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1. Loading the data into R.

library(readr)
Fluridone_data <- read_csv("~/Desktop/Fluridone/IPSM Submit/Fluridone_Full.csv")

## Parsed with column specification:

## cols(

## ID = col_character(),

##  Accession_Genotype = col_character(),
##  Treat = col_character(),

##  Tank = col_character(),

## Rep = col_character(),

## DryWt = col_double(),

##  Trial = col_double()

## )

print.data.frame(Fluridone_data)

#it ID Accession_Genotype Treat  Tank Rep DryWt Trial
# 1 Ind.1 1_MG-237 C Tank.1 ATank.1 1.47 1
## 2 Ind.2 1_MG-237 C Tank.1 BTank.1 1.50 1
## 3 Ind.3 1_MG-237 C Tank.1 CTank.1 1.77 1
## 4 Ind.4 1_MG-237 C Tank.2 ATank.2 0.94 1
## 5 Ind.5 1_MG-237 C Tank.2 BTank.2 1.10 1
# 6 Ind.6 1_MG-237 C Tank.2 CTank.2 1.07 1
##H 7 Ind.7 1_MG-237 C Tank.5 ATank.5 1.20 1
## 8 Ind.8 1_MG-237 C Tank.5 BTank.5 1.30 1
## 9 Ind.9 1_MG-237 C Tank.5 CTank.5 1.26 1
## 10 Ind.10 1_MG-237 T Tank.3 ATank.3 1.08 1
## 11 Ind.11 1_MG-237 T Tank.3 BTank.3 1.29 1
## 12  Ind.12 1_MG-237 T Tank.3 CTank.3 0.89 1
## 13 Ind.13 1_MG-237 T Tank.4 ATank.4 1.14 1
## 14 Ind.14 1_MG-237 T Tank.4 BTank.4 0.69 1
## 15 Ind.15 1_MG-237 T Tank.4 CTank.4 1.43 1
## 16 Ind.16 1_MG-237 T Tank.6 ATank.6 1.11 1
# 17  Ind.17 1_MG-237 T Tank.6 BTank.6 0.71 1
## 18 Ind.18 1_MG-237 T Tank.6 CTank.6 1.62 1
## 19 Ind.19 1_MG-237 C Tank.1 ATank.1 1.03 2
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DO PP, P PO WWWOAOOOOONNNNRE, R, R, ONPFP,OOOOPROOOODOO PR PP WWWOOOAONNNERROOOOW

WP, P PNFRPPORFR,ROO0OO0O0O0O0OO0OFR,r PP OFRPLROOFRPROOODOOFRPROFFOODODODODOOOOFRrROR, P OO, EFEFEFEFNNDWN

.09
.27
.75
.17
.80
.02
.86
.96
.52
.05
.14
.96
.41
.68
.71
.65
.34
.24
.38
.74
.62
.85
.66
.69
.84
.20
.79
.34
.90
.80
.09
.71
.60
.75
.97
.09
.25
.00
.39
.83
.47
.37
.45
N
.87
.09
.75
.43
.05
.32
.39
.93
.53
.67
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290
201
292
293
294
295
296
297
298
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300
301
302
303
304
305
306
307
308
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312
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314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343

Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
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Ind.
Ind.
Ind.
Ind.
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Ind.
Ind.
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304
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307
308
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314
315
316
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320
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340
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9_MG-268
9_MG-268
9_MG-268
9_MG-268
9_MG-268
9_MG-268
9_MG-268
9_MG-268
9_MG-268
9_MG-268
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
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10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
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10_MG-457
10_MG-457
10_MG-457
10_MG-457
10_MG-457
11_MG-5650
11_MG-5650
11_MG-5650
11_MG-5650
11_MG-5650
11_MG-5650
11_MG-5650
11_MG-5650

acaaocaocoacaocoacoaoao-f"H 9T 0000000000000 Aa4AaQ0

Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.

GO ONNNEEPR PR, OO0 WWWNDNNNOOOOGD DN PR, PP, OOOOOO P D PDPWWWOAOOAOAONNDNEERREOOOOWWWNDNDDNDO®

CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
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BTank.
CTank.
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BTank.
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BTank.
CTank.
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CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.

GQONNNEFE PR, R, OO0 WWWNNNODOOOE D PERLP P, P,LPOOOOOO PR PWWWOAOOOOAONNDNERREOOOWWWNDNDDNDO®

P R, P PP ONPFPORFRPOORFRFPOFPOOFRPRRFEPFNEFENRFPPNOOOOOOOOONEFEFNRFEFRRFRPREFNNMNMRFR,OOR,EFEP,ORORO

.79
.00
.57
.80
.61
.23
.28
.31
.78
.01
.06
.22
.04
.35
.41
.91
.14
.95
.26
.78
.79
.80
.55
.16
.43
.61
.58
.43
.28
.25
.90
.33
.34
.05
.61
.20
.67
.72
.93
.21
.11
.67
.62
.20
.04
.29
.49
.38
.97
.49
.17
.20
.35
.16
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Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
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Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.
Tank.

OO P PR, PP, OO D D PWWWLWOAOOAOAONNNEREREREROOOOOOOWWWNDNNNNOOOOOO PR D DPDPRLE,EEPE OO DD DWWWOOM

CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.
CTank.
ATank.
BTank.

DO DD, P, P, OO0 DD WWWOAOOAOONNNE R R OOITOOTWWWNNNOOOOOORD D DR, PR, R, OO0 D DD WWWwoum

P R, P PP RPRPP OO, O0O000FR,R OO0, P RPEPRPEPEPRPPRPORFPOODOOCOOOPRPNEFEFEPENNOUONOOOOOOOOOR

.05
.24
.32
.62
.37
.58
.33
.33
.66
.54
.38
.03
.86
.73
.97
.88
.18
.82
.03
.98
.09
.78
.51
.27
.88
.22
.35
.69
.39
.83
.11
.15
.06
.21
.57
.73
.54
.80
.84
.07
.20
.24
.35
.86
.35
.87
.79
.75
.57
.23
91
.10
.25
.25
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## 398 Ind.398 12_MG-1282 C Tank.6 CTank.6 1.69 2
## 399 Ind.399 12_MG-1282 T Tank.2 ATank.2 0.93 2
## 400 Ind.400 12_MG-1282 T Tank.2 BTank.2 1.00 2
## 401 Ind.401 12_MG-1282 T Tank.2 CTank.2 0.44 2
## 402 Ind.402 12_MG-1282 T Tank.3 ATank.3 0.99 2
## 403 Ind.403 12_MG-1282 T Tank.3 BTank.3 1.17 2
## 404 Ind.404 12_MG-1282 T Tank.3 CTank.3 0.96 2
## 405 Ind.405 12_MG-1282 T Tank.5 ATank.5 0.58 2
## 406 Ind.406 12_MG-1282 T Tank.5 BTank.5 0.75 2
## 407 Ind.407 12_MG-1282 T Tank.5 CTank.5 0.70 2
## 408 Ind.408 13_MG-231 C Tank.1 ATank.1 2.01 1
## 409 Ind.409 13_MG-231 C Tank.1 BTank.1 0.89 1
## 410 Ind.410 13_MG-231 C Tank.1 CTank.1 1.67 1
## 411 Ind.411 13_MG-231 C Tank.2 ATank.2 1.87 1
## 412 Ind.412 13_MG-231 C Tank.2 BTank.2 0.80 1
## 413 Ind.413 13_MG-231 C Tank.2 CTank.2 1.13 1
## 414 Ind.414 13_MG-231 C Tank.5 ATank.5 1.36 1
## 415 Ind.415 13_MG-231 C Tank.5 BTank.5 1.88 1
## 416 Ind.416 13_MG-231 C Tank.5 CTank.5 1.71 1
## 417 Ind.417 13_MG-231 T Tank.3 ATank.3 0.56 1
## 418 Ind.418 13_MG-231 T Tank.3 BTank.3 0.88 1
## 419 Ind.419 13_MG-231 T Tank.3 CTank.3 1.07 1
## 420 Ind.420 13_MG-231 T Tank.4 ATank.4 0.75 1
## 421 Ind.421 13_MG-231 T Tank.4 BTank.4 0.31 1
## 422 Ind.422 13_MG-231 T Tank.4 CTank.4 0.28 1
## 423 Ind.423 13_MG-231 T Tank.6 ATank.6 0.88 1
## 424 Ind.424 13_MG-231 T Tank.6 BTank.6 1.10 1
## 425 Ind.425 13_MG-231 T Tank.6 CTank.6 0.99 1
## 426 Ind.426 13_MG-231 C Tank.1 ATank.1 0.96 2
## 427 Ind.427 13_MG-231 C Tank.1 BTank.1 2.09 2
## 428 Ind.428 13_MG-231 C Tank.1 CTank.1 0.79 2
## 429 Ind.429 13_MG-231 C Tank.4 ATank.4 0.61 2
## 430 Ind.430 13_MG-231 C Tank.4 BTank.4 2.03 2
## 431 Ind.431 13_MG-231 C Tank.4 CTank.4 1.27 2
## 432 Ind.432 13_MG-231 C Tank.6 ATank.6 1.33 2
## 433 Ind.433 13_MG-231 C Tank.6 BTank.6 1.73 2
## 434 Ind.434 13_MG-231 C Tank.6 CTank.6 0.81 2
## 435 Ind.435 13_MG-231 T Tank.2 ATank.2 0.65 2
## 436 Ind.436 13_MG-231 T Tank.2 BTank.2 0.84 2
## 437 Ind.437 13_MG-231 T Tank.2 CTank.2 0.66 2
## 438 Ind.438 13_MG-231 T Tank.3 ATank.3 0.60 2
## 439 Ind.439 13_MG-231 T Tank.3 BTank.3 0.37 2
## 440 Ind.440 13_MG-231 T Tank.3 CTank.3 0.72 2
## 441 Ind.441 13_MG-231 T Tank.5 ATank.5 0.61 2
## 442 Ind.442 13_MG-231 T Tank.5 BTank.5 1.46 2
## 443 Ind.443 13_MG-231 T Tank.5 CTank.5 0.83 2

2. Initial linear model of data to check for significant factors.

F1.1m <- 1m(DryWt ~ Treat + Accession_Genotype + Trial + Tank + Rep, data = Fluridone_data)
anova(Fl.1lm)



## Analysis of Variance Table

##

## Response: DryWt

#it Df Sum Sq Mean Sq F value Pr(>F)

## Treat 1 12.232 12.2322 33.2644 1.583e-08 x*x*x*
## Accession_Genotype 12 19.843 1.6536 4.4967 8.213e-07 *x*x*
## Trial 1 4.404 4.4039 11.9760 0.0005953 *x*x*
## Tank 5 1.991 0.3982 1.0829 0.3691676

## Rep 12 2.734 0.2278 0.6195 0.8259906

## Residuals 411 151.135 0.3677

## -—-

## Signif. codes: O '***x' 0.001 '**x' 0.01 'x' 0.05 '.' 0.1 ' "' 1

3. Determining the best fit linear mixed effects model.

library (1lme4)

## Loading required package: Matrix

Fl.1lmer <- lmer(DryWt ~ Treat * Accession_Genotype + (1 | Trial:Tank:Rep) +
(1 | Tank:Rep) + (1 | Rep), data = Fluridone_data)

## boundary (singular) fit: see 7isSingular

Fl.1lmer2 <- lmer(DryWt ~ Treat * Accession_Genotype + (1 | Trial:Tank) +
(1 | Tank), data = Fluridone_data)

## boundary (singular) fit: see 7isSingular

anova(Fl.lmer, Fl.lmer2)

## refitting model(s) with ML (instead of REML)

## Data: Fluridone_data

## Models:

## Fl.lmer2: DryWt ~ Treat * Accession_Genotype + (1 | Trial:Tank) + (1 |

## F1.lmer2: Tank)

## Fl.lmer: DryWt ~ Treat * Accession_Genotype + (1 | Trial:Tank:Rep) + (1 |

## Fl.1lmer: Tank:Rep) + (1 | Rep)

#H# npar AIC BIC 1loglLik deviance Chisq Df Pr(>Chisq)
## Fl.lmer2 29 711.81 830.53 -326.91 653.81

## Fl.lmer 30 722.89 845.70 -331.45 662.89 0 1 1
F1.1lmer2

## Linear mixed model fit by REML ['lmerMod']

## Formula: DryWt ~ Treat * Accession_Genotype + (1 | Trial:Tank) + (1 |
#it Tank)

## Data: Fluridone_data

## REML criterion at convergence: 712.2855

## Random effects:

## Groups Name Std.Dev.
## Trial:Tank (Intercept) 0.1557
## Tank (Intercept) 0.0000
## Residual 0.5113

## Number of obs: 443, groups: Trial:Tank, 12; Tank, 6

10



## Fixed Effects:

## (Intercept) TreatT
## 1.229810 -0.055175
## Accession_GenotypelO_MG-457 Accession_Genotypell_MG-5650
## 0.533333 0.820556
## Accession_Genotypel2_MG-1282 Accession_Genotypel3_MG-231
#i# 0.153333 0.142778
## Accession_Genotype2_MG-237 Accession_Genotype3_MG-237
## 0.035000 -0.029444
## Accession_Genotype4_MG-237 Accession_Genotypeb_MG-237
## 0.144444 -0.364571
#i# Accession_Genotype6_MG-237 Accession_Genotype7_MG-377
## -0.251667 0.268333
## Accession_Genotype8_MG-429 Accession_Genotype9_MG-268
## 0.007307 0.091667
## TreatT:Accession_GenotypelO_MG-457 TreatT:Accession_Genotypell_ _MG-5650
## -0.977222 -1.440000
## TreatT:Accession_Genotypel2_MG-1282  TreatT:Accession_Genotypel3_MG-231
## -0.531667 -0.551111
##  TreatT:Accession_Genotype2_MG-237 TreatT:Accession_Genotype3_MG-237
## -0.062222 -0.141667
##  TreatT:Accession_Genotyped4_MG-237 TreatT:Accession_Genotypeb5_MG-237
#i# -0.247778 0.281449
##  TreatT:Accession_Genotype6_MG-237 TreatT:Accession_Genotype7_MG-377
#i# 0.966667 0.604444
##  TreatT:Accession_Genotype8_MG-429 TreatT:Accession_Genotype9_MG-268
## -0.553763 -0.429444

## convergence code 0; O optimizer warnings; 1 1lme4 warnings

4. ANOVA of the best fit linear mixed effects model. P-values do
not show up in R-markdown document. See Table 2 in manuscript
for P-values associated with factors here.

require (lmerTest)

## Loading required package: lmerTest

##
## Attaching package: 'lmerTest'

## The following object is masked from 'package:1lme4':

##

#H# lmer

## The following object is masked from 'package:stats':
##

## step

anova(Fl.lmer2, type = 2)

## Warning in anova.merMod(Fl.lmer2, type = 2): additional arguments ignored:
## 'type'

## Analysis of Variance Table
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## npar Sum Sq Mean Sq F value

## Treat 1 2.431 2.4306 9.2973
## Accession_Genotype 12 18.719 1.5599 5.9670
## Treat:Accession_Genotype 12 42.366 3.5305 13.5047

5. Calculating pairwise least-squares means and contrasts between
control and 6ppb fluridone treatment means.

library (emmeans)
Fl.emm <- emmeans(Fl.lmer2, ~ Treat | Accession_Genotype)

pairs(F1l.emm)

## Accession_Genotype = 1_MG-237:

## contrast estimate SE df t.ratio p.value
## C - T 0.0552 0.200 136 0.276 .7831
##

## Accession_Genotype = 10_MG-457:

## contrast estimate SE df t.ratio p.value
## C-T 1.0324 0.200 136 5.160 .0001

##

## Accession_Genotype = 11_MG-5650:

## contrast estimate SE df t.ratio p.value
## C-T 1.4952 0.200 136 7.473 .0001

##

## Accession_Genotype = 12_MG-1282:

## contrast estimate SE df t.ratio p.value
## C - T 0.5868 0.200 136 2.933 .0039

##

## Accession_Genotype = 13_MG-231:

## contrast estimate SE df t.ratio p.value
## C - T 0.6063 0.200 136 3.030 .0029

##

## Accession_Genotype = 2_MG-237:

## contrast estimate SE df t.ratio p.value
## C-T 0.1174 0.200 136 0.587 .55683

##

## Accession_Genotype = 3_MG-237:

##

contrast estimate

SE df t.ratio

.value

## C - T 0.1968 0.200 136 0.984 .3269

##

## Accession_Genotype = 4_MG-237:

## contrast estimate SE df t.ratio p.value
## C - T 0.3030 0.200 136 1.514 .1323

##

## Accession_Genotype = 5_MG-237:

## contrast estimate SE df t.ratio p.value
## C - T -0.2263 0.234 283 -0.969 .3335

#it

## Accession_Genotype = 6_MG-237:

## contrast estimate SE df t.ratio p.value
## C - T -0.9115 0.200 136 -4.556 .0001

##
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##
##
##
##
##
##
##
##
##
##
##
##
##

Accession_Genotype
contrast estimate
C-T -0.5493

Accession_Genotype
contrast estimate
C-T 0.6089

Accession_Genotype
contrast estimate

c-T 0.4846

Degrees-of-freedom

0

0

0

7_MG-377:
SE df t.ratio p.
.200 136 -2.745 0.

8_MG-429:
SE df t.ratio p.
.230 273 2.652 0.

9_MG-268:
SE df t.ratio p.
.200 136 2.422 0.

value
0069

value
0085

value
0167

method: kenward-roger
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