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Overview

Forage breeding program at CIAT aims at developing new technology
options that respond to the demands of specific agro-ecological zones:
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Drought Water-logging Biotic Feed Nutrient/Water
tolerance tolerance stresses quality Use Efficiency
J
|
0. Our forage breeding program is
In the global tropics [ Unique at the CGIAR, by being

the only program of recurrent
selection which exploits
heterosis for a tetraploid
apomictic crop.

ciat.cgiar.org Building a sustainable future [MZ4@[2]}
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Product lines and stages of development
stagel || stage2 || stages || swgea || stoges || stges |

Descripti f th . G | o Hybri S
escrlptlor! - : She : Market areas Start year| Product design ern.1p SN Hybrid discovery ybr.ld : Development Commercialization
product and priority traits dis:overy characterization

Hybrids of interspecific Br19 Convert Mulato

Brachiaria, focused on e Br12 (105) Camello Mulato Il
tolerance to acid soils and 3.000 apomictié Br15 (81) Talisman Cayman

resistant to spittlebug ’ Mestizo Cobra

Hybrids of interspecific
Brachiaria for cut and
carry and drought

Phenotyping
Mainly Africa and Asia 2018 Identify priorities  parentals with new
methodologies

resistance
bl I SZ?\CC:fII_Z;I:Zeni::igsm Flowering induction
humidicola, tolerant to 2010 Refine priorities 8 Bh16B Bh16
: o Areas vulnerable to Embryo rescue
humid conditions .
floading.
L seeciienichesinal e
: o continents. Areas with 2016 Refine priorities P . yping . Px18
carry, high nutritional . . . genetic population
: highly nutrient soils.
quality structure

ciat.cgiar.org *Activities that are about to be done for each product at each stage. Building a sustainable future @CIHT




Brachiaria interspecific hybrids TARGET: To develop Hybrids of interspecific
Brachiaria, focused on tolerance to acid soils

Breeding Pipeline and resistant to spittlebug
A NEW GERMPLASM | :
g- g . Gene Bank | Breeder’s observation
B
=
E Testing based in the RIEP gEEDEEnBﬁHCKE (FRD: b
LT RES] based)/ CONSULTATIONS
4 CROSSING PROGRAM: Breeding Method:
- Fecurrent selection
= -i| T R A | for SCA
é - nof . - Generations/ year:
. . . ormation of testeross progenies: 1/3
£ Selection intensity % % AP Testar
£ | | Sx. Clones: .
= |- B005x=>1338x MAS: Apomixes Marker Support.
. 3% (F1:7000) Units
- Evaluation of testeross progenies: :‘5![;;;;“ intenl.:]i.;y Ap. Hybrids:
F1:3000 Ap. g == Was
v . . 3%
Fy. 1002z
El'ﬂﬂd.ill.g Tested for multiple trart=
Team
A 4

Support. Units

Material Shared with parmers:
30— 25 Apomictic hybrids

E | TRAIT/ ADAPTATION SPECTFIC CLASSIFICATION OF EREEDING HYBRIDS

i |

| Product Multiplication |
¥
| Registration trials |
- - * - -
ciat.cgiar.org [ Seed distribution and commercialization | Building a sustainable future [MZ4@l[2]]




Production areas in
Latin America

190 Mha

Total pasture area only in Brazil

120 Mha

Planted pastures

8 Mha

Are renewed each year

Usb 600M

Seed market value in Brazil

ciat.cgiar.org

Product design

First priority target areas

Note: Size of the target area in Africa and Asia has not been measured.

Building a sustainable future

Market area preferences

Latin America: The goal has
been to maintain the nutritional
qguality of the B. ruzisiensis
materials and adaptation of B.
decumbens while improving
biotic resistances mainly against
Spittlebug but also Rhizoctonia
solani.

Cut and carry system.

Africa: *2M ha of Brachiaria
required calculated based on
actual amount of animals in 48
Sub-Saharan African countries.
*800,000 — 1,800,000
smallholder dairy farms (1 to 3
cows) — producing 80% of the
milk. *Cut and carry system.
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History of forage breeding
at CIAT
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@- Brachiaria from Africa to the Americas

ciat.cgiar.org Building a sustainable future




@ Product design Brachiaria decumbens cv. Basilisk

B ruziziensis * Tolerance to poor, acid soils

* Tolerant of Al toxicity

* Easily propagated by seed
 Competitive against weeds
e 1940 ~2.56 ha/head

e 1980 <1.5 ha/head

200 uM Al Sin Nutrientes
ciat.cgiar.org Building a sustainable future [MZ4@([3]}
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@ Product design - Brachiaria brizantha cv. Marandu

e Accession released by EMBRAPA in
1984

* Planted on 50 Mha (Jank et al. 2014)

* World’s largest monoculture in terms
of acreage

* Few cultivars occupying large,
continuous expanses = heightened risk

ciat.cgiar.org Building a sustainable future [MZ4 @21}



Product design

Hybrids of interspecific Brachiaria for acid soils and
resistant to spittlebug

Priority Ideotype B. brizantha cv. Toledo | B. brizantha cv. Marandu |B. decumbens cv. Basilisk| Hibrido interespecifico
Worst value accepted CIAT 26110 CIAT 6780 CIAT 606 Mulato I
Stage 1 Biomass (tonMS/ha/year) 1 >20 25-35 15-20 15-20 20-25
Protein Content >11.0 8-13 9-12 6-8 12-16
i % NDF </=60 63-72 65-75 65-75 56 - 65
Quality 2
% ADF </=40 34-40 35-45 35-45 28-38
% DIVMS (rumiantes) >72 55 - 60 55 - 65 55-65 60 - 65
Spittlebug Resistance - Visual . . . . L
L. 3 <2 Susceptible Resistant Susceptible Resistant - antibiosis
Biotic stress damage score
Rhizoctonia solani 5 <2 Suceptible
Al tolerance 4 4.0-8.0 pH 3.9-7.5 pH
Waterlogging 15-21 days
g,gl & v 40-30 (moderately w 50-40 (moderately 20-10 (extremely
(%reduction compared to 7 > 50 N 30-20 (sensitive) .
. sensitive) tolerant) sensitive)
drained plants)
Stage 2 Waterlologging 15-21 days
7 >25 25-20 25-15 28-20 25-15
(SPAD values)
Drought (soil kept at 50% field
Abiotic stress capac1ty). .
(%reduction of foliar area 6 >50 40-50 40-50 40-50 40-50
compared to plants kept at 80-
100 %)
Drought (soil kept at 50% field
capacity)
(Leaf rolling scores)
6 <2 3-4 3-4 2-3 2-3

Scale 0: no wilting;
Scale 6: wilted, symptoms of
senescence

ciat.cgiar.org

Building a sustainable future
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Products and stages of development
stagel || stage2 || stages || swgea || stoges || stges |

Description of the Hybrid S
= L : Market areas Start year y : Development Commercialization
product and priority traits characterizaton

Hybrids of interspecific Br19 Convert Mulato
Brachiaria, focused on . .\ . Br12 (105) Camello Mulato Il
: : 1990 Revise prioritjes ) .
tolerance to acid soils and 000 apomictic Br15 (81) Talisman Cayman
resistant to spittlebug ’ P Mestizo Cobra

Hybrids of interspecific
Brachiaria for cut and
carry and drought

Phenotyping
Mainly Africa and Asia 2018 Identify priorities  parentals with new
methodologies

resistance
bl I SZ?\CC:fII_Z;I:Zeni::igsm Flowering induction
humidicola, tolerant to 2010 Identify priorities 8 Bh16B Bh16
: o Areas vulnerable to Embryo rescue
humid conditions .
floading.
continents. Areas with 2016 Identify priorities P yping Px18

carry, high nutritional
quality

genetic population

highly nutrient soils.
ghly structure

ciat.cgiar.org *Activities that are about to be done for each product at each stage. Building a sustainable future @CIHT




0 Breeding Strategy & Optimization Germplasm

* B. decumbens (65) cv. ‘Basilisk’ (amargo)

* B. brizantha (309) cv. ‘Marandu’, ‘Toledo’,
‘Piatd’, ‘La Libertad’

* B. humidicola (66) cv. ‘Tully’ (dulce) &
‘Llanero’

* B. ruziziensis (41)

* P. maximum (126) cv. ‘Mombasa/,
‘Tanzania’

ciat.cgiar.org

RIEP Testing scheme

Regional trials A

- Establishment (characterization of large
collections)

Regional trials B

- Agronomic evaluation and dry matter
production (Vigor, height, coverage,
incidence of pests and diseases)

Regional trials C

- Animal effect on forages (palatability,
quality nutritional, persistence, trampling
resistance)

Regional trials D

- Animal response in terms of productivity
by area (weight gain kg/ha/year)

Building a sustainable future [lZ4®2]]




@ Breeding Strategy & Optimization ~ Barriers to Breeding

A

a

Differences in ploidy Lack of basic information APOMIXIS:
(intra- and inter-specific about the cytology and Asexual reproduction by
differences) reproduction of the grasses seed

ciat.cgiar.org Building a sustainable future [Z4 @21}



Breeding Strategy & Optimization - Brachiaria Breeding

Adaptation to acid Resistance to
soils \ f spittlebugs
B. decumbens B. brizantha
(apomictic) (apomictic)

“Genetic bridge”

B. ruziziensis
(sexual tetraploid that can be
fertilized by apomictic species)

|

Hybrids with positive attributes of
B. decumbens and B. brizantha

ciat.cgiar.org Building a sustainable future [MZ4®l[2]]




Origin of a synthetic, tetraploid

Breeding Strategy & Optimizati ari '
reeine SHateey S DRHMIZEHON ™ sexual Brachiaria population

B. ruziziensis
2x, sexual (aa)

Colchicine
B. ruziziensis X B. decumbens and B. brizantha
4x, sexual (aaaa) 4x, apomictic (Aaaa)
(Various accessions)
F,, sexuals F,, apomicts
(aaaa) (Aaaa)

Open pollination

Synthetic population, 4x, sexual
ciat.cgiar.org (aaaa) Building a sustainable future [MZ4@[2]}




@ Breeding Strategy & Optimization = Scoring Apomixis

Embryo Sac Analysis Progeny Test MAS
months years weeks

ciat.cgiar.org Building a sustainable future [Z4 @21}




@ Breeding Strategy & Optimization 10 years of Marker Assisted Selection for

Apomixis

p779/p780 Marker

B. decumbens, B. brizantha,
B. humidicola, Panicum.

N14 marker specific for B. decumbens, y
B.brizantha y I 2018B
y 2018A BR18

y I2016 Bh16b (n=7000)
2015 Pobl: B.ruzix (n=2200)
2012 BR15

B.decumbens

=9308 Pob2: B.

2009 BR12 (n ) humidicola

2006 BRO9 (n=6080) and Others
BRO5 (n=4311) (n=400)

(n=96)

Number of genotyped plants is shown in parenthesis
ciat.cgiar.org Building a sustainable future [MZ4@2]]




Breeding Strategy & Optimization

-

A Parthenogenesis G i
for Segmen ene Candidate and Evidence

tal Allopolymoi’dy in Apomictic
Brachiaria decumbens

Margaret Worthington, + -
Yorry Puted . Cheirtoghar Hettetfinger, Diane -
THa." Mt Gulermo Porez,* Joum O ver Cometanza Quintars *

A Parthenogenesis Gene Candidate and Evidence s
for Segmental Allopolyploidy in Apomictic 'V
Brachiaria decumbens

Margaret Worthington, Christopher Heffelfinger,
Diana Bernal, Constanza Quintero, Yeny Patricia

-
VWOR ey, goete ity vene —
VY. ety by

FOMIXS, aewasl
[
Am'-—, thet s ,,“u‘;""“::ﬂmd ot

-1 -

Zapata, Juan Guillermo Perez, Jose De Vega, John o g o s e T o o

tnary cwsmuennally portans Smap: gras

Miles, Stephen Dellaporta and Joe Tohme

Genetics July 1, 2016 vol. 203 no. 3 1117-1132; DOI: TR — ST naT S
10.1534/genetics.116.190314

Research partners:

Yale University E Earlham Institute Building a sustainable future Z4@lZ]}


https://doi.org/10.1534/genetics.116.190314

Breeding Strategy & Optimization = Genotyping workflow for M.A.S. of apomixis

~
Throughput increased via:

eDirect collection in 96-racked tubes

Leaf tissue eAvoid tissue cutting instruments
collection.
*94 samples/person/hour
*Rapid Isolation in 96-racked tubes
DNA isolation *No organic solvents

*188 samples/day/person

*Multiplex marker analysis
*One Diagnostic + one ubiquitous

Tty Minimum turnaround time for 376

samples/3persons is 3days
Cost per data point: 0.723USD
(personnel cost not included)

*376 samples/gel
ePresence of apomixis allele scored

eData delivered as spreasheet

Marker scoring &
result delivery

- / . W

|
|
_
————

ciat.cgiar.org Building a sustainable future [MZ4@[2]}




2D : I Phenotyping against spittlebugs
B :
reeding Strategy & Optimization (Nimphal stage)

Damage and
Generation of survivorship

superficial roots evaluation

) S .

D v -’ - > | Artificial
Planting genotypes Infestation (6
eggs/genotype)

4,000 genotypes / year

7 Ly
TEAs Lk

Massive

ciat.cgiar.org

breeding



Characteristics of the

rah
Breeding Strat & Optimizati :
reeding Strategy & Optimization Shenotyping process

High-throughput High-speed Short-space Accuracy

1000 EU 50-80 days 12 m2 CV =23.3%

] | ! —
1 gl AJ f__, ot
Saal : = -
Y 3 - A ni
i = | 1
: M ooafsd
%! ' ‘ 7

e ) 25
YA EEY
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Produc

's and stages of development

Stage 1

e —

Product
Desi

Description of the Market areas  |Startyear| Product design Germplasm and Hybrid discovery
product and priority traits

discovery
Hybrids of interespecific
Brachiaria, focused on

Hybrid

: Development Commercialization
characterizaton

Br19 Convert Mulato
. o . By12 (105) Camello Mulato Il
: : 1990 Revise priorities Population size: .
tolerance to acid soils and 3,000 apomictic Br15 (81) Talisman Cayman
resistant to spittlebug ! P Mestizo Cobra
meh lator et ol Phenatyping
Mainly Africa and Asia 2018 Identify priorities  parentals with new
carry and drought .
: methodologies
resistance
Hybrids of Brachiaria SZ?\CC:fII_Z;I:Zeni::igsm Flowering induction
humidicola, tolerant to 2010 Identify priorities 8 Bh16B Bh16
: o Areas vulnerable to Embryo rescue
humid conditions .
floading.

Hybrids of Panicum e .
: Specific niches in all
maximum for cut and . .
: o continents. Areas with 2016
carry, high nutritional . . .
L highly nutrient soils.
quiality

Detailed germplasm

Identify priorities phen.otyplng ar.1d Px18
genetic population

structure

ciat.cgiar.org

*Activities that are about to be done for each product at each stage.

Building a sustainable future [MZ=4@l[2]]




Sexual progeny from open pollination
block ( ~3000 plants)
Block

Select 20-50 — Spittlebug resistance

sexual clones Recurrent Selection Pop' — Al tolerance (hydroponics)
(Sexual) — Drought tolerance

/ — Waterlogging tolerance

— Nutritional quality

Recombination Evaluation per se performance:

Periodic visual
evaluation; discard — Rhizoctonia resistance

all but 750 Sx. plants
Expose to pollen

l of elite apomict

SX and AP Hybrids (1:1)

Evaluation of reproductive mode etc...

|

ciat.cgiar.org New apomictic cultivars Building a sustainable future




@— Interspecific Breeding scheme in Brachiaria
(Miles, 2007)

VDP Stage 4:

Recombination of

sexual clones: Formation of testcross progenies

o

Popayan
30 sexual clones in 2

plots (LAM & AF) “

SX x AP tester: &'x&'
4000 to be analyzed by molecular
markers for apomixes

Popayan

CIAT

Evaluation of testcross
progenies:

RCDB — 2 reps with 2000
apomictic clones

6

VDP Stage 3: Product Development & Testing #1

& D

~ Year 4 Private
2 Year 5

g Years 6-7 Multi- Sector
S Years 8-10 environment +

;5 Years 11-14

CULTIVAR RELEASE - NARS



@— Interspecific Breeding scheme in Brachiaria
(Miles, 2007)

VDP Stage 4:

Recombination of

sexual clones: Formation of testcross progenies

o

Popayan

SX x AP tester: &'x&'
7000 to be analyzed by molecular
markers for apomixes

30 sexual clones in 2

plots (LAM & AF) “ Popayan

CIAT

Year 4: Evaluation of
testcross progenies:
Apomictic individuals derived
from the best families are
evaluated. AugD — 1 reps

Evaluation of testcross

progenies: LIano:c, +
AugD - 1 reps with 3000 ¥ Palmira
apomictic clones

& D

e

with 3000 apomictic clones (4
Llanos +

VDP Stage 3: Product Development & Testing #1

Palmira

< Year 4 Year 5 private
@ Year 5 Year 6

z Years 6-7 Years 7-8 Multi- Sector
S Years 8-10 Years 9-11 environment +

;§ Years 11-14 Years 12-15

CULTIVAR RELEASE \ ) NARS



Breeding stations in Colombia > ®
oo . .
© C.I. Turipana """5';-- . & .
o ok it
' .'.W r de Sarmander ]
it ¢
b s ML
ows 4
Risaraids 5 Lo
mnom"f- -
Palmira: CIAT headquarters. N .. — '"
All lab and glasshouse tests, - ik
plus progeny tests. ¢ ) o™ & F,_,
Atumaro =
@ C.I. Nataima —z — FR—
El Porvenir . . La Florida h-.::ndogue *Similar enviroments "
() -— S —— Mata-Tabma H".
R EEEEN . P

- Identification of most representative environments from the main target

Patia: Strong dry season environment, based on probability estimated by the program Homologe.

Llanos: Colombian most
similar environment to the
most important market in
Latin-America in the
tropical savannas of Brazil.

: Dedicated to open
pollinated and test cross formation.
This location promotes flowering.

ciat.cgiar.org Building a sustainable future [Z4@l[2]]




@— Three breeding programs working simultaneously

Panicum

Year 1

B. humidicola

Year 2

Ye a r 3 Brachiaria interspecific

ciat.cgiar.org Building a sustainable future [Z4@®l[2]]



Product Development & Testing #1 Future plans ZCIAT

Testcrosses First evaluation Second evaluation “
'ﬁ‘. ; Best 100
Yo m @ Progeny test
& Sx x CIAT606 ﬁ
3000 clones in 3 locations ‘I Abiotic stress
Marker Asfissted Selection (MAS) 10% best —biomass Stagel|  Biomass  |(tonMS/ha/year) >20 25-35 15-20 15-20 20-25
or Apomixes T DTOUTTC STTToS - —oTe T
o - . Go &, e
alil Nutritional quality ' A oy

L3
Testcrosses Thi
?"‘ ?"‘ ?"‘ Protein Content >11.0 813 912 68 12-16
Quali % NDF 2 </=60 63-72 65—75 65—-75 56 — 65
W [%aoF </=40 34-40 35-45 3545 28-38
% DIVMS (rumiantes) >72 55 - 60 55- 65 55-65 60 - 65
Spittlebug Resist: - Visual
Best parents, remanent Seec‘ L pItTiebug Resistance - Visua 3 <2 Susceptible Resistant Susceptible Resistant - antibiosis
Biotic stress  |damage score
MAS Apom IXes Rhizoctonia solani 5 <2 Suceptible
7'.' Al tolerance 4 4.0-8.0 pH 3.9-7.5 pH
X Waterlogging 15-21 days
“ (%reduction compared to 7 S50 40-30 (moderately 30-20 (sensitive) 50-40 (moderately 20-10 (extremely
) sensitive) tolerant) sensitive)
i drained plants)
| Stage 2 i 5
€ Waterlologging 15-21 days 7 >25 25-20 2515 2820 25-15
| (SPAD values)
Drought (soil kept at 50% field
Abiotic stress capauty). '
4reduction of foliar area - - - -
(%reduct f fol 6 > 50 40-50 40-50 40-50 40-50
compared to plants kept at 80-
100 %)
Drought (soil kept at 50% field
capacity)
(Leaf rolling scores)
6 2 3-4 3-4 2-3 2-3
(. P (: o Pl (‘ Scale 0: no wilting; <
/ J J ( / J J - Scale 6: wilted, symptoms of
— - . - o/ senescence




@— Realized vs. Expected selection gain

Toda
Past y

Realized
selection

gain

AG=y—-u

* Genotypic means of the selected
fraction and the entire
population.

ciat.cgiar.org

Building a sustainable future
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The genetic gain achieved
by the Brachiaria
breeding program was
first reported in

2006

(J. W. Miles, Cardona, & Sotelo, 2006)

Where it was demonstrated that

Synthetic

tetraploid Was far superior
to the ori

sexual breeding

And it was also
explained how

Recurrent
selection

v ¥

ciat.cgiar.org

iginal  Tetraploidized
ruzigrass

in the synthetic
population
promoted such

'\' improvement
—

Recurrent Selection in a Synthetic Brac

hiariagrass Population Improves Resistance

to Three Spittlebug Species

J. W. Miles* C. Cardona, and G. Sotelo

ABSTRACT

Spitlcbugs (15 Cercopidac) are important pests of for-
-,mhﬁp-lmﬁlcﬁ("n)&h&h*ﬂh
neowopics. Results of diam on resh o
in @ synthetic bra chioriagr lation are rep The p
-- ql.‘-dby recwombining s xual hybrids oltained b—a—-

idi sexual (L & G in &
Enﬁlw-dﬁ—unp—kﬁ wtraploid acesions of
(B, & bens Stapl) and palisad 8. brizantha (A.
llﬂ)mml-m-&d-qﬁweuumnl
single Colambian spedies [Aencolania varia (F.)], and the
ﬂd.oq&-‘ﬂlnﬂyuutmu.‘. vania and to two
(& ¥ '.d-umm—-nul

Zulia carb ia (1 was based on survival of
-#h#m-.ﬁl,lm-*—m
plants. Fram C; to Cg, mean survival of A vania nymphs on selected
genotypes dropped from 556 to 7.0%. Tetruploid sexual dones with
combined high level of rsibtnce © all firee spitfchug species have
been obtained. The effectivenes of this resbtance against spittichug

species not in C ia needs I be and its
expresion in crosses with spitfchup eptible, apomictic ge P
needs to be amesed.

HE FOUR commercial hrachiariamm species [signal-
ss. palisadegrass ruzigrass, and koroniviagrass
|B hunudncola (Rendle) Schweick. ]} together constitute
by far the most important sown forage grasses in tropical
America (Miles et al., 2004; Santos Filho, 1996). All four
species are perennials of African origin. Three of them
(signalgrass palisadegrass and ruzsgrass) are closely
related (Renvoize et al., 1996) but differ in their agro-
nomic charaders, so that each tends 1o occupy a distinet
agronomic niche. Ruzgrass is a diploid sexual species
while accessions of signalgrass and palisadegrass are
mostly tetraploid apomicts (Miles et al., 2004; Valle and
Savidan, 1996). The currently available cultivars except
for the recently released cv. Mulato, which is a result of
intentional interspecific hybridization, are apomictic
selections from natural germplasm (Miles et al. 2004).
Commercialization of brachianagrasses in Latin
America began in the early 1970s with the importation
to Brazil of Australian seed of ‘Basilisk’ signalgrass
(Santos Filho, 1996), a aultivar derived directly from a
Ugandan germplasm accession introduced to Australia
in 1930 (Oram, 1990). Adoption of cv. Basilisk was very

Tropical Forages Project Intemational Center for Tropiaal Agricul
ture, AA. 6713, Cali, Colambia. Received 3 June 2005, *Correspond.

ing author (jmiles@icgiar org).

Publshed in Crop Sci. 46:1088- 1093 (2006).
Crop Breeding & Genetxs
doi:10.21 35 eropsci XN05.06.0101

© Crop Sdence Society of Amenca

677 S Segoe Rd, Madison, WI 53711 USA

rapid in Brazil and more widely throughout tropical
America as it proved to be well adapted 1o extensive
areas of savanna with low fertility and low pH soils
(Santos Filho, 1996).

The greatest biotic limitation on brachiariagrass pas-
ture productivity in the neotropics are the many native
generaand species of grassland spittlebugs (Homoptera:
Cercopidae) (Valério et al., 1996; Holmann and Peck,
2002). Basilisk signalgrass and common commercial
ruzigrass are particularly susceptible. ‘Marandu’ palisade-
grass was released by the Brazilian A gricultural Research
Corporation (EMBRAPA, its Portuguese acronym) in
the mid-1980s owing mainly to its resistance 1o spittk-
bugs (Nunes et al., 1984). Marandu is now extensively
sown, though its adaptation does not extend to the very
low fertility soik where cv. Basilisk is so well adapted,
nor is it used in parts of the tropics (e.g., Thailand or
tropical Australia ) where spittkebug attack is not a threat.
Ruzigrass, though of high nutritional quality (Valle et al.,
1988; Lascano and Euclides 1996), is only a minor com-
mercial species in tropical America owing 10 its poor
adaptation to low fertility soils and particularly to its
extreme susceptibility to spittlebugs (Keller-Grein et al.,
1996). Ruzgrass is an important commercial forage
grass in southeast Asia, e.g., in Thailand, where locally
produced seed is abundant and cheap (Hare and
Phaik aew, 1999).

A small collection of brachiariagrass germplasm main-
tained by the International Center for Tropical Agricul-
ture (CIAT, its Spanish acronym) was augmented during
1984 and 1985 through direct collection in Africa (Keller-
Grein et al., 1996) with the objective of obtaining geno-
types with broad edaphic adaptation combined with
resistance 1o spittlebugs Agronomic evaluation of the
ncw germplasm collection -mggcgcd that none of the

ions offered the Jed o ion of attributes.
Folluwmg the development ul a fully sexual, tetraploid
ruzigrass biotype (Swenne et al., 1981) and confirmation
ofits cross compatibility with apomidtic tetraploid signal-
grass and palisadegrass accessions (Ndikumana, 1985),
applied brachiariagrass breeding programs quickly
ensued, both at EMBRAPA and at CIAT (Miles and
Valle, 1996; Miles et al., 2004).

Inheritance studies indicated a single-locus model of
genetic control of apomixis in the signalgrass-palisade-
grass-ruzigrass agamic comp lex (Ndikumana, 1985; Valle
et al., 1994; Valle and Savidan, 1996): tetraploid apomicts
are simplex for a dominant allele (Aaaa) at the putative
“apomixis locus,” sexuals being homozygous recessive at
the locus and either diploid (aa) or tetraploid (asaa).
Hence, tetraploid, sexual X apomictic hybrid progenies
segregate approx. 1:1 for reproductive mode and sex-
ual X sexual progenies are uniformly sexual (Valle and
Savidan, 1996).
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Product Development & Testing #1 Percentage nymphal survival and damage scores of final
selections compared with cv. Marandu, by cycle.

m Numerous sexual clones have now been isolated that combine resistance to each of the three spittlebug species

Aeneolamia varia Aeneolamia reducta Zulia carbonaria
Cycle No. of final selections Selections Marandu Selections Marandu Selections Marandu
Percentage nymphal survival
C, 11 55.6 32.5%* - - - -
C; 11 45.0 40.0NS7 - - - -
C, 41 25.9 23.0NS - - - -
Cs 32 16.8 33.3* 17.2 33.3NS 38.2 69.4%
Cs 42 7.0 36.7+* 1.4 5245 4.9 50.0%%
Damage scores:
C, 111 - - - - - -
C; 11 24 1.7NS - - - -
C, 41 1.7 2.2NS - - - -
Cs 32 2.0 2.INS 1.6 2.8%% 2.1 3.6%*
Cs 42 1.3 1.9% 1.1 l 3.1%* 1.2 l 2.4%%*

* Mean of selections differs (by 7 test) from mean of ¢v. Marandu at the «« = 0.05 probability level.
** Mean of selections differs (by 7 test) from mean of cv. Marandu at the « = 0.01 probability level.
T NS, Means do not differ at the « = 0.05 probability level.

# Visual damage score on a scale of 1 (= no damage) to 5 (= dead plant).

1l Damage scores not recorded in C,.

ciat.cgiar.org Building a sustainable future
Miles et al (2006) 10.2135/cropsci2005.06-0101




Size of Sexual population
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Alternatives to increase expected genetic gain:

Product Development & Testing #1
P & Rapid breeding
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_ Alternatives to increase expected genetic gain:

Rapid breeding
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Realized
selection
gain

* Genotypic means of the selected
fraction and the entire
population.

ciat.cgiar.org

Expected

selection
gain

* qa priori analysis used in
guantitative traits (Cochran, 1951 —
Utz 1969 — Longin 2015)

* Apply R package SelectionGain

Building a sustainable future [Z4®l[2]]




Optimum allocation of resources with
simulations using the package
Selection Gain

Package ‘selectiongain’

October 9, 2016
Type Package
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ated in successive stages with increasing intensity and effort, and only a fraction of the supe-
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@ Product Development & Testing #1

Annual genetic gain
Biomass Visual Scoring (1-5)

Annual expected genetic gain for several breeding
strategies in Interspecific Brachiaria

20.93

16.28

10.76

Current Optimized Two_Reps Regional

Breeding Strategy

ciat.cgiar.org

Annual expected genetic gain for several
breeding strategies in Interspecific Brachiaria

50.00

Rapid_Breeding

Current

Optimized: Reducing population size (-27%)
while increasing locations (3 to 5).
Two-Reps: Reducing population size (-36%)
increasing reps (1 to 2).

Regional: Reducing PopSize (Year 1: -32%;
Year 2: 25% of year 1), increasing one year
to include information of regional trials (5P +
5C= 10Loc) into recurrent selection.
Rapid_Breeding: Reducing breeding cycle
from 3 to 2 years.

Building a sustainable future [MZ4@l[3]]




@— Potential of Genomic Selection for Brachiaria
Interspecific Breeding
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@ Product Development & Testing #1 Genomics

 Genomics complicated by: Large genome size, polyploidy,

heterozygous parents, and multisomic segregation ratios
BUT modern tools and low-cost sequencing => rapid progress

First saturated genetic maps (GBS based)

*B. ruziziensis x B. decumbens
* 2n=4x=36 (segmental allotetraploid)
e Aluminum resistance QTL — On going
* Flanking markers for apomixis

*B. humidicola
2n=6x=36 (autohexaploid)
e QTL for biological nitrification inhibition
* Flanking markers for apomixes

e Diploid B. ruziziensis reference genome (with TGAC)
30x lllumina PE reads, assembly by Platanus.
(https://www.ncbi.nlm.nih.gov/assembly/GCA 003016355.1/)

ciat.cgiar.org Building a sustainable future [MZ4®l[2]]
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@ Product Development & Testing #1

i

A BRX 44-02 genetic linkage map
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1

Genetic linkage maps B. ruziziensis and B.
decumbens constructed
Worthington et.al., 2016 (CIAT, YALE, TGAC)

* GBS of F, populations and parents.

* The apospory-specific genomic region (ASGR) was mapped
to a region of reduced recombination on B. decumbens
chromosome 5.

Building a sustainable future [MZ4@l[3]]



Team, partners and VDP

% — — — — — — — — — )
NARS e.g. )

] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
CORPOICA

Stage 1

Product

@ Plant Breeding

% Socioeconomy
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@ Plant Breeding

Germplasm &
Management
Physiology

U BNI & Enviro-analysis

@ Nutritional quality

gy
Biotic resistance

Biotic resistance

@ Plant Breeding

@ Nutritional quality

@ Plant Breeding

% Socioeconomy

Germplasm &
Management

% Socioeconomy

Building a sustainable future

% Socioeconomy

&CIAT




Product Multiplication » Delivery and dissemination

Massive seed production for
Brachiaria seems to be stimulated by

o’ Private seed producers

L .
Vernalization '-:- . \Qi multiplicate successfully
. | hybrid seed at the
in Brazil and
Long the North of Mexico.

Interaction with a solid seed
company is critical for successful
delivery and dissemination of hybrid

Therefore, seed production should be Brachiaria seed.
ideally localized in higher latitudes

ciat.cgiar.org | Building a sustainable future [Z4@l[5]]
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() “prodictintiodictions ) Commercial releases

CIAT Brachiaria hybrids planted globally in ha > . MUIatO, the first commercial hYbrld

. (released in 2001) was breeded by CIAT.
e Hybrids has been a success in the

- market, reaching a estimated total

100,00 I I area of 828,638 Ha"

2010 2011 2012 2013 2014 2016 2017

Hybrids released have been proven that increase productivity in animal weight

Daily weight gain

1000 1000 1000

900 900 900

800 800 800

= 700 700 700

5 600 600 600

= 500 500 500

E 400 400 400
(1]

e 300 300 300

- 200 200 200

100 100 100

0 0 0

Toledo Cobra Cayman Mulato Il Toledo Mulato Il Toledo Cayman
Villavicencio station Cauca station CIAT Headquarters
ciat.cgiar.org Building a sustainable future [MZ4 @21}

*Estimated by seed sales, assuming 7 kilos of seed per hectare (2016)



Product Introductions

/

.
Intercropping forages

in dairy systems
(Uganda, Madagascar)

Drought and acidic

soil tolerance
(Rwanda)

-

Integration in
conservation

agriculture systems
(Madagascar)

ciat.cgiar.org

Hybrids research in Africa: Mulato and Mulato-l|

/

-
Seed sales to African countries,

from 2011-2017, suggest that
an area of at least 4300 ha has
been sown so far.

/Over 20,000 smallholder farmers
in Kenya, Uganda, Tanzania,
Nigeria and Ethiopia
have already planted CIAT-bred

\Brachiaria hybrids. (Maas etal 2015)

4
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Brachiaria breeding program
POST-BPAT ADVANCES

November 2018

Valheria Castiblanco
Plant breeder | Tropical forages
v.castiblanco@cigar.org

ciat.cgiar.org
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Content

1. Prioritization of Product Pipelines — Panicum maximum (Megathyrsus) reduced to
minimum investments.

2. Spatial analysis, GxE, BLUPs — TPE (Proposal) + Agrosavia experiments + BMZ
Measuring Biomass Yield and measuring Genetic Gain - Agrosavia Experiment

Quantitative Genetics Plant Breeding approach, Genomic Prediction, Breeding and Testlng
strategy and O]Ptlmlzatlon using Simulation — Advanced coding in the package “Selection
Gain”, waiting tfor data Br19.

Breeding Strategy for Africa and BMZ project

Breeding Cycle Time — Advances in flowering induction
Reciprocal Recurrent Selection — Building heterotic pools
Data Management — BMS training and updated '
Mechanization — Tractor plus implements and bar coding
10. Seed Systems and Production — Agreement with Papalotla

ciat.cgiar.org Building a sustainable future [Z4 @21}
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1. Prioritization of Product Pipelines — Panicum maximum (Megathyrsus)
reduced to minimum investments.

Panicum
next generation — RRS

B. humidicola

Year 2

Ye a r 3 Brachiaria interspecific

ciat.cgiar.org Building a sustainable future [Z4®l[2]]



2. Spatial analysis, GxE, BLUPs — TPE (Proposal)

CENTRAL AMERICA

Nicaragua

SOUTH AMERICA

Colombia

(Including strategic breeding
and germplasm work)

e GIS analysis
* Economic/Market review
Building a sustainable future [MZ4@l[2]}

ciat.cgiar.org



2. Spatial analysis, GXE, BLUPs — Agrosavia experiments - MET population Br12

@ C.I. Turipana
* Methodology:
* 5locations.
* Alpha-lattice (10x11), two reps, 4
plants/plot.
e 103 hybrids + 7 controls
* Traits:
1. Biomass Palmira

2. Quallty l © C.I. Nataima

El Porvenir ©

Genotype |Common Name
CIAT/606 Basilisk
CIAT/36087 |Mulato Il
CIAT/6294 |Marandu :
: Genetic
CIAT/26110 |Toledo —— i
CIAT/26646 |La Libertad
BR0O2/1794 |Cobra —~
BR02/1752 |Cayman

. Suelos acidos

A

Llanos: Zona representativa
de la produccion ganadera
del trépico latinoamericano

ciat.cgiar.org




Methodology:
2. Spatial analysis, GxE, BLUPs — BMZ * Split-plot design. »
* 4 counties — 2 groups each, reps within group.
* Each group of 12 farmers — Main plot
Control 1 Napier * Each farmer receives 6 genotypes

Control 2 Mombasa . A « 24 new genotypes + 4 controls
‘ enetic .
Control 3 Toledo Gain *  Traits:

Control 4 Cobra 1. Biomass
2.  Quality

Challenges: Regulatory
constrains
Panicum or Brachiaria for

WA?

Western Kenya
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3. Measuring Biomass Yield

&
2
;.,
}

Orthomaosaic

Measurements for each cutting each 6
weeks, visual and with the drone.

At least two cuttings in each rainy/dry
season
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4. Optimization

Bias in heritability estimates when ignoring within family variation

Block: 0.017
2 0.1

Genotype 0.10 h2 = 2 h? = —so—  0.60

02+M+& 0.1+ 3 +T
Genotype x Loc  0.014 G L TLxR
Error (average) 0.19
Source | Variance _
Block: 0.017 Based on Piepho and Mohring 2007 and Holland, Nyquist and Cervantes-Martinez 2002
Families 0.012

2
ili 2 _ OF 0.012

Families x Loc 0.006 h? = —; — h2 = e 0.23

g2+—FxL %W, Oe 0.012+ + +

FT L 771 "LxIxR 3 4 3x4

Error (average) 0.19
Within 0.093

Current version of R package “selectiongain” does not allow to:
1. Declare within family variance
2. Optimize the number of families and individuals within families to maximize expected genetic gain

New functions for the package are under development to optimize Brachiaria breeding strategy



5. Breeding Strategy for Africa — BMZ project

e |dentify a place for first culling within Colombia using GIS and A
Modeling.

e Design a Strategy for Africa

e Send seed for BMZ project — Regulatory procedures )

~

e Panicum or Brachiaria? Test and compare in the field - BMZ Project

e |[dentify possible biotic challenges for the materials when coming
back to the center of origin.

e |dentify breeding priorities and build the product profile. )
\
e Diversity panel to identify potential parents for breeding crosses:
Searching for sources of abiotic tolerance and biotic resistance
J

ciat.cgiar.org
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5. Breeding Strategy for Africa — BMZ project

e First crosses focused on Eastern Africa market (Factorial design).

J

~

e Test of first generation of hybrids in a field location within Colombia
that mimics environmental conditions in EA (Culling from 8000 to
100 hybrids).

J

~

e Open pollinated cross within promising parents.

e In-house testing of 100 hybrids for nutrition quality, biotic (Africa?
How?) and abiotic resistances, progeny test and seed multiplication.

* Regulatory processes. )

Building a sustainable future [MZ4 @21}
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5. Breeding Strategy for Africa — BMZ project

\
e Hybrid formation in factorial design.
e Shipment of seed for trials in EA (100 to 30 hybrids).
J
\

e Multilocation trials in EA, ideally participatory trials.

e Test of first generation of hybrids in a field location within Colombia
that mimics environmental conditions in EA (Culling from 8000 to
100 hybrids).

/

~

e Open pollinated cross within promising parents.

e In-house testing of 100 hybrids for nutrition quality, biotic (Africa?
How?) and abiotic resistances, progeny test and seed multiplication.

e Shipment and regulatory processes. )

Building a sustainable future [MZ4 @21}
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6. Breeding Cycle Time — Advances in flowering induction

Manage photoperiod to accelerate flowering

S e

8
B Flowering Rep 1 Rep 2

5 = Pre-flowering

Visual Index (0-10)
|
.
1
1

8 Rep 3 Rep 4
:II . ‘I (- ‘I
4 a
Ll 2 .
= : [ O
kL 11 12 10 11 12

Weeks after installation of artificial light

WEEK 14

&CIAT



6. Breeding Cycle Time — Advances in flowering induction

[l Genotipo 2 Genotipo 1 Red ligth Agro Lamp

15 1]105|1 135 1 05
36 38 525 525 54 54

14 horas

16 horas
s -

i

= ] |
k] El _
g o
| = N/ Research in
=F dormancy
- — m .marTageme.nt
E»‘ P - is still pending
3|/ E O
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7. Reciprocal Recurrent Selection — Building heterotic pools
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B. ruziziensis (5)
B. decumbens (5)
w= B. brizantha (5)
== Interspecific Brachiaria hybrid (5)
== B. humidicola (6)
= B. humidicola hybrid (6)
w= B. dura (5)
“= B. bovoneli (6)
== B. dictyoneura (6)
== B, jubata (6)

B. ruziziensis

4x, sexual (aaaa)

X B. brizantha

4x, apomictic (Aaaa)
(Various accessions)

'&%7% = B. platynota (6)
< '“53% = B. subulifolia (6)
L N e .
L By, = Samea F,, sexuals F,, apomicts
" 47 / N P
s, (aaaa) (Aaaa)
& ‘ dy,
o @,&@% 2,
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&
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adl g i Synthetic population,
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7. Reciprocal Recurrent Selection — Building heterotic pools

B. brizantha B. decumbens

Paired Crosses

Yr 1l

200 FS fam 200 FS fam
Yr 2 Screen 8,000 — 10,000 seedlings for RM

A Parthenogenesis Gene Candidate and Evidence
for Segmental Allopolyploidy in Apomictic
Brachiaria decumbens

Margaret Worthington, ** Christopher Heffelfinger,’ Diana Bemal ** Constanza Quintera,*

Yeny Patrkia Zapata* Msan Gullemno Perez,* Jose De Vega' John Miles* Siephen Dellsporta,
o b Tt At (AT, Cab X5, vy ey

mranon o 53577, Ctombia, "Degartment of Moecur, Celulst
Deveicoments Sckogy, Y Ussersy, New Hinen, Conrecticat 06520, and The Gename Ansyss Certre. Norwich Reseire
Park, Caney. Noraich NAS TUM, Unvind Kingslon

W 00000003 2887-5158 LDV

BSTRACT Apomisis, asemisl reprocuction thiough sed. ensbies breaders 10 iden tfy and fathiuly proDagate Superior heteroTygous
0tyDes Dy Sed WIthOut the SEacANtages Of vegeLative DIIPAGERion O the xperse and complety Of hyded seed prodction. The
wailabiiny of new 100k Such 25 Qenotyping by Sequencing 3nd bioinformatics pipsiines Sor ecies Lacking reference Genomes now
1akes the congruction of dene maps pomible n apomCc Peces, despie complications indluding PolyPOId, MuBDMK
hertance, @F-ncomp aitiity, and high eveis of heeRzyGoRty. In this Tudy, we developed sarated inkage maps for the matema
nd paternal omnomes of an imerecific Brachiara nisimensis (R Germ. and C. M. Eward) x & decumbens Saof. f, magonc

Evaluate 4,000 AP hybrids in Llanos

Select best parents

Yr 3 Best hybrids to

advanced trials

Building a sustainable future [MZ4 @21}
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7. Reciprocal Recurrent Selection — Building heterotic pools

Biparental mapping population for Apomixes

B. ruziziensis

4x, sexual (aaaa)

F,, sexuals
(aaaa)

\\
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4x, apomictic (Aaaa)
(Various accessions)
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N2 °,\.6 o
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Neighbor Joining tree

Closest individuals are:
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9. Mechanization — Tractor plus implements and barcoding

MONTANA
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9. Mechanization — Tractor plus implements and barcoding

Generador codigo de barras Impresora codigo de barras

SM425 WIDEBODY
THERMAL TAG & LABEL
PRINTER

SKU: SM425

$3,295.00

The SM4.25 Modified Thermal Printer
is manufactured to the highest
standards and feature a die-cast frame

Read more

Add Software

ZebraDesigner Pro,

Warranty Options
Lector codigo de barras
Customers looking for more than a few cases of product at a time ... :\;ﬁ;:l\?;s“cg:‘gty 16,000

PLEASE CALL US for a Real-Time Tags Program Cmsultatlon & Deeper Discounts. SKU: AT7X27X2

$188.67
abe:
e
Q
IE ﬂ---@-
20mil Styrene Pot Stakes  Price Per Thousand Tags RollPrice  Case Price
Qty./
ize Color  Qty/Rail Wt./Roll
s G D TO CART

SsaX1 81" White 1,000 55ib 5,000 $32.73 $2766

Terminal portatil TC75 Datalogic GD4430
ciat.cgiar.org Building a sustainable future




9. Mechanization — Tractor plus implements and bar coding

ltem Ref Costo (dolares) [Enlace
mpresors 5425 WIDEBODY THERMALTAG & |¢ 33000 | o et wideboss thermal
P LABEL PRINTER 1o PARE/SITS 2
tag-label-printer
Software impresora NL17 pro S 535.00
Sofware senerador de codieo de https://www.zebra.com/la/es/suppor
& & ZebraDesigner™ Editions S 345.00 t-downloads/printer-software/zebra-
barras :
designer-downloads.html
https://www.lineadatascan.com/prod
Lector codigo de barras portatil Terminal portatil Motorola TC75 S 1,350.00 uctos/terminales-portatiles-
zebra/tc75/
https://www.lineadatascan.com/prod
Lector codigo de barras estacionario [Datalogic GD4430 S 1,350.00 uctos/lectores-de-codigo-de-barras-
zebra/datalogic-gd4430/
https: . [timetags. tst
Estacas SS6X07 (6'x3/4") S 187.80 kesps [[www.realtimetags.com/potsta
Estacas 5S6X1 (6'x1) ¢ 112.85 E;tsps://www.realtlmetags.com/potsta
ADHESIVES 1-3/4" X 2-3/4" S 188.67
Total cgiar.org S 7,364.32



https://www.realtimetags.com/product-page/sm425-widebody-thermal-tag-label-printer
https://www.zebra.com/la/es/support-downloads/printer-software/zebra-designer-downloads.html
https://www.lineadatascan.com/productos/terminales-portatiles-zebra/tc75/
https://www.lineadatascan.com/productos/lectores-de-codigo-de-barras-zebra/datalogic-gd4430/
https://www.realtimetags.com/potstakes
https://www.realtimetags.com/potstakes

10. Seed Systems and Production — Agreement with Papalotila

New partnership for a more sustainable
forage production

by José Luis Urrea | Oct 4, 2018

https://blog.ciat.cgiar.org/new-partnership-for-a-more-sustainable-forage-production/



https://blog.ciat.cgiar.org/new-partnership-for-a-more-sustainable-forage-production/
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