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Participatory Tomato Breeding in the Midwest

Project 1. Tomato selection for organic systems in the
Midwest

 Traditional breeding and selection in collaboration with farmers, chefs,
and researchers

Project 2: Collaborative plant breeding network development
for organic systems in the Upper Midwest

« KC Tomato
* Nature & Nurture Seeds

Outline:

- Methods on PPB

« Challenges

« Future opportunities

- New tomato varieties highlights

S outline 2




1. Tomato selection for organic systems in the Midwest

- Definition of breeding objectives

» Based on previous research (Hoagland et al., 2015,
UW-Madison reports) AND

» Farmer's feedback from various conference
roundtables (Marbleseed conference, previously
MOSES)

- Traits prioritized
* Yield

 Disease resistance: Septoria leaf spot, early blight,
leaf mold, powdery mildew

* Fruit quality
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Definition of traits of interest

Hoagland et al. (2015)

Table 3. Percentage of Midwest conventional (CO) and uncertified organic and certified (OR) vegetable
growers indicated that a specific trait was one of their three most desired traits for inclusion in a tomato
breeding program.

Percent of respondents
Number of who 1dentificd the trait
FESPONSES among their top three

Trait OR CO OR CO Difference 8K

Flavor 122 o8 792 726 0.066 0.05

Disease resistance 96 112 62.3 83 0.206* 0.051

Crack resistance 59 T6 383 56.3 0.18* 0,058

Mutritional quality 42 [§ 273 4.4 0.225* 0.04

Color, shape 28 38 182 28.1 0.1* 0.05

Weed competitiveness 14 14 9.1 104 0.013 0.035

More plants per fruit 14 13 9.1 9.6 0.005 0.034

Maturity 12 6 18 4.4 0.033 0.028

Storability 8 11 5.2 8.1 —0.03 0.03

Stronger rools 9 5 5.8 3.7 0.021 0.025

Water use efficiency 9 4 5.8 3 0.029 0.024

Compact plants 3 8 32 39 0027 0.025

Mutrient use efficiency 4 1 2.6 0.7 0.019 0.015

*WValues reflect differences between grower groups (= L (LOT).
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2017 Tomato Variety Report

Seed to Kitchen Collaborative

e
Te & . "
University of Wisconsin
M Urban and Regional Food Systems
2018 Variety Screening Trials
W [TOMATO
Fi [Trial Notes: Transplants were started organically by West Star Organics. Seedlings were transplanted May 1, 2015 in the hoopt]
€ land field, with three-plant plots. Plants were spaced 24" apart, with rows on 4" centers and black plastic mulch. Plants were prun
™ jwere not pruned. Drip irmgation was used throughout the season, and EF400 (OMR! approved alternative to copper fungicides) v
Variety Source Percent germination Date of fl g I ag of fruit  Avera
yield per plant per plant
F H F H G H F H F
. lasi2a i aal a2l 15-tunl 22.Mand 2296 2038l 2¢l 150)
University of Wisconsin 7
Urban and Regional Food Systems
2016 Vegetabile Variety Screening Trials 81
[FomaTo) F

Trial Notes: This trial was conducted in a 90" x 30° hoophouse (H) and In a fleld (F) directly adjacent. Hoophouse w;
three plants each. Plants were planted 2' apart on black plastic. Drip irrigation was used to maintain adequate soil

il

e pressure as a result of wet conditions. The primary pathogens being Septoria Leaf Spot and Alternaria. Sol
other management system. Last field harvest 9/19. Last hoophouse harvest 11/11.

[Variety |Source Class harvest Per Plant Per Plant Plant

Market Date of First | Marketable Yield| Marketable Yield | Marketable Fruit Pe

45023

A3

i

.
Renewable Agriculture and Food Systems: 32(6); 562-572 doi:10.1017/5174217051600048X

Tomato variety trials for productivity and
quality in organic hoop house versus open
field management
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Crossing scheme

Parental lines

Fy

Seed advancement
and selection

Crimson Defiant 0SA404 JBT A6

Sprinter
CSDE 04DE JBDE DEA6 04JB 04A6 A6]B
CSDE 04DE JBDE DEA6 04JB 04A6 A6]B
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Summer
Sunrise

P3SS

P3SS




On-station evaluation

Moved to high tunnel evaluation only.

Traits evaluated

- Yield (marketable weight, fruit count, average fruit weight).

- Diseases: septoria leaf spot, early blight, powdery mildew, leaf mold.
- Fruit quality: Brix, CA

- Fruit flavor: tastings (sweetness, acidity, umami, intensity, overall).

6
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Farmer participation in selection —

Of.rm evaluatiori Luna Circle
adison, W, 201

« 6 organic farmers in 2020
« 5 organic farmers in 2021

« More farmers in 2022, 2023, and 2024
(SeedLinked)
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Farmer participation in selection

« 6 organic farmers in 2020
« 5 organic farmers in 2021
« More farmers in 2022, 2023, and 2024 (SeedLinked)

Voss Organics Summer 2020 evaluation
OSA 404 x JBT x
Family A6 x JBT OSA404 x JBT OSA404 x A6
Defiant Defiant e ==
ame: [ &1 \Jun pana [ I
Liked A6 family best i Toantesdngos | — )
What do you think ofthe |Liked the plant| for color, flavor, | Most blossom end (Liked A6 family best for | Liked the plant vy o) et Wt :
family as a whole size productivity, and size. [ rot. Not preferred | color, flavor and size size v Widmagy | ORIy
Are there stand-out _ Best: manageble plant s> SpvucTurr
Co . Best: striking color _ gebep
individuals ? Which ones dsh habit, great flavor, large
and why? ana shape size, striking color b | st Sl 30, *"W;”i Thbcr T
AN ‘
| THL Smn
What do you think of the Wk | B8 T 2 oS |Gl ST FlAE |NeT praed Pt
Y > good Best good Best good ﬁ\ ’?: o 12# 684 o i R 'S
flavor? [ ot ug el | all G 1)
SMALL D) feon) [Ak _“?mim‘\ ’ [A HTTLE Biand (6o Mgt@)
. . tendency toward ( [oowcy iy | BEATTHE SR WE \ggr o |Hns b
What do you think of the productive in number _ 16
. . strong _ end rot reduced strong Good [eT han 2kt T Geea T
productivity and size . (| oo s
marketable fruit ¢ beh Tt
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On-farm vs. On-station selection

- On-station:
* Yield, disease resistance, fruit quality OSA404 x Japanese Black Trifele
(tastings) e
« Medium-sized slicer
* Reds and dark pinks

« Uniformity

« On-farm:

« Different market classes, novel
phenotypes (medium-sized with green
stripes, for example)

« Uniformity
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Flavor evaluation: Chefs collaboration

- Evaluation of the organoleptic characteristics.

- Understanding of the different uses each variety
could have.

- Tastings carried out at a local restaurant.

10
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HortScience 59(9):1299-1307. 2024. https://doi.org/10.21273/HORTSCI17799-24

Improved Tomato Breeding Lines

ﬂj b I iS h Ed resu ItS Adapted to Organic Farming Systems

Have Enhanced Flavor, Yield, and
Disease Resistance

Ambar Carvallo Lopez, Marissa Nix, Thomas Hickey, and
Julie C. Dawson
Department of Plant and Agroecosystem Sciences, University of Wisconsin—

Table 3. Summary of on-farm evaluations of tomato breeding lines grown by organic farmers in the Upper Midwest United States in 2020 and 2021.
Family (ieneral Flavor Productivity Fruit characteristics Other comments
‘Crimson’ x ‘Defiant’ Competitive with weeds, Good acid/sweet High—moderate Medium size Late
(CSDE) healthy balance, tough skin;
best of all
OSA404 x ‘Japanese Good size; great disease  Good, sweet flavor High good Some medium, some  Short harvest; best
Black Trifele’ (O4JB) resistance to EB Heirloom appearance larger sized overall; yields higher at
the beginning of the
SCAas0on
JBT x “Defiant’ (JBDE) Healthy plants Very tasty, sweet Moderate; very Medium size No data
flavor; tough skin productive for one farm
A6 x JBT (A6JB) Typical heirloom; not Sweet, good flavor Low Big, heirloom type High variability in
good disease resistance; fruits, some purples;
prone to rot soft fruit
OSA404 x A6 (O4A6)  Decent leaf disease Very sweet Variable Medium sized Took a long time to
resistance ripen; soft fruit; radial
cracking and green
shoulders

11
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Top rated, on-farm + on-station

@DE

- Indeterminate

- Medium-sized red slicer
- 13.93 Ib/plant

- 9Brix: 5.65

- CA (%): 0.45

l - Good sweetness/acidity

balance.

J

ﬁBDE

| - Indeterminate

- Medium-sized dark red
. slicer

\ -11.4 Ib/plant

- °Brix: 5.01
- CA (%): 0.42
- Good umami flavor,

thick skin.

1. Tomato selection for organic systems in the Midwest
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Top rated, on-station + industry

ﬂGJB

~

- Indeterminate

- Large heirloom type,
.| dark red with some

| green shouldering

- 10.0 Ib/plant
- °Brix: 4.91

- CA (%): 0.39
- Sweet, good
balance.

J

1. Tomato selection for organic systems in the Midwest

- Indeterminate

- Large heirloom type,
light red with some
green shoulders

§ - 16.9 Ib/plant
8 - °Brix: 3.91

- CA (%): 0.25
- Balanced flavor

J
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Challenges encountered

- Disease pressure variability.

« Differences in farmer selection criteria vs. on-
station priorities.

- Difficulty maintaining farmer engagement over
seasons - especially during and after COVID

pandemic.

1. Tomato selection for organic systems in the Midwest
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Take-home tastings
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Broader impact & Next steps

- Top varieties:
« Commercial release
« Use as parental lines for other breeding programs

- Reference workframe to replicate in different environments, markets,
traits of interest, crops, etc.

15
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2. Collaborative plant breeding network development for
organic systems in the Upper Midwest

O

 Overview

 Keith Mueller of KC Tomato

« Erica Kempter of Nature & Nurture Seeds

« Benefits & Challenges of the Collaborative
Project

16
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Overview

S KC AL 2014: beginnings with variety trials for
Z Z 11 fruit & vegetable crops

Aeed to Kitchen Collaborative

- 2019: submitted OREI grant

e create new varieties adapted for organic systems
* build network from plant breeder to consumer
« contribute to development of SeedLinked

- 2020: awarded grant
« 2021-2024: participatory trials

17
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KC Tomato

Keith Mueller - tomato breeder and
farmer, collaborator of the project.
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Keith’s Video Recording

e
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http://drive.google.com/file/d/15QZPVcHH8tUKfoU8RvRXQG4szabBw6j0/view

Tomato Breeding Program

@ Nature & Nurture Seeds &

-~
—b}g. #f

\k\%

I6teg

20

2. Collaborative plant breeding network development



Breeding Objectives

- (General breeding objectives
« Cherry, cocktalil, & saladette
* Novel phenotypes

« Striped
« Color combos that are not currently
available
« Good flavor
« High vigor

- Disease resistance - diseases that matter in
the upper midwest

« Seeds that farmers can save (OP)
« Adapted to:

e organic farming systems

* Field conditions

21
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Breeding Process: The Cross

2018
Juliet Blush
- Saladette size & Parents ' gﬁé%%ette size &
shape Blush X Juliet .  Excellent flavor
« Color (red flesh, . orous & high
yellow skin) y|gld|ng OP

- Stripes (green
struge '[rf(i?t)

« Yellow flesh &
clear skin gto
create a lot of
color
combinations)

« Good flavor
« Disease resistance

22
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Breeding Process:

F2 (2020)
« Grew 72 plants

« Selection

« Removed (didn’t save seeds from) plants with low vigor and
bad flavor

 Did mass selection based on phenotype:

 Red saladette showing gold stripes (homo or
heterozygous for green stripe trait)

 Red saladette without stripes
. Yellow fruited saladettes
. Yellow fruited cherries

- Why did | do mass selection?
» Optimize maintaining genetic diversity in my selections
* Reduce the number of plant families that | would need to grow later
» Disadvantage: you are relying a bit more on random chance

23
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Hoyj wll @

CO I I ab O rat I Ve Pro C eS S < Select Traits to Compare CLEAR

Q

Fall 2020: | sent the bulked seed to Julie Dawson to use as the oer @

early lines for the collaborative project. R
Earliness @

2021 summer (F3): et ©

- Seeds of the bulked seed were sent out to farmers &
ardeners to \%ow and select their favorites. (also at N&N Appearance @

(<]

eeds and UW farm station) o
- These saved seeds were sent back to UW and they
became the plant families that we worked with Yield @

Flavor @

S

2022-2024
Winters: Planted and advanced in UW greenhouses

. g?etds sent out to farmers, gardeners, & grown at N&N Farm & UW
ation

« Plants evaluated using Seedlinked App
«  Selections made for the best plants

Traits Evaluated using Seedlinked App

24
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Our First Introduction:

Midwest field conditions

Jada Tomato This new, 0SSI-pledged variety thrives in

oy

Fun, Striped Saladette
Great for Snacking & Salads!

e Early-ripening e Good Flavor
e Productive e Vigorous growth

@ ) SeedLinked

Nurture Seeds ‘ o[0]A

25
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New variety coming:
Jewell

« Pink cherry with golden
stripes

« Very early
« Excellent flavor

2. Collaborative plant breeding network development
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Benefits & Challenges of the Collaborative Project

« Creation of network across the
upper Midwest

- Decentralization of trials

- Creation of region-specific
varieties

« |nstant results with SeedLinked
- Increased diversity in varieties
- Data for new releases

27
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Conclusions

- Applicable to other crops and regions Lo N
- Framework for future projects . -.
- Created abundant new material

28
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