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2021 Spinach Field Day

February 25, 2021
10:00 a.m. - 1:00 p.m.
Tiro Tres Farms - Crystal City, TX

2020 Spinach Field Day Photo provided by: Julia Paige Ritchie, Tiro Tres Farms



Research Plot Layout 2020-21

(Road/Fenceline - South)

Mike Phillips Fungicide Trial

Dr. Carlos Avila Seed Breeding Project

Commercial Variety Trial

Stemphylium Tolerance Study

White Rust Trial

Dr. Larry Stein's Fungicide Trials

6 Rows 3 Rows 9 Rows

14 Rows

6 Rows

(Road - West)



WHITE RUST TRIAL 2020-21

Row 2
D21 D22
D19 020 D24 | D23 Row 4
D17 p18 D26 | D25 A5 | A6 Row 6
D15 bl6 D28 | D27 A3 | A4 A8 | A7
D13 p14 D30 | D29 AL | A2 AL0 | A9 w53 | ws4 W56 | W55 Row 8
D11 12 D32 | D31 G3 | G4 A12 | ALl W51 | W52 W58 | W57 | | w259 | w260 Row 10
D9 D10 D34 | D33 Gl | G2 Al4 | A13 w49 | W50 W60 | W59 W257 | W258 | | w262 | W261 Row 12
7 D8 D36 | D35 F9 - Al6 | A15 W47 | was w62 | wel W255 | W256 W264 | W263 wias7 | wasg W460 | W459 Row 14
D5 D6 D38 | D37 F7 | F8 A18 | A17 wa4s | w4e we4 | we3 | | was3 [ was4 | [ w266 | Waes wass | wase W462 | W46l X105 | X106 | [ x108 | x107
D3 04 D40 | D39 F5 | F6 A20 | A19 w43 | waa W66 | We5 | [ was1 [ w252 | [ w268 | w267 was3 | wasa W464 | W463 X103 | X104 | [ x110 [ X109 | [ X295 | X296 X298 [ X297
D1 D2 D42 | pa1 3 | F4 B2 B1 w4l | w42 wes | we7 | | w249 [ waso | [ w270 | w269 wast | was2 W466 | W465 X101 | x102 | [ x112 | x111 | [ X293 | X294 X300 | X299
39 c40 D44 | D43 1| F2 B4 B3 w39 | w40 w70 | we9 | [ w247 [ w248 | [ w272 | wa71 Waa9 | waso w468 | Wa67 x99 | x100 | [ x114 [ x113 | [ x291 | x292 X302 | X301
c37 c38 D46 | D45 E7 | E8 B6 BS w37 [ w3 w72 | w71 | [ w245 [ w246 | [ w274 | w273 waa7 | waas W470 | W469 X97 | x98 X116 | X115 | | x289 | x290 X304 | X303
35 c36 D48 | D47 E5 | E6 B8 B7 w35 | w36 w74 | w73 | [ w243 [ w244 | [ w276 | w275 waas | wade w472 | wa71 X95 | X96 X118 | x117 | | x287 | x288 X306 | X305
33 c34 D50 | D49 E3 | E4 B10 | B9 w33 [ w34 w76 | w7s | [ w241 [ w242 | [ w278 | w277 waaz | waas W474 | w473 X93 | x94 X120 | x119 | | x285 | x286 X308 | X307
31 32 E2 E1 E1 | E2 B12 | B11 w31 [ w32 w78 | w77 | [ w239 [ w240 | [ w280 | w279 waal | waaz W476 | W475 X91 | x92 X122 | x121 | | x283 | x284 X310 | X309
c29 c30 E4 E3 D149 [ D150 | | B14 | B13 w29 | w30 w80 | w79 | [ w237 [ w23g | [ w282 | was1 w439 | wado w478 | w477 X89 | Xx90 X124 | x123 | | x281 | x282 X312 | x311
27 c28 E6 [ D147 [ D148 | | B16 | B1S w27 | w2s ws2 | ws1 | [ w235 [ w236 | [ w284 | w2s3 wa37 | wasg w480 | w479 X87 | xs8 X126 | x125 | [ X279 [ x280 X314 | X313
25 c26 E8 E7 D145 | D146 | | B18 | B17 w25 | w26 wss4 | ws3 | [ w233 [ w234 | [ w286 | wass wass | wase w482 | w4sl X85 | x86 X128 | x127 | | x277 | x278 X316 | X315
23 c24 F2 F1 D143 [ D144 | | B20 | B19 w23 [ w24 ws6 | wss | [ w231 [ w232 | [ w288 | was7 w33 | wasd w4g4 | was3 X83 | x84 X130 | x129 | [ x275 [ x276 X318 | X317
c21 c22 F4 F3 D141 | D142 | | B22 | B21 w21 [ w22 was | ws7 | [ w229 [ w230 | [ w290 | w289 wasl | was2 w486 | w485 X81 | x82 X132 | x131 | [ x273 | x274 X320 | X319
c19 c20 F6 F5 D139 [ D140 | | B24 | B23 w19 [ w20 woo | ws9 | [ w227 [ w228 | [ w292 | wao1 Wa29 | waso w4sgs | was7 X79 | x80 X134 | x133 | [ x271 [ x272 X322 | X321
c17 c18 F8 F7 D137 | D138 | | B26 | B25 w17 | wis w92 | wor | [ w225 [ w226 | | w294 | w293 wa27 | wazs W490 | w489 X77_| x78 X136 | X135 | | X269 | X270 X324 | x323
c15 c16 = F9 D135 | D136 | | B28 | B27 W15 | wi6 wo4 | wo3 | [w223 | w224 | [ w296 | w295 wazs | waze w492 | w491 X75 | Xx76 X138 | x137 | | X267 | x268 X326 | X325
c13 c14 G2 Gl D133 | D134 | | B30 | B29 w13 [ w14 woe | wos | [ w221 [ w222 | [ w298 | w297 wa2s | waz w494 | w493 x73_| x74 X140 | x139 | | X265 | X266 - X327
i1 c12 G4 G3 D131 | D132 Q c1 wil [ w12 wos | wo7 | [ w219 [ w220 | [ w300 | w299 wal | waz2 W496 | W495 X71_| x72 X142 | x141 | | x263 | x264
) c10 A2 Al D129 | D130 c4 a3 w9 | wio w100 | w99 | [ w217 [ w218 | [ w302 | w301 wa19 | wazo w498 | w497 - X70 X144 | x143 | | x261 | x262
<7 cs A4 A3 D127 | D128 c6 cs w7 [ ws w102 [ wio1 | [ w215 [ w216 | [ w304 | w303 wa17 | waig W500 | W499 X69 | Xx68 X146 | x145 | | X259 | X260
s c6 A6 A5 D125 | D126 c8 c7 ws [ we w104 | w103 | | w213 | w214 | [ w306 | w305 wais | waie W502 | W501 X67 - X148 | x147 | | x257 | x258
) c4 A8 A7 D123 [ D124 | [ c10 | 9 w3 [ wa w106 | W10s | [ w211 [ w212 | [ w308 | w307 wa13 | waia W504 | W503 X65 | X66 X150 | X149 | [ x255 | x256
1 ) A0 | A9 D121 D122 | | c12 | c11 wi [ w2 w108 | w107 | [ w209 | w210 | [ w310 | w309 wal | wa W506 | W505 X63 | Xxe64 X152 | X151 | | X253 | x254
829 830 A12 | Al1 D119 [ D120 [ c14 | c13 G3 G4 w110 | w109 | [ w207 [ w208 | [ w312 | w311 Wa09 | waio w508 | W507 X61 | x62 X154 | x153 | [ x251 [ x252
527 828 Al4 | A13 D117 [ D118 | | c16 | c15 [ G2 w112 [ w111 | [ w205 | w206 | | w314 | w313 w407 | waos W510 | W509 X59 | Xx60 X156 | X155 | | X249 | x250
825 826 Al6 | A15 D115 [ D116 | | c18 | c17 F9 - w114 [ w113 | [ w203 [ w204 | [ w316 | w315 W05 | waoe w512 | w511 X57 | Xs8 X158 | X157 | | x247 | x248
523 B24 A18 | A17 D113 [ D114 | | c20 | c19 F7 F8 w116 | wi1s | [ w201 [ w202 | [ w318 | w317 w403 | waos w514 | w513 X55 | X56 X160 | X159 | | X245 | x246
B21 822 A20 | A19 D111 [p112| [ €22 | c21 F5 F6 w118 [ w117 | [ w199 [ w200 | [ w320 [ w319 wao1 | wao2 W516 | W515 X53 | Xs54 X162 | X161 | | x243 | x244
B19 820 B2 B1 D109 [ D110 | | c24 | c23 F3 F4 w120 [ w119 | [ w197 [ wi9g | [ w322 | w321 w399 | waoo w518 | W517 X51 | Xs52 X164 | X163 | | X241 | x242
B17 818 B4 B3 D107 [ D108 | | €26 | c25 F1 F2 w122 [ w121 | [ w195 [ wige | [ w324 | w323 w397 | wasg W520 | W519 X49 | Xs0 X166 | X165 | | X239 [ x240
B15 B16 B6 B5 D105 | D106 | | c28 | c27 E7 E8 w124 | w123 | [ w193 | w194 | [ w326 | w325 w395 | wag w522 | w521 X47 | xa8 X168 | X167 | | x237 | x238
a B14 B8 B7 D103 [ D104 | [ c30 | c29 ES E6 w126 | w125 | [ w191 [ w192 | [ w328 | w327 w393 | wag4 W524 | w523 X45 | xa6 X170 | x169 | | X235 | x236
B11/813| B12 B10 | B9 D101 [ D102 | | €32 | c31 E3 E4 w128 | w127 | [ w19 [ w190 | [ w330 | w329 w391 | wa92 W526 | W525 x43 | xa4 X172 | x171 | | x233 | x234
B9 810 B12 | B11 C39 | c40 c34 | c33 E1 E2 w130 | w129 | [ w187 [ wiss | [ w332 | w331 w389 | wag w528 | w527 Xa1 | xa2 X174 | x173 | [ x231 [ x232
87 B8 B14 | B13 c37 | c38 c36 | c35 D249 | D250 | | w132 [ wa31 | [ wiss [ wige | | w334 | w333 w3s7 | wass W530 | W529 X39 | x40 X176 | X175 | | X229 | x230
BS 86 B16 | BI5 c35 | C36 c38 | c37 D247 | D248 | [ w134 [ w133 | [ w183 [ wiga | [ w336 | w33s w3ss | wase w532 | w531 X37 | x38 X178 | x177 | | x227 | x228
B3 B4 B18 | B17 c33 | c34 c40 | c39 D245 | D246 | | w136 [ wa3s | [ wis1 [ wig2 | | w338 | w337 w3s3 | wasd W534 | w533 X35 | Xx36 X180 | x179 | | X225 | x226
B1 B2 B20 | B19 c31 | 32 D202 [ D201 | [ D243 | D244 | [ w13 [ w137 | [ w179 [ wago| [ w342 | w339 wasl | was2 W536 | W535 X33 | x34 X182 | x181 | | x223 [ x224
A9 | A0 822 | B21 c29 | c30 | [ D204 | D203 | | D241 | D242 | [ w140 | w139 | [ w177 | w178 | | w344 [ w341 w379 | waso w538 | W537 X31 [ x32 X184 | x183 | [ x221 | x222
A7 | A8 B24 | B23 27 | c28 | [ D206 | D205 | | D239 | D240 | [ w142 [ w141 | [wazs [ w176 | [ w340 [ w343 w377 | wazs W540 | W539 X29 | x30 X186 | x185 | | x219 [ x220
Als | Ale B26 | B25 c25 | c26 | | D208 | D207 | | D237 | D238 | [ w144 | w143 | [ w173 | w174 | | w346 [ w345 wa7s | waze W542 | w541 X27 | x28 x188 | x187 | | x217 | x218
A3 | A4 828 | B27 c23 | c24 | [ D210 D209 | [ D235 | D236 | [ w146 | wi14s | [ waza [ w172 | [ w348 [ w347 w373 | waza - [ 'wsa3 X25 | X26 X190 | x189 | [ x215 [ x216
Al | A2 B30 | B29 1 | 2 D212 [ D211 | [ D233 | D234 | | w148 [ w147 | | wie9 [ wi7o | | w350 | w349 wa1 | wan2 X2 X1 X23 | x24 X192 | x191 | [ x213 | x214
A9 A10 Q c1 c19 | c20 | [ D214 | D213 | [ D231 | D232 | [ was0 | w149 | [ w167 [ wies | [ w352 [ w3s1 W369 | w370 X4 X3 X21 | x22 X194 | x193 | [ x211 [ x212
A7 A8 ca c3 c17 | c18 | [ p216 | D215 | | D229 | D230 | [ was2 | wis1 | [ waes | wiee | | w3s4 [ w3s3 w367 | waes X6 X5 X19 [ x20 X196 | X195 | | x209 | x210
A5 A6 c6 [ c15 | c16 | [ D218 D217 | [ D227 | D228 | [ w154 | w153 | [ w163 | wie4 | [ w3s6 [ w3ss W365 | W36 X8 X7 X17 | x18 X198 | x197 | [ x207 [ x208
A3 A4 c8 c7 c13 | c14 | [ p220| D219 | | D225 | D226 | | was6 | wiss | | wiel | wie2 | | w3ss [ w3s7 w363 | waed X10 [ X9 X15 | x16 X200 | X199 | | X205 | X206 | Plant Date: 11/21/2020
AL A2 c10 | © c11 | c12 D222 [ D221 | [ D223 [ D224 | [ w158 [ w157 | [ w159 [ wieo | [ w360 | w3s9 w36l | wae2 x12 | x11 X13 | x14 %202 | x201 | [ x203 | x204

Row 1 Row 3 Row 5 Row 7 Row 9 Row 11 Row 13



Stemphylium Tolerance Study On Spinach Varieties, 2020 — 2021

R R R

E E E

P P P |Variety Seed Company
1 2 3

101| 201 301 (SV2994VC Seminis

102| 202| 302 |Alcor BASF/Nunhems
103{ 203] 303 |Corvus BASF/Nunhems
104| 204 304 |Nembus BASF/Nunhems
105| 205( 305 |Minkar BASF/Nunhems
106| 206 306 [Regor BASF/Nunhems
107| 207 307 (SV1846VC Seminis

108| 208| 308 |Kodiak Rijk Zwaan
109| 209( 309 |Renegade Bejo

110( 210( 310 (SV6203VB Seminis

111| 211( 311 [Space Bejo

112| 212| 312 |Responder Bejo

113( 213( 313 [Patton Bejo

114 214 314 [C2 - 606 Sakata

115| 215( 315 |Eland Rijk Zwaan
116| 216| 316 |Cugoe Rijk Zwaan
117| 217| 317 |Palco BASF/Nunhems
118| 218| 318 [Spirico BASF/Nunhems
119| 219( 319 |Sunangel Rijk Zwaan
120| 220| 320 |Seaside Sakata

121 221| 321 (Riverside Sakata

122| 222| 322 (51-se721 Rijk Zwaan
123| 223| 323 |Parakeet Rijk Zwaan
124| 224( 324 [RSO6661470 Seminis

125| 225| 325 |Bonobo Rijk Zwaan
126| 226 326 (SV2146VB Seminis

127| 227| 327 |Midway Seminis

128| 228| 328 [Kona Seminis

129| 229( 329 |Carmel Pop Vriend
130| 230( 330 |Maya Pop Vriend
131] 231( 331 |Sioux Pop Vriend
132| 232( 332 |Banjo Pop Vriend
133| 233| 333 [SV2157VB Seminis

134| 234| 334 [Magnetic Seminis

135| 235( 335 |Silverwhale Rijk Zwaan
136| 236( 336 |Spiros Bejo

137| 237| 337 |Platypus Rijk Zwaan
138| 238( 338 (Baboon Rijk Zwaan




Stemphylium Tolerance Study On Spinach Varieties, 2020 — 2021

R R R

E E E

P P P |Variety Seed Company
1 2 3

139| 239| 339 |Salamander Rijk Zwaan
140| 240( 340 |Tasman Pop Vriend
141| 241( 341 (Hamilton Seminis

142| 242| 342 |Fantail Rijk Zwaan
143| 243| 343 [(Oceanside Sakata

144| 244( 344 [Lakeside Sakata

145| 245| 345 |Antigua Seminis

146| 246| 346 |Hammerhead Rijk Zwaan
147| 247| 347 |Cabezon Rijk Zwaan
148| 248 348 |PV - 1516 Pop Vriend
149| 249( 349 |Pawnie Pop Vriend
150| 250( 350 |PV-1610 Pop Vriend
151| 251| 351 |Virgo BASF/Nunhems
152| 252( 352 |Austin (PV - 1506) Pop Vriend
153| 253| 353 |Spoonbill Rijk Zwaan
154| 254| 354 |Vicuna Rijk Zwaan
155| 255| 355 [Laredo (PV - 1514) Pop Vriend
156| 256( 356 |Lizard Rijk Zwaan
157| 257 357 |Hydrus BASF/Nunhems
158| 258| 358 |Scorpius BASF/Nunhems
159| 259( 359 [Houston (PV - 1515) Pop Vriend
160| 260| 360 |PV - 1569 Pop Vriend
161| 261| 361 |Rapanui Seminis

162| 262 362 |Cepheus BASF/Nunhems
163| 263 363 [Canopus BASF/Nunhems
164| 264 364 |Nevada Pop Vriend
165| 265| 365 |Kiowa Pop Vriend
166| 266| 366 |PV-1611 Pop Vriend
167| 267 367 [Harmonica (PV - 1194) Pop Vriend
168| 268| 368 |Dallas Pop Vriend
169| 269| 369 |Fagot (PV - 1484) Pop Vriend
170| 270( 370 |PV-1617 Pop Vriend
171 271 371 |PV - 1526 Pop Vriend
172| 272| 372 |Volans BASF/Nunhems
173| 273 373 |Tabit BASF/Nunhems
174| 274 374 |Colusa Pop Vriend
175| 275| 375 |Bandera Pop Vriend
176| 276 376 |PV - 1599 Pop Vriend
177| 277| 377 |Cocopah (PV - 1449) Pop Vriend
178| 278| 378 |PV - 1664 Pop Vriend
179( 279( 379 [Melville Seminis

} Split on a bed



Stemphylium Tolerance Study On Spinach Varieties, 2020 — 2021

Layout
Plant Date: 12/17/2020
234 235 236 239 238 237
231 232 233 242 241 240
228 229 230 245 244 243
225 226 227 248 247 246
222 223 224 251 250 249
219 220 221 254 253 252
216 217 218 257 256 255
213 214 215 260 259 258
210 211 212 263 262 261
207 208 209 266 265 264
204 205 206 269 268 267
201 202 203 272 271 270
276 277 278-279 275 274 273
176 177 178-179 379-378 377 376
173 174 175 303 302 301
170 171 172 306 305 304
167 168 169 309 308 307
164 165 166 312 311 310
161 162 163 315 314 313
158 159 160 318 317 316
155 156 157 321 320 319
152 153 154 324 323 322
149 150 151 327 326 325
146 147 148 330 329 328
143 144 145 333 332 331
140 141 142 336 335 334
137 138 139 339 338 337
134 135 136 342 341 340
131 132 133 345 344 343
128 129 130 348 347 346
125 126 127 351 350 349
122 123 124 354 353 352
119 120 121 357 356 355
116 117 118 360 359 358
113 114 115 363 362 361
110 111 112 366 365 364
107 108 109 369 368 367
104 105 106 372 371 370
101 102 103 375 374 373

Section 1 Section 2



Crystal City Test Plot - Commercial Trial

Plant Date: 12/17/2020
Population: 2 mil

30 lines

Replicated 4 Times

22.5872-Rangitoto

23. Dracus

24. Minkar

19. Imperial Valley

20. Countryside

21. Crosstrek

16. Crater 17. Imperial Beach 18. Baboon
13. Frontier-1059 14. Sportage-1038 15. Regor
10. 2146 11. Kona 12. Sunangel
7. Traverse-1062 8. Blobfish 9.2157
4. Trailboss 5. Plymouth 6.51-722
1. Magnetic 2. Nembus 3.51-727




Commercial Trial 2020-21

VARIETY SEED CO
1|Magnetic Seminis
2[Nembus Nunhems
3(51-727 Rijk Zwaan
4|Trailboss Enza
5(Plymouth Sakata
6(51-722 Rijk Zwaan
7|Traverse-1062 |Enza
8[Blobfish Rijk Zwaan
9(2157 Seminis

10(2146 Seminis
11|Kona Seminis
12|Sunangel Rijk Zwaan
13|Frontier-1059 |Enza
14|Sportage-1038 |Enza
15|Regor Nunhems
16|Crater Nunhems
17|Imperial Beach |Sakata
18|Baboon Rijk Zwaan
19|Imperial Valley |Sakata
20(Countryside Sakata
21|(Crosstrek Enza
22|5872-Rangitoto [Seminis
23(Dracus Nunhems
24(Minkar Nunhems




Scale: 1 = clean
10 = 100% infected

Stemphylium Tolerance Study On Spinach
Varieties, 2020 — 2021 Ratings

After Freeze

WSU rating 2/20/21

Prior to Freeze
Texas A&M rating 2/12/21

rep 1 |rep 2 [rep 3 |Variety Company repl rep2 rep3 average stderr||repl rep2 rep3 average stderr
101| 201] 301|Sv2994vC Seminis 2 2 1 1.7 0.3 4 4 4 4.0 0.0
102 202| 302]|Alcor BASF/Nunhems 1 1 1 1.0 0.0 2 1 2 1.7 0.3
103| 203| 303|Corvus BASF/Nunhems 2 1 1 1.3 0.3 1 2 1 1.3 0.3
104 204| 304|Nembus BASF/Nunhems 1 1 1 1.0 0.0 1 1 2 1.3 0.3
105| 205| 305|Minkar BASF/Nunhems 1 1 1 1.0 0.0 1 3 2 2.0 0.6
106| 206| 306|Regor BASF/Nunhems 1 1 1 1.0 0.0 1 3 1 1.7 0.7
107| 207| 307|Sv1846VC Seminis 1 2 1 1.3 0.3 1 4 1 2.0 1.0
108| 208| 308|Kodiak Rijk Zwaan 1 1 2 1.3 0.3 1 2 2 1.7 0.3
109 209| 309|Renegade Bejo 1 1 1 1.0 0.0 1 2 2 1.7 0.3
110| 210] 310({Sv6203VvB Seminis 1 2 1 1.3 0.3 2 3 3 2.7 0.3
111 211] 311|Space Bejo 1 1 1 1.0 0.0 1 1 1 1.0 0.0
112| 212]| 312|Responder Bejo 6 5 5 5.3 0.3 5 5 5 5.0 0.0
113 213] 313|Patton Bejo 7 6 7 6.7 0.3 7 6 6 6.3 0.3
114 214 314|C2-606 Sakata 2 2 1 1.7 0.3 2 3 2 2.3 0.3
115| 215| 315|Eland Rijk Zwaan 5 6 5 5.3 0.3 4 5 6 5.0 0.6
116] 216]| 316|Cugoe Rijk Zwaan 3 1 3 2.3 0.7 2 1 3 2.0 0.6
117 217| 317]|Palco BASF/Nunhems 2 1 2 1.7 0.3 2 1 1 1.3 0.3
118| 218| 318|Spirico BASF/Nunhems 3 1 3 2.3 0.7 1 1 3 1.7 0.7
119 219]| 319|Sunangel Rijk Zwaan 1 2 1 1.3 0.3 2 1 1 1.3 0.3
120| 220| 320|Seaside Sakata 6 7 6 6.3 0.3 7 7 7 7.0 0.0
121| 221] 321|Riverside Sakata 7 6 7 6.7 0.3 7 6 8 7.0 0.6
122 222 322|51-se721 Rijk Zwaan 1 1 1 1.0 0.0 1 2 2 1.7 0.3
123| 223| 323|Parakeet Rijk Zwaan 2 2 2 2.0 0.0 5 2 3 3.3 0.9
124 224] 324|RS06661470 Seminis 6 6 6 6.0 0.0 5 5 6 5.3 0.3
125| 225| 325|Bonobo Rijk Zwaan 1 1 1 1.0 0.0 2 2 1 1.7 0.3
126 226] 326|SV2146VB Seminis 3 3 4 3.3 0.3 4 4 3 3.7 0.3
127| 227| 327|Midway Seminis 6 6 7 6.3 0.3 5 6 8 6.3 0.9
128| 228 328|Kona Seminis 4 6 7 5.7 0.9 6 7 8 7.0 0.6
129| 229]| 329|Carmel Pop Vriend 5 6 7 6.0 0.6 4 6 7 5.7 0.9
130] 230 330|Maya Pop Vriend 5 6 7 6.0 0.6 4 5 5 4.7 0.3
131| 231] 331|Sioux Pop Vriend 5 5 6 5.3 0.3 6 6 6 6.0 0.0
132| 232]| 332|Banjo Pop Vriend 4 5 6 5.0 0.6 4 4 5 4.3 0.3
133| 233] 333|SV2157VB Seminis 3 3 3 3.0 0.0 3 4 3 3.3 0.3
134 234| 334|Magnetic Seminis 5 5 6 5.3 0.3 6 6 7 6.3 0.3
135| 235| 335(Silverwhale Rijk Zwaan 3 3 4 3.3 0.3 3 3 4 3.3 0.3
136| 236| 336(Spiros Bejo 2 1 1 1.3 0.3 2 2 1 1.7 0.3
137| 237| 337|Platypus Rijk Zwaan 5 5 6 5.3 0.3 5 6 6 5.7 0.3
138| 238| 338|Baboon Rijk Zwaan 2 1 1 1.3 0.3 2 3 2 2.3 0.3
139| 239| 339|Salamander Rijk Zwaan 1 1 1 1.0 0.0 1 2 2 1.7 0.3
140 240| 340|Tasman Pop Vriend 5 5 6 5.3 0.3 6 6 6 6.0 0.0
141| 241] 341|Hamilton Seminis 5 5 5 5.0 0.0 5 6 7 6.0 0.6
142| 242| 342|Fantail Rijk Zwaan 2 1 1 1.3 0.3 2 3 2 2.3 0.3
143| 243]| 343|Oceanside Sakata 2 1 3 2.0 0.6 2 3 3 2.7 0.3
144| 244| 344|Lakeside Sakata 6 8 7 7.0 0.6 7 8 8 7.7 0.3
145| 245| 345|Antigua Seminis 1 1 1 1.0 0.0 2 2 2 2.0 0.0
146| 246| 346(Hammerhead Rijk Zwaan 5 5 6 5.3 0.3 5 6 5 5.3 0.3
147| 247]| 347|Cabezon Rijk Zwaan 2 3 2 2.3 0.3 2 4 3 3.0 0.6
148| 248| 348|PV-1516 Pop Vriend 2 1 2 1.7 0.3 1 2 3 2.0 0.6
149] 249| 349|Pawnie Pop Vriend 5 5 6 5.3 0.3 5 6 5 5.3 0.3
150 250] 350(|PV-1610 Pop Vriend 1 2 1 1.3 0.3 1 1 1 1.0 0.0
151| 251] 351|Virgo BASF/Nunhems 5 6 6 5.7 0.3 4 5 5 4.7 0.3
152| 252| 352|Austin (PV - 1506) Pop Vriend 2 1 1 1.3 0.3 2 2 3 2.3 0.3
153| 253]| 353|Spoonbill Rijk Zwaan 3 1 1 1.7 0.7 3 2 1 2.0 0.6
154| 254| 354|Vicuna Rijk Zwaan 2 2 2 2.0 0.0 2 1 1 1.3 0.3
155| 255| 355|Laredo (PV -1514) Pop Vriend 1 1 1 1.0 0.0 2 2 1 1.7 0.3
156| 256| 356]|Lizard Rijk Zwaan 5 6 5 5.3 0.3 6 7 7 6.7 0.3




Scale: 1 = clean
10 = 100% infected

Stemphylium Tolerance Study On Spinach

Varieties, 2020 — 2021 Ratings

After Freeze
WSU rating 2/20/21

Prior to Freeze

Texas A&M rating 2/12/21

rep 1 |rep 2 [rep 3 |Variety Company repl rep2 rep3 average stderr||repl rep2 rep3 average stderr
157| 257| 357|Hydrus BASF/Nunhems 1 2 1 1.3 0.3 3 2 2 2.3 0.3
158| 258| 358|Scorpius BASF/Nunhems 1 2 1 1.3 0.3 2 2 1 1.7 0.3
159| 259| 359|Houston (PV - 1515) Pop Vriend 1 1 2 1.3 0.3 2 1 1 1.3 0.3
160 260| 360|PV-1569 Pop Vriend 1 1 1 1.0 0.0 3 2 3 2.7 0.3
161| 261 361|Rapanui Seminis 6 7 7 6.7 0.3 5 6 6 5.7 0.3
162| 262| 362|Cepheus BASF/Nunhems 4 6 6 5.3 0.7 5 4 5 4.7 0.3
163| 263| 363|Canopus BASF/Nunhems 1 1 1 1.0 0.0 2 2 2 2.0 0.0
164| 264| 364|Nevada Pop Vriend 3 2 2 2.3 0.3 3 3 2 2.7 0.3
165| 265| 365|Kiowa Pop Vriend 1 3 1 1.7 0.7 1 2 2 1.7 0.3
166 266| 366|PV-1611 Pop Vriend 1 1 1 1.0 0.0 1 2 2 1.7 0.3
167| 267| 367|Harmonica (PV -1194) |Pop Vriend 4 5 5 4.7 0.3 4 5 5 4.7 0.3
168| 268| 368|Dallas Pop Vriend 1 1 1 1.0 0.0 2 2 2 2.0 0.0
169| 269| 369|Fagot (PV - 1484) Pop Vriend 1 1 2 1.3 0.3 1 1 2 1.3 0.3
170| 270| 370|PV-1617 Pop Vriend 2 2 3 2.3 0.3 3 2 4 3.0 0.6
171 271] 371|PV-1526 Pop Vriend 1 1 1 1.0 0.0 2 1 2 1.7 0.3
172 272| 372|Volans BASF/Nunhems 6 6 5 5.7 0.3 5 5 6 5.3 0.3
173| 273| 373|Tabit BASF/Nunhems 1 1 1 1.0 0.0 1 1 1 1.0 0.0
174 274| 374|Colusa Pop Vriend 1 1 1 1.0 0.0 2 1 2 1.7 0.3
175| 275| 375|Bandera Pop Vriend 2 2 3 2.3 0.3 2 3 2 2.3 0.3
176| 276| 376|PV -1599 Pop Vriend 1 1 1 1.0 0.0 1 1 1 1.0 0.0
177| 277| 377|Cacopah (PV - 1449) Pop Vriend 1 1 1 1.0 0.0 4 2 3 3.0 0.6
178| 278 378|PV-1664 Pop Vriend 1 1 1 1.0 0.0 5 3 2 3.3 0.9
179| 279| 379|Melville Seminis 4 4 4 4.0 0.0 3 4 4 3.7 0.3




Rated: 2/12/2021
Scale: 1 =clean

Stemphylium Tolerance Study On Spinach Varieties, 2020 — 2021

Texas A&M

10 = 100% infected Ratings White Rust Rating

R R R R R R

E E E E E E A

P P P |Variety Seed Company P P P Vv

G

1 2 3 1 2 3

101 201| 301 |SV2994VC Seminis 7 8 9 8

102| 202| 302 |Alcor BASF/Nunhems 4 4 3 [3.67
103] 203| 303 |Corvus BASF/Nunhems 2 2 3 1233
104| 204| 304 |Nembus BASF/Nunhems 4 5 4 14.33
105 205| 305 (Minkar BASF/Nunhems 3 4 3 1333
106| 206| 306 [Regor BASF/Nunhems 3 4 5 4

107| 207| 307 |SV1846VC Seminis 9 9 8 |8.67
108( 208| 308 [Kodiak Rijk Zwaan 2 3 4 3

109| 209| 309 [Renegade Bejo 2 3 4 3

110| 210] 310 |SV6203VB Seminis 7 10 | 9 [8.67
111| 211| 311 |Space Bejo 4 3 4 13.67
112 212| 312 [Responder Bejo 3 5 5 14.33
113] 213| 313 |Patton Bejo 7 6 6 |6.33
114| 214| 314 |C2 - 606 Sakata 5 7 7 |6.33
115( 215| 315 (Eland Rijk Zwaan 1 1 2 |1.33
116| 216| 316 |[Cugoe Rijk Zwaan 4 3 5 4

117| 217| 317 |Palco *(Downy on 217 - rated 5) |BASF/Nunhems 3 5 5 14.33
118| 218| 318 [Spirico BASF/Nunhems 2 4 5 [3.67
119] 219| 319 |Sunangel Rijk Zwaan 3 2 1 2

120| 220| 320 |Seaside Sakata 5 6 6 |5.67
121 221| 321 [Riverside Sakata 3 4 5 4

122]| 222| 322 |51-se721 Rijk Zwaan 3 3 2 |2.67
123| 223| 323 |Parakeet Rijk Zwaan 8 6 6 |6.67
124] 224| 324 |RS06661470 Seminis 4 9 8 7

125| 225| 325 [Bonobo Rijk Zwaan 7 6 3 |5.33
126| 226| 326 |SV2146VB Seminis 7 8 6 7

127| 227| 327 |Midway Seminis 5 6 8 [6.33
128| 228| 328 |Kona Seminis 9 8 8 |8.33
129| 229| 329 [Carmel Pop Vriend 2 2 2 2

130| 230] 330 |Maya Pop Vriend 3 2 2 |2.33
131| 231] 331 |Sioux Pop Vriend 4 4 3 |3.67
132] 232| 332 |Banjo Pop Vriend 4 3 2 3

133] 233| 333 |SV2157VB Seminis 3 9 6 6

134| 234| 334 [Magnetic Seminis 8 8 6 [7.33
135] 235]| 335 |Silverwhale Rijk Zwaan 7 7 5 16.33
136| 236| 336 |Spiros Bejo 1 2 2 |1.67
137| 237| 337 [Platypus Rijk Zwaan 3 2 2 |2.33
138( 238| 338 [Baboon Rijk Zwaan 2 1 1 (1.33




Rated: 2/12/2021

Scale: 1 = clean Stemphylium Tolerance Study On Spinach Varieties, 2020 — 2021 Texas A&M
10 = 100% infected Ratings White Rust Rating
R R R R R R
E E E E E E A
P P P |Variety Seed Company P P Vv
G
1 2 3 1 2 3
139| 239| 339 (Salamander Rijk Zwaan 2 1 1 ]1.33
140| 240| 340 |Tasman Pop Vriend 1 1 1 1
141| 241| 341 |Hamilton Seminis 4 3 3 |3.33
142| 242| 342 |Fantail Rijk Zwaan 1 1 1 1
143]| 243| 343 |Oceanside Sakata 5 6 4 5
144( 244| 344 (Lakeside Sakata 6 7 6 |6.33
145| 245| 345 |Antigua Seminis 4 6 5 5
146| 246| 346 |Hammerhead Rijk Zwaan 1 2 1 1133
147| 247| 347 [Cabezon Rijk Zwaan 2 1 1 [1.33
148| 248| 348 |PV-1516 Pop Vriend 5 5 5 5
149| 249| 349 |Pawnie Pop Vriend 7 4 3 |4.67
150| 250] 350 |PV-1610 Pop Vriend 6 4 5 5
151| 251| 351 |Virgo BASF/Nunhems 3 3 4 13.33
152 252| 352 [Austin (PV - 1506) Pop Vriend 8 3 4 5
153 253| 353 [Spoonbill Rijk Zwaan 6 3 4 1433
154| 254| 354 |Vicuna Rijk Zwaan 7 3 7 |5.67
155 255| 355 [Laredo (PV - 1514) Pop Vriend 3 2 2 (233
156| 256| 356 |Lizard Rijk Zwaan 1 1 1 1
157 257| 357 [Hydrus BASF/Nunhems 7 4 5 [5.33
158 258| 358 [Scorpius BASF/Nunhems 3 4 2 3
159| 259| 359 |Houston (PV - 1515) Pop Vriend 3 3 3 3
160( 260| 360 [PV - 1569 Pop Vriend 2 2 1 |1.67
161| 261| 361 |Rapanui Seminis 8 8 7 |7.67
162 262| 362 [Cepheus BASF/Nunhems 7 2 3 4
163| 263| 363 [Canopus BASF/Nunhems 7 4 4 5
164| 264| 364 |Nevada Pop Vriend 6 3 4 [4.33
165| 265| 365 |Kiowa Pop Vriend 5 5 4 |4.67
166| 266| 366 |PV-1611 Pop Vriend 6 5 6 |5.67
167| 267| 367 |Harmonica (PV - 1194) Pop Vriend 2 2 1 [(1.67
168| 268| 368 [Dallas Pop Vriend 4 2 5 |3.67
169( 269| 369 |Fagot (PV - 1484) Pop Vriend 4 3 4 |3.67
170| 270| 370 |PV -1617 Pop Vriend 9 8 7 8
171 271| 371 [PV - 1526 Pop Vriend 3 2 3 |2.67
172 272| 372 [Volans BASF/Nunhems 2 4 4 [3.33
173| 273| 373 |Tabit BASF/Nunhems 3 4 3 |3.33
174| 274| 374 |Colusa Pop Vriend 2 2 2 2
175| 275| 375 [Bandera Pop Vriend 1 1 1 1
176| 276| 376 |PV -1599 Pop Vriend 3 3 3 3
177| 277| 377 |Cocopah (PV - 1449) Pop Vriend 4 4 3 |3.67
178| 278| 378 |PV - 1664 Pop Vriend 2 3 2 |2.33
179] 279| 379 |Melville Seminis 1 1 1 1
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White Rust Findings - January 20, 2021

The following varieties in the White Rust Trial
showed the first signs of white rust, other than the
spreader row:

A20
B13
B21
B27
B29
C1
C5
D221
D223
E7
F3
F4
F5

In addition, the following had symptoms of leaf
spot in 2 reps:

F3




WHITE RUST RATING - 2/8/2021

Rep 1 Rep 2 Rep 3 AVG
Al 4 1 7 4
A2 3 2 6 3.666666667
A3 4 3 3 3.333333333
A4 4 2 2 2.666666667
A5 3 3 3 3
A6 3 3 2 2.666666667
A7 3 1 1 1.666666667
A8 3 2 1 2
A9 4 2 3 3
Al0 3 2 2 2.333333333
Al1 4 4 3 3.666666667
Al12 3 2 3 2.666666667
Al3 3 4 3 3.333333333
Al4 4 5 4 4.333333333
A15 2 2 4 2.666666667
Al6 3 4 5 4
Al7 5 5 5 5
Al8 3 4 4 3.666666667
Al9 3 5 5 4.333333333
A20 2 4 7 4.333333333

Scale: 1 =clean

10 = 100% infection




WHITE RUST RATING - 2/8/2021

Rep 1 Rep 2 Rep 3 AVG
Bl 3 2 4 3
B2 2 3 5 3.333333333
B3 3 2 5 3.333333333
B4 3 1 5 3
B5 3 2 5 3.333333333
B6 2 2 5 3
B7 3 1 5 3
B8 2 2 7 3.666666667
B9 3 3 8 4.666666667
B10 3 4 8 5
B11 2 4 5 3.666666667
B12 2 5 5 4
B13 2 4 10 5.333333333
B14 3 4 9 5.333333333
B15 2 5 4 3.666666667
B16 3 4 4 3.666666667
B17 2 3 6 3.666666667
B18 3 3 5 3.666666667
B19 4 3 7 4.666666667
B20 3 3 6 4
B21 3 3 8 4.666666667
B22 3 3 5 3.666666667
B23 4 3 5 4
B24 5 3 4 4
B25 4 3 5 4
B26 2 3 6 3.666666667
B27 5 4 5 4.666666667
B28 7 4 5 5.333333333
B29 7 4 3 4.666666667
B30 7 4 3 4.666666667

Scale: 1 =clean

10 = 100% infection




WHITE RUST RATING - 2/8/2021

Rep 1 Rep 2 Rep 3 AVG
Cc1 1 2 2.333333333
c2 3 2 2 2.333333333
c3 2 4 3 3
c4 3 4 2 3
C5 2 5 8 5
(69 2 3 3 2.666666667
c7 2 2 2 2
c8 2 4 2 2.666666667
c9 2 4 1 2.333333333
Cc10 1 4 2 2.333333333
C11 2 3 2 2.333333333
C12 1 1 1 1
C13 1 2 1 1.333333333
C14 2 1 1 1.333333333
C15 1 1 1 1
Cl16 2 1 1 1.333333333
Cc17 1 2 1 1.333333333
C18 1 1 1 1
C19 1 1 1 1
C20 1 3 1 1.666666667
Cc21 1 3 2 2
C22 2 4 2 2.666666667
C23 2 3 1 2
C24 2 3 1 2
C25 2 1 1 1.333333333
C26 3 2 2 2.333333333
Cc27 3 2 1 2
Cc28 3 1 1 1.666666667
C29 2 1 3 2
C30 2 1 2 1.666666667
C31 2 2 3 2.333333333
C32 3 2 2 2.333333333
C33 2 2 2 2
C34 2 2 2 2
C35 1 3 2 2
C36 1 5 2 2.666666667
Cc37 1 3 3 2.333333333
C38 2 4 3 3
C39 2 1 2 1.666666667
C40 1 2 4 2.333333333

Scale: 1 =clean

10 = 100% infection




WHITE RUST RATING - 2/8/2021

Rep 1 Rep 2 Rep 3 AVG
D1 5 3 4 4
D2 5 3 3 3.666666667
D3 5 4 3 4
D4 5 4 3 4
D5 4 3 3 3.333333333
D6 6 5 3 4.666666667
D7 7 2 3 4
D8 8 2 3 4.333333333
D9 5 3 5 4.333333333
D10 6 2 5 4.333333333
D11 5 3 6 4.666666667
D12 5 2 6 4.333333333
D13 3 3 7 4.333333333
D14 4 4 8 5.333333333
D15 3 6 5 4.666666667
D16 2 5 6 4.333333333
D17 3 6 4 4.333333333
D18 3 4 4 3.666666667
D19 3 2 7 4
D20 3 2 4 3
D21 3 3 6 4
D22 3 1 3 2.333333333
D23 3 2 5 3.333333333
D24 3 5 4 4
D25 5 2 3 3.333333333
D26 3 2 4 3
D27 3 2 3 2.666666667
D28 4 3 4 3.666666667
D29 2 1 2 1.666666667
2 2 3

D30

2.333333333




WHITE RUST RATING - 2/8/2021

Rep1 Rep 2 Rep 3 AVG
D31 3 2 3 2.666666667
D32 4 3 3.333333333
D33 3 2 4 3
D34 2 1 3 2
D35 4 2 5 3.666666667
D36 4 3 5 4
D37 5 5 3 4.333333333
D38 6 6 3 5
D39 3 4 2 3
D40 5 7 3 5
D41 3 2 2 2.333333333
D42 4 5 2 3.666666667
D43 4 3 2 3
D44 5 3 2 3.333333333
D45 3 4 2 3
D46 3 5 2 3.333333333
D47 4 5 4 4.333333333
D48 3 3 3 3
D49 4 5 5 4.666666667
D50 4 5 4 4.333333333

Scale: 1 =clean

10 = 100% infection




WHITE RUST RATING - 2/8/2021

Rep 1 Rep 2 Rep 3 AVG
El 7 4 4 5
E2 4 3 3 3.333333333
E3 3 4 3 3.333333333
E4 4 5 3 4
ES 4 5 4 4.333333333
E6 5 5 5 5
E7 5 9 3 5.666666667
E8 5 8 4 5.666666667

Scale: 1 = clean

10 = 100% infection




WHITE RUST RATING - 2/8/2021

Rep 1 Rep 2 Rep 3 AVG
F1 3 5 2 3.333333
F2 2 4 2 2.666667
F3 8 5 3 5.333333
F4 8 6 2 5.333333
F5 3 6 2 3.666667
F6 5 7 3 5
F7 1 6 5 4
F8 2 5 4 3.666667
F9 2 5 5 4

Scale: 1 =clean

10 = 100% infection




WHITE RUST RATING - 2/8/2021

Rep 1 Rep 2 Rep 3 AVG
G1 2 6 2 3.333333
G2 8 1 3.333333
G3 1 7 3 3.666667
G4 3 8 4 5

Scale: 1 = clean

10 = 100% infection




Stemphylium Leaf Spot of Spinach in Fresh Market, Processing, and Seed Crops

Kayla Spawton & Lindsey du Toit, February 2021
Washington State University Northwestern Washington Research & Extension Center

Background: Historically, Stemphylium leaf spot of spinach was thought to be caused by the fungus
Stemphylium botryosum. However, isolations completed in du Toit’s lab at Washington State
University (WSU) and Correll’s lab at the University of Arkansas (UA) over the last 5 years from
samples received from Arizona, California, Florida, and Texas revealed there are at least two species
of Stemphylium that can cause leaf spots of spinach: 1) Lineage 1 isolates, which are most closely
related to S. vesicarium; and 2) Lineage 2 isolates, most closely related to S. beticola. The isolates
previously identified as S. botryosum have been re-named as S. beticola, a species first described in
2017 from sugar beet crops in the Netherlands. Almost all Stemphylium isolates obtained from leaf
spots in spinach crops in Texas over the past 5 years have been from Lineage 1 (S. vesicarium).
Isolates of the two lineages cause slightly different symptoms on spinach (Figure 1). In addition, All
of the Lineage 1 isolates tested to date in du Toit’s lab have caused leaf spots on the cv. Mandolin but
not on Viroflay, whereas all Lineage 2 isolates caused leaf spots on both cultivars.

Resistance of Lineage 1 (Stemphylium vesicarium) isolates to strobilurin (FRAC 11) fungicides:
Stemphylium isolates of Lineage 1 and Lineage 2 were assessed in the lab for sensitivity to two
fungicides commonly used in spinach crops, azoxystrobrin (e.g., Quadris) and pyraclostrobin (e.g.,
Cabrio). The majority of the Lineage 1 isolates tested were from spinach crops in Texas and Florida.
All of these isolates were much less sensitive to both fungicides than isolates of lineage 2 (Figure 2).
This explains the difficulty growers have had controlling Stemphylium leaf spot with FRAC 11
fungicides.

Differences in susceptibility of spinach cultivars to Stemphylium species: Spinach cultivars
provided by Rijk Zwaan (Table 1) and Texas growers (Table 2) were screened for susceptibility to
Stemphylium isolates of Lineages 1 and 2. Most spinach cultivars are susceptible to isolates of
Lineage 2 (S. beticola) but there are distinct differences in susceptibility among cultivars to isolates of
Lineage 1, with some cultivars developing no symptoms at all. This corroborates the work of Mou et
al. (2008) who demonstrated that all 22 spinach cultivars and 338 spinach Plant Introduction (PI)
lines evaluated were susceptible to S. botryosum (re-named S. beticola = Lineage 2), with quantitative
differences among cultivars and Pl lines. In contrast, the qualitative differences in susceptibility of
spinach cultivars to the isolate of Lineage 1 (S. vesicarium) indicates different genetic mechanisms of
resistance to the two species of Stemphylium. Planting cultivars that are resistant to Lineage 1 (S.
vesicarium) may be very effective for managing this disease.

Stemphylium species associated with spinach seed production: Spinach seed can only be grown in
about six regions of the world because of the climatic requirements to produce seed. Spinach seed lots
grown in 2018 in each of Denmark, France, the Netherlands, New Zealand, and the U.S. were
assessed for the incidence (%) of seed infected with Stemphylium (Table 3). Isolates of Stemphylium
obtained from these seed were identified to species. Most isolates from seed produced in Europe and
New Zealand (8 or the 10 lots) were from Lineage 1 (S. vesicarium), while most isolates from the 2
U.S. seed lots were from Lineage 2 (S. beticola). Only 3 of 15 isolates of Lineage 1, and 0 of the 4
isolates of Lineage 2 tested from these seed lots were pathogenic on spinach, i.e., not all Stemphylium
isolates on spinach seed are pathogens of spinach.

Stemphylium species causing leaf spots in Washington spinach seed crops in 2020: Eleven
spinach seed crops were surveyed in Washington in 2020. Ten of the crops were infected with isolates
of Lineage 2 (S. beticola), and 5 were infected with isolates of Lineage 1 (S. vesicarium) (Table 4).
This is the first evidence of Lineage 1 isolates causing spinach leaf spot in Washington. However,
some of the isolates of each species were not pathogenic when tested on spinach. A third species, S.



drummondii, was isolated from one seed crop and was pathogenic on spinach (Figure 1). This species
has only previously been reported to cause a leaf spot of spinach in China.

e Future work: Two field trials were planted in the Texas Wintergarden area in late 2020 to evaluate
the reactions of: 1) 326 Plant Introduction (PI) lines from the USDA spinach germplasm collection,
and 2) 79 commercial spinach cultivars when inoculated with Texas isolates of Lineage 1 (S.
vesicarium). We also will test isolates of both lineages for sensitivity to azoxystrobin and
pyraclostrobin in a greenhouse to confirm the lab fungicide test results, and we will screen isolates of
the two species for sensitivity to fungicides in other FRAC groups. Furthermore, we are exploring the
genetic diversity of Lineage 1 isolates from spinach seed grown in different countries and from
spinach crops in Texas.
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Figure 1: Three Stemphylium species detected thus far in the USA that are pathogenic on spinach, and the typical symptoms each causes on the
spinach cultivars Mandolin and Viroflay.
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Figure 2: The area under the growth progress curve (AUGPC) of the diameter ratio of mycelial growth (A and C), and percentage of conidia
germinated (B and D) of Stemphylium isolates of Lineage 1 (red lines = S. vesicarium) and Lineage 2 (blue lines = S. beticola) growing on agar
medium amended with 0.001, 0.01, 0,1, 1, 10, and 100 ppm of azoxystrobin (A and B) or pyraclostrobin (C and D). AUGPC diameter ratio is the
ratio of the AUGPC of the average mycelial diameter of an isolate measured after 3, 5, and 7 days of growth on agar medium amended with a
given concentration of fungicide compared to to the AUGPC of the same isolate growing on medium not amended with fungicide.



Table 1: Mean * standard error of the severity of Stemphylium leaf spot on spinach cultivars from the
seed company Rijk Zwaan, 18 days after inoculation with Stemphylium isolates of Lineage 1 (isolate
St523) and Lineage 2 (isolate St354).

Inoculated leaf area (%) with spots

Spinach cultivar St523, Lineage 1 St354, Lineage 2
(S. vesicarium) (S. beticola)

Mandolin 43+8 50
Viroflay (Sakata)? 0 4+1
Viroflay (Condor)? 0 50
Viroflay (PopVriend)? 0 50
Meerkat 23+5 520
Woodpecker 11+3 1+1
Parakeet 0 0
Perentie 0 520
Baboon 0 0
Galah 0 31
Bandicoot 0 0
Capybara 0 31

& Three different seed sources of the open-pollinated cv. Viroflay were used to assess consistency in results among
seed lots from different breeding programs.

Table 2: Mean * standard error of the severity of Stemphylium leaf spot on spinach cultivars used by
Texas growers in 2019, 21 days after inoculation with Stemphylium isolates of lineage 1 (isolate St523)
and lineage 2 (isolate St618).

Inoculated leaf area (%) with spots

Spinach cultivar? St523, Lineage 1 St618, Lineage 2
(S. vesicarium) (S. beticola)

Mandolin 55+3 15+6
Viroflay 0 10+4

A = Perentie (Rijk Zwaan) 0 50

B 0 5+0

C 40 + 14 61

D 0 9+4

E = Hammerhead (Rijk Zwaan) 65+ 3 61

F = Kookaburra (Rijk Zwaan) 506 72

G = Platypus (Rijk Zwaan) 43+ 9 50

H 0 61

| = Patton (Bejo) 45+ 3 50

J 0 144

K 0 10+£4

L 0 752

& Cultivars were received from Texas growers coded by letters, and the identifies of only some of the cultivar
identities was then shared by the growers.



Table 3: Incidence of seed on which Stemphylium species were detected for 10 spinach seed lots grown in five countries in 2018. @

Number of isolates identified to species by sequencing the calmodulin gene (cmdA)

Insggsrxﬁhc’f Total # of Lineage 1, Lineage 2, S S S Stemphylium sp.
Lot  Country Stemphvlium isolates S. vesicarium S. beticola amarénthi astra' ali eturmfunum (species not
speciF:e Sy(% ) sequenced (% of isolates) (% of isolates) g identified)
1 New Zealand 56 24 16 (67%) 8 (33%) 0 0 0 0
2 New Zealand 45 23 17 (74%) 2 (9%) 0 0 4 0
3 France 23 2 2 (100%) 0 0 0 0 0
4 France 60 37 37 (100%) 0 0 0 0 0
5 USA 34 30 3 (10%) 26 (87%) 0 0 0 1
6 USA 23 16 3 (19%) 13 (81%) 0 0 0 0
7 Denmark 6 5 4 (80%) 0 1 0 0 0
8 Denmark 11 8 7 (88%) 0 0 0 0 1
9  Netherlands 19 13 9 (69%) 0 2 1 0 1
10 Netherlands 5 3 3 (100%) 0 0 0 0 0
Total or average 28 161 101 49 3 1 4 3

2 For each seed lot, 100 seeds were incubated on a semi-selective agar medium and observed microscopically for conidia or pseudothecia typical of
Stemphylium. Stemphylium isolates were identified to species based on the partial sequence of the cmdA locus. Numbers in parentheses are the percentage of
isolates that were identified to be Lineage 1 or 2.

b Preliminary data suggests that not all isolates of Lineages 1 and 2 from seed are pathogenic on spinach.



Table 4: Isolates of Stemphylium collected from spinach seed crops in northwestern Washington in 2020 that developed symptoms of
Stemphylium leaf spot.

Number of isolates identified to species by sequencing the calmodulin gene (cmdA)

Total # of isolates Lineage 1, Lineage 2, Stemphylium sp.
Crop # County sequenced S. vesicarium (% of isolates  S. beticola (% of isolates drumrﬁondii (species not
g from that field) from that field) identified)

VSP 20-078 Skagit 2 0 2 (100%) 0 0

VSP 20-080 Skagit 23 23 (100%) 0 0 0

VSP 20-091 San Juan 6 0 6 (100%) 0 0

VSP 20-096 Skagit 6 0 6 (100%) 0 0

VSP 20-097 Skagit 10 1 (10%) 9 (90%) 0 0

VSP 20-098  Snohomish 6 1 (17%) 3 (50%) 1 1

VSP 20-101 Skagit 4 0 4 (100%) 0 0

VSP 20-102 Skagit 3 0 3 (100%) 0 0

VSP 20-103 Skagit 5 3 (60%) 2 (40%) 0 0

VSP 20-112 Skagit 6 0 6 (100%) 0 0

V'SP 20-128 Skagit 3 2 (67%) 1 (33%) 0 0
Total 74 30 (43%) 42 (57%) 1 1

2 Numbers in parentheses indicate the percentage of isolates identified that belong to Lineages 1 or 2.
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Infection of field weeds by Colletotrichum dematium, the causal agent
of spinach anthracnose

Possible weed hosts of Colletotrichum dematium had not been well documented in the
Texas Wintergarden production region. These were of concern with respect to being a
source of inoculum that could contribute to anthracnose epidemics in spinach crops. Two
locations were selected near spinach production fields, and 10 sites were selected
between those two locations. The first was in Zavala Co., near the Ritchie Farm test
plots, adjacent to the Nueces River and access roads. The second was off FM140 south of
Uvalde, in Uvalde Co. Weeds were inoculated with a spinach derived C. dematium isolate
via infested oats heavily (1 cup/m? by volume) broadcast spread onto marked weed
habitat areas. Multiple plants of each species present were inoculated at each site.
Inoculated weeds were then checked for symptoms (lesions, sporulation on stems, leaves,
crown) and collected for verification in the lab every 2 weeks after inoculation. Lab
verification included incubating plants to induce sporulation for 24-48hr, then examining
specimens under the microscope. Selected samples were cultured to confirm
pathogenicity (Koch’s postulates). Additional samples that were not sporulating but
symptomatic were cultured to check for the presence of C. dematium infection in the
plant without evident sporulation.

Of the 25 weed species collected across the 10 sites in Zavala and Uvalde Counties, 9
species had active C. dematium sporulation present on the symptomatic plant tissues.



Fig 1: Images of acervuli producing classic C. dematium shaped conidia collected from
sporulating lesion of common mallow (site 2 sample). Top left image is acervuli in situ,
approx. 80x. Top right image is the naturally occurring Colletotrichum sp. observed in many
mallow samples at site 1. Note the color difference. The C. dematium acervuli are larger and
more pronounced.

Bottom left image is a smashed acervulus and spores at 100x magnification. Curved conidia
(spores) and setae (whisker-like appendages) tips at 450x magnification.




Fig 2. From ragweed, site 2.

Top left: symptomatic leaf tissue on inoculated ragweed plant, approx. 40x; Top Right: Close
up of black perithecia (sexual reproductive structure) of suspected C. dematium embedded in
the leaf tissue, approx. 80x.

Bottom Left: perithecia containing asci (oblong sac-like structures containing sexual
reproductive spores) that have burst out after being smashed on a microscope slide, 100x
magnification. Bottom right: oblong asci containing ascospores at 450x magnification.




Fig 3: Ragweed from site 2 with acervuli on symptomatic stem. These had curved spores
typical of C. dematium. ~50x magnification.

The ragweed samples were particularly interesting due to the fact that they had sexual
reproductive structures suspected to be associated with C. dematium. Both sexual and
asexual fungal reproduction were occurring simultaneously in the same plants. These sexual
reproduction structures (perithecia) are more durable than the asexual acervuli in terms of
longevity. More work is needed for additional insight to one way C. dematium could over-
season in weeds.



Fig: 4: Thistle leaf with acervuli on lower leaf tissue. Crown tissue areas near the inoculation
site had large lesions and rot symptoms. 80x magnification.

Fig 5: Acervuli on Yellow woodsorrel stolon. 80x magnification.




Fig 6: Acervuli on symptomatic stems from Horseherb. Approx 80 and 60x. Note in the right
image you can see the “cup” shape of the acervuli and that sporulation was abundant in this
host.




Fig 8: Oat inoculum recovered from the field after 2 months with acervuli and conidial
sporulation: 60x (top) side view of an acervulus can be seen and the high density of acervuli
can be observed, particularly on the edge of the oat. Oats were rinsed with sterile water and
cultured on 1/2 PDArad and C. dematium was recovered. This confirms that the inoculum
distributed in the field does in fact sporulate and survive for weeks in the field in the absence
of irrigation.




Weeds Inoculated & Observations

Site Plant Colletotrichum | Observations

(see Index | Inoculated dematium

for maps) present (y/n)

1. 1acd,2bd Common mallow Y* Site 2: both species
types were observed

*2 species of on a single plant from
Colletotrichum; 1. | site 1 (Fig 1)
small acervuli with
oval spore’ and 2. Plants with
large acervuli with | sporulating lesions of
curved spore (C. only the C. dematium
dematium type) spore type were
were found at site1 | found at site 2b,d
"Dr. Jim Correll has an
isolate of the oval spore
type. Pathogenicity
tests on spinach using
this isolate would be
useful.

2. 2b,c Ragweed - 2 Y Acervuli with curved
species of spores present on
ragweed; lower symptomatic
(WeakLeaf Bur leaves
Ragweed, Western
Ragweed) Perithecia in leaves,

lesions and dead
leaves a base,
symptomatic leaves
higher up (see Fig 2,3)

3. 2acd Thistle -Texas Y Acervuli on

Thistle symptomatic leaf
tissue; lesions at
crown, lower leaves
(Fig 4)

4 2c Yellow Y Acervuli on stolon
Woodsorrel, area of plant (Fig 5)
Oxalis stricta

5 1d Plains Poppy N
Mallow OR Salt
Marsh Mallow-

Malvaceae

6. 1ef Wild Umbellaceae | N
(carrot family)

7. 1cd Spiderwort Y Acervuli on lower
(possibly Ohio stem, crown rot
spiderwort, but symptoms
seems more fleshy)




8. 2a,b Horseherb, Y Acervuli on lesions
straggler daisy; occurring on lower
Calyptocarpus vialis stems
9. 1d,2b Goatbeard, N
clematis (vine)
10. 1adef,2d Nettle weed N
11. 1bc Live Oak TBD Heavy leaf spot
symptoms, but no
acervuli present to ID.
Heavy additional
infection on some
leaves.
Additional site needs
tested, ideally free of
other foliar diseases.
12. 2d Chickweed N
13. 1a,2cd Purslane N
14. 2d Mesquite sapling N
15. 2d Lizard tail goura TBD Pending additional
work- this population
of plants has crown
lesions but also has
Phomopsis on leaves
16. 2ab Rye Grass N
17. 2d Lazy Daisy, Arkansas | N
Lazy Daisy, Arkansas
Doze-daisy
Aphanostephus
skirrhobasis
OR A.ramosissimus
18. 2b 3-lobe false Y Acervuli & lesions on
mallow lower stem areas
19. 1f,2bc Common Hedge N
Parsley
20. 1abf, 2abc | Lambsquarter Y Symptomatic and
sporulating lesions on
leaves and stems
21. 2abc Pigweed N
22. 2cd Indian Blanket N
(wildflower)
23. 2bcd Western N
Horsenettle
24. 2ad Dallisgrass N
25. 2ab Purple flower, 77 | Y Avervuli on

trailing weed-TBD

symptomatic leaves




Jan-6-2021 (Spinach 2021) ARM 2020.5 Spray Plan Page 1 of 1
Cargile Consulting

Trial ID: Spinach 2021 Location: Trial Year: 2021
Protocol ID: Investigator (Creator): Mike Phillips
Project ID: Study Director:
Sponsor Contact:
Reps: 3 Appl Code: Plots: 3.33 by 20 feet
Trt |Treatment Form Other Other Amt Product |Rep
No. [Name Type Rate Rate Unit |to Measure | 1 2 3
1 |UNTREATED CHECK 101 {207 {310
2 IMIRAVIS PRIME SC 13.4 fl oz/a 3.141 mL/mx (102 |209 | 311
3 [INSPIRE EC 7 fl oz/a 1.641 mL/mx | 103 {212 | 304
4 |INSPIRE SUPER SC 20 fl oz/a 4.687 mL/mx | 104 {211 {303
5 [LUNA SENSATION SC 7 fl oz/a 1.641 mL/mx | 105 |201 | 306
6 |REGALIA SC 64 fl oz/a 15.0 mL/mx | 106 205 [312
7 IMERIVON SC 7 fl oz/a 1.641 mL/mx | 107 202 | 305
8 |REASON SC 7 fl oz/a 1.641 mL/mx | 108 206 | 307
9 |[BAS752 MIBELYA SC 7 fl oz/a 1.641 mL/mx {109 203 | 308
10 |BAS752 MIBELYA SC 10 fl oz/a 2.344 mL/mx {110 |204 |302
11 |BAS751 VELTYMA  SC 10 fl oz/a 2.344 mL/mx (111 |208 | 301
12 |BAS750 CEVYA SC 5 fl oz/a 1.172 mL/mx | 112 {210 | 309

Sort Order: Application Code, Replicate 1

Product quantities required for listed treatments and applications of trials included in this table:

Amount* | Unit | Treatment Name Form Conc |Form Unit | Form Type | Lot Code
3.141 |mL |MIRAVIS PRIME SC
1.641 |mL |INSPIRE EC
4.687 |mL |INSPIRE SUPER SC
1.641 |mL |LUNA SENSATION SC
15.000 |mL |REGALIA SC
1.641 |mL |MERIVON SC
1.641 |mL |REASON SC
3.984 |mL |BAS752 MIBELYA SC
2.344 |mL |BAS751 VELTYMA SC
1.172 |mL |BAS750 CEVYA SC

* 'Per area' calculations based on application amount= 20 GAL/AC, mix size= 0.6 L (mix size basis).

Preliminary results: Fungicides were applied in 20 gallons per acre on 7 (two to three leaf spinach), 18, and 29 January as well as on 8 February. Evaluation of
fungicide efficacy was made 8 February on a 0 to 10 scale where 0 =no disease and 10 = all plants dead from disease. At that time, Reason at 7 ounces/a,
Merivon at 7 ounces/a, Luna Sensation at 7 ounces/a, and apparently BAS 751 at 10 ounces/a gave nearly complete control of white rust. Stemphyllium had not
yet developed when cold weather devastated the test system.



2020 - 2021 Spinach Fungicide Trial for White Rust control

Larry A. Stein, Texas A&M Agrilife Extension Service

Untreated check

Life Gard 2 oz alt. Merivon 7 oz alt. Miravis Prime 13.4

Life Gard 2 oz alt. Presidio 3 oz alt. Merivon 7 oz

Life Gard 2 oz alt. Merivon 7 oz alt. Reason 7 oz

BAS 752 (Mibelya) 7 ounces/A

BAS 751 (Veltyma) 10 ounces/A

BAS 750 (Cevya) 5 oz/A

Life Gard 2 oz alt. Prophyt 1.5 gts/A plus Presidio 3 oz alt. Oso 8.5 oz
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A HUGE thank you to all who helped us get
ready for this field day, especially the sponsors
listed in your program. No doubt, without their
help, this would not be possible!!



2020 — 2021 Spinach Trial
Tiro Tres Farms
Crystal City, TX

2021 Spinach Research Trial | Photo provided by: Julia Paige Ritchie, Tiro Tres Farms





