted yield (kg/ha) 1,800
Gross ficld benefits (8/ha) 27.000
Cost of weeding ($ha) 1.200
Cost of nitrogen (S/hu)é‘,/ 0
Cost ol application (&/ha) 0
Total costs that vary {S/ha) 1,200
Net benefits (S/ha) 25.800

A/ Fiele price of N = 518.40
price ¢ R

= S40/kg
6 s

Troatmerit

2 3
2,635 2,917
2.108 2,334

485 537

12 24

6 12

18 36

467 501
Treatment

2 3

2,500 3.000
2,250 2,700
33.750 40,500
1.200 2,400
2,000 2,000
100 100
3.300 4,500
30.450 36.000

3.233
2,586

595
30

39
556



Field price of wheat = $4.00 - ($0.30 + $0.20) = $3.50/kg

$5.10 - 80.60

Ficld price of straw = & ke
1

Grain yield (kg/ha) 1,500
Straw yield (kg/ha) 1,800
Adjusted gruin vield

(kg/ha) 1.275
Adjusted straw vicld

(kg/ha) 1.620
Gross ficld benelits, grain

(S/ha) 4.463
Gross ficld benefits, straw

(S/ha) 405
Total gross ficld benefits

(8/ha) 4,868
Cost of nitrogen ($/ha) 0]
Cost ol application ($/ha) 0
Total costs that vary ($/ha) 0
Net benefits (S$/ha) 4,868

10

= $0.25/kg

Treatment

2 3
2,100 2,400
2,520 2,880
1,765 2,040
2,268 2,592
6.248 7.140
567 648
6,815 7,788
500 1,000
200 200
700 1,200
6.115 6,588

2,500
3.000
2,125

2,700

7.438

675

8,113

1,500
200

1,700
6413



Total costs Net benefits
Treatment that vary ($/ha) {$/ha)
1 0 1,990
4 300 1,900 D
2 450 2,380
7 550 1.570 D
5 700 2,790
3 900 2,620 D
8 950 2,690 D
6 1.150 2,810
9 1.400 2.870

AR Ty g T

Total costs Net benefits
a. Treatment that vary ($/ha) {$/ha)}
1 0 640
2 38 692
3 70 722
4 83 704 D
6 115 735
5 128 688 D
7 160 731 D
750
)
=
& 6
§ 3
o 700
8 2
0
£
O
4
650
1
25 80 75 100 1256

Total costs that vary (S/ha)

11



b. Treatment

4
5
2
3
1

Nzt benefits (S/ha)

1,200

C.

1,400

1,300

Total costs Net benefits

that vary ($/ha) ($/ha)
124 1.210
320 1.280
390 1.480
586 1,150 D
623 1.190 D
2
5
4
150 200 250 300 350 400

Total costs that vary (S/ha)

Treatments 1, 2. and 3 are dominated. The only
nondominated treatment is 4. It is not possible to draw a
net benefit curve,

12



Vota! costs Net benefits
a. Treatment tna: vary ($/ha) ($/ha)
1 0 640
2 38 692
3 70 722
6 115 735
Total costs Net benefits
b. Treatment that vary {$/ha) ($/ha)
4 124 1.210
5 320 1,280
2 390 1.480

C.
No marginal analysis can be rone.

Marginal rate
of return

137%

94%

29%

Marginel rate
of return

36%

286%



..Exercise 24"

~5, f

For recommendation domain A:

Treatment
1 2 3
Average vield (kg/ha) 950 1.677 1,950
Adjusted vield (kg/ha) 808 1,425 1,658
Gross benefits (S/ha) 3.434 6,056 7.047
Cost of N (S/ha) 0 468 935
Application cost (S/ha) 0 300 300
Total costs that vary (5/ha) 0 768 1,235
Net benefits (S/ha) 3,434 5288 5,812
Meaaze ticld price = 54.25/kg
Field price of N = %{8 = $59.35/kg
6,000
1125
w
S
@ 2
" 5,000
)
%
8 oo
Y
2 Q3
o 4,000
4
3,400"1
500 1,000
Total costs that vary (S/ha)
14

2,042
1,736
7.378
1,403

300
1.703
5.675


http:0.46-9.5k

Total costs Net benefits Marginal rate
Treatment that vary {$/he) {$/ha) of return
1 0 3,434
241%
2 768 5,288
112%
3 1,235 5812
4 1.703 5,675 D

a.

C.

RS N LN
xercise 26

1) 100%
2) 50%
3) 50%
4) 100%

- 6 months x 8% per month = 48% interest over

6 months
2 x48% = 96%, estimate of minimum rate of return

10% interest over 5 months (5/12 x 24%)
15% crop insurance

10% service charge

35% total

2 x 35% = 70%. estimate of minimum rate of return

ig,



Exercise 26A

Treatments 2, 4, 6, 7. and 8 are dominated.

Total costs Net benefits Marginal rate
Treatment  that vary {$/ha) {$/ha) of return
1 99 500
1119%
3 198 610
75%
5 285 675

The recommendation is Treatment 5.

Check using residuals:

Total costs Net benefits Return
Treatment that vary ($/ha) ($/ha) required {$/ha)
| Q9 500 50
3 198 610 99
9} 285 675 [13

Maximum residual

700

600

Net benefits (S/ha)

500

100 150 200 250
Total costs that vary ($/ha)

16

Residual

450
511
532+

300



S 7 g RN e
, -Exercise 26B .

Treatments 4 and 7 are dominated.

Nitroge~ by phosphorus experiment

Total costs Net Marginal rate
Treatment that vary benafits of return
14/ 0 800
300%
2 50 950
30%
3 100 965 115%
2004
5 150 1.065
40%
6 175 1.075

a/l e . :
& Farmers’ practice

The marginal rate of return from (2) to (B) is 115%. whicn
is acceptable, but close to 100%. Rescarchiers mayv want to
experiment with levels of N between 50 and 100 kg/ha and
further examine interactions with PoOs at those levels.

1,100

1,000

900

Net benefits (S/ha)

800
50 100 150 200
Total costs that vary ($/ha)



ercise. 26B. .~

Check using residuals:

Total costs Net benefits Return
Treatment that vary {$/ha) {$/ha) required ($/ha)
1a/ 0 800 0
2 50 950 50
3 100 965 100
5 150 1.065 150
6 175 1.075 175

& Farmers’ practice
* Maximum residaal

Residual

800
900
865
915*
200

Improved variety, weed control, and fertilization can all be
recommended (e.g.. Treatment 5). However, farmers may
want to test clements of the package one by one. The
results show that farmers can profitably adopt the variety
by itsell. Once the variety is adopted, the next step should
be better weed control (not fertilization), As a third step.,
the farmers can add tertilization o their improved variety

and weed control.

18
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Exercise. 26D

The marginal rate ol retarn between (1) and (2) is below
the minimum and so {2) is not aceeptable. It is then
necessary o caleulate the marginal rate of return between
(1) and {3). It is oniv 46%. which is not acceptable. so
none of the three alternatives to the farmers” practice can
be recommended. Rescarehiers may wish to see if they can
lind less expensive insecet control methods.

Check using residuals:

Total costs Net benefits Return
Treatment that vary ($/ha) ($/ha) required ($/haj Residual
1 0] 722 0 722*
2 32 730 32 698
3 35 738 35 703
4 67 752 67 685

* Maximum residual

It is not possible to make a recommendation based on this
cexperiment. The farmers' practice ol broadeast sceding
and 40 kg N/ha was not included in the experiment. so it
is not pessible to sav if the treatments tested are really
superior o the farmers’ practice.

G

by



1

Data Set 1

Yield (kg/ha) 2.000
Gross tield benefits (S/ha)  5.600
Total costs that vary {S/ha) 0
Net benefits (8/ha) 5.600
Data Set 2

Yield (kg/ha) 2.000

Gross field benefits (S/ha) 2.600
Totel costs that vary (S/ha) 3.275
Net benelits (S/hay 2.325

For both data sets:
Treatments 2 and 4 are dominated.

Treatment

2,100
5,880

450
5.430

2,100
3,880
3.:25
2,135

3

2,500
7,000

500
6.500

2.500
7.000
3.775
3,225

2,600
7,280

800
6,480

2.600
7,280
4,075
3.205

The diffreences 1n net benefits and costs that vary between
Treatment I and Treatment 3 are identical for the data
sets. Therefore the inarginal rate of return is the same for

both sets and the recommendation will be the same

(Treatment 3) whether you include fixed costs or not.

Change in Change in total
Treatment change net betfits costs that vary
1 —» 3 900 500

20

Marginal rate
of return

180%

“\
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Field price of maize (P) = 830 kg
Minimum rate of return (M) = .8

Change inn costs that vary (ATCV) =
86,200 - $1.930 = 81.270

Change in vield (Y) is caleulated by:

AY = ATCV (1 + M)
P

AY = 4270 x 1.8
30

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

The following locations should be eliminated:

4 - Farmer applicd manure
7 - Rotation with potatoes and heavy dose of fertilizer
9 - Planted late

The average vield for locations 1. 2. 3. 5. 6. 5, and 10
should be caleulated. to represent the recommendation
domain ol tarmers who do not use fertitizer. plant their
wheat in rotation with maize or barleyv, and plant in
January or February,

Treatment

Avcrage yield (kg/ha) 1.846 3.087



T  No dillerence in yields. Choose lower cos! treatment
(T1 = zero tillage) for further experimentation.

D
Do Dy

Average vield (kg/ha) 3.940 5.660
Adjusted yield (kg/ha) 3.546 5,094
Gross ficld benefits (8/ha) 496 713
Total costs that vary ($/ha) 17 26
Net benefits (S/ha) 479 687

arsinal rate of rete, - 687 - 479 9
Marginal rate of return = 96 .17 = 2311%

Choose D (= 50.000 plants/ha) for further
experimentation,

N Nodifference in yields. Choose lower cost treatment
(NO = no nitrogen} tor further experimentation.

P
Po P

Average vield (kg/ha) 4,620 4,980
Adjusted vield (kg/ha) 4,158 4,482
Gross ficid henefits (8/ha) 582 627
Total costs that vary (S/ha) 0 35
Net benefits (8/ha) 582 592

inal rate of refae, L 092 -582
Marginal rate of return = 35-0 T 29%

Choose P (no phosphorus) for further experimentation.

29 ’L o)



Net bensfits for

location 1
A (2706 x .9 x 1.60) - 8350 = $3,547
B (3677 x .9 x 1.60) - 8650 = $4.645
C (4319x .9x 1.60)-8975 = $5,244

Six lowest net benefits for each treatment:
A. Locations 5, 14, 12, 16, 20, 24
Average = $1.254

B. Locations 10, 14, 15, 17, 18, 24
Average = 81,736

C. Locations 7, 8, 14, 15, 17, 20
Average = 5352

Because the minimum retarns from °C

are much lower

than from cither A" or "B.” it might be best to discard
“CT as being toc riskv. The minimum returns for "B are
well above those of A" so "B™ would be a good

recommendation.

23 -
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Adjusted
yield
1. Treatment  (kg/ha)

1 1,784
2 2.564
3 2,763
4 3.340

o
.

Gross
tield

i snetits
{$/ha)

9.812

14.102

15,197

18.370

Total
costs Net Marginal
that vary  benefits rate
($/ha) ($/ha) of return
0 9,812
53%
2,803 11.299 66%
143%
3.2563  11.944
71%

5,105 13

265

If the field price of wheat is $5.50/kg. the recommendation
should be O kg N/ha, O kg PoOs/ha (Treatment 1).

Adjustad
yield
2. Treatment {kg/ha)
1 1,784
2 2.564
3 2,763
4 3.340

Gross field Total costs

benefits
{$/ha)

13,2C2
18.974

20.446

24716

that vary
($/ha)

0

2,803

3.253

3,105

Net
benefits
{$/ha)

13.202

16.171

17.193

19.611

Marginal
rate
of return

106%

227%

131%

If the field price of wheat is $7.40/leg, the recommendation
should be 75 kg N/ha, 160 kg PoOs/ha (Treatment 4).

24
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. Exercisg '32B

If opportunity cost of labor is $20/day:

One Two

weading weedings
Average vield (kg/ha) 2,450 2,778
Adjusted vield (kg/ha) 2,205 2,500
Gross {icld benetits ($/ha) 3.308 3.750
Labor for weeding ($/ha) 280 480
Total costs that vary (8/ha) 280 180
Net benefits ($/ha) 3.028 3.270

: 3270 - 3028
Aervresiry e - . P — . P O,
Marginal rate of retuin Se 980 T 121%
Two hand weedings can be recommended.

It opportunity cost of labor is $40/day:

One Two
weeding weedings
Average vield (kg/ha) 2,450 2,778
Adjusted yield (kg/ha) 2.205 2,500
Gross ficld benefits (S/ha) 3.308 3.75C
Labor for weeding {8/ha) 560 960
Total costs that vary (8/ha) 560 960
Nct benetits (8/ha) 2,748 2,790
arginal raie of return < 2799 - 2748
Marginal rate of return = 960 - 5680 = 11%

One hand weeding can be recommended.
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+Exercise 33A

Field price of maize:

Harvesting cost: 2400 kg = 0o kg/day
4 davs

_S300/day = 80.50/kg
600 kg/day

Shelling cost: S5300/day - $0.60/kg
500 kg

Transport cost; S1.00/kg

Selling price in market 515.00/kg

Harvest cost S 0.50/kg
Shelling cost S 0.50/kg
Transport cost S 1.00/kg
Field price of maize S12.90/kg

Field price of fertilizers:
(Note that because the experiment is set up in terms of
bags of fertilizer there is no need to caleuiate field price of

nutrients.)

Field price of 10-30-10 fertilizer:

Selling price 5450/50-kg Ta,
Transport S_30/50-kg bay
Field price 3480/50-kg buy

Field price of ammonium sulfate:

Selling price $380/50-kg bag
Transport S 30/50-kg bag
Ficeld price 5410/50-kg bag

28



Exercise 33A

Partial budget:

Average yvield (kg/ha)
Adjusted vield (kg/ha)
Gross ficld benetits (8/ha)

Cost
(ost
Cost
Cose
Cost
Cost

Total costs that vary (8/ha)

3
of
ol

ol
of

of

seed ($/ha)
planting {S/hai
fertilizer (8/ha)
application ($/ha)
insceticide (S8/ha)
application {8/ha)

Net benelits (87ha)

1

2,425
2,304
29,722

640
600
1.370
300
0

0

2.910

26,812

Treatnment
2

3.116
2.960
38,181

800
1.050
2,190
600

0

0

4.640

33.544

3

3.405
3.235
41,732

800
1.050
2.190

600
1.200

450

6,290

35.442

A
14
EK (\b )



| .Exe'rcA:ise‘_ 33A

Marginal analysis:

Total costs Net Marginal rate
Treatment that vary ($/ha) benefits ($/ha) of return
1 2,910 26,812
389%
2 4,640 33.544
115%
3 6.290 35,4442

A recerumendation can be made for improved planting
density, fertilization, and inscct control. In making the
recommendations, extension agents will want to
emphasize that farmers can adopt these improvements in
steps, tirst improving density and fertilization, and then
adopting inscceticide.

o
35,000 115% ’

4

Ey
30,000 o

Net benefits (S/ha)

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:

Urea 539.50/kg
Transport S 3.50/kg
542.50/kg

Field price of urea = 80.8-W/kg

. . 8084 _
Field price N = a6 = S1.83/kg

Field price of wheat:

Because the wheat harvest is charged by the hectare,
harvesting costs are tixed and do not have to he
included in the ficld price of wheat, Because the wheat
is purchased on the spot, 8O.35/Kkd can be used as the
field price of whear,

Because the statistical analysis shows no response (o
seeding rate and no nitrogen by seeding rate interaction,
seceding rate should not be included in the parrial budget.

There was o signiticant response 1o nitrogen, so this
should be included in an cconomic analveis. The best
estimate of nitrogen response will be the average vields
across all seeding rates.

Treatment
1 2 3 4
Average vield (kg/ha) 2,293 2.719 3.074 3.226
Adjusted vield (kg/ha) 1.949 2,311 2613 2,742
Gross field benefits (S/ha} 682 809 915 960
Cost of N (8/ha) 55 110 165 220
Cost of application {8/ha) 5 5 10 10

Total costs that vary ($/ha) 61 115 175 230

Net Lenefits (S/ha) 622 694 740 730

‘29



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 730D

[ the minimum rate of return is 80%. 60 kg N/ha
(Treatment 2) would scem 1o be a possible recommens-
dation and could be tested further, Experiments on
nitrogen may include higher levels of N, but the
preliminary evidence indicates that 90 kg N/ha
(Treatment 3) may not be cconomic,

z
@ 700
3
o
Q
g
2 650
o
Q
Z

800

60 120 180 240
Total costs that vary ($/ha)
30 A



