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Science
. Week
CIMMYT Wheat Breeding:
Continuing genetic gains through
the development of high yielding
and nutritious varieties

Suchismita Mondal
Bread Wheat Improvement Team

WCciIMMYT.



Wheat breeding priorities

Disease &
Pest
Resistance
- //
Enhanced )
Zn & Fe for ngh and
Nutrition Stable
Yield
Potential
End-use
Quality
Wiscigies

Drought
Tolerance/
Improved
WUE //'
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Up-scaled breeding and testing to deliver
genetic gain (5 years breeding cycle)

Parental diversity

~1500 Simple, 600 top
and 600 BC1

Targeted utilization of
new genes, traits and

Toluca (2640 masl):_
germ plasm Yellow rust, Septoria

tritici, Fusarium

Cd. Obregon (40masl): High yield (irrigated), Water-use
efficiency, Heat tolerance, Leaf rust, stem rust (not Ug99)

El Batan (2249 masl):
Leaf rust, Fusarium, Tan
spot

Large population sizes

Njoro, Kenya (2185 masl):

SEIECtEd'bu I k SE|ECti0n Stem rust, Yellow rust
scheme

Week #CIMMYTsw18
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Grain yield evaluations advanced lines
Cd. Obregon, Mexico

Bed sowing
normal irrigation

1st year Yield Trial,
9044 lines, 323
trials, 2 reps
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Possibilities with high throughput
phenotyping in wheat breeding

e Aerial and UAV based HTP implemented %

 CT and NDVI highly correlates with grain yield
(r =0.5-0.7)

 However, CT has strong G x Y and G x E effect

Looking forward:

* Complementing early generation
selections with HTP

* Algorithms to estimate other agronomic
traits, e.g. heading (days) and plant
height

e Evaluating feasibility of assessing certain
foliar disease
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Potentials of genomic selection

* USAID Feed the Future Innovation Lab at
KSU and DGGW focus on implementing
GS and HTP at different stages of
breeding program

* GBS, phenotypic, yield data for about
46,000 lines (2013-14 to 2017-18) utilized

predictions for grain yields

1%t year yield trials

* Average within-nursery prediction
accuracy Yield= 0.67, Stem rust=0.60

* Average across-nursery prediction
accuracy Yield= 0.42, Stem rust=0.50
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1%t year yield trial
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Genomic predictions are very promising for some diseases & quality traits.
Challenges: G x E and G x Y interactions need extensive research to improve

100-104
105-109
110-114

2"d year yield trials, prediction accuracy (r)

<15%
retention rate

>115

Within|Across Within|Across Within |Across Within|Across Within|Across
Grain Bed 5IR Flat 5IR Bed 2IR Flat drip Late heat

yield 0.59 0.15 0.60 0.05 0.59 0.14 0.59 0.09 0.60 0.17

Stem rust FHB S. tritici blotch| Spot blotch
Disease

0.79 | 060 | 0.38 | 0.11 | 0.57 | 0.17 | 0.55 | 0.24

. |Alveogram W/|Flour protein| Flouryield | Loafvolume | Mixing time

Quahty 0.72 0.52 0.73 0.5 0.61 0.43 0.72 0.5 0.76 0.48

&
WCIMMYT.
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No. of entries (%)

Grain yield enhancement:

Distribution of 1st year yield trials at Cd. Obregon under
optimum irrigation (2014, 2015, 2016, 2017 and 2018)

30
2016, n=9506
mean 89%
25 2015, n=9100 ;
mean 83% E 2017, n=9940
1 0
20 = mean 88%
15
10 2014: 1.6% lines
2015: 2.8% lines
5 2016: 7.1% lines
2017:9.5% lines
0 2018: 7.3% lines

S > P SO NN PP PP PP W
L s , s ’ , /, /' - s
& ¢ & ¢ & H P A AR A

Grain yield (% Borlaug 100) Y
L\
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81 Countries receiving CIMMYT Spring Wheat
nurseries 2016/17
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Genetic gains in grain yield for CIMMYT derived bread
wheat varieties created between 1964-2009
(CENEB, Cd. Obregon, Sonora, Mexico)

Annual genetic vield gain-Full Irrigation:

10000 -

Trials conducted (2009_10 Permanent Beds: 0.69% (36.8 + 5.8 kg ha', R2=0.77, P <0.01)
9000 - Conventional Beds: 0.59% (35.9 + 7.2 kg hal, R =0.66, P <0.01)
to 2014-15)

/ . 8000 - o
Conservation agriculture 2000 M
on permanent beds & * °

. ) | .
conventional tillage on 6000

Yield [kg ha-1]

Full and reduced irrigation 4000 - = u o

managem ent 3000 - Annual genetic vield gain-Reduced Irrigation:

Semidwarf varieties, | Permanent Beds: 0.36% (22.3 + 6.7 kg hal, R2 = 0.46, P < 0.01)
2000

ad apted for full irrigation Conventional Beds: 0.35% (12.6 + 4.1 kg hal, R2=0.42, P =0.01)

. 1000 -
oldest “Siete Cerros”

0 T T T T 1

1960 1970 1980 1990 2000 2010
Year of creation

Source: Honsdorf et al. (2018) Field Crops Research 2016:42-52 (doi: 10.1016/j.fcr.2017.11.011)

A r;:
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Genetic gains in Elite Spring Wheat
Yield Trial (ESWYT, 2006-07 to 2014-15)

Geographical distribution of 426 sites

125 — - _ —— 570206 ¢4
—— GYA=59.58+ L.L67*ESWYT; p < 0.0001; rsq = 0.48 o 20 02 777 . |
~__ | —— yd ’ = Central America

1—— GYLC=28557+0.53*ESWYT; p<0.001;rsq = 0.27 g
120 A Central Asia

m Eastern Africa
115 4 m Eastern Asia
= Europe
110 4 m North Africa
= North America
South America
u South Asia
m South-East Asia

® Southern Africa

Relative GY (%)

105 -

100 ~

m West Africa

95

.-'iﬁsae‘ﬁ“&“” WCIMMYT.
W #CIMMYTsw18



Genetic gains in Semi-Arid Wheat Yield
Trial (SAWYT, 2003-04 to 2013-14)

Geographical distribution (216 sites)

m Eastern Africa

40 .
# GYC =-10.18 + 1.6"SAWYT; p < 0.0001: rsq = 0.39 ® North Africa
35 s
. )
301 Southern Africa
= .
= 257 m South Asia
n
S 20{ 8 )
5 ® m West Asia
£ [ ]
. 15+
o o m Central, Eastern and
Southeastern Asia
51 m Europe
8 3
01 o North America

10th 11th 12th 13th 14th 15th 16th 17th 18th 19th 20th 21st

SAWYT (Across environments) = South America

59%

Wi HCIMMYT.
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Grain yield (t/ha)

O R N W & U1 O N 0 ©

Variety registration trials in Northwestern Mexico

under optimum irrigation
CENEB, INIFAP, Cd. Obregon, 2017-18

B ROELFS F2007
B ONAVAS F2009
H BORLAUG 100

N STLN/MUNAL #1//2*BORL14

ROELFS F2007 2007 5.947 100
ONAVAS F2009 2009 5.833 98
BORLAUG 100 2014 6.583 111
STLN/MUNAL#1// 5 ok
>*BORL14 2019? | 7.057 119
*P<0.001
Performance similar to CIMMYT
Sowmg date Sowmg date Sowmg date Sowmg date Sowmg date Mean breedi ng trials (3 years) &

yield potential trial (1 year)

~ 1.5% annual genetic gain during 2007-2019
compared to 0.7% during 1966-2007

s WCIMMYT.

. Week  Data source: Miguel Camacho, CENEB, INIFAP, Cd. Obregon, Sonora, Mexico #CIMMY T Tsw18



Keeping pace: Grain vyield & Zinc
enhancement (Y16-17 & Y17-18)

35 -
30 - ——2016-17

=-2017-18

25 -

20 -

% lines

15 -

10 -

»
N 7

Grain yield (% over average of 2 checks)

Average grain yield: 6.2 t/ha (Y16-17)
vs 6.8 t/ha (Y17-18)

“,% o
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B Y2016-17
mY2017-18
Q Q Q Q 2 Q Q N
% o ) N ) Q° N
N N N s N v
2 © o «'}'\' «‘,0"\' '3;»

Zn advantage over average of 2 checks

Frequency of lines with + 10 ppm Zn
15% (Y16-17) vs 23.5% (Y17-18)

WCIMMYT.
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From genetic resources to High zinc wheat in farmers’
fields of South Asia in less than 10 years

Progenitors:

‘B spelta |Ei!

. \

T. Dicoccon based SHW

Zn-Shakti’ PVS variety: Extra-early
with +14 ppm Zn (40% increase)
adopted by >40000 farmers in NEPZ
CROC1_/AE.SQUARROSA(210)//
INQALAB 91*2/KUKUNA/3/
PBW343*2/KUKUNA

Zincol 2016: 1%t high zinc wheat in
Pakistan with +6 ppm Zn = 2000
tons of seed to be sown in 2016-17
OASIS/SKAUZ//4*BCN/3/2*PASTOR
/4/T.SPELTA PI1348449/5/BACEU
#1/6/WBLL1*2/CHAPIO

- A Science
V. Week

WBo02/HPPW-01 =
T.DICOCCONCI9309/AE.SQUARR |/
OSA (409)//MUTUS/3/2*MUTUS |4
Two sister lines (+6 ppm Zn) released
for NWPZ of India

WCIMMYT.
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Country

Afghanistan
Argentina
Australia
Bangladesh
Bhutan
Bolivia
Egypt
Ethiopia

Name of variety

Daima-17, Lalmi-17, Shamal-17
BIOCERES 1008, MS INTA 815
Borlaug100, SEA Condamine

BARI Gom 31, BARI Gom 33
Bumthang kaa Drukchu

Cupesi CIAT, INIAF Tropical

Misr 3

Amibara 2, Kingbird, Lemu, Wane

Outcome: 95 direct CIMMYT-derived varieties released by 20

Mexico
Nepal
Nigeria
Pakistan

Rwanda

Spain
Sudan
Tajikistan
Turkey

partner countries (2015-2018)

Songbird, Kenya Weaverbird

Bacorehuis F2015, Conatrigo F2015, Nipal F2016, Ciro NL F2016

Chyakhura, Danphe, Munal, Tilottama

Lacriwhit 9, Lacriwhit 10

Anaaj-17, Barani-17, lhsan-16, Israr-shaheed-2017, Khaista-17, NIFA-Aman,
Pakhtunkhwa-15, Pasina-2017, Pirsabak-15, Shahid-2017, Sindhu-16, Ujala-16,
Wadaan-2017, Zincol 2016

Cyumba, Gihundo, Keza, Kibatsi, Majyambere, Mizero, Nyangufi, Nyaruka, Reberaho,
Rengerabana

Tujena

Ageeb, Akasha

Haydari, Roghun

Altinoz, Ekinoks, Kayra, Koc 2015, Nisrat
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Science
. Week
Pre-breeding in GWP:
Developing proof of concept
for trait(s) that add value and
broadening the genepool

Gemma Molero
Wheat Physiology

WCciIMMYT.



Genetic resources

Multiple Teams in GWP & Partners

Use of
Wild
relatives

Quality Heat and Yield
traits Drought Potential

Crossing with wild Improving quality  Expoiting diversity  IWYP and Trigo:

relatives: traits based on:  MAS for HI
Example Leymus for + Bread Wheat e genomics using major
biological nitrification + Durum Wheat (SeeD) genes
inhibition (BNI) * phenomics « HTP
W¥science (1f50) " Bk

Week - Balancing' S:S



Wide Crosses with Wild Relatives:

Biological nitrification inhibition from
Leymus racemosus

Has the potential to radically increase NUE by preventing
losses of available soil N

Wheat parents CS N short arm translocation
(-BNI) (+BNI)

N AR A8

A |
) | WY \
9 VORI St A [

Yield: 972 Kg/ha Yield: 831 Kg/ha
Biomass: 3,606 Kg/ha Biomass: 5,536 Kg/ha

s 50% higher biomass WciMMYT.
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Pre-Breeding for Quality in Bread Wheat

* Introgression of genes associated to high content of
endosperm soluble fiber (arabinoxylan)

40
30 35 -
l 30 -
25 A

v
3 . Q 201 Gebruers et al. 2008
£ =15
o
X 107 = 10
54 5
0 0 T
AN EEEEEREEE a5 § 3 8888 X382 H 3
- - —_ —_ -— -— = (=] (=] (=] (=] (= =4 (=1 (=] — — — —
% Total Arabinoxylans in flour % Total Soluble Arabinoxylans in flour

Chinese variety Yumai 34

« Objective: increase soluble fiber content in white refined flours

* Progress: starting crosses in this cycle

NE.‘E; &

sz WcIMMYT.
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Pre-Breeding in Durum Wheat Improvement

Quality enhancing/diversifying genes transferred to elite durum backgrounds

Grain Protein Content

GPC-B1 (T. dicocoides)

Source: durum stock
from UC Davis

Glutenin Sub-units
Glu-D1 (bread wheat)

Source: durum stocks from
UC Riverside + CIMMYT

Starch Modification
SBEIIl (Mutations)

Source: durum stocks
from UC Davis

Soft Texture
Pin A+B (bread wheat)

Source: durum stocks
from USDA-WA

':\,

e

?
% o

&

A%
- A Science
V. Week

Durum Program
GWP Marker Lab

Marker-Assisted Selection or EESYERHITIAR

Marker-Assisted Backcrossing

+
Phenotypic/Quality Selection

Several elite lines with
novel industrial quality attributes:

Phenotypically confirmed
Evaluation of industrial potential started
Evaluation of agronomic value ongoing

WCIMMYT.
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Exploiting diversity based on genomics
(SeeD)

/ II I
- i i i i
T = Grain yield under heat Grain yield under drought
S
+— O e
Exotic parent Exotic parent
- 2015-16 | 2016-17 P :
g - kghat - kg hat -------
c 7641495 Synthetic 2261 2346 7643084 Synthetic 3587  4510*
z_m g 7644075 Synthetic 2325*  2418* 7642492 Synthetic 3480 4574
c =5 7645422 Synthetic 2338* 2488** 7688508 Landrace 3360 4787*
8 Y= 7645970 Synthetic 2214 2407* 7687479 Synthetic 3167 5198**
o & 7689940 Landrace 2415* 2362 7642491 Synthetic 2766  5151**
@)
o)
s S Sl clizes 20 221 VOROBEY  Check 3346 4613
E o VOROBEY Check 1769 1985 E—— Check — 4858
SOKOLL Check NA 2023 SOKOLL Check NA 3968

Up to 11% yield increase under heat & 5% under drought

Ws CIMMYT.
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Exploiting diversity based on phenomics
(Trigo)

Lines derived from strategic crosses for Heat Tolerance
NW Mexico, Combined analysis 2015-2016 & 2016-2017

(0]
i @ ) | e

WBLL4//0OAX93.24.35/WBLL1/5/CROC_1/AE.SQUARROSA (205)//... Synthetic+Landrace derivative 26.9*
BCN/WBLL1//PUB94.15.1.12/WBLL1 Landrace derivative 472 21.2*
SOKOLL//PUB94.15.1.12/WBLL1 Synthetic+Landrace derivative 471 20.9*
____
PUB94.15.1.12/FRTL/5/CROC_1/AE.SQUARROSA (205)//... Synthetic+Landrace derivative 18.0*
SOKOLL//PUB94.15.1.12/WBLL1 Synthetic+Landrace derivative 455 17.0*
MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1  Synthetic+Landrace derivative 451 16.0*
VOROBEY Check 389

SOKOLL Check 370

BORLAUG100 F2014 Check 357

Up to 28% vyield increase under heat

:  New Pre-breeding lines with improved adaptation to heat stress (introgression,
5 g

synthetics and landrace background
Wscigie yetnet ground) . YICIMMYT.
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IWYP and Trigo
pre-breeding pipeline

« Conceptual models

» Source-sink traits
(Grain yield, Biomass,
CT, NDVI, adaptation

Yield based selection 3 to density, spikes)

- Genomic selection - . + Genetic

Physiological traits (NDVI and ' diversity/Pedigree

CT)

Ws WCIMMYT.
LN ek WYCYTs and SATYNSs HCIMMY Tsw18



Major genes associated with HI &
Grain Yield

HI
M Increase M Decrease M Total Gene pOSitiVer eﬁecting HI
0.020 " = el
3;3}3:0.009 ﬁ:&)s:-|- TARGET of EAT (TaToel-Bl)
ggggl = IU.OO?
beod L B==1 == === FLOWERING LOCUS T3 (TaFT3-B1- 1
0,010 0.006 I 0.005 |
0020 L _H B T g L
0 P M'._-:ooo.__[ = I
& & & ,,,‘3? £ & 9'?(" q‘g ‘{'? t?-g' ,‘:S, ,bo 43%’ 1
& &EE & & &7 s Ppd-B1 (6 to 11 copies)
GY - - -
M increase M Decrease M Total Gene pOSItIVE|y effeCtIng GY

00 P T 5 T TARGET of EAT (TaToel-B1)
L- -.- -|.l| _15 e FLOWERING LOCUS T3 (TaFT3-B1- 1

0.0 CcO py)
-20.0
oo Vrn-D1la
50.0 -48.4
ol @ TATOEBIC2  TaFT3-BICNL 5) )
(8] Ol 3) @) r-Bib (9)

WS WCIMMYT.
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Complex traits: Aerial remote sensing for HTP

|

e ’
R A e
. CIMMYT

Science Tattaris M, Reynolds MP, Chapman SC, 2016. i C I M M Y T‘-e

. Week A direct comparison of remote sensing approaches for high-throughput phenotyping in plant breeding. #CIMMYTsw18
Front. Plant Sci. 7: 1131.




Genomic and pedigree based prediction
models durum wheat

0.8
0.7
0.6

0.5
0.4
0.3
0.2
0.1

0

9 4@% c?o @\\% &Gé Q&é\
QQ éﬁ

w@ ) Traits i

E'que“ﬁ”c”e” Sukumaran et al., 2018. The Plant Genome CIMMYT.

. Week #CIMMYTsw18

Correlation between
predicted and observed values




Genomic selection also a valuable tool for pre-

0.8

0.6

0.4

0.2

0.0

'%ﬁ

0.45

Plant height

breeding with genetic resources =\ B2

0.73 ; 0
0.60
49
0.46

0.77
0.69
0.60
0.57

Thousand- Test weight
kernel weight

I Mexican landraces

0.62 0.62

Grain hardness Grain protein

™ Iranian landraces

SDS
sedimentation

Crossa J. et al (2016) Genomic Prediction of Gene Bank Wheat Landraces. G3 6:1819-1834.

MMMMMM

Sc1ence
Week
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Basis for ‘source’ x ‘sink’ strategic crossing

Trait hierarchy (in relation to their degree of integration) depicting the main drivers of yield (biomass
and harvest index), and sub-components

BIOMASS

GRAIN GRAIN
SET SIZE

Spike
Early fertility
vigor

Grain weight
potential

Tiller DW/

Sucrose/WSC
Stay- dynamics

mobilization

Phenology starch
(Ppd/Vrn/ synthase
DS




International yield trials data
4th WYCYT (2016/17)

Combined
4.96"° 545 7.41* 589"  8.05* 5.44*
529 4.46 5.45 5.65 7.28 5.09

-6.2% 22.3% 36.0% 4.2% 10.6% 6.9%*

.:.WSCIGHCG wg C I M M Y T
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Ethlopla 14 CIMMYT wheat varieties
s released in last 5 years

Production up by ﬂ

s k > 60%0 after 2010
5000 Y 3.0
4500 e - -Area (1000 ha) .
’g 4000 T tmue --product|on (1000MT) g__ts
= 3500 = =Yield (t/ha) 20
— 3000 =
S 2500 D
© 2000 R >
S 1500 ""‘"’/\\,/‘J\..l = 1.0
C‘LE 1000 enomomsmomomommmomomy, .
500 mom—
0 O N < OO N OO NSS OO NSTOUWOVWONTOUWWON T« © -
O O© ©O © O NN INMNIMNDMNMNIMNMODO W00 WO OO OO O OO O O 1 o
o) OO O) OO OO OO OO O OO OO OO OO OOy OO OO OO OO O O O O
1 A A A A A A A A A A N AN AN NN AN AN NN

» Excellent emergency support and scaling up in 2017

» 1082 tons of maize and wheat distributed to 72,371 households
(434,226 individuals) in 55 districts

|7

.:.iiiSmence w% C I M M Y T
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Kazakhstan: Kazakhstan-Siberia Network on Wheat Improvement (KASIB)
& Shuttle Breeding “Mexico-KASIB” Program:

* 21 Breeding programs of Kazakhstan
and Russia united in year 2000

* By 2018:

» >25,000 advanced lines developed
and evaluated

» >70 varieties released

KASIB is one of the best examples of
regional and Int. cooperation

In 2016-17:

v’ Russia: 1° in the world for wheat
TR grain export;

\ PPorrs o b v' Kazakhstan: 1% in the world for

b wheat flour export WciMMYT.

#CIMMYTsw18
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CIMMYT wheat in China

- 20,000 accessions stored in Chinese gene bank

- Over 300 cultivars developed from CIMMYT wheat,
covering 10% area, worth US $ 3.4 billion

- Received eight awards from State Council since 1998
CAAS-CIMMYT wheat team

Ten scientists, 10 support staff, and 20 postgraduates
Quallty and molecular labs three breedlng statlons

e CIMMYT.

Week #CIMMYTsw18



IRAN 24 of 69 wheat/ triticale varieties
5.4 million ha wheat released during 2001-18 were
from CIMMYT

Armenia Azsbaijan Uzbekistan 70

60 48 52

il ER!

“ 24

. ' J
I

o’@\ \&0 §\& Q.o?' $\Q o«‘q} o*@
s S F &
&

Iran-CIMMYT Joint Project (20 m USD)
“Increasing the Productivity of Wheat and Wheat-based
Systems in Iran”

Week 34 #CIMMY Tsw18



Turkey: Int. Winter Wheat Improvement Program

Objectives:
*Develop winter
wheat germplasm
for Central and
West Asia
*Winter wheat
germplasm
exchange
*Maintain wheat
landraces
*Research on
priority topics

WWW.IWWID.Or
. :y. IIEI;' CIMMYT
: ‘nSciehce
V. Week )

REPUBLIC OF TURKEY

ISTRY OF FOOD AGRICUL
AND LIVESTOCK

Country Varieties
released

Afghanistan 5
Armenia 4
Azerbaijan 4
Georgia 6
Iran 7
Kazakhstan 2
Kyrgyzstan 9
Tajikistan 6
Turkey 32
Turkmenistan 3
Uzbekistan 2
Total 80

i’ICARDA

silient livelihoods in dry ar

7 varieties in 2017:

*Turkey (2)

Iran (1)
*Kyrgyzstan (2)
*Turkmenistan (2)

WCIMMYT.

#CIMMY Tsw18


http://www.iwwip.org/

o Wheat production & yield in
Afghanistan Afghanistan, 2005-2016
Wheat yields sustained despite . | =e=Yield (t/ha) =e=Production (million tonnes)|

serious issues.
17 CIMMYT varieties released
in last S years (2013-17)

200520062007 200820092010201120122013201420152016

Tal G:} Improved seed is the major
- limitation. Hence, 8 Mobile
' L Seed cleaners were
. > LI introduced to empower
B - farmers to multiply new
441 farmers cleaned varieties on their own and
200 MT seed at their share among themselves.
door step 1n 2017 ICIMMYT.

T Week: ‘ | #CIMMYTsw18



Pakistan Wheat production (MT)

26.45
* 10 varieties, 9 direct CIMMYT, 20.96
released in a single year 2017 26% increasg
* 54 CIMMYT varieties released In
last 10 years
* One biofortified - Zincol 2016 2010 YA

B DNA-based 2-D digital barcodes
" | for Wheat Varietal Identification
and digital repository use — 130
Pakistan wheat cultivars

Ingalab-91

WcIMMYT.



India, Nepal & Bangladesh
35 CIMMYT varieties

released since 2010
1st biofortified wheat released in

%Y i,vl.g‘fJ IK*
WUk WEF  India and Bangladesh
1st durum wheat variety

released in Nepal

For the first time in South Asia, 10 t/ha grain yield
achieved (location: BISA, India)

100 Pusa
80 —e—| DH-Timely
—e—|_DH-Early
—e—Jablpur

(o2}
o

No. of Lines
AN
o

i llciMMYT

#CIMMYTsw18

N
o

42 46 50 54 58 6.2 66 70 74 78 82 86 9.0 94 9.8\\10.2 10.6,1
Yield (t/ha) S

o



Kenya

The Ug99 threat mitigated through Kenya phenotyping: identification, release

and cultivation of resistant varieties during the last decade

Egypt
Misr1
Misr2
Misr 3~

Sudan

Zakia
Ageeb
Akasha

Kenya
Kenya Tai

Kenya Sunbirot,:

Kingbird

Iran

Akbari
Arg

Bam
Gonbad
Parsi
Pisgham
Sirvan
Sistan
Ofogh
Mehrgan
Rakhsahan

et

|

Kenya Hawk 10

Kenya Deer
Kenya Falcon
Kenya Hornbill
Kenya Peacock
Kenya Pelican
Kenya Songbird

Kenya Weaverbird

{ 2

Ethiopia

Danda'a
Kakaba
Hidase
Hoganna
Shorima
Huluka
Kingbird
Lemu
Wane
Amibara 2
ETBW7638

Pakistan
Afghanistan NARc 2011
Mugawim 09
Chonte#1
Baghlan 09
Daima17
Lalmi 17
«Shamal-17

Bhutan

Bajosokhaka
Gumasokhaka
Bumthang Kaa Drukchu

Borlaug16 N epal

Bangladesh
BARI Gom 26 :
BARI Gom 27
BARI'Gom 29

India
CBW 38
DBW 16
DBW 71
DBW 88
DBW 90
DPW 621-50
GW-366
HD 2888
HD 2932
HD 2987
HD 3118
HI 1531
HPW.251 .
HPW 349

HS 490

HW 5207
KRL 210
MACS 6222
MACS 6273
MP 1203
NIAW 917
PBW 527

PBW.658

RAJ 3777
UAS 304

UAS347

VL 907
WH 1080 _




Capacity building
- 287 scientists of 30 countries
trained during 2011-18 at

Mexico

- Around 350 participated in
meetings, symposiums

Trainees at Mexico 2011-18
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Crossing with wild relatives: recent outputs

— Example: Leymus for biological nitrification inhibition
Improving quality traits

— Bread Wheat

— Durum Wheat

Pre-breeding outputs for heat and drought
— EXxploiting diversity based on genomics (SeeD)
— EXxploiting diversity based on phenomics (Trigo)

The international Wheat Yield Partnership
— MAS for harvest index using major genes
— High throughput phenotyping
— Genomic selection
— Balancing source and sink
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