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Crop Integration Input & Service Business
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Safe Produce _ _
Mega Farm Crop Integration Seeds Business Plant Nutrient Business
Veg/Hemp/Herb
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Mr. David Hula
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2014 2015 2016 2017 2018 2019
David Hula ,Virginia — —David Hula — —NCYC — —AVG USA — —COOP

New record in 2019
6,188 kg per rai
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Seed Industry Structure

1996 - 2018

Limagrain/
Vilmorin-

Mikado

> Seced Companies

<ll» Chemical Companies
- Other Companies

~ Full Ownership
- Partial Ownership

Phil Howard, Associate Professor, Michigan State University
hitps//phithoward.net

@ Size proportional to global seed market share
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United States Department Of Agriculture

USDA
=T Agricultural Research Service
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ARS Home | About ARS | Help §7Contact Us

Germplasm Resources Information Network .
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International Maize and Wheat Improvement Center fattiin y y A T




Mol7

B73

“A632

Mixed

B37

Each bar represents an inbred, and each inbred’s membership in a population is represented proportionally by color: B73 (red), Mol7

Figure 4. Bar piot of maize inbred membership in seven inferred populations based on admixture values, Q, from model-based clustering.
(green), PH207 (navy blue), AG32 (yellow), Oh43 (fuchsia), B37 (ight blue), and mixed (crang<).



PLANT BREEDERS’ s
RESPONSE TO GLOBAL o plant vanos ich cap,.

CHALLENGES <oV

e Withstand pests
and diseases, with
fewer crop inputs

3

PESTS

CLIMATE GROWING
CHANGE POPULATION

e Stabilize
and increase

3333 333333 yields, despite
e ) a changing

climare LESS ARABLE BATTLE
LAND FOR WATER

e Maximize
resource use
efficiency - water,
land, nutritients

International Seed Federation

© 2017 All rights reserved ———— ¢/‘S Seed is Life



Breeding for Climate Change

Global climate change means the seed industry can
no longer conduct business the way it once did.




Importance Maize Disease
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Fall Armyworm (FAW) (spodoptera frugiperda )

By...Dr.Sadawud Koonmanee
@ Entomology Assoc. 26 July 19

,“’:_
a5
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i = . - _
A. Egg mass placed on stem (left) or leaf (right) at B. Egg mass (left) and larvae hatching three days
early stage of maize plant after oviposition (right)

| - ~ 5P RIS L -
C. Black-headed larvae D. Larval growth stages E. Distinguishing marks on medium to
emerging out of egg mass (1 mm to 45 mm) farge-sized larvae

F. Reddish-brown pupa G. Male moth with conspicuous white
spot on tip of forewing



De novo

Marker aided i 4
domestication

breeding

Accelerated
genome editing
Novel CWR
Introgression

Genomic selection

Genotyping by

Sequencing

CRISPR Cas High throughput
phenotyping

DNA free genome Next Gen Al
editing Big data analysis

Base editing

Prime editing Robot scientists )
* Phenomics
and Al

Smart Breeding for Climate Resilient Agriculture
DOI: http://dx.doi.org/10.5772/intechopen.94847
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(Hybrid development & Yield trial)
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(Hybrid development & Yield trial)

Stage 1: 1t Topcrosses with 1 Tester (F; or F, lines) 5,000 4 -

Stage 2: 2" Test cross with 2 Tester (F, or F; lines) 2,000 6 -

Stage 3 : Yield trial of selected lines in more hybrid
combination (Fs, Fg lines x 4-5 tester) 500 10 -

Stage 4 : Yield trial of selected lines in several hybrid

combination (F4, F; lines x 4-5 tester) 100 50 -
Stage 5 : Yield trial of best pre-commercial hybrid 10 75 200
Stage 6 : Yield trial of hybrid performance 2 75 500

Stage 7 : Release for commercial hybrid 1 Sale Sale




Conventional Breeding DH Method

Conventional
Breeding; ,
Need to Selfing 8 "\ \|

Generations

Inbred Lines Development

$1=50 1 S2=75 : 83=87.5 : S4=93.8 : S5=96.9 : $6=98.5 : $7=99.2 : %

Treated with @

@, 100%

Haploid : AL
¢ 0 ( ditlinb NG\
( ‘

Dlfpinéil
' . bl bt

(n)

/ Cholchicine
j

Doubled Haploids

Use 2 — 3 seasons.

19
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gmestududiilalulsda 100 %

. HANUAUDHAWMINUFNITNGI (ANNHAINHAIWYDY Genotype)

. uananwazay de lavanu - 2 AA Y2 aa

1% Purified mewugwonst ilifis niedafianamsdsan

. Uszndiana nazldnugeengaaialdii-

. annsahugmleunuauis “Me Too Product”

. Uszndiamlyae

. anansaly Marker Assist wazawsu Biotechnology sala

O NO O1T S WDN P

Article in 54(4):485-499 - January 2009


file:///C:/Users/Administrator/Desktop/Maize World 2016_17/journal/0025-6153_Maydica
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1. Fminlwia Haploid Tagldwesusnssuiidesmsadis Inbred waaniug

Q

azeaunasan lINducer .

2. sadenman Haploid wasonmswaniug
CP.Seeds India,

(x)

3. swda Haploid suenld snmnizanusen ergdundr 3-4 Su uazialnslulaulaans

Tuasazans Colchicine 0.04-0.06% + 0.5 % DMSO i 12 #alas

rel

4. vimdanenumsiindrnulasiulay lililgn nazwandareduduiilnd naansesenlna
uazlviazeaunasla nazanansaiazesunas waunu TeSter meadegnwan viese
msvenenaaluggene

aautasnin

Chaikam, 2012 CIMMYT.




Haploid Seed tNaa1nmsUfaus (Fertilization) Aailnf

A nszuIumstfauslnd
Double Fertilizl tion Embryo sac

Central cell

Polar nuclei 9

Egg cell ¢

Polar nuclei 0 copies R1-nj

colorless aleurone
>
)

pigmented embryo
* mutations masked by B-A

w2

o

@
== 3
A BOD

o

2 coples of B

0 copies of B

08

translocation R1-nj allele
B A-B B-A
E |
Sperm 1 Polar nuclei 2 copies R1-nj

pigmented aleurone
B
-—>» colorless embryo
* * mutations uncovered

Haploid Seed
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Female x Haploid inducer

Purple
aleurone layer
Purple embryo
Diploid seed
Haploid seedling
‘a"'"—
Purple root tip seedling White root tip seedling
¢ Chromosome doubling by colchicine
Dihaploid seedling
& Transplanting
Dihaploid plot
‘..—"—- ; ‘---"‘~$
Tetraploid plant Dihaploid plant Haploid plant
Remark: ¢ ®

Sl
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CAUHOI

PHI-3

Haploid inducing lines in maize

. Stock 6

KEMS

LUH400

_ W23ig

PKE&

STOCKG: Coe, 1955

CAUHOI: Chinese high oil ind ucer
FIGH1: Bordes et al. 15957

KEMS Shatskays et al., 1954
EMS: Korichnewvy Marker Saratovshky
MHI: Moldavian Haploid Inducer
PHI-3: Rotarenco - Procera

PEG: Barrett, 2003

RW'S5: Roeber et al. 2005

UH400: Chang & Coe 20059

Wi4: Lashernes & Bedkert 1988
W23ig: NSL30060 with ig

ZMS: Tyrnowv 1984



Inducers Source

SL.No. | Inducer HIR % |SL.No. | Inducer Name |HIR %
NETlE]

ZMS (1984) 5 10  RWSXRWK  9-10
76(2009)
3 WS 14 (1988) 3 11 CAUHOI (2009) 2-5
4 KEMS (1994) 8-10 12  UH400(2011) 8-10
5 MHI (2002) 6 13 PHI-1 12.1
6 RWS (2005) 8-10 14  PHI-2 13
7 PK 6 (2008) 6 15 _-
8 HZI (2008) 810 16  PHI-4 12.8

TAILS from CIMMYT HIR=9-14% HIR = Haploid induction Rate

Vanessa Prigge, 2012 , University Hohenneim, Germany. Rotarenco V et al.. 2012



Inducer PHI-3

©)

Copyright © 20
C.rgrov?

Characteristics of inducer

High induction rate (8-14.5%)

Anthocyanin color marker
(R1-nj)

Good markers (clear purple
plant/kernel)

Good productivity (good plant
type, big tassel, disease
resistance)



DH Lines Development
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Chromosomal Doubling Methods
(Artificial & Spontaneous)

30



Injection of Colchicine solution at the V3 stage. The goal is to make the injection a

few mm above the meristematic region & within the center column.

Generation of Maize (Zea mays) Doubled
Haploids via Traditional Methods
Kimberly Vanous

lowa State University

Adam Vanous

lowa State University

Ursula Frei

lowa State University

Thomas Lubberstedt

lowa State University,
thomasl@iastate.edu




Chromosomal Doubling Protocol

Seedling Protocol

1. Germination

- use only germination paper

- before use paper soak with bleach

solution (0.05%)

- germinate for 72 hours

2. Seedlings selection

- select only white root seedlings

3. Colchicine treatment

- preparation of chemical
Colchicine 0.04%, DMSO 0.5%

- solution cover the seedlings, soaking

12-13 hours

- Wash 2 times before transplanting

4. Transplanting in tray and field

Injection Protocol

1. Germination
- use only germination paper
- before use paper soak with bleach
solution (0.05%)
- germinate for 72 hours
2. Seedlings selection
- select only white root seedlings
3. Colchicine treatment
- preparation of chemical

Colchicine 0.125%, DMSO 0.05%
- injection of colchicine solution at the V3
stage.
- inject approximately 100 ul of colchicine
solution into the stalks, or at 3-5 mm above
the apex using a 1 ml (25G) sterile syringe
4. Transplanting in field



DH by Embryo culture

15 ays after
pollination

Purple embryo
(diploid)
White embryo
(haploid)
Treat colchicine and Select haploid embryos

Transplant to pot

transfer on medium
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MAIZE SIZE COMPARATIVE CHART
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Development of Maize Inbred Lines by Doubled Haploid Methed from
5 and 5 Populations

ARl naud® Ys=m AR diud wuldsTnl fafinnu fiene’ uas g1l A
Sadawud Koonmanee™, Prapa Sripichitt’, Sujin Jenweerawat™, Rattikamn Kerdphol® and
Tanee Sreewongchai’

! Trsnrelioedinfinen amfenessoniou ausiners ynilwaidamsmeiand apanw 10900

* uivin odglnmdaninadaviug (Buifs) dia wedl 577 wmithuonlaanues duayeys furendon Sefussmlmine Ui
s ofm 521 213

" peimieliun szt awiivendbiasetrieRd nrawe 10900

' Graduate Program in Tropical Agricutture, Faculty of Agrculture, Kasetsart University, Bangiok 10900

¥ Charcen Pokghand Seads (Indis) P, Lid., Door Mo: 577, Ekkireddy Gudem Village, Muiunwuy Mandel, Krichna Dict,
Andra Pradesh, Indis, Fin: 521 213

' Department of Agroncery, Faculty of Agriculture, Kacetoart Unieersity, Bangkok 10200
Tuldor e 2559 Feceived: August 2005
fuitiam: Ranmw 2559 Arccepted: October 2016

: Corregponding author: sujin @k th

ABSTRACT: Development of maize inbred lines by doubled haploid methed using haploid
inducer is lack of supporting data on selecting based population. The cbjective of this study
was to compare efficiency of maize inbred line development by doubled haploid method from
5, and 5 populations. 5 and 5 populations of four populations (Q1, Q2, K3 and Kd) were
crossed with hapleid inducer, PHI-3 inbred line. Haploid seeds, which expressed anthocyanin
color marker in aleurone layer, were selected and cerminated for four days. Then, the seedlings
were selected for haploid (normal white root) again and treated with colchicine for 12 hours
to double chromosome. After that, the sesdlings were rinsad and transplanted to field plot.
At flowering period, dihapleid plants with pollen shedding were selected and selfed to produce
DHS_-D1 and DHS D1, respectively. The results showed that using 5, and S, populations as
based populaticn gave haploid induction rate (HIR) of 5.4 and 6.4%, produced inbred lines for
23 and 128 lines, and used two and three seascns for inbred line development, respectively.
Therefore, inbred line development by DHS_ and DHS, methods can shorten the seasons used
in inbred line development for eight and seven seasons as compared with conventional method.
The results suggested that using S population for crossing with haploid inducer can produce

much more inbred lines as required.

Eeywords: Maze, inbred line development, doubled haploid (DH), haploid inducer, 5I population

Agricultural 5c 1 (2017) Wol. 482k 260-269 2 e, aw. (2560 45(2% 260-269
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Sister lines or Relative Cross
for Higher Yield, Res. To Climate Change & Security (Modified SX)
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Re51stant Moderate resistant Moderate Susceptible Susceptlble

*  31A9129NA Phenotype 3911U2BYA Genotype (GWAS) 3 Candidate SNP markers

CMLM.score

7767 SNP by (DArT) related insect resistance scoring in field

DArTseq for GWAS GWAS analysis tool =
%j\a:\:\\“ éln -
45 GAPIT
LS\ o B
Maize B73 reference genome g Logarithm of SNP Significant I:fezgah%s:Json;?:itél:sl;::tv;gd
Minor Allele Frequency (MAF) = 0.05 Level [-loglo(P)]>4 on chromosomes 1, 2 and 6

SNP Call Rate = 80%
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Laboratory Service and Testing
Genetic purity testing and varietal identification

SSR Markers for Varietal Genetic
Purity Testing of Rice

SSR Marker

Application of SNP Markers for Genetic Purity

Analysis of Maize

Grow Out SNP
Test Marker

AMMCACTEONAC AT
ACTTTRAGCANRCOGCACTRCACTR

\

|
@ | 5 TORCMAOMOMWIIONITAIANO0
| Se COORODOTTOOCTAMCTOCTIMA
1 GOACTINACORTTRVAACAATC
| ALINOUTADCADICTUADIAOOCTY
\ | COMCTIAMOM ORCTAADIRTTTANY
\ / ATTTRMAOMITINIACHNTTAM

Allelic Discrimination Plot

24 KASP
KASE B MARKER

& genotyping

* LGC designs and
validates KASP assays
for selected SNPs

« LGC genotypes
SNPs and provides the
scored genotyping data




Drone Activity
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Spraying
Net Area

01072021
corn

Warked field: 0.T5 ha

Plant: €O 2 \/
% agremo

hnalysis= Stand Count Report
iyt

1. Red Edge (RE)

Growing stage: 25
Dusbance Detwean plants 2 cm
Dirsbance bebwesn ll."'.'\-":-'.?n cm 2. Near-infrared (NIR)
3. Green (G)

4. Visible light (RGB)

5.Red (R)

6. Blue (B) i " 2 -
NDVI CI-Red_edge CI-Green

Comment:

45,501

plants counted

waluninazideauuialaiu 2.5 cm.
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Smart Irrigation

Drip Irrigation System

-

Crgrov®

Benefits

« Water is used at maximum optimum level.

« Aswater is applied locally and leaching is reduced,
fertilizer/nutrient loss is minimized.

« Weeds cannot absorb water as no water is available for
them and thus grow in less number

« Crop yield is maximum

* Fertilizers can be used with high efficiency.

Disadvantages

» Initial cost is high.

* May cause clogging if water is not filtered correctly.
Problems in moisture distribution.

Salinity problem.

Water requirement in mm *

65to 75 mm 140to 175 mm 185 to 280 mm 80to 120 mm

= R2{waterblister)

> R3

> R4

RS

—>  R6 (Ready grain)

Phases of maize **
VE Vi V3 V7 V10 VT R1 R6

Days after sowing (DAS) Days after polinization (DAP)
7 14 21 35 49 63 10 12tod8 55




2
3,
ot

ITUT ITYTUANND

Y
ITUTAINDY

b4 a
Izt AT NHANAN

FTEZUD

Saturation
200 mm
o [Days)
71.65 m3./Rai 434.38 m3/Rai | 498.90 m3./Rai 293.38 m3./Rai | 141.06 m3./Rai
ﬁm Tl ENIY,2554 ﬂ’immms“lﬂi’s'ﬁ1“lumi’1'1maaﬂqgmam1:ﬂgﬂ 1,439.36 m3./Rai
sTEzIv3 AN 328z00NA0N syeza’ 1 awanan szezIn

142.53 m3./Rai

224.78 m3./Rai

159.71 m3./Rai

56.41 m3./Rai

M : nsusadseniv,2554

Ysinumslmni ludimassnaeaggmamizilgn 583.43 m3./Rai

Water requirement in mm ~
65to 7Smm

fan : nsurarszniu,2554

140to 175 mm

185 to 280 mm

80 tc 120 mm

470- 650 mm.

S R2
(water blister)
R3

L R6
Bl (Ready/grain)

YinamsldinludnTnanasaggmamizilgn 768.07 m3 /Rai

szaziivin

65.61 m3./Rai

JTaTeINAdN

116.74 m3./Rai

v a
ITYTAINNaHAN

134.26 m3./Rai

Iz

32.62 m3./Rai

3 : nsusalseniv,2554

Wi 19 lugmenaoaggniamizign 349.23 m3./Rai
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Farinmiin + SAANNTY
Waz AN Test Weight
51A1 4.75 A1ULIN

5 B C o E i
1 |R=nge Rom Weight Hoi=ture Test Feight D=te  Time
g 1 1 T.115 36 T1.7|a/27 /2018 12:40:15 P
3 2 1 4318 30z 1.4 9/27/2016 12:43:54 PH . QINGDAO EPLOT MACHINERY CO.,LTD

i bl H . " " .

; i 1 ; ggg 3: ; ?0;3 gi;;ﬁg}g i;:g; ]]:E Eplot Machinery (Qingdao City, Shandong Province, China
& 8 1 B 1=9 ap. 2 69. 8 9/27/2018 17:46:00 PH Tel: +86-0532-82523296 Web:http://blog.sina.com.cn/eplot
7 & 1 7732 o 4 T9.7 9427/0018 12:46:28 PN
3 7 1 Roe3l 32, T 68,5 9/27/2018 12:46:45 P Mail:eplots@163.com
] il 1 B, 10% = T, 1 952752018 12:47:07 P
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Q % 76 singn
4_: .Q4; ATURAY

adaﬁ’h 50,493 A1UUIN

U 2563

AMNABINTT LY

3 duAUUsEINALULEN

4_:‘ LQ)?/ ATURY

1% wseluvszina

& v

a1 nsnnsAn1elu nsznsawdad, dknewasugianisinuns U 2563
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adaﬁi'] 478 814U

a Hh W N =

Qs

5 JUAUIIN ﬂ'nuwu‘nﬂgnmn

. usdassau 45,381 15
. duqd 9,565 13
. BN 7,982 15
YL 7,664 13
. qlavia 7,241 15

69

69



|
o Qs

amumsmmmﬁawaaﬂszmﬂlwﬂ

i

jl'“.EL/ EqugléﬁngfviIi? '4p-‘]b7Fﬁ%uﬁh

agAUaznauNIsLAd) (%)

Tusfu 35-40 %
losiu  18-20 %
g 25-30 %
Su9  10-22 %

nn: dRNIULATEFAININERT (2563)

T

g

(" megr MM,
u _AhUm

1
|

i

WAUAANFDY 9m1sand  a1wsuussy

USu1aunLraag

0w 2.73 1.22 0.12

(AaTUHN)

s () 67%  30% 3%
NAAARIANARNUIA
o 8,000 84,000 33,000
(a1uun

70



A1SHARLUAFILASIZHITNNY

MADE FROM PLANT

\_

* U 2563 yaA1 654,100 ATUUM
e {2568 mmmscﬁa&aﬁhmmn 1.3 A1UAIUUIN

* amsnistiulawade 12% sall b

NaANAANAYaI N

_ 1dan8as 11 nn. >> tlaanNy 1 an.

o . > )
* {2563 NAaAIAAIA 654 81UUIN

* 1 2568 AMIANISAIYAAINAIN 921 F1UUIM
* amsinistiulataie 8.5% nad
. é’msﬂmsuﬂsgﬂ**

s a  a o o \ aw o o o )
7181 KKP Research lneifiesfiuwiAning , * Processed Meat and Seafood in Thailand, Euromonitor International ~ ** FayadeanIImanm FouazRRWIaIsTLEW ams’ln”liLL‘tJig‘tJWilLﬂm”lﬂﬂ’Jmﬁaﬂ

o ' & o1 ] v g 1 Y 1Y ' Py o ad
RHNELTAE): U 2563 3“4'aF]’]FIa']E]L‘W?J'LNLﬂ‘ﬂx‘ﬂ&l']%ﬂﬂ\‘m’]\‘lF]']ﬂﬁﬂ‘lla\‘lv[,“ﬂﬂagl“ﬂ 70 A1WUIN (ﬂﬂﬂﬂﬂ’]ﬂﬂ']‘iﬂa’]ﬂ 'J‘ﬂEILLﬁSWI;N%Wﬂ’]ﬁ’]‘S‘ZIWLEW)



o oo

saawnaag ludszsmelne

msﬂ%’uﬂséaﬁ’u:fwawﬁwmuswms

d3 4 2519 280 13-15 18 39 numuea 1sanaiu
a5 2523 275 13-15 19 42 numusa 1saaiu
uasanssa 1 2529 245 18-19 21 39 dumuilhunale Tsalulauu
fluvia 1 2529 245 14-16 21 39 dumulsaluyayuuaslisalua
I vitatusi 60 2530 300 15-17 20 44 summilsatuayuuaslisatu
A9 NUNMIUTIASTIATY
ua (35) 2537 305 16-17 20 47 fumulsaluyayu
Aluvia 2 2538 320 14-16 22 38 dumulsaluaayuuaslisalua
InsWus 1 2541 285 11-12 22 41 -
witeroTuisi 2 541 735 15-16 19 35 sumuunaesAs A9
wazlsnluaauu
Andavderaimia 3 2542 300 12-14 24 43 dumulhunatvsialsaluaayu
- . fuMULNUNA1TIATIINATY WAL
e tuia 3 2543 330 12-13 22 39 a5aueng
I e lu 4 2543 325 11-12 21 40 grumuea 1A I

AN NTNITINTITLNBRS

72



SUIARYINLHRDY.... 77

nanEas 2 auununundananrasuilu 2.9 dandlshdal
79 seaSuarnudeanisaaia

AdrnasusnaL6 Ha. 64 12:07 4.

=]

v Yo o w a d' =S v

11983n0N WNSA3 gonnamsdrinamassgnamansash 1 Gaslva (aan.1)

o W a ¢ A

apNAsHgNaManEas (ann.) nsznsrunsasuazarnaal idamen

o a o v o d U o

AMZOYNITHMINANNIHANT TR TAdnThgNsmanIa a0 WMazANNTUAINIIAIY
A :

o115 szaznal 20 1 (61-79) Taeiidhvnaianuilgnowvdeailu 2.5 auls

Tl 79 yaiumsiindsz@animmmsnanuazenszaumnasguaum lasnwized s

X ddaw N v & y

Tununnddnemuwlugduuumanuasuladdvguasnundgnyrasin menmsaaaunums

WA INNNANAAADHHIIMIHANPUNININATFIHATINNANNADINITVDINAIA (1D9D1D

< ) U Yo v = A < s A a yq Y a =

iWuirorgdu 1iies dgninias 4 @eufasnsahuineginenanla 1fnandngs enaa

o a

a Y, VA A v g A A v
HANNADINITIADIUD f’)ﬂﬂﬂ!ﬂﬂW‘ﬂﬂ‘ﬂ?ﬂﬂ]iQﬂmﬂ"l‘Wﬂ‘l—!ﬂ']

Q

el

=~

Tag d1in179u Ivlindan (26 3.9 64)

73



fg“‘,'\'l : \\-

’i?""‘ OB RRPa S 25 0
oD @ M, \\ ‘ » “"\
x"" - - N
s

. ' ! : - S e - Lr
| ¥ i : » uu 1;?;‘1;: - L ®. . . v ! lﬂ'ﬂiﬁ‘iﬂ'\ﬁm‘i
~ 5 ' p-2
» 42.19% ¢ \
| 21.11% ) ‘ 41 05%

KUSL3802-1 : 2 M { 5B-007 AVRDC

)y .
- &0 “ae "B eu | asa1x)
e S
AT SETLY > "‘*~-~

p»"

_ 5.22% Py 5.01%
m srzmss-om SB 007 T
- -7

. ® o\ "-"'. rr® o ‘_3 \‘-A

-

- - -~ -



1

G
2
<
o
[~
b d
2
2
2
]
w
o
v

-

-

CHAROEN POKPHAND PRODUCE CO.,LTD




