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Presentacion de la libreria “agricolae”
de R para la investigacién agricola

Felipe de Mendiburu

http://www.cipotato.org

INTERNATIONAL
POTATO
CENTER

Peruvian potato project wins global contest
LIMA - The Peruvian potato project Tikapapa has been
chosen as the winner of The Warld Challenge 2007, a global
competition promoted by the BEC and Newsweek magazine,
in association with Shell

B See Award Ceternony Video (WMV 50 MB)

See video Potat Galdmine (WMY 34 MB)

Read more  Versidn en Espariol

President launches the International Year of the Potato in Peru
On Thursday 22 Noverber, the President of Peru, Alan
Garcia Pérez, offcially launched the Intemational Year of the
Potato in the courtry, highlighting the contribution that the
potato makes to the world

‘Special announcements

HIDDPEN
TREASVURE

International Conference:

Potato Science for the

Latest publication
Potato, Treasure of the
Andes

EPMR 2007

Versidn en Espaitol

ostal address Aparad 1555, Lima 12, Paru. Te1 +51 13406017 _webmastarclo@oglar ot

El CIP es un centro
de investigacion con
orientacion a
cultivos de raices y
tuberculos como la
papa, el camote y
otros cultivos
andinos.

Los estudios usan
mayormente los
disefios de
experimentos para
analisis comparativo,

Son muchas las areas que realizan estas actividades y usan los disefios y analisis
estadistico: Recursos Geneticos, Entomologia, Virologia, Patologia, Biodiversidad,
Mejoramiento genetico de plantas y otras. Areas importantes que motivaron la cracion
de una libreria de apoyo a los investigadores del CIP.



Ecuador - Quito

Disefio en Bloques
(pendiente de 20°)

eMayobamba
S(Rdanuco)

ot

Bloque




Barrera

Inicialmente fue papa
y se determino la
marchitez inicial



Experimento para el
contrel de rancha

. Strip Plot: 4 variedadesy,

Las banderas indican el tipo de
aplicacion de fungicida en la parcela

Experimento para evaluar la
resistencia a Tizon

Distintas
aplicaciones.de
fungicidas
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Objetivo: Caracterizacion y.

R en PERU

http://cran.lamolina.edu.pe
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Frequently used pages

Download and Install R

b Brecompiled binary distibutons of the base system and contrbuted packages, Windows and Mac
e Jsers most liely want one of these versions of R
Search Lo

« MacOSX

+ Vindows

Source Code for all Platforms

indows and Mac kely want the binaries lsted in the upper box, not the
jsource code. The sources have to be compiled before you can use them If you do not know what
s mears, you probably do not waat to do it

Documentat ion « The latest release (2008-02-08) R-2.6.2.tar 2z (read what's new in the latest version).
FAQs « Sources of R alpha and beta releases (daly snapshots, created oy in time periods before a
Contributed planncd release).
Newsletter
« Day snapshots of current patched and development versions are available here, Please read
about new d bug fixes before fiing or bug reports.
« Source code of older versions of R is avallable here,
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agricolae: Statistical Procedures for Agricultural
Research

These fimctions are currently utilized by the International Potato Center Research (CIP), the Statistics and Informatics Instructors
and the Students of the Universidad MNacional Agraria La Melina Peru, and the Specialized Master in "Boscues v Gestion de
Recursos Forestales" (Forest Resource Management). This package contans functionality for the statistical analysis of
expenmental designs applied specially for field expernments in agrculture and plant breeding. Planning of field expenments: Lathice,
factonal, RCBD, CED, Latin Square, Greaco, BIB, PBIB, Alpha design. Compatizon of multi-location trials: AWM (biplot and
triplot), Stability. Comparison between treatments: LSD, Bonferroni, HSD, Waller, Eruskal, Friedman, Durbin, Wan Der
“Waerden. Resampling and simulation: resampling model, simulation model, analysis MMother and baby trials, Ecclogy: Indices
Biodiversity, path analysis, consensus cluster, Unaformuty Soil: Index Sroith's.

Version: 1.0-4

Suggests:  akima, kaR, SuppDists, corpoor

Date: 2007-09-11

Author: Felipe de Wendiburu

MMaintainer: Felipe de Mendibury

License: GPL

TRL: httptarwt lameling, e du. pe/~finendiburu

Downloads:

Package source:  agricolas 1.0-dtar.gz
MacO3 X binary: agricolae 1.0-4.tge
Windows binary.  agricolae 1.0-4 zp
Reference manual agricelas. pdf

Caracteristicas de Agricolae

1. Version 1.0 - Diciembre 10, del 2006
2. Version 1.0.4 Setiembre 11, del 2007 tiene un tamafio de 550 kb

3. Version 1.0.5 en actualizacion, 33 dataset y 69 funciones

Aplicaciones

—

Manipulacion de datos

Estadistica descriptiva

Disefio de experimentos

Comparacion multiple de tratamientos
Pruebas no paramétricas

Diselos Geneticos

Analisis de Estabilidad, biodiversidad

Pruebas de uniformidad para tamafio y forma de parcela

A A o R

Consensus en cluster



Funcion de Waller-Duncan

Wa-lg

(OR(b(x))d (x)

g (Oh(=tb(x)d (x)

(~(q+3)/ (-(f+q-1)i2 [Py — o T

)= @) 24_\(f+q‘51__’;x)_ (f+q-1)2] by = [lg= k-1 by = flg=FXe-1
\ fre+q*F \ Fex+q*F
Funcion de Waller para
F=14.37,<24,9=5

§1 555, o5 Femae Ecuacion a

s | resolver es:

5 Wit =0

= g > waller(K=100, q=5, f=24, Fc=14.37)
8 [1] 1.919

tapply.stat (papal,2],papal,
tapply.stat (papal,2],papal,

> papal,3:6] <-round(papal,3:6],1)

> TAPPLY.STAT(

3:6
3:6

], mean)

], function (x)

bloque tratamiento primera segunda tercera cuarta

> papa

1 1
2 2
3 3
4 4
5 5
6 1
7 2
8 3
9 4
10 5
11 1
12 2
13 3
14 4
15 5
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> tapply.stat(papal,2],papal,3:6],mean)

2] primera segunda tercera cuarta
6.06
4.80
6.88

papal,

1
2
3

> barplot (as.matrix (medias[,-1]),

1 12.12
2 13.18
3 15.20

9.56

11.16
13.38

8.64
8.38
11.42
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o
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30

20

10

col=colors () [1:3])

sd (x) *100/mean (x) )

0oo
wWN =

> legend ("topright",as.character (medias[,1]),fill=colors () [1:3],cex=1.5,title="Trt")

primera segunda tercera cuarta



Estadistica descriptiva

X<-cbind(c(1,1,1,1))

total <- as.matrix(papal,3:6])%*%X

par (mfrow=c(2,2))
h<-hist (total)
plot (h,col="yellow")

polygon.freqg(h,col="blue")

ojiva.freq(h, type="b", col="green",

main="ojiva", lwd=3)
stat.freqg(h)
plot (h)

normal.freq(h,col="blue", lty=4, lwd=3)

> round (table.freqg(h),2)
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Disefio de experimentos
aleatorizacion y libro de campo

Alpha design, Graeco, latin square, CRD, RCBD , BIB.

La planificacion de experimentos de campo es una de las principales tareas de
la libreria Agricolae.

= Soporta un diseflo de latice simple ( lattice.simple),
= Factorial en un disefio de bloques (design.ab),

= Diseflo alfa (alpha.design),

=~ Bloques incompleto balanceado (design.bib),

=~ Bloques completos al azar (design.rcbd).

=~ Completamente al azar (design.crd),

= Greco latino (design.graeco),

= Cuadrado latino (design.Isd).



Disefio Greco Latino
> T1<_c('|a'|,"b",l'cll,"d") ’.
> T2<_c('|v'|,"w","x","y") ’.
> Plan <- design.graeco(T1l,T2,number=101)
> t(matrix (paste(Plan$T1,Plan$T2) ,c(4,4)))

args: trt1, trt2, number = 1, seed = 0, kinds = "Super-Duper

Tratamientos

Parcelas
[,11 [,21 [,3] [,4] (11 [,21 [,31 [,4]
[1,] 101 102 103 104 [1[] "d w" "b v" "a x" "c "
[2 ’] 105 106 107 108 " n n " n " n n
[3,] 109 110 111 112 (2,1 "b y" "d x" Mc v" Ma w
[4,] 113 114 115 116 [3,] "a V" "c ow" "d y" Hb x"
[4,] "c Xll lla y" Ilb W" Ild vll
No es posible para: 6,10 y pares >= 14
Diseno Alfa (01)
(trt, k, r, number = 1, seed = 0, kinds = "Super-
Duper®)
> trt <- letters[1l:12]
> plan<-design.alpha (trt, k=3, r=3, number=101, seed=55)

alpha design (0,1) - Serie
Parameters Alpha design

treatmeans : 12
Block size : 3
Blocks : 4
Replication: 3
Efficiency factor
(E ) 0.7096774

<<< Book >>>

I

> plan
plots cols block trt replication

= WP

35

36

1
2
3
4

35
36

1

2
3
1

w N

Libro de campo

1
1
1
2

12
12

c

a
d
]

[eNyle]

1

1
1
1

w




Diseio alfa con semilla = 55

> fields<-plan|[,4]
> dim(fields)<-c(k,s,r)
> for (i in 1:r) print(t(fields[,,i]))

> plan$design # ver 1.0-5

[,11 (,2] [,3] [,11 [,21 [,3]
[1,] c a d [1,1 3 c b
(2,1 3 £ k [2,1 k g h
3,1 i 1 g 3,1 a i £
[4,1 b h e [4,1 1 d e

1l
[,11 [,21 [,3]
[1,1 3 a e
[2,1 1 f h
[3,]1 ¢ k i

Diseno de bloques incompleto balanceado

> trt<_c(HAH,IIB",Hc",llD","E")
> k<-3
> bib <-design.bib(trt,k,number=101,kinds ="Super-Duper")

Parameters BIB > field <-as.character (bib[,3])

Lambda ] > t(matrix(field,c(3,5)))

3
treatmeans : 5
Block size : 3
Blocks : 10
Replication: 6
Efficiency factor
0.8333333

<<< Book >>>

[,11 [,21 [,3]
[1,] "c" "D" "E"
[2,] "E" "B" "D"
[3,] "E" "c" "B"
[4,] "B" "A" "D"
[5,]1 "a" "E" "C"
[6,] "B" "c" "D"
[7,1 "a" r"c" "B"
[8,1 "c" "a" D"
[9,] "B" "E" "A"
[10,] "D" "E" "A"



Disefio de bloques completos y
cuadrado latino

> trt<-c (levl , n"gp" , nen , "Dll)

> rcbd <-design.rcbd(trt,5,45, kinds= "Super-Duper")
> plan <-as.character (rcbd[,3])
> dim(plan) <-c(4,5)

> print(t(plan)) . [,11 [,21 [,31 [,4)]
« [1,] "c" "B" "D" A"

B|OC|UGS ° (2,] "™ "D" "C" "AM

—_— « [3,1 "a" "B" "c" D"

« [4,1 "B" A" "p" "C"

« [5,] "p" rc" A" "B"

> 1lsd <-design.lsd(trt,45,kinds="Super-Duper")
> plan <-as.character(lsd[,4])
> dim(plan) <-c(4,4)

> print(t(plan)) [,11 [,2] [,31 [,4]
. [1,] "C" ©"a" "B" npw

- Filas [2,] "D" nB" men  wan

Latino - Columnas [3,] "a" ncv rpv "B

[4,] "B" "D" "A" nC"

Comparacioén multiple

> modelo <- aov(primera+segunda+tercerat+cuarta ~ bloque + tratamiento, papa)
> anova (modelo)
cv.model (modelo)

"

Normal Q-Q Plot

\

attach (papa) 5]

a
ab b
~
> comparacion<- HSD.test (primera +
segunda + tercera + o
cuarta, tratamiento, 8, 33.08) =3 b
° ® 4
3 2 1

> bar.group (comparacion, ylim=c(0,55), col="yellow”)
> error<-residuals (modelo)

> shapiro.test (error)
>
>

30 50

Sample Quantiles
I

1

ggnorm(error)

. B - -

ggline (error) ? - - %—I
> bar.err (comparacion, ’ o %—I
ylim=c(0,55),col="blue",density=4) W///
. y

/) Z

o
3 2 1

> bar.err (comparacion, xlim=c(0,55),col="blue",density=8,horiz=T)

30

10

=)
N
o
N
o



AMMI : Estabilidad

> model <- AMMI (Localidad, Cip_Number,Rep, Fe,xlim=c(-3,3),ylim=c(-3,3)
,number=F, main="Hierro ppm")

ANALYSIS AMMI: Fe
Number of observations: 120

model Y: Fe ~ ENV + REP%in%ENV + GEN + ENV:GEN
Random effect REP%in$%ENV

Analysis of Variance Table

Response: Y

Df Sum Sq Mean Sq F value Pr (>F)
ENV 2 1273.82 636.91 169.3027 0.000823 **x*
REP (ENV) 3 11.29 3.76 1.6092 0.197280
GEN 19 703.11 37.01 15.8293 3.143e-16 ***

ENV:GEN 38 490.51 12.91 5.5215 4.463e-09 ***
Residuals 57 133.26 2.34

Signif. codes: 0 ‘***’ 0.001 ‘**’/ 0.01 ‘*’ 0.05 ‘.’ 0.1 '’ 1

Coeff var Mean Fe
9.914176 15.42227
Analysis

percent acum Df Sum. Sq Mean.Sq F.value Pr.F
Ccpl 66.3 66.3 20 325.4555 16.272773 6.96 0
Ccp2 33.7 100.0 18 165.0577 9.169872 3.92 0
Ccp3 0.0 100.0 16 0.0000 0.000000 0.00 1

> AMMI.contour (model,distance=0.3,shape=20,col="red",6 lwd=2,1ty=5)

Limit, radio: 0.8026402
Genotype in: 11
Genotype out: 9

$ GENOTYPE IN’
[1] "102007.19" "102021.5" "102025.3" "102028.7" "102033.1" "102043.7"
[7] "199027.1" "199062.3" "199069.1" "199076.4" "440031"

$ " GENOTYPE OUT"
[1] "102022.5" "102033.3" "102035.7" "102060.11" "103079.53" "103094.23"
"199024.7" "199035.7" "199071.8"

Hierro ppm
oPC %] |
distance 3 B3 |
102007.19 0.5363391 N | Oxeme
102021.5 0.1360669 | ‘
102022.5 0.9136192 ] |
102025.3 0.4729085
102028.7 0.7337491 N s, o/ N
e = Lahinhna<777)777)11é;g;ﬁ 8.7
199069.1 0.4897033 | 0004300 J—
199071.8 1.0525786 ‘ oross
199076.4 0.6850364 1
440031 0.5925231 1 Sanfamen
1
B 2 4 o 1 2 3
C

PC1

12



Consensus cluster

Methods distance and clustering of R, functions dist() and hclust().

(data, distance = c("binary", ..), method = c("complete", ..),
nboot = 500, duplicate = TRUE, cex.text = 1, col.text = "red",
.)
data (pamCIP) ; rownames (pamCIP)<-substr (rownames (pamCIP) ,1,6)

output<-consensus( pamCIP,distance="binary", method="complete", nboot=500)

Cluster Dendrogram

08

Duplicates: 18

New data : 25 Records
Consensus hclust

Method distance: binary
Method cluster : complete

0.6

0.4

rows and cols : 25 107 §
n-boostrap : 500
Run time : 16.281 secs

0.0
706260

704229
704815
706776
702615
707132
705750
702619
703258
701014
703973
706268
706777
706272
702305
702443
704880
702078
702631
702445
705951

distancia
helust (*, "complete")

Consensus cluster

Methods distance and clustering of R, functions dist() and hclust().

(data, distance = c("binary", ..), method = c("complete", ..),
nboot = 500, duplicate = TRUE, cex.text = 1, col.text = "red",
-)
OUTPUT

> names (output)
[1] "table.dend" "dendrogram" "duplicates"

to reproduce dendrogram

dend<-output$dendrogram

data<-output$table.dend

plot (dend)

text (data[,3] ,data[,4] ,data[,5],col="blue", cex=1)

classical dendrogram

dend<-as.dendrogram (output$dendrogram)
plot(dend, type="r",edgePar = list(lty=1:2, col=2:1))
text (data[,3],data[,4],data[,5],col="blue", cex=1)

13



Consensus cluster

Methods distance and clustering of R, functions dist() and hclust().

(data, distance = c("binary", ..), method = c("complete", ..),
nboot = 500, duplicate = TRUE, cex.text = 1, col.text = "red",

.)

ro------- 4

° 7 - - 59-

& 4

i i o do,

AR ’ P b e g D

s L A T S T A IS AL
Consensus cluster
Input: output consensus
hcut()
(consensus, h, group, col.text = "blue", cex.text =1, )

hcut (output,h=0.4,group=8, type="t" ,edgePar =

col=2:1) ,main="group 8"

numbers

O~NO PR WN -
O=_2NOOAR-2N-

0.10 0.15 0.20
1 1

0.05
1

0.00
L

706272 - <

702305 D N

group 8

702443 -~ B>

/
s
©
~
S
S
S
R

704880 ~- .

list(lty=1:2,

,col.text="blue",cex.text=2)

702445 --~-_
705951 -~~~

702631
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Soil uniformity

Index.smith(data, ...)

table<-index.smith(rice,

size",col="red")

type="1",1ty=4,
main="Relationship between CV\n per unit area and plot

lwd=3,

Smith's index of soil heterogeneity is used primarily to
derive optimum plot size. The index gives a single value as a
quantitative measure of soil heterogeneity in an area. The
coefficient of variance is used to determine plot size and

shape

> table
$model

1m(formula = CV ~
I(log(x)))

Coefficients:
(Intercept) I(log(x))
12.4782 -0.7009

Soil uniformity
Index.smith(data, ...)

table<-index.smith (rice,

$uniformity

Size Width Length plots

[1,1 1
[2,] 2
[3,1 2
[4,1 3
[5,1 3
[40,1 162

wWHNR

type="1",1ty=4,

1 648

2 324

1 324

3 216

1 216

18 4
1lwd=3,

9044.539
7816.068
7831.232
7347.975
7355.216

13.
12.
12.
11.
11.

cv

NdBHHEHO

4009.765 8.6

main="Relationship between CV\n per unit area and plot

size" ,col="red")

predict(table$model, new=data.frame(x=30))

[1] 10.09436

If plot size = 30 unit 2
then CV =10 %

12.0

11.0

cv

9.0 95 10.0

| Data Editor

Vi V2 V3 V4 Ve

1 342 244 803 B2z o7

2 803 841 avo 970 9<
rice 3 [773 782 860 Bzz =lg
4 |31z 557 815 937 84

5 |a74 79z 803 793 81

6 | 908 875 &99 788 =13

7 |a75 [07 az1 963 a5

R EER ] a71 875 ae

o laz3 TE4 754 873 7¢

Relationship between CV

per unit area and plot size

'
|
®
\
Q
§
®
&
X,
°
R -
~ ©
‘..
o \“\ °
o o ‘\‘\~
o e
T 30 T T T
0 - 50 100 150
size
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Other functions and data sets

Genetic design: north carolina design, line x tester.
Biodiversity index and confidence interval.
Descriptive statistical: cross tabulations,...

Model: simulation and resampling.

Data sets main in package 'agricolae':

ComasOxapampa
Glycoalkaloids
RioChillon
clay

disease
huasahuasi
melon

natives
pamCIP
paracsho
ralstonia
soil
sweetpotato
trees

wilt

2007

Enero

Diciembre

2008

Enero

Abril.

Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data

AUDPC Comas - Oxapampa
Glycoalkaloids

and analysis Mother and baby trials
of Ralstonia population in clay soil
evaluation of the disease overtime
of yield in Huasahuasi

of yield of melon in a Latin square experiment
of native potato

Potato Wild

of Paracsho biodiversity

of population bacterial Wilt: AUDPC
of soil analysis for 13 localities
of sweetpotato yield

of species trees. Pucallpa

of Bacterial Wilt (AUDPC) and soil

16



Prof. Dr. Christine Miiller
Fachbereich Mathematik/Informatik
Universitdt Kassel

Lineare Modelle und Versuchsplanung WS 2007/2008
Linear Models and Experimental Design WS 2007/2008

«Content The course has three parts: the lecture on Tuesday, which provides the methods, the tutorial and practice
on Tuesday, where the methods are trained at data sets, and a second lecture for mathematicians at Thursday, where
the mathematical foundations are given.

The aim of the methodical parts of the course is that students should be able to analyse and design complex surveys

and experiments with the free statistical software R. In particular the R package “agricolae” is used
but also other R packages for statistical analysis and for designing

experlments are mentioned. At first an introduction into the statistical software R is given and
foundations of statistical testing are repeated at the example of the two-sample t-test. Then the analysis of variance
(ANOVA) of one-way, two-way and multi-way layouts are presented and corresponding design questions as
completely randomised block designs, balanced incomplete block designs, and split-block designs are considered. In
a second part, regression experiments are studied, where linear and polynomial regression, multiple regression, the
analysis of covariance and corresponding design considerations are treated. At last the multivariate analysis of
variance (MANOVA) is presented.

Agricolae Version 1.0-5

http://tarwi.lamolina.edu.pe/~fmendiburu
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