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PIP ® CAP

Precise Indoor Propagation

1st Annual PIP-CAP Meeting

Agenda:

1. Introduction Project and Slack groups (Mark)

2. Program Coordinator and budget overview (Lizeth)

2: Groups (Group Leaders)

3. CA Trip Summary (Mark and Ricardo)

4. Student and Postdoc Presentations
Sam Humphrey: Rooting plug plants from tips of different sizes
Pooja Tripathy: Effect of artificial chilling treatment on vegetative
growth and runnering of 'Albion' and 'Fronteras' strawberry propagation transplants
Xi Luo: Progress in identifying DNA variants associated with

runnering and flowering traits in strawberries

5. Adjourn and invite people to stay for the virtual meet and greet for students

6. Meet & Greet for Students, staff, post-docs and Pls (not mandatory)


https://join.slack.com/t/slack-1if2536/shared_invite/zt-18ty4we3r-bOjrnjzlYNq9W3Vf0FienQ

PIP ®CAP

Precise Indoor Propagation

Development and Integration of Next Generation
Propagation Strategies to Increase the Resilience of
The US Strawberry Supply Chain

USDA-NIFA Award: 2021-51181-35857
Budget: 55,294,195
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Precise Indoor Propagation

Mission:
Provide the industry with controlled
environment protocols to propagate
strawberries
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PIP ®CAP

Precise Indoor Propagation

Plant Plant Industry
Physiology. Genetics EConomics

Technology
Performance Transfer




PIP® CAP

Precise Indoor Propagation

Outcomes:

« Technology transfer: CE protocols to propagate
strawberries.

 Fundamental knowledge on physiology, genetics,
economics and supply chain.

* Building networks
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PIP ® CAP

Precise Indoor Propagation

Phase 1: Acquiring fundamental knowledge

Phase 2: Performance and technology transfer

Phase 1

Phase 2

2022 2023 2024 2025
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Precise Indoor Propagation

Today:

Introduction of groups

A short summary of our stakeholder visit in June 2022
Brief research updates

Student/Post-Doc meet and greet
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Questions?

« Can we develop similar practices for the US?

« Can we move things into completely enclosed
environments?

 Chilling/Storing/Conditioning?

14
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PIP ®CAP

Precise Indoor Propagation

Plant Plant Industry
Physiology. Genetics EConomics

Technology
Performance Transfer

15
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PIP ® CAP

Precise Indoor Propagation

Strawberry Gradu... v @ # share-your-strawberry-swag v SAE = &

+ Add a bookmark

Threads

Direct messages

Mentions & reactions ‘3 You
Us

More This c

u're looking at the i share-your-strawberry-swag channel
- N . ! Pos
entire group! Edit description

Slack Connect

online tools... th

hannel to share

annel can be used if \ et feedback from the

O+ Add people
Channels

hobbies-and-ran

) Sunday, May 15th
question-answer-group

share-your-strawberry-swag a Sam Humphrey (he/him) 5:21 Pm

sharing-science joined #share-your-strawberry-swag along with 10 others.
sharing-science

Add channels Wednesday, June 1st

Direct messages Kate Vigil 1000 a1
B Mark Hoffmann Hello everyone,
(”o Gerald Holmes Dr. Cheiri Kubota hosted Lowie Claessens from Driscoll’s Europe to discuss strawberry production as well as greenhouse nursery production. Lowie is a technical and innovation
:o Hillary Thomas manager with 40 years of experience working with strawberries. It was an excellent presentation and definitely worth watching. Video link is below.
37, Jung Hoon Han Thank you again Cheiri for organizing this event.
I, Kate Vigil Video Link
w1 &

M Pooja Tripathi

(2}, Ricardo Hernandez
Sam Humphrey (he/him)

™ Yue Shan

I, Zhongchi Liu

+ Add teammates

E Brandan Shur 1023 AM
joined #share-your-strawberry-swag.
84 Sam Humphrey (he/him) 7:51 P

Today | made a fun little relationship map of the cultivars listed on the grant. | love this mapping website and am trying to see how it might be useful for this strawberry project. See
the prototype here: https:/kumu.io/Sam-Humphrey/strawberry-cultivars#untitled-map
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Precise Indoor Propagation

SLACK:
 Q&A Group
« Sharing science (interesting pubs/talks/videos)

« Share your strawberry swag (you want others to see/talk
about your research?)

« Hobbies & Random

17
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Precise Indoor Propagation

https://strawberries-pip.cals.ncsu.edu/

18
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Thank You

mark.hoffmann@ncsu.edu

19
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NC STATE UNIVERSITY

Program Coordinator for PIP-CAP

Education History

BS in Education from New Mexico State
MS in Administration from Concordia University-Portland

Work History

Public Education for 14 Years
e High school teacher
e |EP Coordinator
NC State University with Dr. Mark Hoffmann

K. Lizeth Vigil

kvigil@ncsu.edu

575-993-8212 6 PIP CAP

Precise Indoor Propagation
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PIP ® CAP

Precise Indoor Propagation

Budget Overview



500023
500024
500034
562798
568230
569154
569164
569176
569201
569206
573704
569148
569149
569150
569151
569152

US Davis

Univ. of Florida

Ohio
Virginia

Univ. of California
Univ. of Maryland

Cal Poly
Cornell
Rutgers
USDA
Hoffmann
Tregeagle
Schweizer
Hernandez
Fernandez
Devel-Jackson
Total

$210,000
$377,839
$447,504
$79,237
$138,921
$500,000.00
$217,517
$179,990
$335,000.00
$304,050

6 PIP ® CAP

Precise Indoor Propagation

$125,253
$234,389
$252,660
$30,561
$80,570
$306,122.00
$153,660
1057123
$207,859.00
$241,368
468,241.00
$156,291
169,063.00
342,431.00
138,986.00
139,901.00

$0.00
$736.16
$34,893.75
$2,099.32
$0.00
$36,186.97
$0.00
$6,611.58
$12,452.61
$0.00
$86,036.53
$13,696.81
$15,029.07
34,033.83
$4,170.77
$2,164.44
$248,111.84

$125,253
$233,653
$217,766
$28,462
$80,570
$269,935.03
$153,660
$98,511
$195,406.39
$241,368
382,204.47
$142,594
154,033.93
308,397.17
134,815.23
137,736.56
$2,904,366
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Precise Indoor Propagation

Team Leads
Presentations
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Objective 1.

Characterization of mother plant
physiological responses to the
environment.



NC STATE UNIVERSITY College of Agriculture and Life Sciences

Characterization of mother plant physiological
responses to the environment —shoot

» Current Activities: CO, and Light intensity chamber set up
(Sam), Transplant rooting capacity experiment completion Sam Humphrey
(Sam). Arrival of new PhD student (Moein). Ricardo Hernandez

« Upcoming research activities: Execution of CO, and Light
experiment, set up and experiment for light distribution, light

quality, and photoperiod.

=

Moein MoosavggNezhd



NC STATE UNIVERSITY

Characterization of mother plant physiological :

responses to the environment — root zone

Current Activities: Completed initial substrate formulations and first
round of characterization. Container modeling (substrate physical
properties) is ongoing.

Next Immediate Steps: Coordinating with Hernandez, Kubota, and
Boldt on selecting a "common" substrate for all lab groups to use in
testing and trials. Mixing/preparing that product and distribution to
lab groups.

Next Fiscal Year: Complete substrate characterization and container
modeling. Conduct and complete strawberry plant growth trials in
experimental mixes, beyond the one used for/across all groups.

College of Agriculture and Life Sciences

Brian Jackson

Brandan Shur

Logan Hooks

26
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College of Agriculture and Life Sciences

USDA Agricultural

1.2a Nutrient optimization of mother plants (USDA-ARS) ===

Current activities: Current perff.’_”e'i
1. Evaluate NO3:NH,* on runner production and daughte

r plant quantity and quality (July — Nov 2022)

2. Test viability of multiple hydroponics setups for future =
nutrient studies (Aug — Oct 2022)

Jennifer Boldt, Erin Yafuso,
Pl Post-doc

Upcoming research activities:
1. Repeat NO5;:NH,* study in new indoor space
(fall/winter 2022-2023)

2. Impact of EC on mother plant and runner production
(greenhouse; winter/spring 2023)

Research
Service

Transplant day! (Mona-Lisa Banks, technician)
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Precise Indoor Propagation

Objective 2.

Development of environmental
protocols for transplant
establishment, conditioning and long-
term storage.



Objective 2

Environmental protocols for
transplant establishment,
conditioning
(runnering/flowering), and
long-term storage

UPDATE

Chieri Kubota (Ohio State Univ.)
Edward Durner (Rutgers Univ.)
Celina Gomez (Purdue Univ.)
Mark Hoffman (NC State Univ.)




Obj. 2 Environmental protocols for transplant
establishment, conditioning (runnering/flowering),
and long-term storage

Team members:

Chieri Kubota Edward Durner Celina Gomez Mark Hoffmann
The Ohio State University Rutgers University Purdue University NC State University



Stage

Objective

Research

Outcome

0BJ. 2 Environmental protocols for transplant establishment, conditioning (runnering/flowering), and long-term storage.

Propagation Conditionin 4 oy > Outcome:
Transplants Envi OB‘tjr' th - Treatmentsg . ""2“!”; Plant material
nviron. strategies to saF samiag with multiple
condition Propaga'qon Chilling \ ? \" Y Y 4 mlCFOSCOpIC
transplants for optim- e sa® crowns with
. ized propagaﬂon Nitrogen ) e h|gh runnermg
Wj D’ behavior. Rates capac|ty
Conditioning Treatments Conditioned
Plug Plants 0BJ.22 fa ¢ 8 transplants
Environ. strategies to _ ‘j', - ¥ tohave
condition plug plants Far-red light for short 3 3l 7;§ early and
’ for a predetermined day cultivars, Night % higher fruit
flowering behavior. interruption red light T production
for long day cultivars, yield
Nitrogen Pulses
Unrooted 0BJ.23 Y Tiigh qualityI
and rooted - o plant materia
daughter Environ. recipes to Low temp. and (plug plant)
ihie maintain unrooted + storage days, Low coming from
P rooted daughter plant temp. + light combin-
: - storage for
in storage with ations to reach photo- either fruit
minimum impact synthesis = respiration ﬁ or daughter
on plant quality

wast

compensation point
and long storage time

plant production




Obj. 2.1 — Conditioning plants for
propagation, update cnen s €20

The Ohio State University g

| > 'ij;:
VA 4

* Bare root plants were received for three cultivars “Albion, Monterey
and Fronteras” in November 2021

* Greenhouse was set up for runnering
* A grad student (Pooja Tripathi) joined in January 2022

* The first experiment began in April 2022 using two cultivars (Albion
and Fronteras) to test artificial chilling to improve the vigor of
propagation transplants.



Obj. 2.2 — Conditioning plants for fruit
production, update

Rutgers University &

* Bare root plants were received for three cultivars “Albion, Chandler
and Fronteras” in November 2021.
* Fronteras did not establish well in the greenhouse
* ‘Ruby June’ was added as alternative material

* Started working towards “protocols development” to develop high
quality plug/tray plants and their flower mapping data
* Photoperiodic lighting quality (red, far-red, and blue light)
* Nitrogen pulse treatment

* Correlating flower mapping data with flower and fruit production in
greenhouse, high tunnel, and open field

* Mark Hoffmann and Michael Palmer (PhD Student) are joining this
Objective: Impact of chilling on floral development and plant performance



Obj. 2.3 — Low-temperature storage of
unrooted or rooted runner tips, update

Celina Gémez
Purdue University

* Project site moved to Purdue University

* Experimental design will be updated based on the facility availability at
Purdue

* Project starting date will be January, 2023
» Graduate student joined the lab in August 2022
* Need to arrange plants (and select cultivars) this fall

* Seeking collaborations with commercial nurseries for getting their
runner tips or plugs to use in storage experiments
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Plant

PIP CAP Genetics

Precise Indoor Propagation

Objective 3.

Development of a genetic matrix,

based on phenotypic responses to
environmental treatments.



Genetics Team 6P|PCAP

Precise Indoor Propagation

USDA-SCRI Project
Development and Integration of Next-Generation Propagation Strategies to Increase the
Resilience of the US Strawberry Supply Chain

@ UNIVERSITY OF httos //strawberries-pip. cals.nosu.edu/
) MARYLAND
Team Members Advisors to the team

Dr. Gina Fernandez
NCSU

Dr. Courtney
Weber
Cornell

Dr. Zhongchi
Liu Ippoliti
Professor Postdoc PhD student

Ms. Christina
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Done On-going Next
year
DNA extraction and . .
Whole Genome Sequencing Variant Calling
Genes known to regulate Develop a list of
runnering and flowering phenotypes
Short- Day In Fragaria vesca
Day neutral
* Brilliance * Albion . CO * Runner proliferatively or
e Camarosa  Cabrillo * FT(FT1, FT2, FT3) not
« Chandler + Monterey * 50c1 . FI‘owerlng time
‘ e TFL1 * Vigor (number of leaves?)
* Fronteras * Moxie s GA200x4  Refined day length
e Radiance e Portola * RGA1 * Chilling hour requirement?

* RubyJune * Finn © DAM
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Precise Indoor Propagation

Objective 4.

Determine expected economic
costs/returns to industry of adopting
developed techniques, and estimate
the economic impact of adoption on
the US strawberry supply chain.




NC STATE UNIVERSITY

Economics Team

Heidi Schweizer

-

Jung Hoon Han

Daniel Tregeagle
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Completed and Ongoing  Planned for 2022-23

* Review literature on

strawberry and specialt * Desig_n of summer
crop supp)I/y chairri)s Y 2023 interview / focus

* Description of current group discussion

;%%ri‘p]’e”tiona'" supply - Seek and receive IRB
* |dentify nursery business approval _ _
characteristics « Conduct interviews /
* Develop framework for CA ~ focus groups to
strawberry nursery quantify supply chain

production cost and production costs



NC STATE UNIVERSITY

Economics is about understanding the aggregate
outcomes of tradeoffs made by individuals

* More “vigorous” plants vs. higher production costs? [quality]
* Do invest in building tabletops now, later, or never? [time]

* Should we produce more fresh bare root or frigo plants? [form]

Quantifying the production costs and supply
chain allows us to analyze these (and other)

tradeoffs
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Precise Indoor Propagation

Objective 5.

Translation and integration of new
propagation systems with industry
partners.
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Precise Indoor Propagation

<

Objective 5: Translation and integration of new

propagation systems with industry partners

5.2: Development and of field-based propagation protocols
5.3: Nationwide transplant evaluation



NC STATE UNIVERSITY PIP-CAP: Objective 5

Gerald Holmes
Director,

California Strawberry
Center

Giuliano Mark Hoffmann Gina
Galdi Small Fruits Fernandez
Field Advisor, Extension Distinguished

Professor

Siskiyou Co. ]
. NCSU

UNIVERSITY OF CALIFORNIA R
Agriculture and Natural Resources NC STATE UNIVERSITY

44



NC STATE UNIVERSITY PIP-CAP: Objective 5

Students and Staff

Emma Volk Michael Palmer Samantha Simard

PhD-Student MS-Student

Research Assistant
Transplant Evaluation

MS Student Transplant Evaluation and
Greenhouse Nursery Operations Optimization

NC STATE UNIVERSITY NC STATE UNIVERSITY

45
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2022-2023: Trails
5 CALPOLY

Evaluate optimal planting date for rooted tips

NC STATE UNIVERSITY

Evaluate field performance of PIP rooted tips
Develop optimal chilling protocols for tray plant
production (in collaboration with Kubota & Durner)

UNIVERSITY OF CALIFORNIA

Agriculture and Natural Resources

Evaluate optimal row-cover use in field nurseries 4



PP®CAP (i

Precise Indoor Propagation

Objective 6.

Development of extension and
outreach services and products for
industry and public stakeholders.



NC STATE UNIVERSITY

Extension & Outreach Team Members

« Peter Nitzsche
— Agriculture & Natural Resources Agent, Rutgers NJAES Cooperative Extension of
orris County
- Mark Hoffmann
- Small Fruits Extension Specialist, North Carolina State Extension, NCSU.

- Oleg Daugovich
- Strawberry Vegetable Crop Advisor, Cooperative Extension Ventura County, UC ANR

- Shinsuke Agehara
- Assistant Professor of Horticulture, Institute of Food & Agricultural Sciences, UF

- Jayesh Samtani
- Small Fruit Extension Specialist, Virginia Agriculture Experiment Station, VT

- Giuliano Galdi
- Agronomy and Crops Advisor, Cooperative Extension Siskiyou County, UC ANR



urren Cctivities

Year Plan
- Website Development

(https://strawberries-
pip.cals.ncsu.edu/)

STRAWBERRY PIP-CAP SCRI

ext risca

- Blog / Newsletter Development

- Video on CA Strawberry

Nursery Industry

- Work with other teams to

document their research

- Student exchange



https://strawberries-pip.cals.ncsu.edu/

NC STATE UNIVERSITY

Precise Indoor Propagation

Stakeholder Visits California Jun 26 — Jul 1, 2022




NC STATE UNIVERSITY Who was travelling?

Students & Staff
Emma Volk, Rocco Schiavone, Sam Humphrey, Yue Shan,
Jung Hoon Han, Christina Ippoliti

Pls

Mark Hoffmann, Ricardo Hernandez, Peter Nitzsche,
Zhongchi Liu, Heidi Schweizer

Planning/Management
Lizeth Vigil

51
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LEARN BY DOING

) CALPOLY

UNIVERSITY OF CALIFORNIA

Agriculture and Natural Resources

USDA@ Agricultural
= Research
| Service

Driscolls

Only the Finest Berries™

Plant

Sciences:

Advancng Agnaulture through Science

lent

Who did we visit?
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NC STATE UNIVERSITY What did we learn?

- California nursery system
. California strawberry production system
- Issues and expectations

53



NC STATE UNIVERSITYCA Nursery Systems: Summer before planting




NC STATE UNIVERSITY CA Nursery Systems: June after planting




NC STATE UNIVERSITY CA Nursery Systems: Spring-Summer after planting
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NC STATE UNIVERSITY CA Nursery Systems: Spring-Summer after planting




NC STATE UNIVERSITY




. Shortly before harvest

CA Nursery Systems

NC STATE UNIVERSITY
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NC STATE UNIVERSITY CA Nursery Systems: Harvest (Sep-Nov)

Video Clip

61


https://www.youtube.com/watch?v=WiJkbRTOXeM

NC STATE UNIVERSITY
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NC STATE UNIVERSITY CA Nursery Systems: Shipping/Storing (Sep-May)

100,00 Plants

b/

Tissue Culture

l Virus Testing %
Indoor environ.

Propagation Rate:
1:3-1:30 )

Screenhouses

Propagation Rate:

1:10 - 1:50 -
Increase Blocks +
Propagation Fields
(e.g. low elevation i

nursery LEN) v3-4

Propagation Rate:
1:100 - 1:300

Conditioning Fields
(e.g. high elevation
nurseries HEN) Ys

Propagation Rate:
1:100 - 1:300

Grower/Producer —’

Y2

Fresh Plants
(dug + planted
within 1 week)

Southern California

Florida/Southeast

Semi-Dormant
(dug + planted
within 2 mos.)

Southern California

Central California

Frigo Plants

(dug + planted R
R Southern California
8 mos. Oct-Jun) Worldwide
Daughter Plants
(removed + Plug Southeast
propagated ¥ pjants
within 6 weeks Northeast
Aug-Oct)
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NC STATE UNIVERSITY CA Production

2022 Projected Fresh Weekly Volume by District BP0 CA Total
vs. 3 Year Average, 2021 total and 2022 YTD Proy. Salinas-Watsonville

MProj. Santa Maria
10 "Pro). Southern District
=3 Year Average
9 2021 CA Total
=2022 CAYTD
8
2
o 7
'—
5 6
25
S
S 4
3
2 S
1 _ -
0 \
S S s 0T
NI I PP IFTFFFTFITEETNNE R O QRN RY

2022 California fresh volume of 5,708,083 trays is below the projected total of 6,421,381 trays for this week.

2022 volume projections are calculated using this year's acreage estimates multiplied by the 4-year average yields per acre, per
district.
64



NC STATE UNIVERSITY CA Production

Fall Planting
Winter, Spring, Summer
Production

Summer Planting
Fall — Winter Production

Mexico

Florida

Crop 2022 Acreage % change to
2021

Oxnard/Santa Maria 30,383 +6.4%
Watsonville/Salinas

Oxnard/Santa Maria 7,643 -15.1%
Watsonville/Salinas

Central Mexico 40,900 +27%
Baja

Hillsborough Co. 12,169 +1.4%
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NC STATE UNIVERSITY Expectations and Issues

Fundamental knowledge on plant physiology and
technology transfer two key expectations

CA industry tightly connected to Mexico industry
Key definitions are lacking (e.g. high quality plant)
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Thank You

mark.hoffmann@ncsu.edu
ricardo hernandez@ncsu.edu
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Effect of artificial chilling treatment on vegetative
growth and runnering of ‘Albion’ and ‘Fronteras’
strawberry propagation transplants

Pooja Tripathi
PhD student
Kubota Lab
Department of Horticulture and Crop Science

THE OHIO STATE UNIVERSITY
COLLEGE OF FOOD, AGRICULTURAL,

AND ENVIRONMENTAL SCIENCES




Objective 2: Development of
environmental protocols for
transplant establishment,
conditioning and long-term
storage.

Specific objective 2.1:
Environmental strategies
to condition young
plants for optimized
propagation behavior.




Objective:
To examine the effects of various levels of artificial chilling

treatments on vegetative growth and runnering capacity of two
strawberry cultivars.

Hypothesis:

e Chilling treatment will promote vegetative growth, runnering and
increase the number of daughter plants.

e |ncrease in chilling hours will make the plants more vegetative.



Chilling requirements of strawberry cultivars in conventional propagation.

* For Albion, 10-18 days of supplemental chilling is recommended, depending on how
much in field chill the plants got. If the plants get 600 hours of in-field chill, 10 days
of supplemental chilling is recommended before transplanting.

* Likewise, for Fronteras, a short-day cultivar, 4-7 days supplemental chill with at least

250 hours in-field chill is recommended prior to transplanting. (Source: I.A Rainwater,
Strawberry Licensing Field Representative, UC Davis, personal communication)

Table 1: Calculation of chilling treatments

Cultivars Low end of minimum Low end of minimum + 50% increase

Albion 600+240 =840 h 840+420=1260h
Fronteras 250496 = 346 h 346+173 =519 h



72

Treatments

Table 2: Chilling treatments for Albion

T o R
Chilling 0 h, 800 h, 1200 h

Table 3: Chilling treatments for Fronteras

T e
Chilling 0 h,350h,500 h




Harvestin

g
daughter

plants

2

Note: Photosyn
photoperiod du



Date of transplant: 8/11/2022
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Data collection

Weekly Bi-Weekly

« Number of runners * Petiole length of mother plant

* Number of leaves of mother

* Length of runners
plant

* Number of daughter plants
5 P * Number of crowns in mother

* Number of flower trusses plant
removed



Two times measurement of leaf area index and photosynthesis of mother
and daughter plants

End of the experiment:

* Crown diameter of daughter plants

* Weight and number of daughter plants (FW and DW) per mother plant
* Weight of the stolon and mother plant

* Rooting capacity of daughter plants



Before transplanting

Plant architectural
analysis (microscopic
flower and runner
mapping) of mother
plants




Thank you!
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NC STATE UNIVERSITY

Rooting Efficacy of Different Size Strawberry
(Fragaria ananassa) Tips in a Controlled
Environment Propagation System

Samson Humphrey, Ricardo Hernandez, & Mark Hoffmann
North Carolina State University

Department of Horticulture
SCRI PIP-CAP Annual Meeting, 2022
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Introduction
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Introduction

Three areas of optimization:
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NC STATE UNIVERSITY

Introduction

Three areas of optimization:

Mothers produce daughters
(Photo courtesy: Xiaonan Shi)
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NC STATE UNIVERSITY

Introduction

Three areas of optimization:

Mothers produce daughters Daughters root and grow
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Introduction
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NC STATE UNIVERSITY

Introduction

ye

k- b, »
AL 4

Daughters from 1 stolon*

*Shi, et al. 2021: Timing of Stolon Removal Alters Daughter Plant Production and Quality in the Ever-bearing Strawberry ‘Albion’, HortScience

**Xu & Hernandez 2021: The Effect of Light Intensity on Vegetative Propagation Efficacy, Growth, and Morphology of “Albion” Strawberry Plants in a
Precision Indoor Propagation System, MDPI Applied Sciences
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Introduction

1000 { o 7-day «B

Daughters from 1 stolon*

Cumulative number of daughter

O 1 2 3 4 5 6 7 8 9 10 11 12

*Shi, et al. 2021: Timing of Stolon Removal Alters Daughter Plant Production and Quality in the Ever-bearing Strawberry ‘Albion’, HortScience
**Xu & Hernandez 2021: The Effect of Light Intensity on Vegetative Propagation Efficacy, Growth, and Morphology of “Albion” Strawberry Plants in a

Precision Indoor Propagation System, MDPI Applied Sciences 86
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Introduction

Objectives:

« Determine if daughter plant size affects rooting success
« Determine rooting differences between daughter plant sizes

Hypothesis:

Daughter plant size will affect root development but will not
rooting success rate
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Materials and Methods

 Crown diameter
 Root number

* Leaf number

* Fresh mass

» Position on the stolon

» Leaf size (area or length)
« Stolon diameter
 "Greenness”

: 2 cm

.“‘ ‘ ! l
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i St TR 1 A B
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Materials and Methods

 Crown diameter
 Root number

* Leaf number

* Fresh mass

» Position on the stolon

» Leaf size (area or length)
» Stolon diameter
 "Greenness”

Crown Diameter.
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Materials and Methods
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 Root number

* Leaf number

* Fresh mass

» Position on the stolon

» Leaf size (area or length)
« Stolon diameter
 "Greenness”

Crown Diameter.
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Materials and Methods

‘ Crown Diameter.
_ y : |
HI\[Hil;‘.iH)I2l%}HlliHHilHi%IHI]HU llI!{E!HEHH‘[HIHHHIlIH)HI\|\H|
. 5 : | :
Medium (M) Large (L) sl

i
1.0
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9 e o= 93 4415 16 1]

l
R BRI sl
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Materials and Methods

Initial root nodule number
0 10 20 30 40 50 60

3.1 roots
Very Small ~|:|]— Crown diameter: 3.5 to 6.7 mm

9.1 roots
Small (SM) Small = Crown diameter: 3.5 to 6.7 mm
16.9 roots
Medium ~|:|:|— Crown diameter: 6.7 to 13.3 mm

33.5 roots

Large —]

Crown diameter: 6.7 to 13.3 mm

Medium (M) Large (L)
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Materials and Methods

Rep 7 Rep 8 Rep 9 Rep 10 Rep 11 Rep 12

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6
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Materials and Methods

+ Cultivar: Monterey
* Randomized complete block design
* n =12, where n =1 plant

Duration 28 days

Temperature 242 £ 13°C

Relative Humidity 99.3+2.2%, lowered to 91.6+3.5%
Vapor Pressure Deficit 0.02+0.06 kPa, raised to 0.24+0.09 kPa
Photoperiod 18h

Light intensity (PPFD) 80.3£0.9 umol m2 s°' (30B:70R)

CO2 concentration 470+73

pH 5.8

EC 2.1

Nutrients Custom nutrient solution
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Materials and Methods

https://docs.google.com/spreadsheets/d/1A0JTtL
bf3jGzdnU8Ry34rKbMjaoYEe5VcsEpXJxoKAl/edit?

usp=sharing

Growing Conditions % B &
File Edit View Insert Format Data Tools Help Last edit was seconds ago
~ A& P O100% v S % 0 00 123 Lato -1 - BISA %H [ S L 7
D26 -
A 8 c ) E
Young plants Propagative mother plants
) Humphrey tip size Humphrey stock plants,  Humphrey CO2 experi
: Parameter Units expenmen[t’,lz:l\?:terey plug Montzre'yyand Frupnteras Moelterzy and Frz(:t
3 Lightintensity (canopy level) PPF,umolmol-1s-1 80 400 200 0r 400
4 | Photoperiod hours 18 18 To be decided
5 Lightspectrum RGB% 30B:70R LEDs 8B:15G:77R (Arize Lynk2 PKR) 25B:38G:37R (Arize Lynk2 B]
6 Temperature (air) degrees C (day/night) 25 setpoint (242 1.3) 25/25 To be decided
7 Temperature (liquid culture)  degrees C N/A N/A N/A
Relative Humidity % 99%, lowered to 90% on day 20 ~50% To be decided
Carbon dioxide umolmol-1(=ppm) 400 setpoint (470 = 73) 400 400 or 700 or 1200
0 Airvelocity ms-1 <01 05t01 To be decided
Watering L As needed, watered over top (depend As needed to maintain soil moisture  As needed to maintain soil m
2 pH pH 58 55t06 55t06
3 EC Sm-1 21 <1 <1
14| Nutrition (solid media) mol kg-1 (dry) N/A N/A N/A
15 Nutrition (liquid culture) mmol L-1 Custom mix based on tomato Custom mix based on tomato for the f To be decided
6 Substrate type 70:30 coconut coir:perlite by volume Sungro MetroMix To be decided
7 Container volume L ~76mL ~3L To be decided
18 Room/chamber specifications Floor areaand model  2.7x1.2 m custom chamber 2.7%1.2m custom chamber 1.3x2.8 m chamber
Barrier beneath lamps >3mm thick transparentacrylic  None None
Airflow up, down, or horizontal  Horizontal Down To be decided
NO misting (unlike common Treatments for light intensity
strawberry rooting systems), instead co2
21 Notes we maintained very high humidity;
duration of this experiment was 28
days
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Materials and Methods

* Crown diameter

* Visual root assessment

« Shoot and root fresh and dry mass
« Water and nitrogen consumption

*  Number of leaves

« Longest leaf length

« Plant height

*  SPAD chlorophyll content

* Leaf area

* Gas exchange and transpiration
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Results: Rooting Success

Rooting Success Rate (%)

= Noroots developed  m Roots developed

2.17%

I "UI;HHj!HJ‘HHWlU’lIUWH’||I||\'!|[iii!i‘\)ﬂ!lﬂ|him1’7‘
9 40. A1 12 13- 44 15
SLOdIA

e 8 L fisaal
‘jmr\iur!llr’4lr};h|‘m’ziv!thn‘»!thlr.’:ﬁhh"
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Results: Rooting Success

Rooting Success Rate (%)

= Noroots developed  m Roots developed

2.17%

97.83%

Photo courtesy: Shi, et al. 2021: Timing of Stolon Removal Alters Daughter Plant Production and Quality in the Ever-bearing Strawberry ‘Albion’, 99
HortScience
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Results: Rooting Success

Rooting Success Rate (%)

= Noroots developed  m Roots developed

2.17%

Hypothesis:
Initial size will not affect rooting success

Photo courtesy: Shi, et al. 2021: Timing of Stolon Removal Alters Daughter Plant Production and Quality in the Ever-bearing Strawberry ‘Albion’, 100
HortScience
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Results: Rooting Success

Rooting Success Rate (%)
= Noroots developed  m Roots developed

2.17%

Hypothesis:
Initial size will not affect rooting success

Finding #1:
We can root all sizes of daughter plants in
controlled environments

Photo courtesy: Shi, et al. 2021: Timing of Stolon Removal Alters Daughter Plant Production and Quality in the Ever-bearing Strawberry ‘Albion’, 101
HortScience
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Results: Growth Differences

Root Rating (1-3)

250 A P < 0.0001

[ AB
1.83

Average Rating

L M SM VSM
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Results: Growth Differences

Root Rating (1-3)

250 A P < 0.0001

[ AB
1.83

Average Rating

L M SM VSM
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Very Small Medium
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Very Small Medium

Finding #2: Larger size before rooting is correlated with larger size after rooting
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Results: Relative Growth Rate
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final — initial
(—) 100

Results: Relative Growth Rate

initial

108



NC STATE UNIVERSITY

final — initial
(—) 100

Results: Relative Growth Rate

initial

. ol oM SM VSM y = -0.0994x + 0.9705
p = <0.0001
C
g 150%
O
£ o |
v O 100%
g Q
g % .....
e ’
B8 el % 0% .
%  JRRLTTI ®-...... Q... @, _
% : . | S &
D- (p . .............. .
-50%
3 4 5 6 7 8 ’ ’ | }

Initial crown diameter (mm)
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final — initial
(—) 100

Results: Relative Growth Rate

initial

1200% | @L @M eSM «VsM y = -0409Tx + 3.386
o p = 0.0003
(V)]
(V)]
g 800%
< 600% © ’
o
= 0% |\ 8. ° e
() 200% B I
g . ) ) . LT RS @ ... ® ® o
:__5 0% @0 ° ° : llllllllllllllllllll
O
= -200%
§ ; 1 , 3 4 5 6 7 8 9
o

Initial fresh mass (g)
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final — initial
(—) 100

Results: Relative Growth Rate

initial

1200% | @L @M eSM «VsM y = -0409Tx + 3.386
o p = 0.0003
(V)]
(V)]
g 800%
< 600% © ’
o
= 0% |\ 8. ° e
() 200% B I
g . ) ) . LT RS @ ... ® ® o
:__5 0% @0 ° ° : llllllllllllllllllll
O
= -200%
§ ; 1 , 3 4 5 6 7 8 9
o

Initial fresh mass (g)

Finding #3: Growth rate varies depending on initial plant size
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Main Conclusions

#1: We can root all sizes of daughter plants
#2: Final size is correlated with initial size
#3: We can predict growth rate based on initial size
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Future Work: Field Trials!
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Future Work: Field Trials!

« Expected results:

— Potentially similar plant growth in the field, despite plug plant size
(Hokanson, 2002; Bish, 2000)
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Future Work: Field Trials!

« Expected results:

— Potentially similar plant growth in the field, despite plug plant size
(Hokanson, 2002; Bish, 2000)

— Early yield: Larger plug plants may have greater early yield (Bish, 1997;
Takeda, 2001; Rice, 1986) however, this may be cultivar dependent (Rice, 1986).
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Future Work: Field Trials!

« Expected results:

— Potentially similar plant growth in the field, despite plug plant size
(Hokanson, 2002; Bish, 2000)

— Early yield: Larger plug plants may have greater early yield (Bish, 1997;
Takeda, 2001; Rice, 1986) however, this may be cultivar dependent (Rice, 1986).

— Late yield: Unaffected by size, regardless of cultivar (Rice, 1986; Bish, 2002)
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Future Work: Field Trials!

« Expected results:

— Potentially similar plant growth in the field, despite plug plant size
(Hokanson, 2002; Bish, 2000)

— Early yield: Larger plug plants may have greater early yield (Bish, 1997;
Takeda, 2001; Rice, 1986) however, this may be cultivar dependent (Rice, 1986).

— Late yield: Unaffected by size, regardless of cultivar (Rice, 1986; Bish, 2002)

Can we use small daughters to grow
the same quality of fruiting plants?
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Progress in identifying DNA variants
associated with runnering and flowering
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Cultivated strawberries (F. x ananassa)
are propagated by runners

(a)

Internode

Guo et al. 2021, Current Opinions in Plant Biology Photo credit: Ruud Morijn



Genetics is powerful

One nucleotide change = runner or not

TVHYNP
DELLA GtoA

1 e

RGA1

Caruana et al. 2018



The genes regulate runner and flowering
traits in F. vesca could be applied to
cultivated strawberries

e GA200x4 diploid Fragaria progenitors

2X
* RGA1 .
\
\

2X

* CO

* FT (FT1, FT2,
FT3)

* S50(C1
°* TFL1

* DAM
Edger et al. 2019



Hypothesis

1. Genetic variations in the key genes in cultivated strawberries may
be correlated with their flowering or runnering phenotypic
response to the environment

2. By identifying those correlation, propagation capacities of
cultivated strawberries could be predicted



The 12 cultivars included in the analysis

June bearing (seasonal

flowering) Everbearing (perpetual flowering)
* Brilliance * Albion

* Camarosa * Cabrillo

e Chandler * Monterey

* Fronteras * Moxie

* Radiance * Portola

* Ruby June * Finn



Analysis pipeline

Genomic DNA isolation and
Whole Genome Sequencing

Alignment and Variant calling

Identifying DNA Variants
(SNPs and Indels)

Collecting Phenotypic data

(traits: runner, flower, chilling
hours, etc.)

Identifying association between
high impact DNA Variants and
specific phenotypes

Developing molecular markers for
breeding and phenotype prediction
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Whole genome sequencing data summary

e Reads | Bases ~ IF

Albion 246.45  36.81 94.17% cultivar
Brilliance 205.10 30.62 93.87%
Camarosa 214.25 32.00 93.42%
> (0]
Chandler 214.03 31.94 93.44% 93%
Finn 225.94 33.72 93.61%
Fronteras 233.60 34.89 93.61% > 145X coverage on
Monterey 224.13 33.48 93.62% average
Moxie 204.68 30.56 94.10%
Port.ola 210.50 31.41 93.44% Note: Q30 means the sequence error rate
Radiance 223.81 33.44 94.13% is 1/1000 bases

Ruby June 214.21 32.01 93.94%



Aligning sequences to reference genome

Sequencing reads are Sequencing reads are matched or
disorganized “aligned” to reference genome

Reference
genome




Synthetic reference genome

Our reference genome composed of all of our genes of
interest from the known Fragaria vesca genome.

el 300 bp SUTRE FveCO CDS BR300 bp
chr2 BEOL - | FveFT1 CDS BR300 bp
el 300bp ETRE FveFT2 CDS BR300 bp



Variant calling: discovering variants in
genes from different cultivars

000 6V
GCF_000009065.1_... [ =~ NC_003143.1 [ IC_003143.1:1272,532-1,272,586 Go Ff <« » @ [ = 2 | Errrrerrrererrril
[ 1
. 56 bp
coord I nates 1,272,540 bp 1,272,550 bp 1,272,560 bp 1,272,570 bp 1,272,580 bp
| | | | |
C
[©-29
Coverage |

An example:
10 reads coverage

Reads alignment

EEEEEEEEEEE

L1
=»(I/[AAAAGCAATATGATCAAGCGATCACTGTITTTTCAGAGTT TTTGTGAAACAGTATCOC |
Ref. Sequence || IS K Q Y ) Q A I T v F Q S F v K Q Y P

ANGEMOUS

A T-to-C SNP with
100% variant allele
frequency



Calculate variant allele frequency

Variant allele frequency: An example of 4 variant types at one locus

in four cultivars.

Variant
reads harboring a specific variant at the locus ALLELE FREQUENCY/, types at
all reads aligned to the locus m15D m18D m9D m6D mWT | Onelocus
100.00%
80.00%
60.00%
A(TCTGTCCG...) e | Gk
.00% 2.29% | .
—m .o
000y
v
S <
locus L &8




Future directions:

1.Fully develop a list of phenotypes
**Runner proliferatively or not

“*Flowering time

“*Vigor

“*Refined day length

¢ Chilling hour requirement

2. Identify association between high impact DNA
variants and specific phenotypes
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