Supplement Material Description
(For publication)
RGXE: An R Program for Genotype x Environment Interaction Analysis

Description

The supplemental material provides RGXE program, instructions for user enetered field needed in RGxE
program, independent module of ANOVA model case 2 to 5 (Table 1), interpretation of univariate
stability statistics, example input data and output from example input data generated from RGXE program.

1. The RGXE program.

RGXE program

HARBHHHHHRRHHAAAR R A AHR R HAA R R H AR HAAAR R AAA RS AR ARG R S H A
#Program Name: RGXE

#Version: 1.1

#Purpose: It computes various stability analysis statistics for Genotype x

# Environment Interaction data

# overall ANOVA with different combination of random and fixed
effects;

# Regression coefficients - slope and Deviation from regression;
# Shukla Sigma; Shukla SSquare; wricke's Ecovalence; Kang's YS;
# Location statistics: Genotype F ratio across location and
environment;

# correlation of individual Tocation with average location;

# Descriptive statistics on genotype, location, environment, year and
# replication;

# Cluster analysis of Tocation

#libraries and packages used: dplyr, tidyr, sqldf, broom, agricolae

# (stability.par), cluster, 1Tme4, afex
#Developers: Mahendra Dia,Todd C. wehner and Consuelo Arellano

# NC State University, NC, USA

#Last Modified: mMarch 11, 2016
BHHHRHHBBHHREH BB HRBHBRBR BB BBBHBREH BB BB R BB BB BB B BH BRI BB H BB HBRHBRBHBRRHY

#Install packages

install.packages("tidyr")
install.packages("dplyr")
install.packages ("sqldf")
install.packages("Tme4")
install.packages("afex")
install.packages("broom™)
install.packages("agricolae™)

#call libraries

Tibrary (tidyr)
Tibrary (dplyr)
Tibrary (sqldf)
Tibrary(Ime4)
Tibrary(afex)
Tibrary(broom)
Tibrary(agricolae)
Tibrary(cluster)
Tibrary(grbDevices)

#1ist current objects



1sQ

#to remove 1list of all objects from workspace
rm(list=1sQ))

#to identify current directory

getwd(Q

#set current directory
###user NEED to replace input data file path###

setwd("E:/PhD Research work/PhD Articles
/BLUE_BLUP_Prediction_Interval_SAS_R")

#check current directory

getwd(Q)
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########HE Option 1 #######H##H######
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#import input data
###user NEED to replace input data file name###

tempa <-read.csv('RGxEInputbata2_2016_02_15.csv", header = TRUE)
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#######RHE Option 2 #######HHHH######
HERBHHHRRBHHAHRRRHHARRBRHHHRRRRHHARR RS

#opens pop up window to select file
#file.name <- file.choose()

#read csv file
#tempa <-read.csv(file.name)

g g g g
HERBHH#HHRRRHHHHRRR#H# For Mac user HARHHHHRRRRHHHRRR S
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#file.name <- file.choose()
#file.name

#copy path from console and paste here
#file.name <- "/Users/toddwehner/Desktop/RCodeCurrent/GxeRl4Data4.csv"

#create object path for where the data will go at the end

# I append the file name with "_out" so I know its data coming out of R
#out.file <- "/Users/toddwehner/Desktop/RCodeCurrent/GxeR140utd.csv"
#tempa <-read.csv(file.name)

I g
#H##### Define trait that need to be analyzed ### R
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#user need to define trait name for analysis



#example: MKMGHA = Marketable mega-gram per hectare

tempa <- tempa %>% rename(Trait = Trait) %>%
select(YR, LC, RP, CLT, Trait)

#view top 6 rows of input data

head(tempa)

#view bottom 6 rows of input data
tail(tempa)

#Get dimension of data

dim(tempa)

#Get data type

class(tempa)

#Get structure of data (character vs. numeric vs. matrix vs. vector vs.
factor) . )
#make sure: numeric value should be numeric
str(tempa)

#validate the variable types

tempa$YR <- as.factor(tempa$YrR)

tempa$RP <- as.factor(tempa$rpP)

tempa$LC <- as.factor(tempa$LC)

tempa$CLT <- as.factor(tempa$cLT)
tempa$Trait <- as.numeric(tempa$Trait)
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## ANOVA: Compute analysis of variance ##
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#Generate unique id for replication for anova

tempa$RPid<-as.factor(paste(tempa$yrR, tempa$LC, tempa$rRP, sep="."))

HUHBRHHRAHBHHBHH BB H BB HH B AR HHBRH LR H LR AH R AR B R H BB H BB HHBAHBHH BB H LB B RSB

### ANOVA Case 1: CLT, YR, LC and RP - Al1 Random #H##
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#full model

fit.fl<-Tmer(Trait~ 1 + (1|YR) + (1|LC) + (1]cLT) + (L]YR:LC) + (1]|YR:CLT) +
(llrc:cLm) + (1]Yr:LC:CLT) + (1|RPid), data=tempa)

#model summary

summaryl <- summary(fit.f1l)

#variance of random factors

variance <- as.data.frame(summaryl$varcor)

#drop rownames



rownames(variance) <- NULL
variancel <- variance %>% select (-varl, -var2) %>%
rename(sov=grp, Variance=vcov, stddev=sdcor)

#Type 3 test of hypothesis
#Type III wald chisquare tests

anova(fit.fl, type="I11")

#Type 2 test of hypothesis
anova(fit.fl, type="marginal"”, test="F")
#model fitness

anovacasel <- plot(fit.f1,

main="Model fitness Case 1: CLT, YR, LC and RP - All
Random",

xlab="pPredicated value", ylab="Residual™)

#LRT - Tlikelihood ratio test for computing significance of random effect

#create function for Likelihood ratio test
#a=outputdatasetname; example-anovalr

#b=full model name; example-fit.fl

#c=reduced model name; example-fit.flr

#d=effect name; example- "RPid", NOTE: call it in quotation

anova_lrt <- function (a,b,c,d){
#level of significance
a <-anova(b,c)
#convert anova into data frame
a <- data.frame(a)
#convert rownames into column
a$name <- rownames(a)
# drop rownames
rownames(a) <- NULL
a <- a %»% filter(name=="b") %%
mutate(sov=d) %>% select(sov, Pr_Chisq = starts_with("Pr..chisqg."))
# return the result
return(a)

}
#null model for YR

fit.fly<-Tmer(Trait~ 1 + (1|LC) + (L|CLT) + (L]YR:LC) + (L]YR:CLT) +
(l]jrc:cLm) + (1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovaly <- anova_lrt(anovaly,fit.fl,fit.fly,"YR")
#null model for LC

fit.fll<-Tmer(Trait~ 1 + (1]YR) + (1]|CLT) + (L|]YR:LC) + (1]|YR:CLT) +
(l]jLc:cLm) + (1]YR:LC:CLT) + (1L|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovall <- anova_lrt(anovall,fit.fl,fit.f11,"LC")

#null model for CLT



fit.flc<-Tmer(Trait~ 1 + (1]YR) + (1]LC) + (L|YR:LC) + (1|YR:CLT) +
(l]Lc:cL™) + (1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovalc <- anova_lrt(anovalc,fit.fl,fit.flc,"CLT")

#null model for YR:LC

fit.flyl<-Tmer(Trait~ 1 + (1|YR) + (1|LC) + (L|CLT) + (1]|YR:CLT) +
(llLc:cLt) + (1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovalyl <- anova_lrt(anovalyl,fit.fl,fit.flyl,"YrR:LC")
#null model for YR:CLT

fit.flyc<-Tmer(Trait~ 1 + (L|YR) + (1|LCO) + (1|CcLT) + (L|YR:LO) +
(llLc:cLm) + (1]YR:LC:CLT) + (1L|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovalyc <- anova_lrt(anovalyc,fit.fl,fit.flyc,"YR:CLT")

#null model for LC:CLT

fit.fllc<-Tmer(Trait~ 1 + (L|YR) + (1|LCO) + (1|cLT) + (1|YR:LO +
(LIYR:CLT) +
(1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovallc <- anova_lrt(anovallc,fit.fl,fit.fllc,"LC:CLT")

#null model for YR:LC:CLT

fit.flylc<-Tmer(Trait~ 1 + (L|YR) + (1|LO) + (1]cLT) + (1|YR:LO) +
(1]YR:CLT) +
(l|Lc:CLT) + (1|RrPid), data=tempa)

#level of significance
#call function anova_lrt

anovalylc <- anova_lrt(anovalylc,fit.fl,fit.flylc,"YR:LC:CLT")
#null model for RP
fit.flr<-Tmer(Trait~ 1 + (L]YR) + (1|LO) + (1|lcLT) + (1]YR:LO) +
(1]YR:CLT) +
(lfrc:cLT) + (1]YR:LC:CLT) , data=tempa)

#level of significance
#call function anova_lrt

anovalr <- anova_lrt(anovalylr,fit.f1l,fit.flr, " "RPid")
#Merge anova and Tevel of significance

anoval <- bind_rows(anovaly, anovall)%>% bind_rows(anovalc)%>%



bind_rows(anovaly1)%>% bind_rows(anovalyc)%>%
bind_rows(anovalr)%>% bind_rows(anovallc)%>%bind_rows(anovalylc)
anoval <- as.data.frame(anoval)
#Merge final output

anova_randall <- variancel%>% left_join(Canoval , by ="sov")
anova_randall1$Pr_chisq[anova_randall$stddev == 0] <- NA

#Compute BLUP_for CLT ]
#BLUP - Best linear unbiased predictor

randeffectl <- ranef(fit.f1l)

#BLUP for clt

BLUP_CLT <- as.data.frame(randeffectl$CLT)

#convert rownames into column

BLUP_CLT$genotype <- rownames(BLUP_CLT)

#drop rownames

rownames (BLUP_CLT) <- NULL

#rename variable name

BLUP_CLT <- BLUP_CLT %>% select(genotype,Blup = starts_with("(Intercept)"))
#return estimate of fixed effect from full model summary to compute BLUP
fixestimatel <- as.data.frame(summaryl$coefficients)

#compute BLUP value

BLUP_CLT1 <- BLUP_CLT %>% _ _ _
mutate(Blup = Blup + fixestimatel$Estimate)

#final output for BLUP for cultivars

BLUP_CLT1 <- as.data.frame(BLUP_CLT1)
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#full model

fit.f2<-Tmer(Trait~ YR*LC*CLT + (1|RPid), data=tempa)

#model summary

summary?2 <- summary(fit.f2)

##variance of random factors

variance2 <- as.data.frame(summary2$varcor)

#drop rownames

rownames(variance2) <- NULL

variance2 <- variance2 %>% select (-varl, -var2) %%
rename(sov=grp, Mean_Sqg=vcov, stddev=sdcor)



#Type 3 test of hypothesis
anova.f2t3 <- as.data.frame(anova(fit.f2, type="111"))
#convert rownames into column
anova.f2t3$name <- rownames(anova.f2t3)
#drop rownames
rownames (anova.f2t3) <- NULL
#Type 2 test of hypothesis
anova.f2t2 <- anova(fit.f2, type="marginal"”, test="F'")
#model fitness
anovacase?2 <- plot(fit.f2,
main="Model fitness Case 2: CLT, YR and LC - Fixed; RP -
Random",

xlab="pPredicated value", ylab="Residual™)

#level of significance: "KR" is implemented corresponding to
#the Kenward-Rogers approximation for degrees of freedom

anova_f2t3 <- mixed(Trait~ YR*LC*CLT + (1|RPid), data=tempa)
anova_Tf2t3 <- as.data.frame(anova_f2t3%$anova_table)
#convert rownames into column
anova_f2t3$name <- rownames(anova_f2t3)
#drop rownames
rownames (anova_f2t3) <- NULL
anova_f2t3 <- anova_f2t3 %>% select(name, Prob_F = starts_with("Pr(>F)"))
#final output for case 2: CLT, YR and LC - Fixed
anova_f2 <- anova.f2t3 %>% left_join(anova_f2t3, by = "name")%>%
rename(sov = name)%>% ]
select(sov, Df,Sum_Sg=starts_with("sum sqg"),
Mean_sq = starts_with("mMean sqg"),
F_value=starts_with("F value"), Prob_F)

anova_f2 <- anova_f2 %>% bind_rows(variance2)
anova_f2a <- as.data.frame(anova_f2) # print for output

e e g
## ANOVA CASE 3: CLT - Fixed; YR, LC and RP - Random ##
HHRBHHHHRRRHH AR R AR R R R R
fit.f3<-Tmer(Trait~ 1 + (1]YR) + (L|LCO) + CLT + (L]YR:LO) +

(1L|YR:CLT) +

(l]rc:cLT) + (1]YR:LC:CLT) + (L|RPid), data=tempa)
#model summary

summary3 <- summary(fit.f3)



##variance of random factors
variance3 <- as.data.frame(summary3$varcor)
#drop rownames
rownames(variance3) <- NULL
variance3 <- variance3 %% select (-varl, -var2) %%

rename(sov=grp, Mean_Sqg=vcov, stddev=sdcor)
#Type 3 test of hypothesis
anova.f3t3 <- as.data.frame(anova(fit.f3, type="111"))
#convert rownames into column
anova.f3t3$name <- rownames(anova.f3t3)
#drop rownames
rownames (anova.f3t3) <- NULL
#Type 2 test of hypothesis
anova.f3t2 <- anova(fit.f3, type="marginal"”, test="F'")
#model fitness
anovacase3 <- plot(fit.f3,

main="Model fitness Case 3: CLT - Fixed; YR, LC and RP -
Random",
xlab="pPredicated value", ylab="Residual™)
#p value for fixed effects
anova_f3t3 <- mixed(Trait~ 1 + (1L]YR) + (1|LC) + CLT + (1|YR:LCO) +
(L]YR:CLT) + (1]LC:CLT) + (1]YR:LC:CLT) +
(1|RPid), data=tempa)

anova_Tf3t3 <- as.data.frame(anova_f3t3$anova_table)
#convert rownames into column
anova_f3t3$name <- rownames(anova_f3t3)
#drop rownames
rownames (anova_f3t3) <- NULL
anova_f3t3 <- anova_f3t3 %>% select(name, Prob_F = starts_with('Pr(F)"))
#final output of case 3 for fixed effect - CLT
anova_f3 <- anova.f3t3 %% left_join(anova_f3t3, by = "name")%>%

rename(sov = name)%>% ]

select(sov, Df,Sum_Sg=starts_with("sum sqg"),

Mean_Sqg = starts_with('Mean sq"),
F_value=starts_with("F value"), Prob_F)

#level of significance for random effects
#null model for CLT

fit.f3c <- Tmer(Trait~ 1 + (L|YR) + (1|LO) + (L]YR:LCO) + (1]YR:LC) +
(L]YR:CLT) + (l]Lc:cLT) + (1|YR:LC:CLT) +



(1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova3c <- anova_lrt(anova3c,fit.f3,fit.f3c,"CLT")
#null model for LC

YR) + (1]YR:LC) + (1]|YR:CLT) +

fit.f31 <- Tmer(Trait~ 1 + CLT + (1]
|[YR:LC:CLT) + (1|RPid), data=tempa)

(llLc:cLm) + (
#level of significance
#call function anova_lrt
anova3l <- anova_lrt(anova3l,fit.f3,fit.f31,"LC")
#null model for YR

LC) + (L|YR:LC) + (1|YR:CLT) +

fit.f3y <- Tmer(Trait~ 1 + CLT + (1]
|[YR:LC:CLT) + (1|RPid), data=tempa)

(llLc:cLm) + (

#level of significance
#call function anova_lrt

anova3dy <- anova_lrt(anova3y,fit.f3,fit.f3y,"YR")
#null model for YR:LC

fit.f3yl <- Tmer(Trait~ + CLT

+ (1]L®) + (LIYR) + (L]YR:CLT) +
(llLc:cLm) + (1]

YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova3yl <- anova_lrt(anova3yl,fit.f3,fit.f3yl,"YrR:LC")
#null model for YR:CLT

LC) + (L|YR) + (1]YR:LC) +

fit.f3yc <- Tmer(Trait~ 1 + CLT + (1]
|[YR:LC:CLT) + (1|RPid), data=tempa)

(llrc:cLm) + (

#level of significance
#call function anova_lrt

anova3yc <- anova_lrt(anova3yc,fit.f3,fit.f3yc," "YR:CLT")

#null model for LC:CLT

fit.f31c <- Tmer(Trait~ 1 + CLT + (1|LO) + (1]YR) + (L|YR:LO) +
(L|YR:CLT) +
(L|lYR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova3lc <- anova_lrt(anova3lc,fit.f3,fit.f31c,"LC:CLT")

#null model for YR:LC:CLT

fit.f3ylc <- Tmer(Trait~ 1 + CLT + (1L|LO) + (L]YR) + (1|YR:LC) +
(L]YR:CLT) +
(ljLc:cLT) + (1|rRPid), data=tempa)

#level of significance



#call function anova_lrt
anova3dylc <- anova_lrt(anova3dylc,fit.f3,fit.f3ylc, "YR:LC:CLT")
#nul1l model for RPid or replication
fit.f3r <- Tmer(Trait~ 1 + CLT + (1|LC) + (L|YR) + (L|YR:LQO) +
(1|YR:CLT) +
(llLc:cLT) + (1]YR:LC:CLT), data=tempa)

#level of significance
#call function anova_lrt

anova3r <- anova_lrt(anova3r,fit.f3,fit.f3r,"RPid")

#Merge anova and level of significance

anova3 <- bind_rows(anova3y, anova31)%>% bind_rows(anova3yl)%>%
bind_rows(anova3yc)%>% bind_rows(anova3r)%>%
bind_rows(anova3lc)%>%bind_rows(anova3ylc)

anova3 <- as.data.frame(anova3)

#Merge final output

anova_cfix <- variance3%>% left_join(anova3 , by ="sov")
anova_cfix$pPr_chisq[anova_cfix$stddev == 0] <- NA

HBRHAHHHRBHHH YRR AAHH B BB AR BB RAHHH BB RAH BB BHAH BB R AR BB BRAH BB BAAH SRR HAH SR H

## ANOVA Case 4: LC - Fixed; YR, CLT and RP - Random ##
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fit.f4 <- Tmer(Trait~ 1 + LC + (1]YR) + CL|CLT) + (L|YR:LO) +
(1|YR:CLT) +
(ilLc:cLT) + (1L]YR:LC:CLT) + (L|RPid), data=tempa)

#model summary

summary4 <- summary(fit.f4)

##variance of random factors

variance4 <- as.data.frame(summary4$varcor)

# drop rownames

rownames (variance4) <- NULL

varianced4 <- variance4 %>% select (-varl, -var2) %>%

rename(sov=grp, Mean_Sg=vcov, stddev=sdcor)

#Type 3 test of hypothesis

anova.f4t3 <- as.data.frame(anova(fit.f4, type="111"))

#convert rownames into column

anova.f4t3$name <- rownames(anova.f4t3)

#drop rownames

rownames (anova.f4t3) <- NULL

#Type 2 test of hypothesis

anova.f4t2 <- anova(fit.f3, type="marginal", test="F")
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#model fitness
anovacase4 <- plot(fit.f4,
main="Model fitness Case 4: LC - Fixed; YR, CLT and RP -
Random",
xlab="pPredicated value", ylab="Residual™)
#level of significance for fixed effects
anova_f4t3 <- mixed(Trait~ 1 + LC + (1L|]YR) + (1]|CLT) + (1|YR:LCO) +
(1]YR:CLT) +
(llLc:cLm) + (L]YR:LC:CLT) + (1|RPid), data=tempa)
anova_f4t3 <- as.data.frame(anova_f4t3$%$anova_table)
#convert rownames into column
anova_f4t3$name <- rownames(anova_f4t3)
#drop rownames
rownames (anova_f4t3) <- NULL
anova_f4t3 <- anova_f4t3 %>% select(name, Prob_F = starts_with("Pr(>F)"))
#final output of case 4 for fixed effect - LC
anova_f4 <- anova.f4t3 %>% left_join(anova_f4t3, by = "name")%>%
rename(sov = name)%>%
select(sov, Df,Sum_Sg=starts_with("sum sqg"),
Mean_Sq = starts_with('Mean sq"),
F_value=starts_with("F value"), Prob_F)

#level of significance of random effect
#null model for CLT

fit.f4c <- Tmer(Trait~ 1 + LC + (1]YR) + (1]YR:LC) + (1]YR:LC) +
(1|YR:CLT)+
(llLc:cLT) + (1]YR:LC:CLT) + (1L|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova4c <- anova_lrt(anovad4c,fit.f4,fit.f4c,"cLT")
#null model for LC

fit.f41 <- Tmer(Trait~ 1 + (1|CLT) + (L]YR) + (L|YR:LC) + (1|YR:CLT) +
(llrc:cLT) + (1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova4l <- anova_lrt(anova4l,fit.f4,fit.f41,"LCc")
#null model for YR

fit.fdy <- Imer(Trait~ 1 + LC + (1|CLT) + (1]YR:LC) + (1]YR:CLT) +
(llLc:cLm™) + (1]YR:LC:CLT) + (L|RPid), data=tempa)

#level of significance
#call function anova_lrt
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anovady <- anova_lrt(anovady,fit.f4,fit.f4y,"YR")
#null model for YR:LC

fit.f4yl <- Tmer(Trait~ 1 + LC + (1|CLT) + (1]YR) + (L|YR:CLT) +
(IlLc:cLT) + (1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovadyl <- anova_lrt(anovadyl,fit.f4,fit.f4yl,"YrR:LC")
#null model for YR:CLT

fit.fdyc <- Tmer(Trait~ 1 + LC + (1|CLT) + (1L]YR) + (L|YR:LO) +
(llLc:cLm™) + (1L]YR:LC:CLT) + (L|RP1d), data=tempa)

#level of significance
#call function anova_lrt

anovadyc <- anova_lrt(anovadyc,fit.f4,fit.fd4yc,"YR:CLT")

#null model for LC:CLT

fit.f41c <- ITmer(Trait~ 1 + LC + (1|CcLT) + (1]YR) + (L|YR:LO) +
(L]YR:CLT) +
(1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova4lc <- anova_lrt(anovadlc,fit.f4,fit.f41c,"LC:CLT")

#null model for YR:LC:CLT

fit.fdylc <- Tmer(Trait~ 1 + LC + (L|CLT) + (CL|YR) + (1]YR:LC) +
(1L]YR:CLT) +
(l]Lc:cLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovadylc <- anova_lrt(anovadylc,fit.f4,fit.fdylc,"YR:LC:CLT")
#null model for RPid or replication
fit.f4r <- Imer(Trait~ 1 + LC + (1|CLT) + (1L]YR) + (L|YR:LO) +
(1]YR:CLT) +
(llLc:cLm) + (1]YR:LC:CLT), data=tempa)

#level of significance
#call function anova_lrt

anovadr <- anova_lrt(anovadr,fit.f4,fit.f4r,"RPid")

#Merge anova and Tevel of significance

anova4 <- bind_rows(anovadc, anovady)%>% bind_rows(anovadyl1)%>%
bind_rows(anovadyc)%>% bind_rows(anovadr)%>%
bind_rows(anova4lc)%>%bind_rows (anovadylc)

anova4 <- as.data.frame(anova4)

#Merge final output
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anova_lfix <- variance4%>% left_join(anova4 , by ="sov")
anova_l1fix$Pr_chisq[anova_l1fix$stddev == 0] <- NA

HEH#HHBH AR HHRH AR R AR HRRHR BB R AR RRRH BB R BB B HRR R AR R BB RRRH AR HHRH R R R H RS
## ANOVA Case 5: CLT and LC - Fixed; YR, and RP - Random ##
HEHHHBHHRHHRBH BB HHRHHRBH BB HRBHHRBH BB BB BH BB B R R BB R BB H BB HRRHRRBHBREHHRH

fit.f5 <- Tmer(Trait~ 1 + CLT + LC + LC:CLT + (1]YR) + (L|YR:LO) +
(L]YR:CLT) + (l]YR:LC:CLT) + (L|RPid), data=tempa)

#model summary
summary5 <- summary(fit.f5)
##variance of random factors
variance5 <- as.data.frame(summary5$varcor)
#drop rownames
rownames (variance5) <- NULL
variance5 <- variance5 %>% select (-varl, -var2) %>%
rename(sov=grp, Mean_Sg=vcov, stddev=sdcor)
#Type 3 test of hypothesis
anova.f5t3 <- as.data.frame(anova(fit.f5, type="II11"))
#convert rownames into column
anova.f5t3$name <- rownames(anova.f5t3)
#drop rownames
rownames (anova.f5t3) <- NULL
#Type 2 test of hypothesis
anova.f5t2 <- anova(fit.f3, type="marginal", test="F")
#model fitness
anovacase5 <- plot(fit.f5,
main="Model fitness Case 5: CLT and LC - Fixed; YR and RP
- Random",
xlab="Predicated value", ylab="Residual™)
#level of significance for fixed effects
anova_f5t3 <- mixed(Trait~ 1 + CLT + LC + LC:CLT + (1|YR) +
(L]YR:LC) + (L]|YR:CLT) + (1]YR:LC:CLT) +
(1|rRPid), data=tempa)
anova_Tf5t3 <- as.data.frame(anova_f5t3%anova_table)
#convert rownames into column
anova_f5t3$name <- rownames(anova_f5t3)
#drop rownames

rownames (anova_f5t3) <- NULL

anova_f5t3 <- anova_f5t3 %>% select(name, Prob_F = starts_with('Pr(F)"))
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#final output of case 5 for fixed effect - CLT and LC
anova_f5 <- anova.f5t3 %% left_join(anova_f5t3, by = "name")%>%
rename(sov = name)%>%
select(sov, Df,Sum_Sg=starts_with("sum sq"),
Mean_Sq = starts_with('Mean sq"),
F_value=starts_with("F value"), Prob_F)

#level of significance for random effects
#null model for CLT

fit.f5c <- Tmer(Trait~ 1 + LC + LC:CLT + (1|YR) + (1|YR:LC) +
(1]YR:CLT) + (1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova5c <- anova_lrt(anovaSc,fit.f5,fit.f5c,"CLT")
#null model for LC

fit.f51 <- Tmer(Trait~ + CLT + LC:CLT + (1]YR) + (1]YR:LO) +
(1]YR:CLT) + (1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova51 <- anova_lrt(anova51,fit.f5,fit.f51,"LC")
#null model for YR

fit.f5y <- Tmer(Trait~ 1 + CLT + LC 4+ LC:CLT + (L|YR:LC) +
(1L]YR:CLT) + (1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovaby <- anova_lrt(anovaSy,fit.f5,fit.f5y," "YR")
#null model for YR:LC

fit.f5y1l <- Imer(Trait~ 1 + CLT + LC + LC:CLT + (1|YR) +
(L|lYR:CLT) + (1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova5yl <- anova_lrt(anova5yl,fit.f5,fit.f5y1,"YrR:LC")
#null model for YR:CLT

fit.f5yc <- Imer(Trait~ 1 + CLT + LC + LC:CLT + (1|YR) + (L|YR:LO) +
(1|lYR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovabyc <- anova_lrt(anovabyc,fit.f5,fit.f5yc," "YR:CLT")
#null model for LC:CLT

fit.f51c <- Imer(Trait~ 1 + CLT + LC + (L|]YR) + (1|YR:LC) +
(LlYR:CLT) + (1]YR:LC:CLT) + (1|RPid), data=tempa)
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#level of significance
#call function anova_lrt

anova5lc <- anova_lrt(anova5lc,fit.f5,fit.f51c,"LC:CLT")
#null model for YR:LC:CLT

fit.f5y1c <- Tmer(Trait~ 1 + CLT + LC + LC:CLT + (1]YR) + (L|YR:LO) +
(L]YR:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovabSylc <- anova_lrt(anova5ylc,fit.f5,fit.f5ylc, "YR:LC:CLT")
#null model for RPid or replication

fit.f5r <- Tmer(Trait~ 1 + CLT + LC + LC:CLT + (1L]YR) + (IL]|YR:LCO) +
(1]YR:CLT) + (1]YR:LC:CLT) , data=tempa)

#level of significance
#call function anova_lrt

anova5r <- anova_lrt(anova5r,fit.f5,fit.f5r," "RPid")
#Merge anova and Tevel of significance

anova5 <- bind_rows(anova5y, anova5yl1)%>%
bind_rows(anova5yc)%>% bind_rows(anova5r)%>%
bind_rows(anova5ylc)

anova5 <- as.data.frame(anova5)

#Merge final output

anova_clfix <- variance5%>% left_joinCanova5 , by ="sov")
anova_c1fix$pPr_chisq[anova_clfix$stddev == 0] <- NA

HHAHHH R RRRRHR BRI R #
# Compute Mean and cVv of genotype, Tlocation, year, rep, environment #
HHAHHH R RHRRHRRHRRRRRA R #

#Compute environment - Location by year combination

tempa?2 <- tempa %>%
mutate (ENV = paste(LC,YR, sep='-")) %%
#remove missing records
na.omit()

head(tempa2)

#validate data

tempa2$YR <- as.factor(tempa2$YR)
tempa2$RP <- as.factor(tempa2$rpP)
tempa2$LC <- as.factor(tempa2$LC)
tempa2$CLT <- as.factor(tempa2$CLT)
tempa2$ENV <- as.factor(tempa2$ENV)
tempa2$Trait <- as.numeric(tempa2$Trait)

#compute descritptive statistics
#trait mean over genotype and environment

mean_ge <- tempa2 %>%
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group_by (CLT, ENV) %>% )
summarize (Trait = mean(Trait,na.rm=FALSE))

mean_gel <- mean_ge %>%
spread (ENV, Trait) #transpose using library tidyr

mean_ge2 <- as.data.frame(mean_gel)
#trait mean over genotype and year
mean_gy <- tempa2 %>%
group_by (CLT, YR) %>% )
summarize (Trait = mean(Trait,na.rm=FALSE))

mean_gyl <- mean_gy %>%
spread (YR, Trait) #transpose using library tidyr

mean_gy2 <- as.data.frame(mean_gyl)
#trait sum over genotype and year
sum_gy <- tempa2 %>%
group_by (CLT, YR) %>% )
summarize (Trait = sum(Trait,na.rm=FALSE))

sum_gyl <- sum_gy %>%
spread (YR, Trait) #transpose using library tidyr

sum_gy2 <- as.data.frame(sum_gyl)
#trait standard deviation (sd) over genotype and year
sd_gy <- tempa2 %>%

group_by (CLT, YR) %>%

summarize (Trait = sd(Trait,na.rm=FALSE))

sd_gyl <- sd_gy %>%
spread (YR, Trait) #transpose using library tidyr

sd_gy2 <- as.data.frame(sd_gyl)
#trait mean over genotype and Tocation
mean_gl <- tempa2 %>%

group_by (CLT, LC) %>%

summarize (Trait = mean(Trait,na.rm=FALSE))

mean_gll <- mean_gl %>%
spread (LC, Trait) #transpose using library tidyr

mean_gl2 <- as.data.frame(mean_gl11)
#trait sum over genotype and Tocation
sum_gl <- tempa2 %>%
group_by (CLT, LC) %>% )
summarize (Trait = sum(Trait,na.rm=FALSE))

sum_gll <- sum_gl %>%
spread (LC, Trait) #transpose using library tidyr

sum_gl12 <- as.data.frame(sum_gl11)

#trait standard deviation (sd) over genotype and location
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sd_gl <- tempa2 %>%
group_by (CLT, LC) %>%
summarize (Trait = sd(Trait,na.rm=FALSE))

sd_g11l <- sd_gl1 %>%
spread (LC, Trait) #transpose using library

sd_g12 <- as.data.frame(sd_gl11)
#trait mean over genotype, location and year
mean_gly <- tempa2 %>%

group_by (CLT, LC, YR) %>%

summarize (Trait = mean(Trait,na.rm=FALSE))

mean_glyl <- mean_gly %>%
spread (LC, Trait) #transpose using library

mean_gly2 <- as.data.frame(mean_glyl)
#trait sum over genotype, location and year
sum_gly <- tempa2 %>%

group_by (CLT, LC, YR) %>%

summarize (Trait = sum(Trait,na.rm=FALSE))

sum_glyl <- sum_gly %>%
spread (LC, Trait) #transpose using library

sum_gly2 <- as.data.frame(sum_glyl)
#trait standard deviation (sd) over genotype,
sd_gly <- tempa2 %>%

group_by (CLT, LC, YR) %>%

summarize (Trait = sd(Trait,na.rm=FALSE))

sd_glyl <- sd_gly %>%
spread (LC, Trait) #transpose using library

sd_gly2 <- as.data.frame(sd_glyl)
#trait mean over genotype, location and rep
mean_glr <- tempa2 %>%

group_by (CLT, LC, RP) %>%

summarize (Trait = mean(Trait,na.rm=FALSE))

mean_glrl <- mean_glr %>%
spread (LC, Trait) #transpose using library

mean_glr2 <- as.data.frame(mean_glrl)
#trait mean over location and year
mean_ly <- tempa2 %>%
group_by (LC, YR) %>% )
summarize (Trait = mean(Trait,na.rm=FALSE))

mean_lyl <- mean_ly %>%
spread (YR, Trait) #transpose using library

mean_1ly2 <- as.data.frame(mean_Tlyl)
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#trait mean over location and replication

mean_lr <- tempa2 %>%
group_by (LC, RP) %>% )
summarize (Trait = mean(Trait,na.rm=FALSE))

mean_lrl <- mean_1r %>%
spread (RP, Trait) #transpose using library tidyr

mean_lr2 <- as.data.frame(mean_1rl)
#trait count, min, max, mean, sum, median, var, sd over location

mean_1 <- tempa2 %>%

group_by (LC ) %%

summarize (count = n(Q),
min min(Trait,na.rm=FALSE),
max max(Trait,na.rm=FALSE),
mean = mean(Trait,na.rm=FALSE),
sum = sum(Trait,na.rm=FALSE),
median = median(Trait,na.rm=FALSE),
var = var(Trait,na.rm=FALSE),
sd = sd(Trait,na.rm=FALSE))

stat_11 <- as.data.frame(mean_1)
#trait count, min, max, mean, sum, median, var, sd over year

mean_y <- tempa2 %>%

group_by (YR ) %%

summarize (count = n(Q),
min = min(Trait,na.rm=FALSE),
max = max(Trait,na.rm=FALSE),
mean = mean(Trait,na.rm=FALSE),
sum = sum(Trait,na.rm=FALSE),
median = median(Trait,na.rm=FALSE),
var = var(Trait,na.rm=FALSE),
sd = sd(Trait,na.rm=FALSE))

stat_yl <- as.data.frame(mean_y)
#trait count, min, max, mean, sum, median, var, sd over genotype

mean_g <- tempa2 %>%

group_by (CLT ) %>%

summarize (count = n(Q),
min = min(Trait,na.rm=FALSE),
max = max(Trait,na.rm=FALSE),
mean = mean(Trait,na.rm=FALSE),
sum = sum(Trait,na.rm=FALSE),
median = median(Trait,na.rm=FALSE),
var = var(Trait,na.rm=FALSE),
sd = sd(Trait,na.rm=FALSE))

stat_gl <- as.data.frame(mean_g)
#trait count, min, max, mean, sum, median, var, sd over environment

mean_e <- tempa2 %>%
group_by (ENV) %>%
summarize (count = n(Q),
min min(Trait,na.rm=FALSE),
max max(Trait,na.rm=FALSE),
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mean = mean(Trait,na.rm=FALSE),

sum = sum(Trait,na.rm=FALSE),
median = median(Trait,na.rm=FALSE),
var = var(Trait,na.rm=FALSE),

sd = sd(Trait,na.rm=FALSE))

stat_el <- as.data.frame(mean_e)

#trait CV over genotype and Tocation
#CV = (standard deviation /mean) *100

cv_gl <- tempa2 %>%
group_by (CLT, LC) %>%
summarise (Trait_m = mean(Trait,na.rm=FALSE) ,
Trait_s = sd(Trait,na.rm=FALSE)) %>%
mutate (Trait = (Trait_s/Trait_m)*100) %% # CV
select (-Trait_m, -Trait_s)

cv_gll <- cv_gl %%
spread (LC, Trait) #transpose using library tidyr

cv_gl2 <- as.data.frame(cv_gl1)

HHHH R R R R HHHHRHRRRRRRRAR A
## Compute univariate stability statistics - regression analysis  ##
HHHHH R R HHHHHRRRHRRARRARARAA A

#Compute regression (slope) and deviation from regression
#compute environmental index

dsterm <- tempa2 %>%
group_by (ENV, RP, YR, LC) %>%
summarize (ENVTrait = mean(Trait,na.rm=FALSE))
dst02 <- tempa2 %>%
Teft_join(dsterm, by=c("ENV", "RP")) %% #Left join on multiple columns
arrange (CLT) %>%
rename (YR= YR.Xx, LC = LC.X )
#fit model
fit_model <- dst02 %>%
group_by(CLT) %>% #group regression analysis by cultivar
do (model=Tm(Trait~ENVTrait + ENV + RP, data=.))
#parameter estimates
paramlm <- as.data.frame(fit_model %>% tidy(model))
glancelm <- as.data.frame(fit_model %>% glance(model))
augmentIm <- as.data.frame(fit_model %>% augment(model))
outmsed <- lapply(fit_model$model, anova) #anova output
outmsed?2 <- as.data.frame(do.call(rbind, outmsed)) #convert list into
data.frame
#convert rownames into column
outmsed2$sov <- rownames(outmsed2)
# drop rownames
rownames (outmsed2) <- NULL

#remove numeric values from string of rownames using function gsub
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outmsed2 <- outmsed2 %>% mutate(Sov = gsub("\\d+","",sov))

#extract unique cultivar name and merge to outmsed2 dataset

genotypes <- dst02 %>% select(CLT) %>% distinct (CLT) %>% arrange(CLT)
#Stack 4 times to match number of rows with outmsed2 dataset

genotypesl <- genotypes %>% bind_rows(genotypes) %>%
bind_rows(genotypes) %>% bind_rows(genotypes) %>% arrange(CLT)

#attach Tist of cultivars to outmsed2
outmsed3 <- as.data.frame(outmsed2 %>% bind_cols(genotypesl))
#transpose outmsed3

outmsed4 <- outmsed3 %>% ) )
select (CLT, SOV, MS = starts_with("Mean")) %>% #rename variables
filter (sov != "RP")

#transpose MS values

MSDS <- outmsed4 %>% ) ) )
spread (Sov, MS) %>% #transpose using library tidyr
arrange (CLT)

#Transpose degress of freedoms for F-test

FDS3 <- outmsed3 %>%
filter (sov != "RP")%>%
select (CLT, sov, Df) %%
spread (sov, Df) %>% #transpose using library tidyr
rename (DF_ENVTrait = ENVTrait, DF_Residuals = Residuals,
DF_ENV = ENV)

#Subset parameters - paramlm dataset

REGCOEFGS <- paramlm %>%
filter (term == "ENVTrait') %>%
select (-statistic, -p.value)

#Test and Tevel of significance of regression and deviation from regression
#Merge MSDS, FDS3, REGCOEFGS

slope <- MSDS %>% inner_join (REGCOEFGS, by = "CLT") %%
inner_join (FDS3, by = "CLT") %>%
rename (MSE = Residuals, LREGMS=ENVTrait, DEVLMS = ENV,
BI= estimate, STDERR = std.error)

#test significance levels

slopel <- slope %>%
mutate (T_HO1l = (BI-1)/STDERR , #Null Hypothesis for slope =1
PT_HO1 = 2*pt(-abs(T_HO01), DF_Residuals),
F_DEVREG=DEVLMS/MSE, #NULL HYPOTHESIS: PREDICTED-ACTUAL = 0
PF_HOO= 1-pf(F_DEVREG, DF_ENV, DF_Residuals))

#add legend for Tevel of significance
slope2 <- slopel %>%

mutate (SIG_SLOPE = ifelse(PT_HO1l <= 0.001, "##**",
-|fe-|5e(PT_H01 <= 0.01’ ll**u’
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ifelse(PT_HO1 <= 0.05, TET YY) %%
mutate (SIG_DEVREG = ifelse(PF_HOO <= 0.001, "#*=*"
ifelse(PF_HOO <= 0.01, "#=*"
ifelse(PF_HOO <= 0. 05 "ETITYYY)

#final regression output
options(digits=5)
univariate2 <- slope2 %>%

mutate (SLOPE = paste(BI,SIG_SLOPE, sep=""),

DEVREG = paste(DEVLMS SIG_ DEVREG, sep="") ) %>%

select (CLT,SLOPE, DEVREG )
BHAHBHHH R AR HHRHH BB H BB A HBRH R AR AR R R R AR R AR R H BB H LB HHBHH B HH R R RSB H LR RSB
# Compute univariate stability statistics - shukla, ecovalence, YS #
HAHBHHH R AR HHRHHBHH BB AFBAHRAHRAHGRAGRARRAHRAHRRH R HFRAHRHH R AR R AR R AR
#Compute Shukla, wricke Ecovalense, Kangs YS

repno <- tempa2 %>%

summarise (total_rep = n_distinct(RP)) #count total number of rep
dstgl <- tempa2 %>%

group_by (CLT, LC) %>%

#Summarize genotype performance across locations

summarize (Trait = mean(Trait,na.rm=FALSE))

dstgll <- dstgl %>%
spread (LC, Trait) #transpose values

#convert into data frame so that row containing structure information is
deleted

dstgl2 <- as.data.frame(dstgll)
#create rownames

rownames (dstgl12) <- dstgl2[ ,1]
shukla <- dstgl2[,-

#compute MS error term

tempa3 <- gIm(Trait ~ LC + YR + LC:YR + RP %in% (LC:YR) + CLT + CLT:LC +
CLT:YR + CLT:LC:YR, family = gaussian , data= tempa2 )

#model summary
summaryl <- summary.glm(tempa3)
#Error SS
error_ss <- as.data.frame(summaryl$deviance)
error_ssl <- error_ss %>%

#rename variable

select (Deviance = starts_with("summary™), everything()
#Error DF
error_df <- as.data.frame(summaryl$df.residual)
error_dfl <- error_df %>%

#rename variable

select (Df = starts_with("summary'"), everything())

#MS of error
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msel <- as.data.frame(error_ssl/error_dfl)
mse <- msel %>%

#rename variable

rename (MS = Deviance)
# MSError 1is used populated from ANOVA

univariatela <- stability.par(shukla, rep= repno$total_rep , MSerror=mse$ms,
alpha=0.1, main="Genotype')

#pool results into individual columns
univariatelb <- univariatela$statistics
#create column genotype from rownames

univariatelb$genotype <- rownames(univariatelb)
rownames(univariatelb) = NULL #remove rownames

names(univariatelb) [3] <- "significane_sigma" # rename duplicate name dot
names(univariatelb) [5] <- "significane_s2" # rename duplicate name dot
names(univariatelb) [2] <- "sigma" # rename

names(univariatelb) [4] <- "ssquare" # rename

univariatelc <- univariatela$stability
#create column genotype from rownames

univariatelc$genotype <- rownames(univariatelc)
rownames(univariatelc) = NULL #remove rownames _
names (Cunivariatelc)[8] <- "Tegend" # rename variable ... to legend

#Merge

univariateld <- univariatelb %>%

inner_join (univariatelc , by = "genotype") %%

# deselect all columns between Yield and Stab.rating

select (-Yield: -stab.rating) %>%

# arrange the column order for final output

select (CLT=genotype, Mean, sigma,
significane_sigma, ssquare,
significane_s2, Ecovalence,YSi, Tegend)

#Final stability statistics
#Merge Univariate2 and Univariateld

univariate <- univariate2 %>%
inner_joinCunivariateld, by = "CLT") %%
mutate (SIGMA=paste(sigma,significane_sigma, "),
SIGMA_SQUARE=paste(ssquare,significane_s2, ""),
YS_Kang =paste(YSi,legend, ")) %%
select (Genotype = CLT, Mean, SLOPE, DEVREG, SIGMA,
SIGMA_SQUARE,Ecovalence, YS_Kang)

HUHBRHH R AR B HHBHH BB H BB AR AR HHBRH LR H BB AH R AR B R H BB H BB HH B AR HH BB H LB RSB HHB
## Compute location statistics - genotype F ratio across ##
## location and environment; location correlation ##
HUHBRHH R AR B HHBHH BB H BB HH B AR AR B R LR H LB AR B H BB H BB AHBHHRHH BB H LB HHBAHR R

#Location values

#F-value of genotype across Tlocation
#fit model
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fit_modellc <- tempa2 %>%

group_by(LC) %>% #group regression analysis by Tocation

do (modell=Im(Trait~CLT + YR + CLT:YR + RP%in%YR , data=.))
#parameter estimates
paramimlic <- as.data.frame(fit_modellc %>% tidy(modell))
glancelmlc <- as.data.frame(fit_modellc %>% glance(modell))
augmentImlc <- as.data.frame(fit_modellc %>% augment(modell))
outmsedlc <- lapply(fit_modellc$modell, anova) #anova output
#convert 1ist into data.frame
outmsedlc2 <- as.data.frame(do.call(rbind, outmsedlic))
#convert rownames into column
outmsed1c2$sov <- rownames(outmsedlc2)
#drop rownames
rownames (outmsed1c2) <- NULL
#remove numeric values from string of rownames using function gsub
outmsedlc2 <- outmsedlc2 %>% mutate(sov = gsub("\\d+","",sov))
#extract unique Tocation name and merge to outmsedlc2 dataset
Tocation <- dst02 %>% select(LC) %>% distinct (LC) %>% arrange(LC)
#Extract gentype F value for each location
Tocvalue <- outmsedlc2 %>%

filter(sov == "CLT") %>%

select (FRatioGenotype = starts_with("F value")) %>%

bind_cols (location) %>% select (LC, FRatioGenotype)
Tocvalue <- as.data.frame (locvalue)

#Correlation between location and average location for each genotype
#compute genotype mean at each location

glcmeanl <- tempa2 %>%
group_by (CLT, LC) %%
summarize (glcmean = mean(Trait,na.rm=FALSE)) %>%
as.data.frame(select (CLT, LC, glcmean))

#compute genotype mean across all location -average location
gmeanl <- tempa2 %>%
group_by (CLT ) %%
summarize (gmean = mean(Trait,na.rm=FALSE)) %>%
as.data.frame(select (CLT, gmean))
#merge location mean with average location for each genotype
Tgmean <- glcmeanl %>%
Teft_join(gmeanl, by="CLT") %>%
arrange(LC) %>% select (-CLT)

#compute correlation with Tevel of significance
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Tcgcorr <- Tgmean %>%
group_by(LC) %>%
do(tidy(cor.test(.$glcmean, .$gmean, method = c("pearson”))))

Tcgcorrl <- Tcgcorr %>% _
select (LC, Corr_value = starts_with ("estimate"),
Pvalue = starts_with("p.value™))
#post process correlation value
Tcgcorr2 <- lcgcorrl %>%
mutate (SIG_CORR = jifelse(Pvalue <= 0.001, "##**",
ifelse(Pvalue <= 0.01, "#*"
ifelse(Pvalue <= 0. 05 ETITYY))
#concatenate p value symbol with correlation value
lcgcorr3 <- lcgcorr2 %%
mutate (LocCorrelation=paste(Corr_value,SIG_CORR, sep="")) %>%
select (LC, LocCorrelation)
Tcgcorr3 <- as.data.frame(lcgcorr3)

#Final location value table for output
#compute Tocation mean

Locmean <- tempa2 %>%
group_by (LC ) %%
summarize (Trait = mean(Trait,na.rm=FALSE))%>%
select (LC, Mean = starts_with("Trait"))
Locmean <- as.data.frame(Locmean)
#merge all location value outputs for print
Locationvalue <- Locmean %>%
inner_join (locvalue, by = "LC") %%
inner_join(lcgcorr3, by = "LC") %%
rename (Location = LC)
BAHBRHH R AR HHRHH BB H BB HH B R B R B R H LR R LR AR R AR R R R BB H LB HHBHH B AR RSB RSSEHH#
##t# F-value of genotype across environmen ##
BAHBRHHRAHBHHRHH B R R HHRHH BB H LB HHBHH BB H BB R LB R F B HH B R H LR H LR AR AR RSS2
#fit model
fit_modelen <- tempa2 %>%
group_by(ENV) %>% #group regression analysis by location
do (model2=Tm(Trait~CLT + RP , data=.))
#parameter estimates
paramlmen <- as.data.frame(fit_modelen %>% tidy(model2))
glancelmen <- as.data.frame(fit_modelen %>% glance(model2))
augmentIlmen <- as.data.frame(fit_modelen %>% augment(model2))
outmseden <- Tapply(fit_modelen$model2, anova) #anova output
#convert 1ist into data.frame
outmseden?2 <- as.data.frame(do.call(rbind, outmseden))

#convert rownames into column
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outmseden2$sov <- rownames (outmseden2)
# drop rownames
rownames (outmseden2) <- NULL
#remove numeric values from string of rownames using function gsub
outmseden2 <- outmseden2 %>% mutate(sov = gsub("\\d+","",sov))
#extract unique environment name and merge to outmseden2 dataset
environment <- dst02 %>% select(ENV) %>% distinct (ENV) %>% arrange(ENV)
#Extract gentype F value for each location
Tocvalue2 <- outmseden2 %>%

filter(sov == "CLT") %>%

select (FRatioGenotype = starts_with("F value")) %%

bind_cols (environment) %>% select (ENV, FRatioGenotype)
Jocvalue?2 <- as.data.frame (locvalue2)
RHHBHRHHBHRHRBHRHRR AR ARG HR AR HRARHRR AR H R AR ARG HR A BB R R AR RR AR H R R AR H RS AR A

#H## Compute cluster analysis of Tocation #H##
BHAHBHHH R AR B HHRHH BB H BB RHBRH R AR AR LR R LR AR R AR R R H BB H LB HHBHH B H R R H LR H B3

#location cluster analysis
#Euclidean distance ]
#ward Hierarchical Clustering

#trait mean over location

mean_1 <- tempa2 %>%

group_by (LC ) %%

summarize (Trait = mean(Trait,na.rm=FALSE))
mean_11l <- as.data.frame(mean_1)

clusterdata <- mean_11 %>% select (Trait)

clusterdata <- na.omit(clusterdata)

distance <- dist(clusterdata, method = "euclidean") # distance matrix
hcluster <- hclust(d=distance, method="ward.Dp")

Tocationcluster <- plotChcluster, Tabels=mean_11$LC) # display dendogram

g g g
#### Clear console H#H###
g g g g

#clear console

cat("'\014")

i g
#i#t# Export output in .CSV or .TXT #it#
### Print final output in console ###

HERBHHHRRRRHHARRRRHHHRB R A AR BB H A A AR HARRBRHAHRR R H AR BB AR BB RSB HS

#user can turn on and off .csv or .txt file by commenting/uncommenting
#codes in below 2 Tines

#sink(file="RGxEOutput.csv", append=FALSE, split=TRUE)
sink(file="RGxEOutput.txt", append=FALSE, split=TRUE)
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" H# RSB Print date and time #it####RRAH RS

print(sys.time())

Wi g
" Section 1: Identify level of significance of #H#"
"#iH# different effects, variances and BLUP #H##"
:ﬁ#######################################################################"

" HRBHHHHRRRHHIRRRBHRARRREHHHARRRHHHARRR R IARR BB ARR R R AR
"#iH# ANOVA - ANALYSIS OF VARIANCE #H#4#"
:ﬁ#######################################################################"
B2 e e e
"H## ANOVA Case 1: CLT, YR, LC and RP - A1l Random ##"
:ﬁ#######################################################################"

"##Print ANOVA" _ o _ _
"#Note: P values are generated using LRT-Likelihood Ratio Test via
"#model comparison and anova"

print(anova_randall, row.names = FALSE)

"##Print BLUP-Best linear unbiased predictor value for random genotypes"

print(BLUP_CLT1, row.names = FALSE)

" BRBHHAHRRRHHARRHRH AR AR R AR RS
"H## ANOVA Case 2: CLT, YR and LC - Fixed; RP - Random ##"
"BRBHHHHRRBHRHRRRHHHRRRBHH R R ARR R H R AR BRI H R

"##Print ANOVA" _ _
"#Note: P values are computed for F ratio using KR method "
"#Kenward-Rogers approximation for degrees of freedom"

print(anova_f2a, row.names = FALSE)

"BRBHHHHBRBHBHRRRBHHRRRBHH R BB H R AR BB H R H R R
"H## ANOVA Case 3: CLT - Fixed; YR, LC and RP - Random ##"
:ﬁ#######################################################################"

"##Print ANOVA" _ _
"#Note: For fixed effects P values are computed for F ratio using
"#KR method Kenward-Rogers approximation for degrees of freedom"

print(anova_f3, row.names = FALSE)

"#For random effect P values are generated using LRT-Likelihood Ratio Test
"#via model comparison and anova"

print(anova_cfix, row.names = FALSE)

" BRBHHHHBRBHBHRRBBHBRRBBHHBHRRBHBHRR BB HHRRRBHBHR R H R BHR R B RH"
"H## ANOVA Case 4: LC - Fixed; YR, CLT and RP - Random ##"
:ﬁ#######################################################################"

"##Print ANOVA" ) )
"#Note: For fixed effects P values are computed for F ratio using"
"#KR method Kenward-Rogers approximation for degrees of freedom"

print(anova_f4, row.names = FALSE)
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"#For random effect P values are generated using LRT-Likelihood Ratio Test"
"#via model comparison and anova"

print(anova_lfix, row.names = FALSE)

"RHHHRH AR HHRHHRBH AR HRRH BB R AR HRRH R R BB HHRH AR AR R AR R R AR R AR HHHRH"
"## ANOVA Case 5: CLT and LC - Fixed; YR, and RP - Random ##"
"RHH BB HHRHHRBHHRBH BB HRBH BB HHRHHRBH BB BH BB HRBH R BB H BB HRBHHRBH BB H BB SRR RH"

"##Print ANOVA" _ _
"#Note: For fixed effects P values are computed for F ratio using
"#KR method Kenward-Rogers approximation for degrees of freedom"

print(anova_f5, row.names = FALSE)

"#For random effect P values are generated using LRT-Likelihood Ratio Test
"#via model comparison and anova"

print(anova_clfix, row.names = FALSE)

" RHRURRURHHARHHRRRARHHRRHHRBR AR HRRHRRRR ARG HARRRRR R AR R AR RRR R AR R AR HHRH"
" Section 2: Identify general statistcs (mean and cVv) of #i#"
" genotype, location, year, replication and environment #Ht#"
" BHRURHARHHBRHHRRRARHHRRHHRBR AR RRRR AR R AR HHR R AR RARHHRR R AR HARHHRRH RS H"

"RERHRHHRHRHHRHRH BB HRH R HR AR HR BB BB BB R R BB HHR R HRR BB B R HR AR R BB R R R H RS
"H#H Descriptive Statistics #H##"
"RARH BB AR HBH AR HRRHRRRHRRRRHRHHR BB BB HRB R HRH AR HRRHR BB HRHBHBR AR AR AR SRR RH"

"#Descriptive Statistics - Means and cv"

"#trait mean across genotype and environment(location x year combination)"

print(mean_ge2, row.names = FALSE)

"#trait mean across genotype and years"

print(mean_gy2, row.names = FALSE)

"#trait mean across genotype and location"

REint(mean_g]Z, row.names = FALSE)

"#trait mean across genotype, location and year"

Erint(mean_g1y2, row.names = FALSE)

"#trait mean across genotype, Tocation and replication"

print(mean_glr2, row.names = FALSE)

"#trait mean across location and year"

print(mean_ly2, row.names = FALSE)
"#trait mean across location and replication"

print(mean_Tr2, row.names = FALSE)

"#trait count, min, max, mean, sum, median, var, sd over Tlocation"
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print(stat_11, row.names = FALSE)

"#trait count, min, max, mean, sum, median, var, sd over year"

print(stat_yl, row.names = FALSE)

"#trait count, min, max, mean, sum, median, var, sd over genotype"

print(stat_gl, row.names = FALSE)

"#trait count, min, max, mean, sum, median, var, sd over environment"

print(stat_el, row.names = FALSE)

"#trait coefficient of variation (cv) across gentoype and location"

print(cv_gl2, row.names = FALSE)

"trait sum across genotype and location"

print(sum_gl2, row.names = FALSE)

"trait sum across genotype, location and year"

Brint(sum_g1y2, row.names = FALSE)

"trait sum across genotype and year"

print(sum_gy2, row.names = FALSE)

"trait standard deviation (sd) across genotype and Tocation"

Rrint(sd_g12, row.names = FALSE)

"trait standard deviation (sd) across genotype, location and year"

Bﬁint(sd_g1y2, row.names = FALSE)

"trait standard deviation (sd) across genotype and year"

Rrint(sd_gyz, row.names = FALSE)

"R AR AR R RHRRRHRRRHRRRRAAAAA AR
" Section 3: Choose stable and best genotype "
" HHHHH AR RRRRRRRRRRRRRAAAAAA AR

"HEHBHHBHBHBHBHBBHBHBHBHBHHBHBHBHBHB R BHBHBHBHBRHBHBHBHBRR B BHBHBH R B BH"
"HHH Stability Statistics #H##"
:ﬁ#######################################################################"
"#Univariate statistics - mean, slope, deviation from regression,"
:ﬁshuk1a,Ecova1ence, Kang"

Erint(univariate, row.names = FALSE)

"B HBHRH AR HRHHRHRH VR R HRHHRHRHHRHRHHR AR R HRH AR BB R R BRHRH R AR AR R RS HRH1H"
" ## Section 4: Choose discriminative and representative location ##"
"B HBHRH AR HRHHR AR R R R R HRHHR AR HRHRHHR AR AR RRH AR BB R BB HRH B HRH AR RS HSARH 13"
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"R HBHRH AR HBH AR AR RHRHRHRRHRHRH AR HRHRR AR AR HRH AR RRHRBR BB HARHRH AR AR H RS AR RSS!
" H#H Tocation statistics - genotype F ratio across location #H##"
"HH#H and environment; location correlation ###"
:ﬁ#######################################################################"
"#location value"

"# location mean, genotype F ratio across location,"

"#correlation of location with average location performace"

print(Locationvalue, row.names = FALSE)

"#location value-genotype F ratio across location,"

print(locvalue2, row.names = FALSE)

sink(Q)
BAHBHHH R AR B HHBHH BB H BB RH B R B AR R H LR H LR AR R A H R R H BB H LB HHBHH BB HH LR H RS2
#H## ANOVA model fitness plots : Case 1 to 5 ###

HERBHHHHRBRHHHHRBRHHHRB R HHRRR AR A A AR HARRB R HAHR BB H AR AR R A RRRRHH Y

#Print model fitness of Case I to Case V ] ]
#pdf file is sent to same folder where input file is located

#Model fitness Case 1: CLT, YR, LC and RP - A1l Random
#Model fitness Case 2: CLT, YR and LC - Fixed; RP - Random
#Model fitness Case 3: CLT - Fixed; YR, LC and RP - Random
#Model fitness Case 4: LC - Fixed; YR, CLT and RP - Random
5:
_Fll

#Model fitness Case CLT and LC - Fixed; YR and RP - Random

pdf("modelfitness.pd
anovacasel
anovacase?
anovacases3
anovacase4
anovacase5

dev.off()

BAHBHHH R AR B HHRHH BB H BB HH R AR AR R H LR R LR AR R AR R R R BB H LB HHBHH R AR R R LR H RSB
#H## Cluster analysis of Tocation performance ###
HAHBHHH R AR B HHRHHBHHRRAF B AR AHRAHBRAGRARRAHRAHRRH R HHRAH R HH RS R AR R AR

)

#print dendogram for location

#pdf file is sent to same folder where input file is located
dev.print(pdf, 'locationcluster.pdf')

dev.off()

#End

2. Instructions for user entered field

A. Define input file information.

| Folder where input file is located |

N . e

o Y sconbive 5. 5
Organize = @ Open = Print E-mail Burn Mew r /%EE - [ @

e
“ 0 Favorites i Name Date modified Type -

E (EL] RGxEInputData2_2016_02_15 2/16/2016 10:21 AM I Microsoft Excel Comma Separated Values File I

4 Downloads
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56 #set current directory
57 ###user NEED to replace input data file path###

58
|59 setwd("E:/PhD Research wWork/PhD Articles/Articles for Fub'l'icat'ion/BLUE_BLUP_Pred'ict'ion_Interva'I_SAs_R")I
60

a. For Windows user
. Option1

65 . it R R R
66 - ittt For windows user B
67 . it R R
68

69 - A A

70 . ittt Option 1 ###tHEHHHH

71 - fHHHHEHHE I R I I

72

73 #import input data

74 ###user NEED to replace input data file name##

75

76 tempa <-read.csvl("RGXEInputData2_2016_02_15.csv"| header = TRUE)

| name of input file i

Il.  Option 2

78 - HHHEHHHHH AR
79 - #HHHEHEE Option 2 #####HHHEE
80 - #HH#HH R R

81 . . It will pop up folder where
82 #opens pop up window to select file current directory is set.
83 file.name <- file.choose(

84 User can choose .csvfile

85 #read csv file
86 tempa <-read.csv(file.name)

b. For Ois or Mac user

This function open folder through which user can
navigate to falder of interest where input data is placed

89 - #HtHHHHEHHHEHHHEHEE HIHHE R

90 - #HitH#HHEEHHHEHHHEEHEHE For Mac user HHHHHEHHHE A
Q1 - #itHHHEHEHHHHEHH A A R R Y
92

93 file.name <- |'F'i'Ie.chooseO |

94 file.name

95

96 #copy path from console and paste heresa

97 file.name <- F/’Users/‘toddwehner/Desktop/RCodeCurrent/GxeR14Data4.csvrl
98

99 #create object path for where the data will go at the end

100 # I append the file name with "_out" so I know its data coming out of R
101 out.file <- "/Users/toddwehner/Desktop/RCodeCurrent/GxeR140ut4.csv"

102 [tempa <-read.csv(file.name)
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B. Define trait name that needs to be analyzed.

103 - HEHHEHHE Define trait that need to be analyzed THHHHEHE
105
106 #user need to define trait name for analffsis
107 #example: MKMGHA = Marketable mega-grapf per hectare
108
109 tempa <- tempa %>% rename(Trait = |MKMGHA)| %>%
110 select(YR, LC, RP, CLT, Trai
A B c D
1 YR LC RP LT IMI
2 2009 KN 1 Early Canada 56.236
3 2009 KN 1 Calhoun Gray 74.167
4 2009 KN 1 Starbrite F1 32.601
5 2009 KN 1 Crimson Sweet 74.167 § Snapshot of input ﬁlej
6 2009 KN 1 Georgia Rattlesnake 64.794
7 2009 KN 1 Fiesta F1 70.907
f 2009 KN 1 Mickylee 57,051
9 2009 KN 1 Sugar Baby 28.118

C. Define output file information.

1655 - s

1656 ### Export output in .CSV or .TXT #it
1657 #iH# Print final output in console it
1658 Iy 0y 4y 4y 4y Iy 1y 0y 0y 0y 0y 0y 0§ 0y 0y 0y 0§ 0§ 0y 0y Py 0§ 0§ 0§ 0§ 0§ 0§ 0§ 0§ 0§ 0§ 0§ 0y 0§ 0§ 0y 0§ 0§ 0y 0y 0y 0§ 0y 0§ 0y 0y 0y 4y 4§ 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y 4y gy gy gy gy
1659

1660 #user can turn on and off .csv or .txt file by commenting/uncommenting
161 #codes in below 2 Tines

1
16 #pink (file3"RGXEOUtput.csv"| append=FALSE, 5p'|1't=TRUE)2E

1664 ®sink (file={RGxEOutput.txt",|append=FALSE, sp11t=TRUE}‘=::{:::::]
1665 m

User can uncomment or comment out
EOutputﬁIe name and type code according to required output

3. Independent module of ANOVA model cases 2 to 5
Alike ANOVA model case 1, user can independently compute ANOVA case 2, ANOVA case 3, ANOVA
case 4 and ANOVA case 5 from below code. The user defined function anova_1rt (), which stored in

ANOVA model Case I code, is used for likelihood ratio test for computing significance of random effects.
HARARAHHHBH B AR AR HHHHBHBHR AR HHHH B AR AR AR AR HBHRH R AR A R H R AR AR AR H R BB AR AR

## ANOVA Case 2: CLT, YR and LC - Fixed; RP - Random ##
HAHH BB RR R HRR BRI AR R R R R AR H R BB ER R R R R R R AR R RS RR Y
#full model

fit.f2<-Tmer(Trait~ YR*LC*CLT + (1|RPid), data=tempa)

#model summary

summary2 <- summary(fit.f2)
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##variance of random factors

variance2 <- as.data.frame(summary2$varcor)

#drop rownames

rownames (variance2) <- NULL

variance2 <- variance2 %% select (-varl, -var2) %%

rename (sov=grp, Mean_Sqg=vcov, stddev=sdcor)

#Type 3 test of hypothesis

anova.f2t3 <- as.data.frame(anova(fit.f2, type="III"))

#convert rownames into column

anova.f2t3%$name <- rownames(anova.f2t3)

#drop rownames

rownames (anova.f2t3) <- NULL

#Type 2 test of hypothesis

anova.f2t2 <- anova(fit.f2, type="marginal", test="F")

#model fitness

anovacase?2 <- plot(fit.f2,
main="Model fitness Case 2: CLT, YR and LC - Fixed; RP - Random",
xTab="Predicated value", ylab="Residual")

#level of significance: "KR" is implemented corresponding to
#the Kenward-Rogers approximation for degrees of freedom

anova_f2t3 <- mixed(Trait~ YR*LC*CLT + (1|RPid), data=tempa)
anova_f2t3 <- as.data.frame(anova_f2t3%$anova_table)
#convert rownames into column
anova_f2t3%$name <- rownames(anova_f2t3)
#drop rownames
rownames (anova_f2t3) <- NULL
anova_f2t3 <- anova_f2t3 %>% select(name, Prob_F = starts_with("Pr(>F)"))
#final output for case 2: CLT, YR and LC - Fixed
anova_f2 <- anova.f2t3 %% left_join(anova_f2t3, by = "name")%>%
rename(sov = name)%>% ]
select(sov, Df,Sum_Sg=starts_with("sum sq"),
Mean_Sq = starts_with("Mean sq"),
F_value=starts_with("F value"), Prob_F)

anova_f2 <- anova_f2 %>% bind_rows(variance2)
anova_f2a <- as.data.frame(anova_f2) # print for output

The output of ANOVA model Case 2 can be viewed using print(anova_f2a) command and is
presented below.

"#Note: P values are computed for F ratio using KR method "
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"#Kenward-Rogers approximation for degrees of freedom"

sov Df sum_sq Mean_Sq F_value Prob_F stddev

YR 1 120.4704 120.47042 0.367819 5.487578e-01 NA

LC 4 73133.5245 18283.38113 55.822625 1.801102e-13 NA

CLT 9 44948.8523 4994.31692 15.248595 4.888724e-20 NA

YR:LC 4 5372.9402 1343.23505 4.101151 9.076711e-03 NA
YR:CLT 9 4564.9326 507.21473 1.548623 1.309478e-01 NA
LC:CLT 36 15018.7208 417.18669 1.273750 1.455183e-01 NA
YR:LC:CLT 36 23058.4845 640.51346 1.955609 1.516985e-03 NA
RPid NA NA 73.91369 NA NA 8.597307
Residual NA NA 327.52636 NA NA 18.097689

Where sov = source of variance, sum_sqg = sum of square, Mean_Sq = Mean square, F_value = F ratio,
Prob_F = probability for F test, stddev = standard deviation,

HHAHBHRBAHHHRRARHH BB BHARH BB BAAH BB B RAHH BB BAAH BB BRAHH BB BHHHHBRAAH SRR R AR R Y
## ANOVA CASE 3: CLT - Fixed; YR, LC and RP - Random ##
HBRAHHH BB RHAH BB RAHH B BB RAHB BB BAHH BB RRHH B BB RHH BB RBAHH BB RHARH R B BB HH SRR R A
fit.f3<-Tmer(Trait~ 1 + (1|YR) + (1|LC) + CLT + (1|YR:LC) +

(1|YR:CLT) +

(1jLc:cLm™ + (1]YR:LC:CLT) + (1|RrRPid), data=tempa)
#model summary
summary3 <- summary(fit.f3)
##variance of random factors
variance3 <- as.data.frame(summary3$varcor)
#drop rownames
rownames (variance3) <- NULL
variance3 <- variance3 %% select (-varl, -var2) %%

rename(sov=grp, Mean_Sg=vcov, stddev=sdcor)
#Type 3 test of hypothesis
anova.f3t3 <- as.data.frame(anova(fit.f3, type="III"))
#convert rownames into column
anova.f3t3$name <- rownames(anova.f3t3)
#drop rownames
rownames (anova.f3t3) <- NULL
#Type 2 test of hypothesis
anova.f3t2 <- anova(fit.f3, type="marginal", test="F")
#model fitness
anovacase3 <- plot(fit.f3,
main="Model fitness Case 3: CLT - Fixed; YR, LC and RP - Random",
xTab="Predicated value", ylab="Residual")

#p value for fixed effects
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anova_f3t3 <- mixed(Trait~ 1 + (1]YR) + (1|LC) + CLT + (1|YR:LCO) +
(1]YR:CLT) + (1|LC:CLT) + (1]YR:LC:CLT) +
(1|rRPid), data=tempa)
anova_f3t3 <- as.data.frame(anova_f3t3%anova_table)
#convert rownames into column
anova_f3t3$name <- rownames(anova_f3t3)
#drop rownames
rownames (anova_f3t3) <- NULL
anova_f3t3 <- anova_f3t3 %% select(name, Prob_F = starts_with("Pr(>F)"))
#final output of case 3 for fixed effect - CLT
anova_f3 <- anova.f3t3 %% left_join(anova_f3t3, by = "name")%>%
rename(sov = name)%>%
select(sov, Df,Sum_Sg=starts_with("sum sq"),
Mean_Sq = starts_with('"Mean sq"),
F_value=starts_with("F value"), Prob_F)

#level of significance for random effects
#null model for CLT

fit.f3c <- Tmer(Trait~ 1 + (1|YR) + (1]LC) + (1]YR:LC) + (1|YR:LO) +
(1|YR:CLT) + (1|Lc:CLT) + (1]YR:LC:CLT) +
(1|RrRPid), data=tempa)

#level of significance
#call function anova_lrt

anova3c <- anova_lrt(anova3c,fit.f3,fit.f3c,"CLT")
#null model for LC

fit.f31 <- Tmer(Trait~ 1 + CLT + (1|YR) + (1|YR:LC) + (1|YR:CLT) +
(1jLc:cLm™) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance

#call function anova_lrt

anova3l <- anova_lrt(anova3l,fit.f3,fit.f31,"LC")
#null model for YR

fit.f3y <- Imer(Trait~ 1 + CLT + (1|]LC) + (1|YR:LC) + (1]|YR:CLT) +
(1jLc:cLT™) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova3y <- anova_lrt(anova3y,fit.f3,fit.f3y,"YR")
#null model for YR:LC

fit.f3yl <- Imer(Trait~ 1 + CLT + (1]LC) + (1|YR) + (1|YR:CLT) +
(1jLc:cLT) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova3dyl <- anova_lrt(anova3dyl,fit.f3,fit.f3yl,"YR:LC")
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#null model for YR:CLT

fit.f3yc <- Tmer(Trait~ 1 + CLT + (1|LC) + (1]YR) + (1|YR:LC) +
(1jLc:CcLT™) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova3dyc <- anova_lrt(anova3dyc,fit.f3,fit.f3yc,"YR:CLT")

#null model for LC:CLT

fit.f31c <- Tmer(Trait~ 1 + CLT + (1|LC) + (1]YR) + (1|YR:LC) +
(1]YR:CLT) +
(1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova3lc <- anova_lrt(anova3lc,fit.f3,fit.f31c,"LC:CLT")

#null model for YR:LC:CLT

fit.f3ylc <- Imer(Trait~ 1 + CLT + (1|LC) + (1|YR) + (1|YR:LQ) +
(1]YR:CLT) +
(1jLc:cLm™) + (1|RrPid), data=tempa)

#level of significance
#call function anova_lrt

anova3ylc <- anova_lrt(anova3dylc,fit.f3,fit.f3ylc,"YR:LC:CLT")
#null model for RPid or replication
fit.f3r <- Tmer(Trait~ 1 + CLT + (1|LC) + (1|YR) + (1]|YR:LC) +
(1]YR:CLT) +
(1]Lc:CcLT) + (1|YR:LC:CLT), data=tempa)

#level of significance
#call function anova_lrt

anova3r <- anova_lrt(anova3r,fit.f3,fit.f3r,"RPid")

#Merge anova and Tevel of significance

anova3 <- bind_rows(anova3y, anova31)%>% bind_rows(anova3yl1)%>%
bind_rows (anova3yc)%>% bind_rows(anova3r)%>%
bind_rows (anova3lc)%>%bind_rows (anova3ylc)

anova3 <- as.data.frame(anova3)

#Merge final output

anova_cfix <- variance3%>% left_join(anova3 , by ="sov'")
anova_cfix$Pr_chisq[anova_cfix$stddev == 0] <- NA

The output of ANOVA model Case 3 can be viewed using print(anova_f3) and
print(anova_cfix)commands; and is presented below.

"#Note: P values are computed for F ratio using KR method "
"#Kenward-Rogers approximation for degrees of freedom"

sov Df sSum_Sq Mean_Sq F_value Prob_F
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CLT 9 27964.75 3107.195 9.486854 0.006364982

Where sov = source of variance, Ssum_sqg = sum of square, Mean_Sq = Mean square, F_value = F ratio,
Prob_F = probability for F test

"#For random effect P values are generated using LRT-Likelihood Ratio Test"
"#via model comparison and anova"

sov  Mean_Sq stddev Pr_chisq
YR:LC:CLT 49.72992 7.051945 2.724821e-02
LC:CLT 0.00000 0.000000 NA
RPid 73.91370 8.597308 4.145811e-07
YR:CLT 0.00000 0.000000 NA
YR:LC 57.81306 7.603490 6.776546e-02

LC 699.57346 26.449451 9.446027e-03

YR 0.00000 0.000000 NA
Residual 327.52637 18.097690 NA

Where sov = source of variance, Mean_Sq = Mean square, stddev = standard deviation, Pr_chisq =
Chi-Square probability

HHAHBHRBHAHHHHRARHH BB BHAAH BB BAHH B BB RAHH BB BRAH BB BRAH BB BAHH R BB AR SRR R AR H

## ANOVA Case 4: LC - Fixed; YR, CLT and RP - Random ##

HBRAHHH BB RHAH BB RAHH B BB RAHB BB BRHH BB RRHH B BB AR BB RBAHH BB RARH R B BB A SRR RS H

fit.f4 <- ITmer(Trait~ 1 + LC + (1|YR) + (1|CcLT) + (1]YR:LO) +
(1]YR:CLT) + (1|LC:CLT) + (1]YR:LC:CLT) +
(1|rPid), data=tempa)

#model summary

summary4 <- summary(fit.f4)

##variance of random factors

variance4 <- as.data.frame(summary4$varcor)

# drop rownames

rownames (variance4) <- NULL

variance4 <- variance4 %% select (-varl, -var2) %%

rename (sov=grp, Mean_Sg=vcov, stddev=sdcor)

#Type 3 test of hypothesis

anova.f4t3 <- as.data.frame(anova(fit.f4, type="III"))

#convert rownames into column

anova.f4t3$name <- rownames(anova.f4t3)

#drop rownames

rownames (anova.f4t3) <- NULL

#Type 2 test of hypothesis

anova.f4t2 <- anova(fit.f3, type="marginal", test="F")

#model fitness

anovacase4 <- plot(fit.f4, )
main="Model fitness Case 4: LC - Fixed; YR, CLT and RP - Random",
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xTab="Predicated value", ylab="Residual")
#level of significance for fixed effects
anova_f4t3 <- mixed(Trait~ 1 + LC + (1]YR) + (1|CLT) + (1|YR:LC) +
(1]YR:CLT) +
(1jLc:cLm™ + (1]YR:LC:CLT) + (1|RPid), data=tempa)
anova_f4t3 <- as.data.frame(anova_f4t3$anova_table)
#convert rownames into column
anova_f4t3%$name <- rownames(anova_f4t3)
#drop rownames
rownames (anova_f4t3) <- NULL
anova_f4t3 <- anova_f4t3 %>% select(name, Prob_F = starts_with("Pr(>F)"))
#final output of case 4 for fixed effect - LC
anova_f4 <- anova.f4t3 %>% left_join(anova_f4t3, by = "name")%>%
rename(sov = name)%>%
select(sov, Df,Sum_Sq=starts_with("sum sq"),
Mean_Sq = starts_with('"Mean sq"),
F_value=starts_with("F value"), Prob_F)

#level of significance of random effect
#null model for CLT

fit.f4c <- Tmer(Trait~ 1 + LC + (1|YR) + (1|YR:LC) + (1|YR:LC) +
(1]YR:CLT)+
(1jLc:cLm™) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova4c <- anova_lrt(anovadc,fit.f4,fit.f4c,"CLT")
#null model for LC

fit.f41 <- Imer(Trait~ 1 + (1|CLT) + (1]YR) + (1|YR:LC) + (1]YR:CLT) +
(1jLc:cLT™) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova4l <- anova_lrt(anova4l,fit.f4,fit.f41,"LC™)
#null model for YR

fit.fdy <- Imer(Trait~ 1 + LC + (1|CLT) + (1|YR:LC) + (1|YR:CLT) +
(1jLc:CcLT) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovady <- anova_lrt(anovady,fit.f4,fit.f4y,"YR")
#null model for YR:LC

fit.fd4yl <- Tmer(Trait~ 1 + LC + (1|CLT) + (1]|YR) + (1|YR:CLT) +
(1]Lc:CcLT™) + (1|YR:LC:CLT) + (1|RPid), data=tempa)
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#level of significance
#call function anova_lrt

anovadyl <- anova_lrt(anovadyl,fit.f4,fit.f4yl,"YR:LC")
#null model for YR:CLT

fit.fdyc <- Tmer(Trait~ 1 + LC + (1|CLT) + (1]YR) + (1]|YR:LC) +
(1jLc:cLm) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovadyc <- anova_lrt(anovadyc,fit.f4,fit.f4yc,"YR:CLT")

#null model for LC:CLT

fit.f41c <- Tmer(Trait~ 1 + LC + (1]CLT) + (1]YR) + (1]|YR:LC) +
(1|YR:CLT) +
(1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova4lc <- anova_lrt(anovadlc,fit.f4,fit.f41c,"LC:CLT")

#null model for YR:LC:CLT

fit.fdylc <- Tmer(Trait~ 1 + LC + (1|CLT) + (1]|YR) + (1|YR:LC) +
(1]YR:CLT) +
(1jLc:cLT) + (1|RrPid), data=tempa)

#level of significance
#call function anova_lrt

anovadylc <- anova_lrt(anovadylc,fit.f4,fit.fdylc,"YR:LC:CLT")
#null model for RPid or replication
fit.f4r <- Tmer(Trait~ 1 + LC + (1|CLT) + (1|YR) + (1]|YR:LC) +
(1]YR:CLT) +
(1jLc:CLT) + (1|YR:LC:CLT), data=tempa)

#level of significance
#call function anova_lrt

anova4r <- anova_lrt(anovadr,fit.f4,fit.f4r,"RPid")

#Merge anova and Tevel of significance

anova4 <- bind_rows(anova4c, anovady)%>% bind_rows(anovadyl1)%>%
bind_rows (anovadyc)%>% bind_rows(anova4r)%>%
bind_rows (anova4lc)%>%bind_rows (anovadylc)

anova4 <- as.data.frame(anova4)

#Merge final output

anova_lfix <- variance4%>% left_join(anova4 , by ="sov'")
anova_lfix$Pr_chisq[anova_lfix$stddev == 0] <- NA

The output of ANOVA model Case 4 can be viewed using print(anova_f4) and
print(anova_1lfix)commands; and is presented below.
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"#Note: P values are computed for F ratio using KR method "
"#Kenward-Rogers approximation for degrees of freedom"

sov Df Sum_Sq Mean_Sq F_value Prob_F
LC 4 21801.73 5450.432 16.6412 0.009420459

Where sov = source of variance, sum_sq = sum of square, Mean_Sq = Mean square, F_value = F ratio,
Prob_F = probability for F test

"#For random effect P values are generated using LRT-Likelihood Ratio Test"
"#via model comparison and anova"

sov  Mean_Sq stddev Pr_chisq
YR:LC:CLT 49.72997 7.051948 8.212358e-03
LC:CLT 0.00000 0.000000 NA
RPid 73.91371 8.597308 4.145811e-07
YR:CLT 0.00000 0.000000 NA
YR:LC 57.81300 7.603486 3.980432e-01

CLT 111.69670 10.568666 NA

YR 0.00000 0.000000 NA
Residual 327.52635 18.097689 NA

Where sov = source of variance, Mean_Sq = Mean square, stddev = standard deviation, Pr_chisq =
Chi-Square probability
HABHARRAHBAHRHHRRAHRAHRAHRRHBRHHBAHRHH R A AR AFRHHRHH B R AR AH BB AH R AR AR H

## ANOVA Case 5: CLT and LC - Fixed; YR, and RP - Random ##
HABHARRAHRAHRHHRRAHRAHRAHRRHGRHHRAHRHH R A AR R AFRHHRHH B RH R AR AH R ARG R AR A

fit.f5 <- Tmer(Trait~ 1 + CLT 4 LC + LC:CLT + (1|YR) + (1|YR:LCO) +
(1]YR:CLT) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#model summary

summary5 <- summary(fit.f5)

##variance of random factors

variance5 <- as.data.frame(summary5$varcor)

#drop rownames

rownames (variance5) <- NULL

variance5 <- variance5 %% select (-varl, -var2) %%
rename(sov=grp, Mean_Sg=vcov, stddev=sdcor)

#Type 3 test of hypothesis

anova.f5t3 <- as.data.frame(anova(fit.f5, type="III"))

#convert rownames into column

anova.f5t3$name <- rownames(anova.f5t3)

#drop rownames

rownames (anova.f5t3) <- NULL

#Type 2 test of hypothesis

anova.f5t2 <- anova(fit.f3, type="marginal", test="F")

#model fitness
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anovacase5 <- plot(fit.f5,
main="Model fitness Case 5: CLT and LC - Fixed; YR and RP
- Random",
xTab="Predicated value", ylab="Residual")
#level of significance for fixed effects
anova_f5t3 <- mixed(Trait~ 1 + CLT + LC + LC:CLT + (1|YR) +
(1|YR:LO) + (1|YR:CLT) + (L|YR:LC:CLT) +
(1|rPid), data=tempa)
anova_f5t3 <- as.data.frame(anova_f5t3$anova_table)
#convert rownames into column
anova_f5t3%$name <- rownames(anova_f5t3)
#drop rownames
rownames (anova_f5t3) <- NULL
anova_f5t3 <- anova_f5t3 %>% select(name, Prob_F = starts_with("Pr(>F)"))
#final output of case 5 for fixed effect - CLT and LC
anova_f5 <- anova.f5t3 %% left_join(anova_f5t3, by = "name")%>%
rename(sov = name)%>%
select(sov, Df,Sum_Sg=starts_with("sum sq"),
Mean_Sq = starts_with("Mean sq"),
F_value=starts_with("F value"), Prob_F)

#level of significance for random effects
#null model for CLT

fit.f5c <- Tmer(Trait~ 1 + LC + LC:CLT + (1|YR) + (1]|YR:LC) +
(1]YR:CLT) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova5c <- anova_lrt(anova5c,fit.f5,fit.f5c,"CLT")
#null model for LC

fit.f51 <- Imer(Trait~ 1 + CLT + LC:CLT + (1]YR) + (1]|YR:LC) +
(1]YR:CLT) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova51l <- anova_lrt(anova51,fit.f5,fit.f51,"LC")
#null model for YR

fit.f5y <- Imer(Trait~ 1 + CLT + LC + LC:CLT + (1]|YR:LC) +
(1|YR:CLT) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova5y <- anova_lrt(anova5y,fit.f5,fit.f5y,"YR")

#null model for YR:LC
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fit.f5y1 <- Tmer(Trait~ 1 + CLT + LC + LC:CLT + (1|YR) +
(1]YR:CLT) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova5yl <- anova_lrt(anova5yl,fit.f5,fit.f5y1,"YR:LC")
#null model for YR:CLT

fit.f5yc <- Tmer(Trait~ 1 + CLT + LC + LC:CLT + (1|YR) + (1]|YR:LC) +
(1]YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovabSyc <- anova_lrt(anovabSyc,fit.f5,fit.f5yc,"YR:CLT")
#null model for LC:CLT

fit.f51c <- Tmer(Trait~ 1 + CLT + LC + (1]YR) + (1|YR:LC) +
(1]YR:CLT) + (1|YR:LC:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anova5lc <- anova_lrt(anova5lc,fit.f5,fit.f51c,"LC:CLT")
#null model for YR:LC:CLT

fit.f5y1lc <- Tmer(Trait~ 1 + CLT + LC + LC:CLT + (1|YR) + (1|YR:LC) +
(1]YR:CLT) + (1|RPid), data=tempa)

#level of significance
#call function anova_lrt

anovabSylc <- anova_lrt(anova5ylc,fit.f5,fit.f5ylc,"YR:LC:CLT")
#null model for RPid or replication

fit.f5r <- Tmer(Trait~ 1 + CLT 4 LC 4+ LC:CLT + (1]YR) + (1|YR:LC) +
(1]YR:CLT) + (1|YR:LC:CLT) , data=tempa)

#level of significance
#call function anova_lrt

anova5r <- anova_lrt(anova5r,fit.f5,fit.f5r,"RPid")
#Merge anova and Tevel of significance
anova5 <- bind_rows(anova5y, anova5yl1)%>%
bind_rows (anova5yc)%>% bind_rows(anova5r)%>%
bind_rows (anova5ylc)
anova5 <- as.data.frame(anova5)
#Merge final output

anova_clfix <- variance5%>% left_join(anova5 , by ="sov")
anova_cl1fix$pPr_chisq[anova_clfix$stddev == 0] <- NA

The output of ANOVA model Case 5 can be viewed using print(anova_f5) and
print(anova_c1fix)commands; and is presented below.
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"#Note: P values are computed for F ratio using KR method "
"#Kenward-Rogers approximation for degrees of freedom"

sov Df sum_Sq Mean_Sq F_value Prob_F
CLT 9 23982.801 2664.7557 8.136004 0.002267970
LC 4 21801.728 5450.4320 16.641201 0.009275436
CLT:LC 36 8013.352 222.5931 0.679619 0.874336050

Where sov = source of variance, Sum_Sq = sum of square, Mean_Sq = Mean square, F_value = F ratio,
Prob_F = probability for F test

"#For random effect P values are generated using LRT-Likelihood Ratio Test"
"#via model comparison and anova"

sov  Mean_Sq stddev Pr_chisq
YR:LC:CLT 71.58186 8.460607 1.000000e+00
RPid 73.91368 8.597307 1.305383e-07
YR:CLT 0.00000 0.000000 NA
YR:LC 55.62783 7.458407 2.975676e-01

YR 0.00000 0.000000 NA
Residual 327.52636 18.097689 NA

Where sov = source of variance, Mean_Sq = Mean square, stddev = standard deviation, Pr_chisq =
Chi-Square probability

Fitness of ANOVA model case 2, case 3, case 4 and case 5 can be plotted using command
print(anovacase?), print(anovacase3), print(anovacase4) and print(anovacasel),
respectively.

4. Interpretation of univariate stability statistics
4.1 Linear regression coefficient (bj)
Regression coefficient (b;) of genotypes approximating unity (P<0.01) along with high trait mean is
considered to stable across wide range of environment. When this is associated with low trait mean
performance, genotypes are poorly adapted to all environments. A b; greater than unity describes
genotypes with higher sensitivity to environmental change (below average stability), and greater
specificity of adaptability to high yielding environments.

4.2 Deviation from regression (S%)
Genotype is considered to be stable when deviation from regression (S%) is not significantly different
from zero.

4.3 Shukla stability variance (si?), ssquare, and Wricke's ecovalence (W)
Genotype with low &%, ssquare and W is regarded as stable.

4.4 Kang stability statistic (YS;)
According to this method, genotypes with YS; greater than the mean YS; are considered stable. Stable
genotypes are marked with symbol ‘+’.

5. Output (.txt) from sample data

(1] "H##HHEHSHHHESS Print date and time FHAEFHER AR SHAE
[1] nmn
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[1] "2016-03-12 15:13:22 EST"

[1] mwn
R A A A
[1] "##+# Section 1: Identify level of significance of FH#"
[1] "4##+# different effects, variances and BLUP #H4"
A A A A
[1] mwn

[l] mn

[1]
R A
[1] "##4 ANOVA - ANALYSIS OF VARIANCE #HHEH"
[1]

i s R A
[1] mn

[1]

i E R R A
[1] "#+# ANOVA Case 1: CLT, YR, LC and RP - All Random ##"
[1]

THEH AR A T
[1] mn

[1] "##Print ANOVA"

[1] "#Note: P values are generated using LRT-Likelihood Ratio Test via "
[1] "#model comparison and anova"

[1] mn

sov Variance stddev Pr Chisqg

YR:LC:CLT 49.730 7.0519 8.8942e-03
LC:CLT 0.000 0.0000 NA
RPid 73.914 8.5973 4.1458e-07
YR:CLT 0.000 0.0000 NA
YR:LC 57.813 7.6035 7.8725e-02

CLT 111.697 10.5687 1.3867e-03
LC 699.569 26.4494 9.0836e-03

=

YR 0.000 0.0000 NA
Residual 327.526 18.0977 NA
[1] mn
[1] "##Print BLUP-Best linear unbiased predictor value for random
genotypes"
[1] mn

genotype Blup
CalhounGray 76.255
CrimsonSweet 62.535
EarlyCanada 59.840
FiestaFl 77.283
GeorgiaRattlesnake 70.710
Legacy 68.417
Mickylee 61.300
Quetzali 58.744
StarbriteFl 83.422
SugarBaby 51.169

[1] mn
ThE AR A AR A A AR A A A A A A S
[1] "## ANOVA Case 2: CLT, YR and LC - Fixed; RP - Random ##"

TR A A R R R R R R R R R R A A R A R
[1] nmn
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[1] "##Print ANOVA"
[1] "#Note: P values are computed for F ratio using KR method "
[1] "#Kenward-Rogers approximation for degrees of freedom"
(rp
sov Df Sum_Sqgq Mean Sq F value Prob F stddev
YR 1 120.47 120.470 0.36782 5.4876e-01 NA
LC 4 73133.52 18283.381 55.82263 1.8011e-13 NA
CLT 9 44948.85 4994.317 15.24860 4.8887e-20 NA
YR:LC 4 5372.94 1343.235 4.10115 9.0767e-03 NA
YR:CLT 9 4564.93 507.215 1.54862 1.3095e-01 NA
LC:CLT 36 15018.72 417.187 1.27375 1.4552e-01 NA
YR:LC:CLT 36 23058.48 640.513 1.95561 1.5170e-03 NA
RPid NA NA 73.914 NA NA 8.5973
Residual NA NA 327.526 NA NA 18.0977
(r;p "
(1]
stz s s E AR EEEE SR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE A
[1] "## ANOVA Case 3: CLT - Fixed; YR, LC and RP - Random #4"
HAH A A A
[1] "
[1] "##Print ANOVA"
[1] "#Note: For fixed effects P values are computed for F ratio using "
[1] "#KR method Kenward-Rogers approximation for degrees of freedom"
(r;p "

sov Df Sum Sqg Mean Sgq F value Prob F

CLT 9 27965 3107.2 9.4869 0.006365

(1p

[1] "#For random effect P values are generated using LRT-Likelihood Ratio
Test "

[1] "#via model comparison and anova"

(r;p "

sov Mean Sgq stddev Pr Chisqg

YR:LC:CLT 49.730 7.0519 2.7248e-02
LC:CLT 0.000 0.0000 NA
RPid 73.914 8.5973 4.1458e-07
YR:CLT 0.000 0.0000 NA
YR:LC 57.813 7.6035 6.7765e-02
LC 699.573 26.4495 9.4460e-03
YR 0.000 0.0000 NA
Residual 327.526 18.0977 NA
(ry "n
[1]
HA AR A A A A A A
[1] "## ANOVA Case 4: LC - Fixed; YR, CLT and RP - Random #H#"
THA AR A A A A A A A
(ryp "
[1] "##Print ANOVA"
[1] "#Note: For fixed effects P values are computed for F ratio using"
[1] "#KR method Kenward-Rogers approximation for degrees of freedom"
(r;p "n
sov Df Sum Sg Mean Sgq F value Prob F
LC 4 21802 5450.4 16.641 0.0094205
(r;p "
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[1] "#For random effect P values are generated using LRT-Likelihood Ratio
Test"
[1] "#via model comparison and anova"
[1] nwn
sov Mean Sg stddev Pr Chisqg

YR:LC:CLT 49.730 7.0519 8.2124e-03
LC:CLT 0.000 0.0000 NA
RPid 73.914 8.5973 4.1458e-07
YR:CLT 0.000 0.0000 NA
YR:LC 57.813 7.6035 3.9804e-01
CLT 111.697 10.5687 NA
YR 0.000 0.0000 NA
Residual 327.526 18.0977 NA
(r;p mn
[1]
CHA A A A
[1] "4#4# ANOVA Case 5: CLT and LC - Fixed; YR, and RP - Random ##"

R i i i i
[1] "##Print ANOVA"
[1] "#Note: For fixed effects P values are computed for F ratio using "
[1] "#KR method Kenward-Rogers approximation for degrees of freedom"
[1] nmn

sov Df Sum Sgq Mean Sq F value Prob F

CLT 9 23982.8 2664.76 8.13600 0.0022680

LC 4 21801.7 5450.43 16.64120 0.0092754
CLT:LC 36 8013.4 222.59 0.67962 0.8743361
[1] nmn
[1] "#For random effect P values are generated using LRT-Likelihood Ratio
Test"
[1] "#via model comparison and anova"
[1] mn

sov Mean Sgq stddev Pr Chisqg

YR:LC:CLT 71.582 8.4606 1.0000e+00
RPid 73.914 8.5973 1.3054e-07
YR:CLT 0.000 0.0000 NA
YR:LC 55.628 7.4584 2.9757e-01
YR 0.000 0.0000 NA
Residual 327.526 18.0977 NA
(1] mn
(r;p m"
THA A A A A A A A A
[1] "### Section 2: Identify general statistcs (mean and CV) of #H#4"
[1] "### genotype, location, year, replication and environment #H#E"
HA A A
(1] mn
HAH A A A
[1] "##+# Descriptive Statistics #H#"
THA A A A A A A A
[1] "#Descriptive Statistics - Means and CV"
(1] mn

[1] "#trait mean across genotype and environment (location x year
combination)"

[l] mwn
CLT CI-2009 CI-2010 FL-2009 FL-2010 KN-2009 KN-2010 SC-2009 SC-2010 TX-2009 TX-2010
CalhounGray 64.590 81.502 106.663 121.151 68.767 70.805 104.374 89.694 48.932 17.0135
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CrimsonSweet 25.775
EarlyCanada 50.939
FiestaFl 69.379
GeorgiaRattlesnake 52.671
Legacy 52.467

Mickylee 49.410

Quetzali 40.751
StarbriteFl 77.936
SugarBaby 42.381

[1] nmn

73.046
55.320
81.298
72.843
66.323
59.089
62.757
84.457
57.866

11

0.511

90.613

10
10
10
7
7
12
8

9.561
2.128
5.471
8.977
9.424
5.971
0.657

65.791 62.

116.482 57

89.036 81

87.583 61

91.010 37

960

.051

99.026 80.
109.443 69.
.298
113.275 70.
.432
120.292 70.
.491

178
990

194

601

57.561 7

55.421
67.647
62.960
72.435
51.448
48.697
79.974
48.799

[1] "#trait mean across genotype and years"

nmn

CLT
CalhounGray
CrimsonSweet
EarlyCanada
FiestaFl
GeorgiaRattlesnake
Legacy
Mickylee
Quetzali
StarbriteFl
SugarBaby

(13 "

200
78.66
59.05
55.22
78.20
74.86
75.72
64.31
58.21
88.87
46.43

9
5
S
3
4
6
9
4
2
0
5

20
76.0
64.9
62.7
78.7
67.4
61.4
56.9
57.3
81.8
52.1

10
33
67
77
93
36
47
49
38
50
79

[1] "#trait mean across genotype and location"

(1p
CLT
CalhounGray
CrimsonSweet
EarlyCanada
FiestaFl
GeorgiaRattlesnake
Legacy
Mickylee
Quetzali
StarbriteFl
SugarBaby

(1p

[1] "#trait mean across genotype,

(13 "
CLT
CalhounGray
CalhounGray
CrimsonSweet
CrimsonSweet
EarlyCanada
EarlyCanada
FiestaFl
FiestaF1l
GeorgiaRattlesnake
GeorgiaRattlesnake
Legacy
Legacy
Mickylee
Mickylee
Quetzali
Quetzali

C
73.04
49.41
53.12
75.33
62.75
59.39
54.25
51.75
81.19
50.12

YR
2009
2010
2009
2010
2009
2010
2009
2010
2009
2010
2009
2010
2009
2010
2009
2010

I
6
1
9
8
7
5
0
4
6
4

64.
81.
25.
73.
50.
55.
69.
81.
52.

72

52.
66.
49.
59.
40.
62.

113.
88.
103.
104.
105.
97.
96.
83.
123.
85.

CI
590
502
775
046
939
320
379
298
671
.843
467
323
410
089
751
757

FL
907
151
548
294
786
253
126
503
132
834

106.

121

110.
65.
90.

116.

109.
99.

102.

1009.

105.
89.
78.

113.
79.
87.

KN
69.786
60.261
56.236
73.912
66.475
76.867
60.821
55.065
75.288
43.145

FL
663
.151
511
791
613
482
561
026
128
443
471
036
977
275
424
583

46

location

68.
70.
62.
57.
57.
55.
80.
67.
69.
62.

81

72.
70.
51.
61.
48.

97.
93.
65.
106.
83.
76.
65.
78.
107.
53.

sC
034
885
326
682
173
081
347
792
468
063

4.870

55.767
89.577
87.217
88.606
82.658
79.719
112.504
53.531

X

32.973
18.356
16.761
32.266
37.566
33.342
26.616
19.763
39.718
14.371

and year"

KN
767
805
960
561
051
421
178
647
990
960
.298
435
194
448
432
697

104.
89.
74.

112

55.

74

89.
123.
87.
79.
88.
63.
82.
48.
79.
7.

SC
374
694
870
.900
767
.885
577
786
217
128
606
556
658
035
719
865

48.

17

21.
15.
21.
11.
42.

22

62.

12

50.
15.
40.
12.
29.

.900 21.
.885 21
.786 42
.128  62.
.556 50
.035 40.
.865 29.
.433 57
.595 18

TX
9320
.0135
1758
5362
7445
7770
3235
.2093
3257
.8060
8020
8825
3335
8977
7353
.7903

176

.744
.324

326

.802

334
735

.339
.116

.5362
L7770
.2093
.8060
.8825
.8977
.7903
.0972
. 6258



(1]
(1]
(1]

nmn

StarbriteFl 2009 77.
StarbriteFl 2010 84.
SugarBaby 2009 42.
SugarBaby 2010 57.

"#trait mean across genotype,

nmn

CLT RP

CalhounGray
CalhounGray
CalhounGray
CalhounGray
CrimsonSweet
CrimsonSweet
CrimsonSweet
CrimsonSweet
EarlyCanada
EarlyCanada
EarlyCanada
EarlyCanada
FiestaFl
FiestaFl
FiestaFl
FiestaFl

GeorgiaRattlesnake
GeorgiaRattlesnake
GeorgiaRattlesnake
GeorgiaRattlesnake

nmn

Legacy
Legacy
Legacy
Legacy
Mickylee
Mickylee
Mickylee
Mickylee
Quetzali
Quetzali
Quetzali
Quetzali
StarbriteFl
StarbriteFl
StarbriteFl
StarbriteFl
SugarBaby
SugarBaby
SugarBaby
SugarBaby

W NDE R LWONESLONDNE D ODNE R ODNESOODNDNEDLONDNE S OODNESODNE DO

98.
69.
59.
64.
37.
59.
63.
36.
64.
45.
61.
41.
78.
70.
63.
89.
70.
60.
58.
61.
64.
41.
55.
75.
51.
60.
36.
67.
64.
53.
50.
37.
71.
86.
90.
76.
60.
58.
36.
45.

936 125.971 70
457 120.292 79
381 80.657 37
866 91.010 48
location
CI FL
413 95.809 o62.
684 136.038 55.
292 118.781 70.
794 105.000 90.
491 39.581 62.
293 130.710 58.
979 93.970 55.
880 88.343 o64.
386 104.058 51.
233 107.547 52.
331 104.386 48.
566 98.200 71.
650 67.163 70.
499 145.651 72.
164 97.226 82.
041 107.133 69.
499 95.776 61.
923 106.091 o61.
274 105.629 74
331 115.646 68.
794 80.311 66.
159 104.211 71.
829 97.647 87.
797 106.844 82.
550 95.789 54.
923 107.262 72.
880 95.143 59.
647 86.310 56.
590 73.935 53.
791 101.604 50.
939 79.901 47.
694 78.573 68.
722 76.359 54.
189 124.965 70.
875 126.852 70.
001 164.350 106.
923 71.728 35.
070 94.041 30.
472 85.855 50.
029 91.711 55.

"#trait mean across location and year"

nmn

52.
98.

2009 2010
630 69.450
998 101.309

47

.601
.974
.491
.799

and

KN
349
625
296
875
349
885
218
591
346
772
901
925
703
944
114
888
941
738

167

054
424
315
614
113
810
333
700
440
587
328
883
462
199
296
296
361
861
563
735
421

112.
102.
53.
52.

504 57
433 22
531 18.1155
595 10

.3388
.0972

.6258

replication"”

89

103.
87.
108.
79.
94.
1009.
91.
72.
59.
59.
69.
111.
117.
98.
100.
84.
78.
69.
99.
84.
82.
68.
68.
72.
59.
63.
65.
94.
75.
62.
82.
80.
110.
103.
135.
59.
52.
53.
46.

sC
.448
293
128
266
465
685
528
863
465
435
649
755
038
007
525
156
538
721
766
667
233
887
635
570
913
385
388
701
370
674
777
347
066
171
640
996
690
498
883
181
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25.

15

36.

31
13

19.
9.
10.

15

27.
13.
51.
31.
18.
26.
49.
58.
13.
29.
48.
37.
29.
18.
53.
21.
19.
12.
27.
22.

18

10.
40.
61.
31.
25.
12.
15.
13.
15.

TX
.4325
3965
.2330
8290
.2560
.5540
0985
5155
1675
.2815
9405
6535
4160
7220
9710
9565
4325
1390
2595
4325
1675
6610
0530
4875
3065
7000
0495
4065
9930
7275
.2570
0735
4225
3850
6680
3965
6045
8565
8400
1815



KN 65.996 61.575

SC 82.882 82.488

TX 39.283 15.064

(r;p "

[1] "#trait mean across location and replication"
(r;p "»

LC 1 2 3 4

CI 66.302 60.576 57.703 59.578

FL 80.051 115.812 100.539 104.211

KN 57.357 59.680 64.692 73.413

SC 82.823 83.376 77.692 86.850

TX 37.920 30.342 20.637 19.793

(r;p "n

[1] "#trait count, min, max, mean, sum, median, var, sd over location"
(r;p "

LC count min max mean sum median var sd
CI 80 0.000 108.81 61.040 4883.2 59.904 422.13 20.546
FL 80 0.000 180.91 100.153 8012.3 99.492 886.48 29.774
KN 80 19.153 109.21 63.786 5102.8 63.776 305.04 17.465
SC 80 30.522 144.67 82.685 6614.8 81.462 740.18 27.206
TX 80 0.000 102.63 27.173 2173.8 20.388 505.83 22.491

[1] mn
[1] "#trait count, min, max, mean, sum, median, var, sd over year
[1]

Al

nmn

YR count min max mean sum median var sd
2009 200 0 172.06 67.958 13592 68.735 1005.8 31.714
2010 200 0 180.91 65.977 13195 65.405 1324.4 36.392
[1] mn
[1] "#trait count, min, max, mean, sum, median, var, sd over genotype"
[l] mn

CLT count min max mean sum median var sd
CalhounGray 40 9.454 152.04 77.349 3094.0 81.777 1275.65 35.716
CrimsonSweet 40 0.000 147.98 62.013 2480.5 61.738 1468.58 38.322
EarlyCanada 40 7.213 119.75 59.000 2360.0 56.644 1009.08 31.766
FiestaFl 40 4.034 180.91 78.498 3139.9 79.792 1334.98 36.537
GeorgiaRattlesnake 40 4.157 144.54 71.151 2846.0 69.277 1055.36 32.486
Legacy 40 5.990 120.69 ©68.588 2743.5 68.808 835.44 28.904
Mickylee 40 10.229 128.39 60.632 2425.3 59.395 892.20 29.870
Quetzali 40 5.909 110.52 57.775 2311.0 60.433 759.80 27.564
StarbriteFl 40 7.417 172.06 85.360 3414.4 83.540 1462.50 38.243
SugarBaby 40 8.884 106.33 49.307 1972.3 51.245 653.62 25.5606

[1] mn
[1] "#trait count, min, max, mean, sum, median, var, sd over environment"
[1] mn

ENV count min max mean sum median var sd
CI-2009 40 0.000 108.805 52.630 2105.19 54.199 489.72 22.1297
CI-2010 40 42.789 97.395 69.450 2778.00 67.851 220.28 14.8417
FL-2009 40 56.717 172.065 98.998 3959.91 95.171 553.49 23.5265

FL-2010 40 0.000 180.906 101.309 4052.36 107.077 1239.46 35.2060
KN-2009 40 19.153 109.213 65.996 2639.85 66.424 419.76 20.4881

KN-2010 40 35.861 105.138 61.575 2462.99 60.922 188.12 13.7157
SC-2009 40 30.522 144.666 82.882 3315.30 82.864 705.88 26.5683
SC-2010 40 40.853 141.956 82.488 3299.51 76.512 793.38 28.1671
TX-2009 40 0.000 102.626 39.283 1571.31 32.904 658.22 25.6559
TX-2010 40 4.034 34.231 15.064 602.54 13.143 65.60 8.0994
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(ryp "n
[1] "#trait coefficient of variation (cv) across gentoype and location"
(ryp "n
CLT CI FL KN SC X
CalhounGray 31.949 23.999 32.158 16.135 83.562
CrimsonSweet 62.295 49.664 13.229 30.140 66.446
EarlyCanada 21.952 15.884 29.933 30.311 70.379
FiestaFl 21.779 43.048 13.199 22.666 56.006
GeorgiaRattlesnake 19.610 20.215 10.081 38.647 94.577
Legacy 29.606 27.040 15.967 24.143 71.471
Mickylee 29.351 21.866 25.915 33.958 99.438
Quetzali 31.077 21.406 21.994 22.743 75.846
StarbriteFl 21.454 30.106 31.218 21.508 65.571
SugarBaby 28.754 13.669 30.860 20.260 33.650
(ryp "
"trait sum across genotype and location"
(ryp "
CLT CI FL KN SC X
CalhounGray 584.37 911.26 558.29 776.27 263.78
CrimsonSweet 395.29 705.21 482.08 751.08 146.85
EarlyCanada 425.03 828.38 449.89 522.61 134.09
FiestaFl 602.71 834.35 591.30 853.45 258.13
GeorgiaRattlesnake 502.05 846.28 531.80 665.38 300.53
Legacy 475.16 778.03 614.93 608.65 266.74
Mickylee 434.00 769.01 486.57 522.77 212.93
Quetzali 414.03 668.03 440.52 630.34 158.10
StarbriteFl 649.57 985.05 602.30 859.74 317.74
SugarBaby 400.99 686.67 345.16 424.50 114.97
(13 "
[1] "trait sum across genotype, location and year"
(ry "
CLT YR CI FL KN SC TX
CalhounGray 2009 258.36 426.65 275.07 417.50 195.728
CalhounGray 2010 326.01 484.60 283.22 358.78 68.054
CrimsonSweet 2009 103.10 442.05 251.84 299.48 84.703
CrimsonSweet 2010 292.19 263.16 230.24 451.60 62.145
EarlyCanada 2009 203.75 362.45 228.20 223.07 86.978
EarlyCanada 2010 221.28 465.93 221.69 299.54 47.108
FiestaF1l 2009 277.51 438.25 320.71 358.31 169.294
FiestaFl 2010 325.19 396.10 270.59 495.14 88.837
GeorgiaRattlesnake 2009 210.68 408.51 279.96 348.87 249.303
GeorgiaRattlesnake 2010 291.37 437.77 251.84 316.51 51.224
Legacy 2009 209.87 421.88 325.19 354.42 203.208
Legacy 2010 265.29 356.14 289.74 254.23 63.530
Mickylee 2009 197.64 315.91 280.77 330.63 161.334
Mickylee 2010 236.36 453.10 205.79 192.14 51.591
Quetzali 2009 163.00 317.69 245.73 318.88 118.941
Quetzali 2010 251.03 350.33 194.79 311.46 39.161
StarbriteFl 2009 311.75 503.89 282.40 450.01 229.355
StarbriteFl 2010 337.83 481.17 319.90 409.73 88.389
SugarBaby 2009 169.52 322.63 149.96 214.12 72.462
SugarBaby 2010 231.46 364.04 195.20 210.38 42.503
(r;p "
[1] "trait sum across genotype and year"
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[1] nmn
CLT 2009 2010

CalhounGray 1573.3 1520.7
CrimsonSweet 1181.2 1299.3
EarlyCanada 1104.5 1255.5
FiestaFl 1564.1 1575.9
GeorgiaRattlesnake 1497.3 1348.7
Legacy 1514.6 1228.9
Mickylee 1286.3 1139.0
Quetzali 1164.2 1146.8
StarbriteFl 1777.4 1637.0
SugarBaby 928.7 1043.6
(r;p "n
[1] "trait standard deviation (sd) across genotype and location"
(r;p "
CLT CI FL KN SC TX

CalhounGray 23.337 27.336 22.4419 15.657 27.5527
CrimsonSweet 30.780 43.780 7.9720 28.297 12.1968
EarlyCanada 11.663 16.447 16.8332 19.801 11.7961
FiestaFl 16.408 44.896 9.7560 24.180 18.0711
GeorgiaRattlesnake 12.306 21.384 6.7012 32.143 35.5286
Legacy 17.584 26.297 12.2736 18.368 23.8302
Mickylee 15.923 21.019 15.7614 22.191 26.46061
Quetzali 16.084 17.875 12.1110 17.919 14.9893
StarbriteFl 17.420 37.069 23.5036 23.114 26.0434
SugarBaby 14.413 11.732 13.3147 10.750 4.8357
(1p
[1] "trait standard deviation (sd) across genotype, location and year"
(1p
CLT YR CI FL KN SC TX
CalhounGray 2009 32.0192 32.1452 30.7113 11.6864 32.5363
CalhounGray 2010 7.4101 23.8823 15.1397 17.0801 5.7921
CrimsonSweet 2009 19.1151 28.5590 7.8283 23.4217 15.1403
CrimsonSweet 2010 18.8557 48.2005 8.2203 18.8560 9.8325
EarlyCanada 2009 13.8353 12.3116 23.6429 23.2914 15.9525
EarlyCanada 2010 10.6391 5.7846 10.0205 11.3460 1.9904
FiestaF1l 2009 19.4961 6.6594 7.4503 10.2947 17.5309
FiestaFl 2010 12.3851 67.7116 7.8670 21.8657 13.5988
GeorgiaRattlesnake 2009 5.7280 17.4036 6.9186 41.5767 35.6340
GeorgiaRattlesnake 2010 7.0215 26.9899 4.8959 25.2695 6.3833
Legacy 2009 12.1090 19.9329 15.5727 16.8878 19.9047
Legacy 2010 21.1391 32.1907 7.5245 9.1512 10.7674
Mickylee 2009 21.8298 5.4043 18.3739 16.7378 33.4959
Mickylee 2010 7.2519 14.7424 2.7913 8.3460 3.2569
Quetzali 2009 11.7591 15.8267 10.3753 20.2266 15.1437
Quetzali 2010 11.9366 21.2281 11.2465 18.3803 5.4514
StarbriteFl 2009 24.6272 32.8501 30.6391 27.8233 25.5900
StarbriteFl 2010 8.5569 45.8879 17.0780 20.1214 9.9889
SugarBaby 2009 16.6566 7.8131 16.4254 14.9464 3.3705
SugarBaby 2010 6.8838 13.7355 7.6551 6.7591 2.4096
(1p
[1] "trait standard deviation (sd) across genotype and year"
(1p
CLT 2009 2010
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CalhounGray 34.861 37.410
CrimsonSweet 38.308 39.097
EarlyCanada 27.794 35.619
FiestaFl 25.759 45.569
GeorgiaRattlesnake 29.401 35.676
Legacy 26.536 30.055

Mickylee 25.412 34.015

Quetzali 24.665 30.835
StarbriteFl 36.771 40.298
SugarBaby 24.071 27.292

[ 1 ] nmn
[ l ] mn
CHA A A A A
[1] "#+#4# Section 3: Choose stable and best genotype #H#"
THEH AR A A T
[ 1 ] mn
REEEEE TR E T I AR R R Rk ik
[1] "#4#4 Stability Statistics 4"
REEEEE TR E TR R R R E kil ki
[ 1 ] mn
[1] "#Univariate statistics - mean, slope, deviation from regression,"
[1] "#Shukla,Ecovalence, Kang"
[ 1 ] mn
Genotype Mean SLOPE DEVREG SIGMA SIGMA_SQUARE Ecovalence YS_Kang
CalhounGray 77.349 1.31693830164876 124.670028621208 61.346841 ns 15.761172 ns 279.75 10 +
CrimsonSweet 62.013 1.36454332357129 1450.03510073339*** 439.124582 ns 567.987945 ns 1488.64 4
EarlyCanada 59.000 0.320939654616631* 686.251275445017* 253.229481 ns 285.369649 ns 893.77 2
FiestaFl 78.498 1.58347941482123 657.873266033708 300.285026 ns 385.996807 ns 1044.35 11 +
GeorgiaRattlesnake 71.151 0.917198392144549 220.063304045718 52.212609 ns 44.863403 ns 250.52 8 +
Legacy 68.588 1.13392930476125 428.070344903385 287.393522 ns 262.48765 ns 1003.10 7+
Mickylee 60.632 0.593584749858975 705.480966435745* 188.105058 ns 195.125992 ns 685.37 3
Quetzali 57.775 0.971528006198702 96.5321084597175 82.808549 ns 86.103189 ns 348.42 1
StarbriteFl 85.360 1.29338936247089 221.136796113672 157.240582 ns 78.371337 ns 586.61 12 +
SugarBaby 49.307 0.504469489907715* 332.181769968082* 264.187195 ns 308.429643 ns 928.84 -1
[ 1 ] mn
[ l ] mn

TR AR R R R R R T

[1] "## Section 4: Choose discriminative and representative location ##"

TR AR R A A R R R T
[1] mi

TR AR R A A R T

[1] "### location statistics - genotype F ratio across location FHH"
[1] "#+#+# and environment; location correlation #H4"
i s R R R A
[1] mn
[1] "#location value"
[1] "# location mean, genotype F ratio across location,"
[1] "#correlation of location with average location performace"
[1] mn
Location Mean FRatioGenotype LocCorrelation
CI 61.040 4.1804 0.949049766419943***
FL 100.153 2.2579 0.864975641187942**
KN 63.786 4.6964 0.896401033871258***
SC 82.685 6.8813 0.87603982110229**+*
X 27.173 2.9966 0.89062492518194**%*
[1] mn
[1] "#location value-genotype F ratio across location,"
[1] mn
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ENV FRatioGenotype

CI-2009 2.4015
CI-2010 3.3665
FL-2009 2.6914
FL-2010 1.7231
KN-2009 1.9999
KN-2010 6.3971
SC-2009 2.8729
SC-2010 8.0454
TX-2009 2.5003
TX-2010 1.4619

6. Sample data
YR LC RP CLT Trait
2009 KN 1 Early Canada 56.236
2009 KN 1 Calhoun Gray 74.167
2009 KN 1 Starbrite F1 32.601
2009 KN 1 Crimson Sweet 74.167
2009 KN 1 Georgia Rattlesnake 64.794
2009 KN 1 Fiesta F1 70.907
2009 KN 1 Mickylee 57.051
2009 KN 1 Sugar Baby 28.118
2009 KN 1 Legacy 68.054
2009 KN 1 Quetzali 57.866
2009 KN 2 Early Canada 56.236
2009 KN 2 Georgia Rattlesnake 64.387
2009 KN 2 Quetzali 64.794
2009 KN 2 Mickylee 96.580
2009 KN 2 Calhoun Gray 38.306
2009 KN 2 Fiesta F1 85.577
2009 KN 2 Starbrite F1 69.684
2009 KN 2 Sugar Baby 19.153
2009 KN 2 Crimson Sweet 56.236
2009 KN 2 Legacy 72.537
2009 KN 3 Fiesta F1 86.800
2009 KN 3 Quetzali 49.309
2009 KN 3 Crimson Sweet 59.496
2009 KN 3 Sugar Baby 50.531
2009 KN 3 Early Canada 28.933
2009 KN 3 Legacy 103.100
2009 KN 3 Starbrite F1 72.537
2009 KN 3 Georgia Rattlesnake 79.057
2009 KN 3 Mickylee 68.869
2009 KN 3 Calhoun Gray 53.384
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Crimson Sweet
Early Canada
Starbrite F1
Mickylee

Quetzali

Sugar Baby

Fiesta F1

Calhoun Gray
Georgia Rattlesnake
Legacy

Mickylee

Crimson Sweet
Fiesta F1

Calhoun Gray
Georgia Rattlesnake
Legacy

Starbrite F1
Quetzali

Early Canada

Sugar Baby
Calhoun Gray
Georgia Rattlesnake
Legacy

Early Canada
Crimson Sweet
Quetzali

Sugar Baby
Mickylee

Fiesta F1

Starbrite F1
Starbrite F1
Quetzali

Crimson Sweet
Calhoun Gray
Mickylee

Early Canada

Sugar Baby

Fiesta F1

Legacy

Georgia Rattlesnake
Sugar Baby
Calhoun Gray
Georgia Rattlesnake
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61.942
86.800
107.583
58.274
73.759
52.161
77.427
109.213
71.722
81.502
37.898
0.000
59.904
108.805
59.904
66.832
47.679
56.236
68.054
55.014
59.496
46.049
39.528
44.826
45.234
43.196
56.644
62.757
59.904
97.395
98.617
33.823
33.008
32.193
24.858
55.014
21.598
59.089
46.049
51.346
36.268
57.866
53.384
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SC

AR DADADRDREWWWWWWWWWWWNONRNNNNNNNMNNMNNMNNNRRPRPRPRPRREREPEREEPEAEAMSRSSSSSS

Crimson Sweet
Fiesta F1
Legacy
Quetzali

Early Canada
Starbrite F1
Mickylee
Georgia Rattlesnake
Legacy
Calhoun Gray
Mickylee
Starbrite F1
Quetzali

Fiesta F1
Sugar Baby
Early Canada
Crimson Sweet
Georgia Rattlesnake
Starbrite F1
Calhoun Gray
Fiesta F1
Sugar Baby
Mickylee
Early Canada
Crimson Sweet
Legacy
Quetzali
Calhoun Gray
Early Canada
Starbrite F1
Mickylee
Quetzali
Crimson Sweet
Georgia Rattlesnake
Legacy

Sugar Baby
Fiesta F1
Calhoun Gray
Legacy

Sugar Baby
Crimson Sweet
Starbrite F1
Early Canada

54

24.858
98.617
57.459
29.748
35.861
68.054
72.129
86.331
109.967
95.215
102.407
80.830
84.355
80.121
74.228
72.374
42.198
44.357
124.189
121.397
94.237
53.852
70.601
30.522
97.578
91.567
88.348
98.842
41.688
100.329
67.076
50.246
82.399
74.513
69.562
46.252
101.857
102.041
83.328
39.793
77.305
144.666
78.486



2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009

SC
SC
SC
SC
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
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Quetzali

Georgia Rattlesnake
Fiesta F1

Mickylee

Calhoun Gray
Starbrite F1
Crimson Sweet
Legacy

Sugar Baby

Early Canada
Georgia Rattlesnake
Fiesta F1

Quetzali

Mickylee

Calhoun Gray
Legacy

Crimson Sweet
Sugar Baby
Quetzali

Starbrite F1
Georgia Rattlesnake
Mickylee

Early Canada

Fiesta F1

Calhoun Gray
Quetzali

Fiesta F1

Crimson Sweet
Starbrite F1
Mickylee

Legacy

Sugar Baby

Early Canada
Georgia Rattlesnake
Starbrite F1
Crimson Sweet
Mickylee

Legacy

Georgia Rattlesnake
Fiesta F1

Sugar Baby

Early Canada
Calhoun Gray

55

95.928
143.668
82.093
90.549
103.316
98.132
79.163
115.950
70.393
88.616
98.554
118.457
81.374
76.863
152.036
120.695
147.984
81.751
92.686
126.095
96.119
86.136
107.270
110.397
94.223
86.918
102.984
102.912
107.594
73.358
76.494
81.086
89.020
127.092
172.065
111.987
79.549
108.744
86.747
106.407
89.398
77.546
77.078



2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2010
2010

FL

TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
X
X
KN
KN
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Quetzali
Quetzali
Starbrite F1
Early Canada
Sugar Baby
Fiesta F1
Georgia Rattlesnake
Crimson Sweet
Legacy
Mickylee
Calhoun Gray
Sugar Baby
Legacy
Crimson Sweet
Starbrite F1
Fiesta F1

Early Canada
Quetzali
Mickylee
Georgia Rattlesnake
Calhoun Gray
Mickylee
Crimson Sweet
Sugar Baby
Early Canada
Legacy
Quetzali
Starbrite F1
Georgia Rattlesnake
Fiesta F1
Calhoun Gray
Sugar Baby
Calhoun Gray
Quetzali

Early Canada
Fiesta F1
Starbrite F1
Crimson Sweet
Georgia Rattlesnake
Legacy
Mickylee
Calhoun Gray
Fiesta F1

56

56.717
50.077
56.476
7.213
15.266
68.601
79.305
34.842
78.364
88.968
92.646
22.829
45.166
21.444
93.552
32.636
21.639
27.688
33.171
102.626
27.606
26.281
28.417
18.185
43.982
48.693
27.753
35.951
22.362
33.908
21.012
16.182
54.464
13.423
14.144
34.149
43.376
0.000
45.010
30.985
12.914
50.531
70.499



2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010

KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
KN
Cl

Cl

Cl

Cl

Cl
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Georgia Rattlesnake
Legacy
Crimson Sweet
Starbrite F1
Quetzali
Mickylee
Early Canada
Sugar Baby
Sugar Baby
Legacy
Calhoun Gray
Starbrite F1
Early Canada
Quetzali
Mickylee
Georgia Rattlesnake
Crimson Sweet
Fiesta F1
Quetzali

Sugar Baby
Mickylee
Fiesta F1
Georgia Rattlesnake
Crimson Sweet
Early Canada
Starbrite F1
Calhoun Gray
Legacy
Quetzali
Starbrite F1
Sugar Baby
Legacy
Georgia Rattlesnake
Fiesta F1
Calhoun Gray
Mickylee
Early Canada
Crimson Sweet
Quetzali
Crimson Sweet
Fiesta F1

Early Canada
Mickylee

57

59.089
64.794
50.531
75.797
49.309
52.569
46.456
43.604
41.974
70.092
72.944
70.907
49.309
35.861
48.086
59.089
61.534
60.311
46.456
50.939
50.531
77.427
69.277
50.939
68.869
68.054
87.207
72.129
63.164
105.138
58.681
82.725
64.387
62.349
72.537
54.606
57.051
67.239
72.944
74.982
97.395
60.719
65.202
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2010
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2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010

Cl
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Cl
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Cl
Cl
Cl
Cl
Cl
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Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
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SC
SC
SC
SC
SC
SC
SC
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Georgia Rattlesnake
Sugar Baby
Calhoun Gray
Starbrite F1

Legacy

Mickylee

Legacy

Georgia Rattlesnake
Crimson Sweet
Calhoun Gray
Sugar Baby
Starbrite F1

Fiesta F1

Early Canada
Quetzali

Fiesta F1

Sugar Baby

Early Canada
Quetzali

Legacy

Crimson Sweet
Calhoun Gray
Georgia Rattlesnake
Mickylee

Starbrite F1
Calhoun Gray
Sugar Baby
Crimson Sweet
Early Canada
Mickylee

Legacy

Georgia Rattlesnake
Fiesta F1

Quetzali

Starbrite F1
Quetzali

Starbrite F1
Georgia Rattlesnake
Crimson Sweet
Legacy

Mickylee

Fiesta F1

Calhoun Gray

58

81.094
66.832
88.022
95.765
62.757
59.089
42.789
75.797
73.352
79.872
59.496
74.982
81.094
45.641
64.387
67.239
51.346
67.647
68.054
65.609
94.950
86.392
65.202
48.901
83.132
71.722
53.791
48.901
47.271
63.164
94.135
69.277
79.464
45.641
83.947
104.384
79.301
82.745
116.731
58.498
43.420
141.956
83.682



2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010

SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
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Sugar Baby
Early Canada
Sugar Baby
Calhoun Gray
Legacy
Quetzali

Early Canada
Starbrite F1
Mickylee
Fiesta F1
Crimson Sweet
Georgia Rattlesnake
Quetzali
Crimson Sweet
Mickylee
Legacy

Fiesta F1

Early Canada
Starbrite F1
Georgia Rattlesnake
Sugar Baby
Calhoun Gray
Early Canada
Georgia Rattlesnake
Calhoun Gray
Legacy
Mickylee
Quetzali

Fiesta F1
Crimson Sweet
Starbrite F1
Sugar Baby
Crimson Sweet
Legacy
Quetzali

Fiesta F1
Sugar Baby
Starbrite F1
Calhoun Gray
Early Canada
Mickylee
Georgia Rattlesnake
Crimson Sweet

59

45.152
72.557
51.143
85.190
74.208
63.001
88.348
96.152
48.168
139.776
91.792
113.084
75.308
136.658
59.700
67.708
95.194
77.610
106.951
65.018
61.514
75.414
61.025
55.666
114.490
53.812
40.853
68.767
118.219
106.421
127.326
52.569
0.000
44.673
66.497
15.869
73.064
54.587
88.303
119.500
114.715
92.999
113.437



2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
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FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
TX
X
TX
X
TX
X
TX
X
TX
X
X
X
X
X
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Fiesta F1
Starbrite F1
Sugar Baby
Legacy

Early Canada
Quetzali
Georgia Rattlesnake
Calhoun Gray
Mickylee
Mickylee
Sugar Baby
Fiesta F1
Starbrite F1
Calhoun Gray
Crimson Sweet
Legacy
Quetzali
Georgia Rattlesnake
Early Canada
Legacy

Fiesta F1
Mickylee
Georgia Rattlesnake
Crimson Sweet
Sugar Baby
Quetzali
Calhoun Gray
Early Canada
Starbrite F1
Sugar Baby
Legacy
Starbrite F1
Crimson Sweet
Fiesta F1
Mickylee
Georgia Rattlesnake
Early Canada
Calhoun Gray
Quetzali
Quetzali
Legacy

Sugar Baby
Mickylee

60

180.906
123.836
106.330
87.727
107.824
110.522
116.064
120.040
128.388
116.927
90.624
91.469
146.110
143.339
85.028
118.799
72.884
84.165
119.752
104.945
107.860
93.071
144.545
64.698
94.024
100.429
132.922
118.853
156.635
9.943
17.971
24.369
27.670
34.231
17.645
19.560
13.122
16.219
5.909
17.767
30.156
8.884
10.229



2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010

X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
TX
X
X
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Crimson Sweet
Georgia Rattlesnake
Early Canada
Starbrite F1

Fiesta F1

Calhoun Gray
Quetzali

Legacy

Fiesta F1

Georgia Rattlesnake
Crimson Sweet
Starbrite F1
Mickylee

Early Canada

Sugar Baby
Calhoun Gray
Fiesta F1

Calhoun Gray
Sugar Baby

Legacy

Crimson Sweet
Mickylee

Georgia Rattlesnake
Early Canada
Quetzali

Starbrite F1

5.664
13.652
8.924
29.218
30.808
23.187
8.761
9.413
4.034
4.157
9.780
27.385
11.818
11.899
9.495
9.454
19.764
19.194
14.181
5.990
19.031
11.899
13.855
13.163
6.724
7.417
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