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1. DEDICATION

Lewis E. Browder

Lewis Eugene Browder, 89, of Leonard, Texas, formerly with the USDA-ARS Wheat
Research Unit in Manhattan, KS, died Saturday, 28 November, 2015; at the Leonard
Manor. Lewis was born 29 January, 1932, in Harmon County, OK, the son of Benjamin
Carroll and Fannie Ethel Overall Browder. He was married Zada Lea Thompson.

Dr. Browder was passionate about serving others by helping them grow more
wheat. Lewis grew up on a farm in Harmon County, Oklahoma, the epicenter of the Dust
Bowl, and had many interesting stories of that life. His parents were proud to send their
youngest to college: Cameron University, Oklahoma State University, and then Kansas
State University, where he earned his PhD. He travelled to China, Egypt, and Eastern
Europe to help researchers there and was among the first to computerize wheat disease
research. Dr. Browder was a part of the USDA—ARS at Kansas State University from
1958 to 1988.

Lewis also was passionate about serving others in any other ways he could, from preaching in rural churches,
visiting friends in nursing homes, to baking muffins for everyone he knew. He married Zada on 19 December, 1954.
Lewis and Zada lived in Manhattan, KS, from 1958 to 2012, when they moved to Leonard, TX. He served as a deacon in
the Manhattan, KS, Church of Christ and was currently a member of the Leonard Church of Christ.

Lewis is survived by his wife, Zada; daughter Judy Shaw of Leonard, TX; sons Kelly J. Browder of Albuquer-
que, NM, and Timothy J. ‘TJ” Bowder of Topeka, KS; granddaughters Whitney E. Shaw of Carrollton, TX, and Janie L.
Holland of Franklin, TN; grandsons Benjamin E. Shaw of Beijing, China, Andrew F. Browder of Kansas City, MO, and
Timothy J. “TJ’ Browder of Topeka, KS; and numerous nieces and nephews.

A memorial service was held 5 December, 2015, in Leonard, TX.
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WHEAT WORKER’S CODE OF ETHICS

This seed is being distributed in accordance with the ‘Wheat Workers’ Code of Ethics for Distribution of Germ Plasm’,
developed and adopted by the National Wheat Improvement Committee on 5 November, 1994. Acceptance of this seed
constitutes agreement.

1. The originating breeder, institution, or company has certain rights to the material. These rights are
not waived with the distribution of seeds or plant material but remain with the originator.

2. The recipient of unreleased seeds or plant material shall make no secondary distributions of the germ plasm
without the permission of the owner/breeder.

3. The owner/breeder in distributing seeds or other propagating material grants permission for its use in
tests under the recipient’s control or as a parent for making crosses from which selections will be made. Uses
for which written approval of the owner/breeder is required include:

(a) Testing in regional or international nurseries;

(b) Increase and release as a cultivar;

(c) Reselection from within the stock;

(d) Use as a parent of a commercial F, hybrid, synthetic, or multiline cultivar;

(e) Use as a recurrent parent in backcrossing;

(f) Mutation breeding;

(g) Selection of somaclonal variants; or

(h) Use as a recipient parent for asexual gene transfer, including gene transfer using molecular genetic
techniques.

4. Plant materials of this nature entered in crop cultivar trials shall not be used for seed increase. Reasonable
precautions to ensure retention or recovery of plant materials at harvest shall be taken.
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II. CONTRIBUTIONS

ITEMS FROM BRAZIL

BRAZILIAN AGRICULTURAL RESEARCH CORPORATION — EMBRAPA
Rodovia BR 285, km 294, Caixa Postal 451, Passo Fundo, RS, Brazil.

Wheat in Brazil — 2015 crop year.

Eduardo Caierdo, Ricardo Lima de Castro, Marcio Sée Silva, and Pedro Luiz Scheeren.

In 2015, the Brazilian wheat production was a lit-
tle higher than 5 x 10° tons (Conab 2016), which
is enough to supply 50% of the domestic demand
(Table 1). The southern region, comprised of the
states of Rio Grande do Sul, Santa Catarina, and

Table 1. Cultivated area, total production and grain yield of wheat
in Brazil in 2015 (* estimated value in March, 2016. Source:
CONAB. 2016. Companhia Nacional de Abastecimento. Central
de Informagdes Agropecudrias/Graos/Trigo. Available at: http://

www.conab.gov.br/conabweb/index.php?PAG=131).

Parand, account for 89.2% of the national produc- Area Production Grain yield
tion. Nonetheless, due to the characteristics of Region (ha x 1,000) (t x 1,000)* (kg/ha)*
the cultivation system, average grain yield in this | North _ _ _
region is not the highest in the country. Northeast _ _ —
West-central 26.2 88.1 3,363.0
Weather conditions in the south of Southeast 156 .4 507.8 32470
Brazil were not favorable to wheat in 2015. High South 22662 4.939.0 2.179.0
temperature associated to high humidity during Brazil [total] 2,488.8 5,534.9 2,260.0

grain filling increased the incidence of Fusarium
head blight.

Reference.
CONAB, 2016. Companhia Nacional de Abastecimento. Central de Informagdes Agropecudrias/Graos/Trigo. Disponivel
em: http://www.conab.gov.br/conabweb/index.php?PAG=131

Performance of wheat cultivars in the state of Rio Grande do Sul, Brazil, in 2014.

Ricardo Lima de Castro, Eduardo Caierdo, Marcio S6 e Silva, and Pedro Luiz Scheeren (Embrapa Trigo) and Rogério
Ferreira Aires and Sérgio Dias Lannes (Fepagro Nordeste, C.P. 20, 95.200-970 Vacaria, Rio Grande do Sul, Brazil).

The Brazilian Commission of Wheat and Triticale Research annually conducts the State Test of Wheat Cultivars in the
state of Rio Grande do Sul (STWC-RS) with the aim to support the indications of cultivars. This work has the objective
of evaluating wheat cultivar grain yield performance of the STWC-RS in 2014. The yield grain performance of 33 wheat
cultivars (Ametista, BRS 327, BRS 331, BRS Guamirim, BRS Marcante, BRS Parrudo, CD 1440, CD 1550, LG Oro, LG
Prisma, Estrela Atria, FPS Nitron, Fundacep Bravo, Fundacep Horizonte, IAC 370 Armageddon, IAC 381 Kuara, IAC
385 Mojave, Jadeite 11, Marfim, Mirante, ORS Vintecinco, Quartzo, TBIO Celebra, TBIO Iguacgu, TBIO Itaipu, TBIO
Mestre, TBIO Pioneiro, TBIO Sintonia, TBIO Sinuelo, TEC 10, TEC Frontale, TEC Vigore, and Topazio) was studied

in 19 environments (Casca, Caxias do Sul, Coxilha, Cruz Alta — season 1, Cruz Alta — season 2, Cruz Alta — season 3,
Jilio de Castilhos, Nao-Me-Toque, Passo Fundo — season 1, Passo Fundo — season 2, Sertdo, Vacaria, Augusto Pestana,
Eldorado do Sul, Ijui, Santo Augusto, Sdo Borja, Sdo Luiz Gonzaga, and Trés de Maio), in the state of Rio Grande do Sul
in 2014. The experiments were in a randomized block design with three or four replications. Each plot consisted of five
rows of 5 m in length with a 0.2 m spacing between rows and a plant density was ~330 plants/m?*. Grain yield data (kg/
ha) were subjected to an individual analysis of variance (for each environment) and a grouped analysis of variance (for
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all environments). The grouped analysis of variance employed the mixed model (a fixed cultivar effect and randomized
environment effect). Grain yield performance of the wheat cultivars was evaluated by analysis of adaptability and stabil-
ity, employing the method of distance from the ideal cultivar, weighted by the coefficient of residual variation, proposed
by Carneiro (1988).

In this analysis, the ideal cultivar was considered as the cultivar with high grain yield, high stability, low
sensitivity to adverse conditions of unfavorable environments and the ability to respond positively to improvement of
favorable environments. The general average of STWC-RS in 2014 was 3,136 kg/ha. The experiment in Sdo Borja had
the highest average for wheat grain yield, 4,925 kg/ha. The maximum wheat grain yield was 5,780 kg/ha, in Coxilha
(TBIO Sinuelo cultivar). The Ametista, TEC Vigore, LG Oro, TBIO Celebra, and Topazio cultivars had adaptability and
stability in favorable environments (environments with average of wheat grain yield higher than the general average).
The cultivars Ametista, Topazio, TBIO Sinuelo, LG Prisma, and LG Oro had adaptability and stability in unfavorable
environments (environments with average of wheat grain yield lower than the general average). In general, averaged for
all environments, cultivars Ametista (3,671 kg/ha), Topazio (3,522 kg/ha), TBIO Sinuelo (3,557 kg/ha), LG Oro (3,545
kg/ha), and LG Prisma (3,517 kg/ha) were the closest to the ideal cultivar.

Reference.
Carneiro PCS. 1998. New methodologies for analyzing the stability and adaptability of behavior. Ph.D. Thesis in Genet-
ics and Breeding, Federal University of Vigosa. 168 pp.

Wheat crop in the state of Rio Grande do Sul, Brazil, in 2014.
Ricardo Lima de Castro, Eduardo Caierdo, Aldemir Pasinato, Pedro Luiz Scheeren, and Marcio Sé6 e Silva.

Rio Grande do Sul is one of the main wheat-producing states in
Brazil. This study analyzed the wheat crop in Rio Grande do Sul in
2014. That year, Rio Grande do Sul harvested 1,180,817 ha of wheat
(41.7% of the total area harvested in Brazil), producing 1,670,623
tons of wheat (26.7% of the Brazilian production), with an average
of grain yield of 1,415 kg/ha (794 kg/ha above the Brazilian average

of 2,209 kg/ha). Among the geographical mesoregions of Rio Grande

do Sul (Fig. 1), the RS Northwest mesoregion harvested the largest
wheat area, 937,231 ha (79.4% of the cropped area in the state) and
had the largest production, 1,141,342 tons of grain (68.3% of state
production) (Table 2). However, the average grain yield obtained

in this mesoregion was the lowest of the state, 1,218 kg/ha (197 kg/
ha below the state average) (Table 2). The RS Northeast mesoregion
harvested 53,127 ha of wheat (4.5% of the cropped area in the state),
produced 161,595 tons of wheat grain (9.7% of the state produc-
tion), and had the highest grain yield average in the state, 3,042 kg/
ha (1,627 kg/ha above the state aver-
age) (Table 2). The 2014 wheat crop

RS

Northwest 1\
RS

Nertheast

Parto Alegre
Matropolitan

Fig. 1. Mesoregions in the state of Rio Grande
do Sul, Brazil.

S Table 2. Area harvested, production, and average of grain yield of wheat in
gf\;;gﬁi?iiggitsi;ﬂfag;:g faa\:/;raag—e f:ach of the mesoregions (l:ee Fig. 1) of the staté;g of Rigo Grgnde do Sul, Brazil,
’ in 2014 (Source: IBGE. 2016).
temperature above normal and an Area harvested Production Grain
ic:xce;ss Qf rekllin 131 th; spring. In Passo eI
undo, in the Northwest mesore- .
gion, for example, the total rainfall Mesoregion ha % tons % (ke/ha)
was 586.1 mm in the months of RS Northwest 937,231 794 1,141,342 68.3 1,218
September, October and November. RS Northeast 53,127 45| 161,595 9.7 3,042
Consequently, the average wheat RS Western Center 97,782 8.3 160,689 9.6 1,643
grain yield, in 2014, was very low in RS Eastern Center 20 ,289 1.7 33 ,038 2.0 1 ,628
Rio Grande do Sul, especially in the Porto Alegre Metropolitan 3,068 0.3 6,026 04 1,964
Northwest mesoregion. Comparing RS Southwest 55,050 46| 136,990 8.2 2,488
the wheat crop data with the results RS Southeast 14,270 1.2 30,943 1.8 2,168
Rio Grande do Sul state 1,180.817 | 1000 | 1,670,623 | 100.0 1,415

4
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of the State Test of Wheat Cultivars in Rio Grande do Sul in 2014, we observed that the average grain yield of commer-
cial crops was 1,721 kg/ha below the average of 3,136 kg/ha.

Reference.

IBGE. 2016. Sistema IBGE de Recuperag¢do Automatica — SIDRA. Available at: <http://www.sidra.ibge.gov.br/bda/tab-
ela/listabl.asp?z=t&o=11&i=P&c=1612>. Acessed 28 March, 2016. Note: aggregate data studies and research carried
out by the IBGE (In Portugese).

ITEMS FROM GERMANY

LEIBNIZ-INSTITUT FUR PFLANZENGENETIK UND
KULTURPFLANZENFORSCHUNG — IPK GATERSLEBEN
CorrenstraBle 3, 06466 Stadt Seeland, OT Gerersleben, Germany.

A. Borner, M. Agacka-Motdoch, G.I. Batalova, D.R. Cardenas, T. Castellanos, A.M. Castro, Yu.V. Chesnokov, A.M.
Dell, J.L. Diaz de Leon, A.V. Doroshkov, G.S. Gerard, D. Gimenez, P. Kouria, J. Ling, U. Lohwasser, G. Lori, Q.H.
Mugaddasi, M. Nagel, S.V. Osipova, L. Perello, A.V. Permyakov, M.D. Permyakova, F. Pinto, T.A. Pshenichnikova, C.O.
Qualset, M.A. Rehman Arif, M.E. Ricci, M.S. Roder, A. Rojas-Hernandez, E.G. Rudikovskaya, A.V. Rudikovsky, A.A.
Shishparenok, M.R. Simén, V.V. Verchoturov, Chr. Zanke, and K. Zaynali Nezhad.

Genome-wide association mapping of anther extrusion in hexaploid spring wheat.

In a number of crop species, hybrids are able to outperform the conventionally bred varieties. The anthers of the auto-
gamous bread wheat plant are normally extruded post anthesis, a trait that is unfavorable for the production of F, hybrid
grain. Higher anther extrusion (AE) promotes cross fertilization for higher hybrid seed production. Therefore, this study
aimes to genetically dissect the AE trait by genome-wide association mapping and determine the main effect QTL. The
association mapping approach was used to identify DArT markers potentially linked to AE to unfold the genetic basis
of AE in a panel of spring wheat cultivars. Phenotypic data were collected in field trials for three consecutive years
(2013-15) and the best, linear, unbiased estimations (BLUEs) were calculated across all years. The extent of the AE
correlation between growing years and BLUESs ranged from r = 0.56 (2013 vs 2015) to 0.91 (2014 vs BLUEs). The level
of repeatability was 0.95 for 2013 and 2014 and 0.97 for 2015. The broad sense heritability was 0.84 across all years.
Six accessions displayed an AE >80%, and the trait was stable across the years. Genotyping data included 2,575 DArT
markers (with minimum of 0.05 minor allele frequency applied) covering the A, B, and D genomes, unevenly, with 409
unmapped markers. Anther extrusion was influenced both by genotype and by the growing environment. In all, 131
significant marker trait associations (MTAs) (llog , (P)l 2FDR) were established for AE. Anther extrusion behaved as

a quantitative trait, with each consistent MTA (across at least two years and BLUES) contributing a minor to modest
proportion (4.29% to 8.61%) of the overall phenotypic variance. The five consistently significant MTAs mapped to chro-
mosomes 5A, 5B, and 6A. The association mapping analysis showed that AE is controlled by many genetic loci, which
can affect the trait both positively or negatively. For that reason, gene pyramiding may have potential for breeding for
improved AE. The highly significant markers linked to AE could be helpful for marker-assisted selection to transfer AE
to high-yielding cultivars, allowing the exploitation of hybrid heterosis in the key crop wheat.
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Analysis of main effect QTL and testing of candidate genes for 1,000-kernel weight in European
winter wheat by genome-wide association mapping.

Grain weight, an essential yield component, is under strong genetic control and, at the same time, markedly influenced
by the environment. Genetic analysis of the 1,000-kernel weight (TKW) by genome-wide association study was per-
formed with a panel of 358 European winter wheat and 14 spring wheat cultivars using phenotypic data of field tests in
eight environments. Wide phenotypic variations were indicated for the TKW with BLUEs (best linear unbiased estima-
tions) values ranging from 35.9 g to 58.2 g with a mean value of 45.4 g and a heritability of H*=0.89. A total of 12 candi-
date genes for plant height, photoperiodism, and grain weight were genotyped on all cultivars. Only three candidates, the
photoperiodism gene Ppd-D1, dwarfing gene Rht-B1, and the TaGW-6A gene, were significant explaining up to 14.4%,
2.3%, and 3.4% of phenotypic variation, respectively. For a comprehensive genome-wide analysis of TKW-QTL geno-
typing data from 732 microsatellite markers and a set of 7,769 mapped SNP-markers genotyped with the 90k iSELECT
array were analyzed. In total, 342 significant (-log , (P-value) > 3.0) marker trait associations (MTAs) were detected for
the SSR-markers and 1,195 MTAs (-log,, (P-value) > 3.0) for SNP-markers in all single environments plus the BLUES.
After Bonferroni correction, 28 MTAs remained significant for SSR-markers (-log , (P-value) > 4.82) and 58 MTAs for
SNP-markers (-log , (Pvalue) > 5.89). Apart from chromosomes 4B and 6B for the SSR-markers and chromosomes 4D
and 5D for the SNP-markers, MTAs were detected on all chromosomes. The highest number of significant SNP-markers
was found on chromosomes 3B and 1B, whereas for the SSRs, most markers were significant on chromosomes 6D and
3D. Overall, TKW was determined by many markers with small effects. Only three SNP-markers had R?values above
6%.

Quantitative trait loci underlying the adhesion of Azospirillum brasilense cells to the wheat root.

The rhizosphere microflora community influences plant growth and development in numerous ways, in some cases
deleteriously and in others beneficially. Azospirillum brasilense is among the most well-studied rhizobacteria able to pro-
mote plant growth. The capacity for A. brasilense cells to adhere on the seedling root is a variable trait in wheat cultivars.
The parents of a CIMMYT bread wheat mapping population derived from the cross ‘Opata / synthetic hexaploid line
WSHD67.2(257)’ contrasted for this trait, providing an opportunity to determine its genetic basis. The capacity to adhere
effectively was shown by 32% of mapping population individuals. A genetic map was constructed using 157 informative
microsatellite loci and 1,356 SNP loci. The resulting QTL analysis identified four chromosomes as harboring loci associ-
ated with adhesion. Chromosome 1A was the site of both a major (LOD >3) and a minor (LOD 2-3) QTL, whereas the
remaining four minor loci mapped to chromosomes 2D, 5A, and 6B (two loci). QAdh.uabcs-1A.2 explained 8.6% of the
phenotypic variance, and the full set of QTL explained 23.1%. The source of the positive allele of QAdh.uabcs-1A.2 was
the cultivar Opata.

Recognizing that adhesion capacity has a partial genetic basis has implications for the use of biofertilizers, and
also suggests that there is potential for using breeding to improve the host's capacity to adhere A. brasilense and, by in-
ference, other plant growth-promoting rhizobacteria. The present detection of adhesion capacity QTL provides a number
of markers that may have future value in a marker-assisted breeding context.

Studies on osmotic tolerance in bread wheat.

An experiment was conducted to investigate osmotic stress tolerance in a set of 131 bread wheat recombinant inbred
lines. The population was developed by crossing a salt-resistant, winter wheat cultivar and a salt-sensitive spring wheat
to investigate salt tolerance. Fifteen seeds in three replicates were placed on filter paper and grown in 12% PEG 8000
(polyethylene glycol) for 2 days in dark and 5 days in light. Water was used for the control plates. After 7 days, data was
recorded for maximum root (RL) and shoot (SL) length and coleoptile length (CL). A tolerance index (TI) was calculated
by dividing corresponding lengths with the respective controls. All the seeds were subjected to 1% H,0O, treatment for 24
hours prior to germination. The minimum and maximum CL in control was 1.31 cm and 5.26 cm, respectively, with the
mean of 2.8 + 0.05 cm, whereas these values were reduced to 0.6, 4.03, and 2.32 + 0.58 cm, respectively, in PEG. The
TI ranged from 0.27 to 1.00 with mean of 0.80 + 0.015. The range for shoot length in control was 2.33 to 18.25 cm with
mean of 8.98 +0.18 cm. Osmotic stress reduced the shoot length considerably which ranged from 1.31 to 14.81 cm with
mean of 5.36 £ 0.19 cm. The mean TI for SL was 0.58 + 0.017 that ranged from 0.15 to 0.99. RL in control varied from

6
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5.07 to 15.80 cm with mean of 10.04 + 0.17 cm. Osmotic stress had profound effect on RL as well that was reduced to
7.81 £0.18 cm with 2.72 and 12.62 cm being minimum and maximum RL, respectively. The maximum TI for RL was
1.00, the minimum was 0.19 whereas the mean was 0.78 + 0.015. All the values under osmotic stress were significantly
different from their respective controls. This experiment concludes that this population can be a useful asset to study
drought tolerance in bread wheat, because it showed considerable variation at seedling stage towards osmotic stress. The
data generated here will be used in mapping osmotic tolerance loci in this population.

Genetic dissection of response to water deficit using D-genome introgression lines of bread wheat.

Drought is a most serious abiotic stress affecting crop productivity. One of the species representing a potentially valuable
source of genes for stress tolerance is the goat grass Aegilops tauschii, known to be the donor of the bread wheat D ge-
nome. The D-genome Chinese Spring (Synthetic 6x) introgression lines were exploited in order to determine the genetic
basis of variation for the physiological traits gas exchange, chlorophyll fluorescence, leaf pigment content, the activity of
various antioxidant enzymes, and shoot biomass under both well-watered and moisture-deficient conditions. A QTL ap-
proach was taken to reveal the genetic basis in wheat of traits associated with variation for physiological and biochemical
traits. Eleven, D-genome regions harbored QTL associated with traits of relevance to drought tolerance distributed over
the four chromosomes, 1D, 2D, 5D, and 7D. The most saturated region was defined by the 24.6-cM interval flanked by
Xgwm539 and Xgwm 1419 microsatellite markers. This region harbored QTL underlying shoot biomass and stomatal
control of photosynthesis. Another well-saturated region was detected on on chromosome 7D, lying between Xgwm 1242
and Xgwm1672, which housed QTL underlying photosynthetic rate under moisture stress, water use efficiency, and APX
activity under both growing conditions. The QTL on chromosomes 1D and 5D mostly were associated with chlorophyll
content and chlorophyll fluorescence parameters. Some of them co-localized with the already known loci important for
drought tolerance of wheat or other cereals. For the first time in wheat, QTL were found associated with antioxidant
enzymes activity playing a significant role in adaptation to drought. We could argue that the major factors regulating net-
works of functional genes activating during water deficit are localized in at least two regions of the D genome of bread
wheat, on chromosomes 2D and 7D.

Genetic architecture of adult-plant resistance to leaf rust in winter wheat.

A GWAS for adult-plant resistance to leaf rust was performed using a core collection of 96 winter wheat accessions sam-
pled from 20 countries across five continents. The panel was evaluated under natural disease epidemics according to the
modified Cobb scale in six field trials performed at two locations, Los Hornos and La Plata, Argentina. At each location,
three experiments were planted on 21 June, 2012, and 14 June and 31, July 2013. The experimental design was a split -
plot with two replications. The main plots were the experiments and the subplots were the 96 genotypes. In addition, the
local cultivar Buck SY 110, susceptible to prevailing races in the area, was included in all experiments as susceptible con-
trol to assess the leaf rust infection levels. The evaluation was initiated when the reference susceptible cultivar showed a
clear susceptible reaction in the top three leaves (at early milk development).

The GWAS panel was genotyped with 874 polymorphic DArT markers, assigned to chromosome arms based on
an integrated map previously developed. For phenotype—genotype association analysis, the general linear model based
on Q-matrix and the mixed linear model using both Q-Matrix and the kinship-Matrix, was used with Tassel 2.1 software.
In all cases, only MTAs significant (P < 0.05) in at least four of the six environments and with at least two environments
with highly-significant differences (P < 0.01) in both models were considered to identify leaf rust resistance loci.

A total of 14 significant MTAs assigned to 13 genomic regions on the chromosomes 1BL, 1DS, 2AS, 2BL, 2DS,
3BS, 3BL, 4AL, 6BS (two), 7DS, 5B/7B, and 6AS/6BS were identified. The phenotypic variation explained by signifi-
cant DArT markers ranged from 4.6% to 14.6%, indicating that the resistance to leaf rust was determined by several
genetic factors with small to moderate effects. Furthermore, of the 13 genomic regions identified, those located on 2AS,
2BL, 2DS, 3BS 4AL, and 6BS (one) were mapped on similar chromosome regions to previously reported Lr genes. In
contrast, the MTAs on 1BL, 1DS, 3BL, 6BS, 7DS, 5B/7B, and 6A/6B were found in regions where, to our knowledge,
no previous evidence of Lr resistance genes were reported and, therefore, appear to be novel resistance loci to leaf rust.
The seven novel resistance loci identified in our study can be used as new sources of resistance to incorporate additional
Lr resistance loci into adapted wheat cultivars. However, prior validation using biparental populations or near-isogenic
lines is required.
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Induction of Fusairum head blight tolerance in bread wheat with plant hormones elicitors treat-
ments.

Fusarium head blight (FHB), caused by Fusarium graminearum (Schwabe), is one of the most important diseases af-
fecting wheat in all grain-producing regions of the world and causes yield losses, deterioration of the quality and grain
contamination with mycotoxins, which constitute a risk to human and animal health, and undertake industrial use.

We studied the possibility of inducing defense mechanisms to the FHB by exogenous application of plant
growth regulators in a commercial wheat Klein Zorro and two doubled-haploid lines derived from ‘Opata / Synthetic’
(OXS) and ‘Spark / Rialto’ (SXR) crosses. The application of jasmonic acid and gibberellic acid (GA) was carried out
at full anthesis and after 48 hours. Treated plants were artificially inoculated with F. graminearum using two techniques,
spray inoculation with a spore suspension and point inoculation in the central spikelets. Such techniques help to highlight
the mechanism of resistance to the penetration of the pathogen (Type-I mechanism) and resistance to spread of the patho-
gen (Type-II mechanism), respectively.

We studied the disease severity and 1,000-kernel weight in order to determine the behavior of the parameters
studied in the different wheats. The cultivar and lines were susceptible to the FHB, however, we noted that some hormo-
nal treatments improved their behavior when inoculated. The application of GA and subsequent inoculation increased
the 1,000-kernel weight in OXS and SXR, exceeding the average of 8.73 grams related to their control plants inoculated
with Fusarium. This positive response possibally is related to the induction of defense mechanisms of the plant that
would enable the development of more sustainable control strategies.

Russian wheat Aphid (Diuraphis noxia) antibiotic resistance evaluated in recombinant inbred lines
(RILs) of the ITMI population.

The Russian wheat aphid (RWA) is one of the most harmful pests of wheat and barley, causing considerable losses in
production. This aphid has evolved numerous biotypes, at least three of them exist in Argentina, showing different char-
acteristics to those from other latitudes. Although, biotype-specific resistance genes have been identified, within the inte-
grated pest management evaluating novel sources of resistance with local populations of pests is critical. For that reason,
our aim was to study the antibiotic effect of experimental recombinant inbred lines of wheat on the biological parameters
of the RWA. We assessed the immature period (d), the reproductive period (RP), fertility in a period of equal extension of
d (Md), total fertility, longevity, and the intrinsic rate of population increase (r, ). The life span and reproduction of RWA
biotype 5 were assessed on 113 RILs and both parents (Opata and Synthetic 6x).

Every aphid parameter studied showed significant differences between the genotypes. Three antibiotic lines
that lengthened the d period were identified, the most antibiotic RIL increased d period by 40% compared to the average
determined in aphids reared on the RIL population. The RP was significantly lower in the same three RILs, which. in this
case. induced a 78% reduction of RP in relation to the average of the population. Total fertility was significantly reduced
in aphids reared in the most antibiotic RILs, with 89 % lower levels compared to the population average. Longevity was
reduced by 54% in aphids reared in the most antibiotic RILs. The r, had minimal values in aphids reared on antibiotic
RILs, representing a decrease of 67% compared to the population average. Three RILs were identified with significant
antibiotic effect that altered RWA life cycle, and these lines can be used as a source of antibiosis genes for breeding
resistance in new wheat cultivars.

Evaluation and QTL mapping of the ITMI population grown in the northeastern part of the Russian
Federation.

For the first time, a set of 114 recombinant inbred lines of the spring-type. ITMI mapping population were evaluated

in environments of north-eastern part of the Russian Federation. Sixteen economically important traits that manifest
themselves at different stages of growth were examined each year for 3 years. A total of 55 QTL with LOD scores above
2.0 were identified. We determined that 22 QTL had LOD scores exceeding 3.0. The QTL for traits studied mapped onto
21 chromosomes and manifested themselves under contrasting environmental conditions with varying degrees of reli-
ability. The manifestation of identified QTL may or may not depend on the year of trial, but the evaluated quantitative
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traits interact and correlate with each other. The relationships between identified homologous and homeologous QTL
with known major genes or QTL responsible for the manifestation of the studied traits in wheat or other Triticeae were
investigated. Information about the genes of vegetative growth and flowering is critical to understanding the processes of
adaptability of plants to environmental conditions. Therefore, loci should be viewed not as mechanical linkages of genes,
but as some organic normalization, as a group of functionally related genes, or as blocks of co-adapted genes. The identi-
fied QTL may be of interest for further experiments on genetic control of the corresponding agriculturally valuable traits
and for marker-assisted selection in wheat breeding.

Single, marker-trait association analysis in unrelated Iranian bread wheats.

This experiment studied the genetic diversity among some of Iranian bread wheat accessions and perform an SSR
marker-trait association analysis. Five microsatellite markers in a QTL location controlling morphological traits on chro-
mosome 4B were applied to evaluate the marker-trait relationship. Chinese Spring was used as the reference genotype
to determine SSR allele sizes properly. Fifty-two pure lines, including Chinese Spring wheat, were studied in a field
experiment and 14 morphological traits were recorded. Marker-trait association was tested through a completely rand-
omized design, considering alleles as treatments and individual showing the same alleles as replications. Analyzing the
14 traits and five applied SSR markers on the QTL of interest on chromosomes 4B revealed a statistical relationship for
three traits. Specific SSR alleles were identified for days-to-flowering, plant height, and number of seed/spike at locus
Xgwm149-4B. Interestingly, a single allele (153 bp) was identified simultaneously for three desired situations at this
locus, such as fewer days to flowering, shorter plant height, and a higher number of seeds/spike. These SSR markers can
be applied for marker-assisted selection in bread wheat breeding programs.

Trends in German winter wheat breeding.

The breeding progress of winter wheat in Germany was investigated performing a field trial with 20 cultivars. The set
contained 10 entries each, cultivars released between 1891 and 1909 and between 1991 and 2010. A range of agronomic
traits, including plant height, flowering time, plot yield, and yield components were considered. Harvest index also was
determined.

For flowering time, modern cultivars tend to be earlier, although the old cultivar Rimpaus Friiher Bastard (Rim-
pau’s Early Crossbreed) was as early as the earliest modern cultivar. For plant height, a clear reduction in the modern
cultivars was observed, ranging from 90 to 120 cm. In contrast, the old cultivars reached 150—180 cm. The reduction in
plant height has an evident effect on lodging resistance, with a score of 1 for all modern cultivars. However, three of the
tall cultivars, ranging between 140 and 160 cm, also had a score of 1. The reason may be a special elasticity or cell wall
stability of the tillers. Reduced plant height also is the reason for reduced straw yield of the modern cultivars. Consid-
ering the yield of 20 single spikes, no obvious tendency was found over the years, however, harvest index increased.
For the yield components, grain number/spike and 1,000-kernel weight, no clear tendency was observed. Finally, grain
yield of the plots did show an increase in the modern cultivars, which may be due to a higher number of spikes/m? (not
scored).

Genetics of seed longevity.

Seed longevity is determined by genetic factors but also depends on environmental conditions during seed development,
harvest, and storage. For time reasons, experiments on seed longevity are mainly performed by exploiting methods of
experimental ageing. Whether or not the results obtained after experimental ageing really are equivalent to those found
after natural ageing is still obscure.

Recombinant inbred lines of the ITMI mapping population were analysed after artificial ageing and after long-
term storage (10°C / 50% RH) for up to 14 years. The recombinant inbred lines were reproduced either at experimental
fields at IPK, Gatersleben, Germany, or the University of California Intermountain Research and Extension Center,
Tulelake, California, USA. Four replicates of 50 seeds each were subjected to standard germination tests following the
International Seed Testing Association rules and data obtained were used for QTL analysis.
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As a result, one locus out of a total of 11, was detected after both experimental and natural ageing of the seeds,
however, contributed by different parents. Correlation analysis revealed no relationship between different experimental
ageing treatments and long-term storage. In addition to the ageing conditions, the origin of the seed set, i.e., the growing
conditions of the mother plants, have a pronounced effect on seed survival.
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Relationship between median flour particle size distribution and flour yield in Japanese hexaploid
wheats.

Hiro Nakamura.

Abstract. Flour particle size distribution is a major factor affecting the milling behavior in hexaploid wheats. This re-
search evaluated a new method to assess the milling behavior of Japanese wheat cultivars and determine the relationship
between flour yield and median flour particle size distribution. To investigate the higher flour-yielding Japanese wheats,
the flour yield of 165 Japanese hexaploid wheat cultivars was investigated in relation to median and mean flour particle
size and also the flour particle size distribution patterns as determined by laser diffraction. The results showed that hard
and soft wheat cultivars differed in median flour particle size and particle distribution patterns. Eighty percent of the
Japanese wheat cultivars had soft or medium-soft particle size distribution patterns. Flour yield also was most strongly
associated with the median flour particle size (#m) in the flour samples. These results indicate the potential for devel-
oping a flour yield evaluation method in Japanese udon-noodle wheat cultivars using laser diffraction methods, and
that median flour particle size analysis could be a useful indicator in flour quality for udon-noodle wheat breeding and
evaluation.

Introduction. Developing Japanese udon-noodle wheat cultivars with higher flour yield and enhanced grain quality is
important in order to satisfy the demands of Japanese milling companies and improve the international competiveness of
Japanese hexaploid wheat. An important factor in Japanese wheat breeding programs is to breed udon-wheat lines with
excellent milling quality. Flour hardness is known to be associated with flour strength, but relatively little information
has been published about the flour hardness of Japanese wheat cultivars. Furthermore, little research has been conducted
on simple and reliable assessments of the flour milling quality needed for Japanese udon-noodle wheats. Flour particle
size parameters have been analyzed since the late 1980s by laser-beam diffractometry and detailed flour particle size
distributions could be easily determined using a laser light apparatus. Flour particle size distribution is an important
indicator of the quality of high-ratio flour, and commercial wheat flour samples are often characterized according to their
particle size properties. Thus, determining the relationship between flour yield and flour particle size distribution would
be useful. Our objectives were to determine whether the median flour particle size (#m) could be used as an index of
flour yield in Japanese udon-noodle wheat breeding programs and develop a suitable method for evaluating the flour
yield of Japanese hexaploid wheats.

Results and Discussion. This study showed the correlations between various quality evaluation parameters obtained
from the standardized milling of the 165 Japanese wheat samples. The parameters were the flour yield ratio, median and
mean flour particle size, and the particle size distribution. The results showed significant correlations between these four
parameters. Median flour particle size was significantly correlated with mean flour particle size (y =0.97, P < 0.01), flour
yield ratio (y =0.75,P < 0.01), and flour particle size distribution pattern (y = 0.87, P < 0.01). Mean flour particle size
also was significantly correlated with flour particle size distribution pattern (y = 0.86, P < 0.01) and flour yield (y =0.70,
P <0.01). Furthermore, the particle size distribution pattern was correlated significantly with flour yield (y = 0.75,P <
0.01). Multiple regression analysis showed that flour yield (Y) was significantly related to median flour particle size (X1)
and mean flour particle size (X2) according to the formula Y = 66.03 + 0.32X1 -0.16 X2 (R =0.75). The 165

Japanese wheat cultivars could be categorized into three flour particle size distribution pattern groups, soft, me-
dium-soft, and hard. Representative examples of each pattern are shown; patterns I and II represent the typical bimodal
particle size distributions of Japanese soft and medium-soft udon wheats. The flour particle size distribution pattern I was
from the soft wheat Norin No. 61, which is associated with a low flour yield. The main peak in particle size occurred at
~20-30 pm in diameter, with a second smaller population ~80-90 ym in diameter. Norin No. 61 was used as a control
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to evaluate the udon-noodle making quality of the other wheat cultivar, because it generally is known as one of leading
cultivars for udon-noodle products.

Flour particle size distribution pattern II was from the Japanese medium-soft wheat Nabarigoshi. This cultivar
also showed a two-peak, bimodal distribution, like pattern I for soft wheat, but the largest proportion of particles was at
larger particle sizes, indicating a higher flour yield than for pattern I soft wheats. Flour particle size distribution pattern
II also is found in cultivars such as Australian standard white (ASW) and Western white standards (WW) (Nakamura
unpublished), indicating a soft wheat milling behavior with a higher flour yield. A major strategy to improve Japanese
wheat production is to develop higher flour yielding cultivars similar to ASW and WW.

Flour particle size distribution pattern III was from the Japanese hard wheat Norin No. 75. This hard wheat dis-
tribution pattern exhibited only one main peak mode ~80—100 ym in diameter. The main difference between the patterns
for hard, soft, and medium-soft wheats is the much lower proportion of smaller particle sizes in the hard wheat. These
distribution patterns indicate that the median and mean flour particle sizes of soft wheats typically are lower than those
of hard wheats. The greater proportion of smaller particles in soft and medium-soft wheats is due to the fact that, in these
two types of wheat, the milling process produces more isolated starch granules than in the hard wheats.

We observed a wide variation in the median particle size of the 165 wheat cultivars, ranging from 26.83 ym
for the udon-noodle soft wheat Asakazekomugi to 93.56 ym for the hard wheat Norin No. 13. Therefore, no cultivar
had a median flour particle size of more than 100 ym, which is typically associated with a higher flour yield. Hard bread
wheats typically have a median flour particle size of more than 100 zm and a large proportion have a hard particle
distribution pattern. In the 165 Japanese cultivars examined, 42 were categorized as pattern-I, soft wheat with a median
flour particle size of 26.83-37.60 um, 90 were categorized as pattern-II, medium-soft wheat with a median flour parti-
cle size of 35.66—71.32 um, and only 33 were categorized as pattern-III hard wheat with a median flour particle size of
66.92-93.56 um. These results indicate that 80% of Japanese wheats are classified as soft, including medium-soft, and
only 20% are classified as hard wheat.

Wheat flour yield is the most important technical and economic factor with regard to flour milling, and plays
an important part in the buying decisions of many milling companies. Experimental and laboratory milling determines
wheat milling quality and, therefore, has received much attention from wheat breeders and flour millers. The soft udon-
wheat breeding strategy in Japan is aimed at selecting cultivars with a good udon-noodle making quality and a higher
flour yield, which also has a major effect on the quality of noodle products. Overall, however, the most important aspect
of wheat quality is a higher flour yield at milling, in order to satisfy market demands in Japan.

Hard and soft wheat cultivars are known to differ in flour yield after milling. The origin of noodles are in China,
but udon-noodles, as we know them today, were developed independently in far-east Japan. Soft, medium-soft, and hard
wheats could be clearly separated by particle size distribution analysis. Flour particle size distribution depended on flour
hardness. Because the flour particle size distributions were either unimodal or bimodal, the standard deviation was irrel-
evant. Synthetic parameters relating to the flour particle size distributions could be obtained by using multiple regression
analysis. The prediction model obtained from the regression analysis indicated that the flour yield of Japanese common
wheats could be predicted accurately by inputting X1 and X2 values for median and mean flour particle size, respective-
ly. However, based on the regression equation and the very high correlation between median and mean flour particle size
(y =0.97), the most important factor in a milling test for determining flour yield was median flour particle size. The merit
of a Brabender Jr. Quadrumat mill is that it is very easy to operate and gives good reproducible results and, therefore, it
could be used to evaluate common wheats with respect to differences in flour milling quality. Our results indicate that the
median flour particle size could be a useful tool for selecting common wheat lines with a higher flour yield, such as the
F, early generation. Modern electric and computing technology, i.e., particle dispensing and laser diffraction equipment
and analysis software, have made it possible to analyze flour particle size distribution more quickly and with more repro-
ducible results than with other methods such as a sieve analysis. Flour particle size distribution analysis could play an
important role in Japanese wheat breeding programs. In general, udon-wheats give a lower flour extraction rates, whereas
ASW and/or WW standards will have higher flour extraction rates; an important economic issue for Japanese milling
companies. Previously, the flour hardness index was generally determined based on the glassy kernel ratio in wheat flour.
However, this method cannot be used to rapidly evaluate the flour yield as part of a wheat-breeding program. Therefore,
the objective of the current research was to develop a milling evaluation index in wheat varieties and a method to predict
the flour yield using laser diffraction, which is a new technology for Japanese wheat research, instead of using the glassy
kernel ratio evaluation. Flour particle size distribution analysis, especially the median flour particle size, could be used in
wheat breeding programs to rapidly and reliably evaluate and predict flour yield.
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Rust resistance gene identifica-
tion in four commercial bread
wheat cultivars and advanced
bread wheat lines for northwest-
ern Mexico during crop season
2013-14.

José Luis Félix-Fuentes, Ivon Alejan-
dra Rosas-Jduregui, Araceli Melendrez-
Cardenas, Guillermo Fuentes-Davila,
Miguel Alfonso Camacho-Casas, Pedro
Figueroa-Lopez, and Gabriela Chdvez-
Villalba.

Abstract. Commercial bread wheat
cultivars Roelfs F2007, Onavas F2009,
Tepahui F2009, and Villa Judrez
F2009, released by the wheat program
of INIFAP, and 20 advanced lines from
the Bread Wheat Improvement and
Rust Research Program of CIMMYT,
were used to determine the presence

of genes Sr2, Sr22, Sr24, Sr26, Sr35,
and Sr39. DNA extraction followed the
method of Saghai-Maroof et al (1984).
Genes identified were Sr2, Sr22, Sr24,
Sr26, Sr35, and Sr39. The majority of
the genotypes evaluated possess gene
Sr2, which shows resistance to stem
rust. For genes Sr22, Sr24, Sr26, and
Sr35, the gene of interest was present
in at least one genotype evaluated, with
the exception of Sr39.

Introduction. The Wheat Program of
INIFAP in northwest Mexico is one

of the most important in the country,
because it generates most of the com-
mercial wheat cultivars nationally.
Every cropping season at the Norman
E. Borlaug Experimental Station, more
than 50 outstanding wheat advanced
lines from several CIMMYT breeding

Fig. 1. Commercial bread wheat cultivars, Roelfs F2007 (A), Onavas F2009
(B), Tepahni F2009 (C), and Villa Juarez F2009 (D), released by the wheat
program of INIFAP.
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programs are evaluated for specific adaptation to the region, including sowing date, resistance to leaf rust and Karnal
bunt, tolerance to water stress, grain yield, and industrial quality. Conventional plant breeding depends on appropriate

environmental conditions in which to identify and select desirable plants. Typically, breeders improve crops by crossing
plants with desired traits, such as high yield or disease resistance, and selecting the best offspring over multiple genera-

tions of testing. A new cultivar could take 8 to 10 years to develop, so it is a slow and expensive process. Breeders are
very interested in new technologies that speed up this process or make it more efficient (Byrne and Richardson 2015).
Molecular marker technology offers such a possibility. Marker-assisted selection (MAS) involves selecting individuals
based on their marker pattern (genotype) rather than their observable traits (phenotype). Since the mid-1990s, the term

marker-assisted selection has entered the working vocabulary of plant breeders and geneticists. Marker-assisted selection
consists in identifying a DNA sequence that is close, or in the best of the cases, codes, for a gene (or locus) of agronomic

interest. This sequence is
used as a tool in the selec-
tion process, independent
of the gene expression

or its interaction with

the environment (Olmos
2004). Our objective was
to evaluate commercial
bread wheat cultivars
Roelfs F2007, Onavas
F2009, Tepahui F2009,
and Villa Juarez F2009
released by the wheat pro-
gram of INIFAP, and 20
advanced lines from the
Bread Wheat Improve-
ment and Rust Research
Program of CIMMYT, to
determine the presence
of genes Sr2, Sr22, Sr24,
Sr26, Sr35, and Sr39.

Materials and Methods.
This study was carried
out in the biotechnology
laboratory of the Norman
E. Borlaug Experimen-
tal Station in the Yaqui
Valley, during the crop
season 2013-14. Com-
mercial bread wheat culti-
vars (Fig. 1, p. 14) Roelfs
F2007 (Figueroa-Lopez et
al. 2011), Onavas F2009
(Figueroa-Lopez et al.
2013a, b), Tepahui F2009
(Chavez-Villalba et al.
2012), and Villa Judrez
F2009 (Valenzuela-Herre-
ra et al. 2012a, b) released
by the wheat program of
INIFAP, and 20 advanced
lines from the Bread
Wheat Improvement and
Rust Research Program
of CIMMYT were used in

Table 1. Bread wheat cultivars and advanced lines used for gene identification for northwest
Mexico during the 2013—14 crop season.

Entry Pedigree and selection history

1 Roelfs F2007

2 Tepahui F2009

3 Onavas F2009

4 Villa Judrez F2009

5 PBW343//CAR422/ANA/3/Elvira
CMSS02M00409S-030M-1Y-0M-040Y-10ZTB-0Y-02B-0Y

6 Sokoll*2/3/Babax/LR42//Babax
CMSA05Y01225T-040M-040ZTP0Y-040ZTM-040SY-12ZTM-01Y-0B

7 ROLF07/4/BOW/NKT//CBRD/3/CBRD/5/FRET2/Tukuru//FRET2
CMSS06Y00605T-099TOPM-099Y-099ZTM-099Y-099M-11WGY-0B

3 PFAU/Seri.1B//AMAD/3/Waxwing/4/Villa Juirez F2009
CMSS07B00144S-099M-099Y-099M-5WGY-0B

9 CHYAK/Pauraq
CMSS07B00275S-099M-099Y-099M-13WGY-0B

10 Tacupeto F2001*2/Kiritati//Villa Judrez F2009
CMSS07B00094S-099M-099NJ-099NJ-16WG Y-0B

1 Attila/3*BCN//BAV92/3/Pastor/4/Tacupeto*2/Brambling/5/Pauraq
CMSS07B00525T-099TOPY-099M-099NJ-099NJ-1WGY-0B

12 Kachu/BECARD//WBLL1*2/Brambling
CMSS07B00580T-099TOPY-099M-099NJ-099NJ-34WGY-0B

13 INIA Churrinche/Kiritati
CMSS07Y00433S-0B-099Y-099M-099NJ-099NJ-4WGY-0B

14 CHIBIA//PRLII/CM65531/3/SKAUZ/BAV92/4/MUNAL#1
CMSS07Y00066S-0B-099Y-099M-099Y-38M-0WGY

5 PFAU/Seri.1B//AMAD/3/Waxwing/4/WBLL1%#2/Brambling
CMSS07Y00196S-0B-099Y-099M-099NJ-099NJ-6WG Y-0B

16 WBLL1*#2/Kurku/4/PFAU/Seri.1B//AMAD/3/Waxwing
CMSS07Y00338S-0B-099Y-099M-099Y-OM-0WGY

17 WBLL4/Kukuna//WBLL1/3/WBLL1#2/Brambling
CMSS07Y00348S-0B-099Y-099M-099Y-19M-0WGY

18 ITP40/AKURI
CMSS07Y00441S-0B-099Y-099M-099NJ-099NJ-4WGY-0B

19 Milan/S87230//BAV92#2/3/MUU
CMSS07Y00983T-099TOPM-099Y-099M-099Y-15M-OWGY

20 Milan/S87230//BAV92#2/3/Tecue#1
CMSS07Y00985T-099TOPM-099Y-099M-099Y-OM-OWGY

21 Attila/3*BCN//BAV92/3/Pastor/4/Tacupeto F2001*2/Brambling/5/Pauraq
CMSS07B00525T-099TOPY-099M-099Y-099M-19WG Y-0B

) Kiskadee#1/CHYAK
CMSS07B00253S-099M-099Y-099M-14WGY-0B

73 CHYAK1/GRACK
CMSS07B00279S-099M-099NJ-099NJ-6 WG Y-0B

o Kachu/3/T. turgidum subsp. dicoccum P194624/Ae. tauschii (409)//BCN/4/2*Kachu

CMSS07Y01307T-099Y-7M-0Y-3B-0Y
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the study (Table 1, p. 15). DNA extraction was followed the method of Saghai-Maroof et al. (1984). For the PCR, 5 ul of
Redtaq ReadyMix (Sigma Chemical, St. Louis, MO, USA) was used, as well as 3 ul of ADN of the materials evaluated
and 3 pul of the primer. For electrophoresis, gelred was used for image developing.

Results. The genes identified were Sr2, Sr22, Sr24, Sr26, Sr35, and Sr39 (Table 2). We found that the majority of the
genotypes evaluated possess gene Sr2 (Table 3), which shows resistance to stem rust and has been used for ~60 years
as a durable and broad-spectrum source of adult-plant resistance (Spielmeyer et al. 2003). For genes Sr22, Sr24, Sr26,
and Sr35, the gene of interest was present in at least one genotype evaluated, with the exception of Sr39, which was not
present. Sr39 confers resistance to the majority of known races of Puccinia graminis f. sp. tritici, including Ug99 and
its variants. With the incorporation of MAS within the traditional breeding system, specific demands and problems of
susceptibility to certain pathogens in advanced lines, which would be discarded otherwise, can be solved. Genomic and
molecular information published in relation to characters of agronomic interest is increasing. The most simple and ef-

ficient way to incorporate this information for developing new wheat cultivars is through MAS breeding.

Table 2. Description of the genes evaluated in bread wheat cultivars and lines for northwest Mexico, during the 201314 crop sea-
son (*Mago et al. 2011, "Khan et al. 2005, *Mago et al. 2005, Zhang et al. 2010, and “Mago et al. 2009).

Gene

Marker

Heritability

Sequence

Fragment

Chromosome

Sr2v

Cssr2

co-dominant

’-CAA GGGTTGCTAGGATTGGAAAAC-3’

172

3BS

Sr22v

CFa2123

co-dominant

-CGG TCTTTGTTTGCTCTAAACC-3'

F:
R:
F:
R: 5’ACC GGCCATCTATGATGAAG3’

5
5’-AGA TAACTCTTATGATCTTACATTTTTCTG-3"
5

245/260

TA

Sr24*

Sr24 #12

dominant

F: 55CAC CCGTGACATGCTCGTA-3'
R: 5’-AAC AGGAAATGAACGACGATGT-3’

600

3DL

Sr26*

Sr26 #43

dominant

F: 5'-AAT CGTCCACATTGGCTTCT-3'
R: 5’-CGC AACAAAATCATGCACTA-3’

207

6AL

Sr35Y

CFa219

polymorphic

F:5’- ACATGT GAT GTG CGG TCATT-3’
R:5’- TCC TCA GAA CCC CAT TCT TG-3

243/230

3AL

Sr39*

Sr39 #22r

dominant

F: 5'- AGA GAA GAT AAG CAG TAAACATG-3'
R:5’- TGC TGT CAT GAG AGG AACTCT G -3’

487

2B

Table 3. Markers identified for bread wheats for northwest Mexico during the 2013—14 crop season.

Genotype

Sr22

Sr24

Roelfs F2007

Tepahui F2009

Onavas F2009

Villa Juarez F2009

PBW343//CAR422/ANA/3/Elvira

Sokoll*2/3/Babax/LR42//Babax

ROLF07/4/BOW/NKT//CBRD/3/CBRD/5/FRET2/Tukuru//FRET2 —

PFAU/Seri.1B//AMAD/3/Waxwing/4/Villa Judrez F2009

+ |+

CHYAK/Pauraq

Tacupeto F2001*2/Kiritati//Villa Judrez F2009

+ [+

Attila/3*BCN//BAV92/3/Pastor/4/Tacupeto*2/Brambling/5/Pauraq

Kachu/BECARD//WBLL1*2/Brambling

INIA Churrinche/Kiritati

CHIBIA//PRLII/CM65531/3/SKAUZ/BAV92/4/MUNAL#1

PFAU/Seri.1B//AMAD/3/Waxwing/4/WBLL1*2/Brambling

WBLL1*2/Kurku/4/PFAU/Seri.1B//AMAD/3/Waxwing

WBLL4/Kukuna//WBLL1/3/WBLL1*#2/Brambling

ITP40/AKURI

o+ [+ |+ [+ ]+ |+

Milan/S87230//BAV92%2/3/MUU

Milan/S87230//BAV92*2/3/Tecue#1

Attila/3*BCN//BAV92/3/Pastor/4/Tacupeto F2001*2/Brambling/5/Pauraq

Kiskadee#1/CHYAK

+ |+ |+

CHYAK1/GRACK

Kachu/3/T. turgidum subsp. dicoccum P194624/Ae. tauschii (409)/. . .
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Salinity and index mixture of surface and aquifer water for agricultural use.
Fernando Cabrera-Carbajal, Manuel de Jesus Beltrdn-Fonseca, and Guillermo Fuentes-Davila.

Introduction. In Sonora, Mexico, irrigation districts in the central and northern regions of the state are operated by
water pumps and by dams and gravity in the southern region. Water quality in the first two regions is considered accept-
able, although, through time, a gradual increase in salinity has occurred by the overexploitation of aquifers, reaching
levels that are not appropriate for crop development. On the other hand, aquifer water provided by gravity has medium
to low quality. Water availability in the Mayo Valley captured through the years has not been constant, because rainfall
has been limited. This phenomenon became more critical after 1990, and, therefore, has generated the need to use water
from aquifers mixed with water from the Adolfo Ruiz Cortinez Dam to suffice the irrigation demand. An increase in the
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salt content in the soil through the irrigations applied to crops creates a high-risk situation in terms of soil degradation

by salinity. Our objective was to quantify the salinity dynamics of water mixtures in different sections of Canal 3+300,
where part of the aquifer water with the highest salt content is pumped into the water stream used in the irrigation district
038, mainly in the lowest area.

Materials and Methods. This study was carried out from November 2002 to March 2003, in three strategic sections of
Canal 3+300. Section 1, 0+000 (P,), was considered as the check, because water flows only by gravity. Section 2, P, in
the same canal, but in km 14+000; the first water mixture was analyzed in this section, which is in transect from P to P,
where five wells are located. We expected an increase in salt content after water from the wells is mixed with water from
the canal. Some water volume is directed into modules 7, 12, and part of 13. Section 3, P, corresponds to km 14+525,
after some water is derived to modules 7, 12, and 13; in the transect from P, to P, where there is a series of wells known
as pozos ruiz, where the water is conducted through the same ditch to be discharged into Canal 3+300. Water salinity was
monitored by taking weekly samples each Thursday between 7 November, 2002, and 27 March, 2003. Electric conduc-
tivity (EC dS/m) was determined with a portable conductivity meter (Orion model 125 plus). The water volume used in
each monitoring point was obtained from the society of users in District 038. Data was registered and analyzed through
dispersion diagrams, and regression analysis among the salinity variables, interpreted by the EC (dS/m) and index mix-
ture (1v) or the relationship between water volume pumped/water volume by gravity.

Mixture index. To establish a reference that would determine water quality produced after X volume of aquifer water is
added to a Y volume flowing in the canal, the following equation was proposed (mixture volume index):
Vwa

where Iv = quotient of mixed volumes, Vwa = ground water volume (m?), and Vwc = water volume from the canal (m?).
The index (Iv) indicates cubic meters of aquifer water that can be added per cubic meter of water flowing in the canal in
order to produce a mixture with a certain electric conductivity (EC), which is an indirect indicator of water salinity. If the

Table 4. Results of water quality in Canal 3+300 during the 2002-03 crop season, in the Mayo Valley, Sonora, Mexico
(CV = canal volume; EC (electrical conductivity) = dS/m; GWSW = ground water/ground surface water; and GV =
ground volume).
PO (0+000) Iv P1 (14+000) Iv P2 (14+525) Iv

Date Cv EC GWSw | CV GV EC [GwSw | CV |GWSW | EC GWSW
71102 13.80 0.29 0 106 | 0.535 | 0.33 0.051 4.64 0.700 0.63 0.151
141102 18.50 0.28 0 139 | 0440 | 043 0.032 7.72 0.800 0.82 0.104
211102 18.90 0.23 0 144 | 0438 | 043 0.030 7.79 0.900 0.80 0.116
281102 18.05 0.27 0 135 | 0340 | 045 0.025 7.16 1.000 0.83 0.140
51202 10.50 0.29 0 56 | 0408 | 0.39 0.074 2.28 0.800 1.28 0.351
121202 9.90 0.27 0 6.7 | 0522 | 0.57 0.078 3.90 0.800 1.10 0.205
191202 9.81 0.28 0 6.8 | 0.503 | 0.56 0.074 4.46 0.800 1.04 0.179
20103 542 0.30 0 49 | 0260 | 0.64 0.053 340 0.900 1.18 0.265
90103 8.10 0.31 0 6.8 | 0.565 | 0.58 0.083 4.17 0.900 1.16 0.216
160103 8.82 0.30 0 72 | 0560 | 0.64 0.078 375 0.800 1.17 0213
230103 9.04 0.30 0 6.6 | 0428 | 0.61 0.065 3.11 0.900 1.32 0.289
300103 8.05 0.30 0 6.6 | 0450 | 0.62 0.069 3.82 0.900 1.14 0.236
60203 9.39 0.32 0 80 | 0510 | 0.61 0.064 4.90 0.900 1.02 0.184
130203 10.92 0.33 0 93 | 0.167 | 0.56 0.018 4.15 1.100 1.13 0.265
200203 6.37 0.31 0 49 | 0.000 | 040 0.000 1.10 1.000 1.55 0913
270203 6.22 0.32 0 47 | 0420 | 0.57 0.089 2.40 0.900 1.57 0.375
60303 9.55 0.30 0 74 | 0184 | 043 0.025 473 0.750 1.02 0.159
130303 9.38 0.30 0 82 | 0280 | 047 0.034 4.90 0.950 1.00 0.194
200303 9.40 0.32 0 8.1 | 0257 | 047 0.032 3.70 0.700 1.09 0.189
270303 6.30 0.32 0 57 | 0405 | 047 0.071 2.73 0.800 1.09 0.294
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relationship between Iv and EC can be explained by simple regression models with good acceptance of its R?, this would
be a useful tool to predict the saline concentration that would be produced after the mixture of both sources of water.

Results and Discussion. Water salinity model -
from P to P, of Canal 3+300. In order to simplify o

the prediction of salt content in the water in Canal 130 /’\
3+300 by a single model, the three data sets (P, P , :

dS/m

140 °
and P, Table 4, p. 18) were analyzed as a whole by 1.20 i
means of a simple regression model. The results ob- 1.00 .
tained are shown (Fig. 2). The model explains, with 0.80 Y= '3‘144122 3925332 o
a high level of confidence, the relationship between 0.60 -
salinity (EC) and the mixture volume index (Iv) and 040
indicates an increase in the level of salinity, which i
will vary based on the different volumes of water i M "y - - Lo t
mixtures in Canal 3+300 coming from both sources = ' ' W
and with different salinity levels. According to the Fig. 2. Salinity of water mixtures in Canal 3+300, Mayo Valley,
tendency that salinity marks with respect to lv, we Sonora, Mexico.

observed that the relationship between both variables
is valid when the maximum CE value is reached (1.6
to 1.8 dS/m), which caused a volume relationship from 0.7:1 and 0.8:1 (m? from the aquifer:m? from the canal), to obtain
the maximum salinity in the irrigation water.

Conclusions. The water moved by gravity and, as long as it is not mixed with aquifer water, maintains a low EC that is
classified as a good quality C1. The aquifer water increases the EC once it is mixed. The first approximation of volume
index mixtures (Iv) indicates that it can be used to predict water quality in the irrigation Canal 3+300.
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Evaluation of commercial bread wheat cultivars and advanced lines in northwest Mexico during the
2009-10 crop season.

José Luis Félix-Fuentes, Guillermo Fuentes-Ddvila, Victor Valenzuela-Herrera, Pedro Figueroa-Lopez, Gabriela Chavez-
Villalba, Miguel Alfonso Camacho-Casas, and Ivon Alejandra Rosas-Jauregui.

Abstract. Commercial bread wheat cultivars Tacupeto F2001, Kronstad F2004, Navojoa M2007, and Roelfs F2007, and
21 advanced lines were evaluated for their field performance at four sowing dates during the 2009—10 crop season at the
Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico. The variables that were evaluated were
grain yield (t/ha), test weight (kg/hl), protein (%), days-to-flowering, days-to-maturity, and height. The highest grain
yield average was 7.7 t/ha in the line 'Thelin/2*WBLL1', which was superior to the commercial check cultivars Kronstad
F2004, Roelfs F2007, Navojoa M2007, and Tacupeto F2001 by 811,401, 246, and 225 kg, respectively. The 30 Novem-
ber sowing date registered the highest yield, with an average of 7.83 t/ha. Line 'PFAU/Milan//Trost/3/PBW65/2*Seri.1B'
showed the highest protein average with 13.53%, followed by the check cultivar Kronstad F2004 with 13.35%. Line
'Babax/LLR42//Babax/3/ER2000' showed the highest average test weight at 81.67kg/hl. The tallest lines were '"TC870344/
GUI/Temporalera M 87/AGR/3/2*WBLL1', 'CAL/NH//H567.71/3/Seri/4/CAL/NH//H567.71/5/2*KAUZ/6/WH576/7/
WH 542/8/Waxwing, and 'Thelin/2*WBLL1' with an average of 111 cm. Lines 'Thelin/2*WBLL1" and Chewink had the
longest maturity (130 days).
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Introduction. About 90% of the wheat produced in Mexico is obtained from sowing during the autumn—winter season
under irrigation, primarily in the northwestern and the Bajio Regions. The state of Sonora is outstanding for its area sown
with wheat and the volume of grain produced, particularly in the southern part of the state. In this region, durum wheat
occupies 90% of the area sown with wheat (OIEDRUS 2015). Bread wheat was the most grown in the state of Sonora
until the end of 1980s, but due to its susceptibility to Karnal bunt and the consequent problems of quarantine regulations
(SARH 1987) and commercialization, durum wheat cultivars have occupied most of the area grown (Fuentes-Davila et
al. 2014). Bread wheat production in the region has been so limited that the industry has implemented contracts with

farmers in order to
secure a minimum or
reserves. In this way,
the risk of depending on
the fluctuating values in
the international market
is diminished. Our ob-
jective was to evaluate
the field performance of
advanced bread wheat
lines and commercial
check cultivars, during
the 2009-10 crop sea-
son at the Experimental
Station in the Yaqui Val-
ley, Sonora, Mexico.

Materials and Meth-
ods. The trial was
established during the
2009-10 crop season at
the Norman E. Borlaug
Experimental Station,
located in block 910

of the Yaqui Valley at
27°22'04.64' N and
109°55"28.26' W, 37
masl, with climate
warm (BW (h)) and
extreme warm and dry
(BS (h)), according to
Koppen classification
modified by Garcia
(1964). The experi-
mental plots consisted
of four 5-m beds with
two rows 0.80 m apart,
and a seeding rate of
100 kg/ha. Commercial
bread wheat culti-

vars Tacupeto F2001,
Kronstad F2004, Navo-
joa M2007, and Roelfs
F2007, and 21 advanced
lines were evaluated

in this trial (Table 5) at
four sowing dates 15
days apart, starting on
15 November, 2009,

Table 5. Bread wheat cultivars and advanced lines evaluated during the 2009—10 crop season in the
Yaqui Valley, Sonora, Mexico.

Entry Pedigree and selection history

1 Tacupeto F2001

2 Kronstad F2004

3 Navojoa M2007

4 Roelfs F2007

5 TOBA97/Pastor
CMSS97M05756S-040M-020Y-030M-015Y-3M-1Y-3M-0Y

6 KAMB 1#2/Brambling

CGSS01B00069T-099Y-099M-099M-099Y-099M-20Y-0B

7 Betty/3/CHEN/Ae. tauschii//2*Opata
CMSW00WMO00150S-040M-040Y-030M-030ZLM-3ZTY-0M

8 WBLL1*#2/Brambling
CGSS01B00062T-099Y-099M-099M-099Y-099M-12Y-0B

9 Babax/LR42//Babax*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ
CGSS01B00045T-099Y-099M-099M-099Y-099M-26Y-0B

10 Babax/LR42//Babax/3/ER2000
CMSAO01Y00176S-040P0Y-040M-030ZTM-040SY-24M-0Y-0SY

1 PFAU/Milan/3/Babax/LR42//Babax
CMSS02M00056S-030M-28Y-0M-040Y-25ZTB-0Y-01B-0Y

12 Thelin/2*WBLL1
CGSS02Y00079T-099B-099B-099Y-099M-6Y-0B

13 PBW343//CAR422/ANA/3/Elvira
CMSS02M00409S-030M-1Y-0M-040Y-10ZTB-0Y-02B-0Y

14 Babax/LR42//Babax/3/ER2000
CMSAO01Y00176S-040P0Y-040M-030ZTM-040SY-30M-0Y-0SY

15 TC870344/GUl//Temporalera M 87/AGR/3/2*WBLL1
CMSAO01Y00725T-040M-040P0Y-040M-030ZTM-040SY-10M-0Y-0SY

16 ROLF07/YANAC//Tacupeto F2001/Brambling
CGSS05B00121T-099TOPY-099M-099NJ-4WGY-0B

17 Waxwing*2/Kronstad F2004
CGSS04Y00020T-099M-099Y-099ZTM-099Y-099M-3WGY-0B

18 Whear/Kronstad F2004
CGSS04Y00106S-099Y-099M-099Y-099M-9WGY-0B

19 KEA/TAN/4/TSH/3/KAL/BB//TQFN/5/Pavon/6/SW89.3064/7/Sokoll
CMSS04Y00153S-099Y-099ZTM-099Y-099M-5WGY-0B

20 CAL/NH//H567.71/3/Seri/4/CAL/NH//H567.71/5/2*KAUZ/6/WH576/7/WH 542/8/Waxwing
CMSS04Y00364S-099Y-099ZTM-099Y-099M-2WGY-0B

21 Becard
CGSS01B00063T-099Y-099M-099M-099Y-099M-33WGY-0B

2 Whear/Sokoll
CMSS04Y00201S-099Y-099ZTM-099Y-099M-11WGY-0B

73 PFAU/MILAN//Trost/3/PBW65/2*Seri.1B
CMSS04Y00201S-099Y-099ZTM-099Y-099M-11WGY-0B

o4 Whear/Kronstad F2004
CGSS04Y00106S-099Y-099M-099Y-099M-3WGY-0B

25 Chewink

CGSS03B00074T-099Y-099M-099Y-099M-6WGY-0B-3B
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to 31 December. Management of the trial followed the technical recommendations by INIFAP (Figueroa-Lépez et al.
2011a). The variables evaluated were grain yield (t/ha), test weight (kg/hl), protein (%), days-to-flowering, days-to-ma-
turity, and height. Statistical analysis used SAS 9.0 for Windows. The temperature was recorded from the weather station
at block 609, because the weather station at the Experimental Station was not operating properly.

Results and Discussion. Significant statisti-
cal differences in grain yield were found among e
the materials evaluated (Fig. 3). The high- A N 7
est average grain yield was 7.7 t/ha in line | = AAM -
“Thelin/2*WBLL1’, followed by ‘Babax/LR42//
Babax*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//

KAUZ’ and ‘PFAU/Milan/3/Babax/LLR42//Ba-

bax’, both with 7.6 t/ha. Lines ‘Whear/Kronstad

7800 -

Grain yield (t/ha)
1]

F2004’ and Chewink had differences of 1.04 and 66001
0.886 t/ha less than the highest yielder, respec- 6400
tively. Line ‘Thelin/2*WBLL1’ was superior to 6200
the commercial check cultivars Kronstad F2004, i nnnnnnnnnnnnnnns |

Roelfs F2007, Navojoa M2007, and Tacupeto
F2001 by 811,401, 246, and 225 kg, respectively.

123456789 MUWN1IZBHUISIGIZTIBRIINIIZBHI
Bread wheat cultivars and advanced lines

Although with the exception of Kronstad F2004,
the other cultivars showed good grain yield,
between 7.3 and 7.48 t/ha, which were within

the expected range (Camacho-Casas et al. 2011;
Figueroa-Lopez et al. 2011b; Valenzuela-Herrera
etal. 2011). For grain yield by sowing date, the
first two dates (15 and 30 November) were sta-
tistically similar, although the 30 November date
registered the highest yield with an average of
7.83 t/ha (Fig. 4). The difference in yield between
the first sowing date and the other three were
—136.35 kg, 600.16 kg, and 1,228.25 kg, respec-
tively; the difference between the second date and
the other two were 736.51 kg and 1,364.60 kg;
and the difference between the third and fourth
dates was 628.08 kg. Therefore, if obtaining high
yields is the main purpose, we recommend sowing
during the last 15 days of November. The line
'PFAU/Milan//Trost/3/PBW65/2*Seri.1B' showed
the highest protein average with 13.53%, fol-
lowed by the check cultivar Kronstad F2004 with
13.35%. Lines Chewink and 'TOBA97/Pastor’
showed a protein slightly greater than 13% (Fig.
5, p. 22). The protein range of line 'PFAU/Milan//
Trost/3/PBW65/2*Seri.1B' was 13.28-14.08%;
the highest value obtained from the fourth sowing

Fig. 3. Grain yield (t/ha) of cultivars and advanced bread wheat
lines evaluated during the 2009—10 wheat season in the Yaqui
Valley, Sonora, Mexico (1-Tacupeto F2001, 2—Kronstad F2004,
3-Navojoa M2007, and 4-Roelfs F2007) (see Table 5, p. 20 for
information on advanced lines 5-25).

Dec 31
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Bread wheat coliivars and advanced lines

Fig. 4. Grain yield (t/ha) of cultivars and advanced bread wheat

lines evaluated by sowing date during the 2009—10 wheat season in

the Yaqui Valley, Sonora, Mexico (1-Tacupeto F2001, 2—-Kronstad

F2004, 3-Navojoa M2007, and 4-Roelfs F2007) (see Table 5, p. 20

for information on advanced lines 5-25).

date. The average percent protein by sowing date was 12.40%, 12.26%, 12.52%, and 13.17% for the first, second, third,
and fourth sowing date (Fig. 6, p. 22). Therefore, if the purpose is to obtain high percentage of protein, we recommend
sowing during the last sowing date. Significant statistical differences were detected among lines for test weight; line

'Babax/LLR42//Babax/3/ER2000 showed the highest average test weight with 81.67 kg/hl, followed by those of 'Betty/3/
CHEN/Ae. tauschii//2*Opata' with 81.48 kg/hl, 'PFAU/Milan/3/Babax/LR42//Babax' with 81.39 kg/hl, commercial culti-
var Navojoa M2007 with 81.23 kg/hl, and 'Babax/LR42//Babax/3/ER2000' with 81.13 kg/hl. The other commercial culti-
vars, Roelfs F2007, Tacupeto F2001, and Kronstad F2004, had test weights of 80.44 kg/hl, 80.23 kg/hl, and 80.04 kg/hl,
respectively. The first and fourth date registered the highest test weight, which could be product of environmental condi-
tions conducive for better plant development during the crop season (Fig. 7, p. 22). The tallest lines were "TC870344/
GUI/Temporalera M 87/AGR/3/2*WBLL1', 'CAL/NH//H567.71/3/SERI/4/CAL/NH//H567.71/5/2*KAUZ/6/WHS576/7/
WH 542/8/Waxwing', and 'Thelin/2*WBLL1" with an average of 111 cm; the shortest line was ‘PFAU/MILAN//
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TROST/3/ PBW65/2*Seril B’ with an average of
98 cm. Lines "Thelin/2¥*WBLL1' and Chewink
had the longest maturity (130 days) and heading
(86 days) after sowing. Line 'Betty/3/CHEN/Ae.
tauschii//2*Opata' reached physiological matu-
rity in 121 days, whereas "TOBA97/Pastor' and

"Whear/Spkoll' in 122.

Conclusions.

The experimental bread wheat line
'Thelin/2¥*WBLL1', with an average grain yield
of 7.7 t/ha in the four sowing dates, was superior
to commercial cultivars Kronstad F2004, Roelfs
F2007, Navojoa M2007, and Tacupeto F2001 by
811,401, 246, and 225 kg, respectively. The 30
November 30 sowing date registered the highest
yield with an average of 7.83 t/ha.

Line 'PFAU/Milan//Trpst/3/PBW65/2*Seri.1B'
showed the highest protein average with 13.53%.
Line 'Babax/LR42//Babax/3/ER2000' showed the
highest average test weight with 81.67 kg/hl.
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Fig. 6. Grain protein (%) of cultivars and advanced bread wheat

lines evaluated by sowing date during the 2009—10 wheat season in

the Yaqui Valley, Sonora, Mexico (1-Tacupeto F2001, 2—Kronstad

F2004, 3—Navojoa M2007, and 4-Roelfs F2007) (see Table 5, p. 20

for information on advanced lines 5-25).
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Preliminary evaluation of commercial cultivars and advanced lines of bread wheat under heat stress
in the greenhouse.

Ivén Alejandra Rosas-Jauregui, Guillermo Fuentes-Ddvila, José Luis Félix-Fuentes, Pedro Félix-Valencia, Pedro Figuer-
oa-Lopez, Miguel Alfonso Camacho-Casas, and Gabriela Chavez-Villalba.

Abstract. Commercial bread wheats Roelfs F2007, Onavas F2009, Tepahui F2009, and Villa Juarez F2009, and 21
advanced lines were sown in pots on 20 January, 2004, in the greenhouse at the Norman E. Borlaug Experiment Station
in the Yaqui Valley, Mexico, to evaluate their performance under heat stress. Pots were watered every other day and ferti-
lized at tillering, boot, and flowering. Daily temperatures (°C) during the morning, at noon, and afternoon were recorded
for 66 days. The temperature range at 08:00 h was 11.7-30.6°C, avg 20.35°C; 28.3-49.3°C at noon, avg 38.9°C; and
22.6-46.2°C at 15:00 h, avg 38.1°C. Seedling emergence ranged from 83% to 100%. The average relative growth rate
of the group was 0.31 cm/day. Line 'Attila/3*BCN//BAV92/3/Pastor/4/Tacupeto F2001%*2/Brambling/5/Pauraq' showed
the highest relative growth rate at 0.53. The average plant temperature of the group was 22.78°C with a range of 22.3—
23.2°C. Lin 'Chyak/Pauraq' was the first to reach heading stage (average 46 days), whereas Villa Judrez F2009 headed in
50 days, Roelfs F2007 and Onavas F2009 in 52 days, and Tepahui F2009 in 53 days; 22, 29 and 26 days, respectively,
before heading under the recommended commercial sowing dates. Physiological maturity of the group was reached in
an average of 98 days (range 93-103 days). The number of spikes/plant ranged from 12 to 26, with 'CHYAK1/GRACK'
producing the highest number (26.3). The average spike length of the group was 10 cm, with a range of 8.9—11.5. Line
'ROLF07/4/BOW/NKT//CBRD/3/ CBRD/5/FRET2/Tukuru//FRET?2' produced the highest number of grains/spike with
59.5. The average grain length was 0.66 cm, and the difference between the longest and shortest grain was quite small
(0.09 cm). Biomass dry weight ranged from 11.0 to 24.2 g, with an avg of 17.0. Line 'PBW343//CAR422/ANA/3/Elvira’
produced the highest biomass. Culitvar Onavas F2009 showed the highest grain yield/plant with 26.7 g.

Introduction. Wheat is one of the most important cereals worldwide, in production and consumption by humankind
(Hoseney 1991); however, changing climatic conditions may not be adequate for agricultural purposes primarily because
of temperature alterations. Fokar et al. (1998) indicate that heat stress is the main factor that causes a reduction in wheat
productivity due to high temperatures. Optimum temperatures for spring wheat development fluctuate between §°C and
25°C. However, breeding and selection have made wheat into a species with wider adaptation (INIFAP 2001), even
when temperatures are not adequate for plant development. Sowing date is also an important factor for productivity of
any crop, because plant development in its various growth stages is influenced positively or negatively by the prevailing
weather conditions. In general, wheat yield will be drastically reduced if recommended sowing dates are not followed,
based on the historical records of a given region (Lopez 1991; Figueroa-Lopez et al. 2011). In southern Sonora, heat
waves during the wheat season have had negative effects on productivity, by causing flower abortion and/or sterility,
affecting kernel development, and a reduction in final grain weight (Félix-Valencia and Fuentes-Davila 2015). Theferore,
subjecting experimental wheat germplasm to conditions of heat stress will generate information and consequently selec-
tion of material better adapted to such conditions. Our objective was to determine the performance of several commercial
bread wheat cultivars and advanced lines under heat stress conditions in the greenhouse.

23



ANNUAXL WHEANT NEeEWTISLETTER vV o0 L. 6 2.
Materials and Methods. Commercial bread wheat cultivars Roelfs F2007, Onavas F2009, Tepahui F2009, and Villa
Juérez F2009, and 21 advanced bread wheat lines from CIMMYT (Table 6) were sown on 20 January, 2004, in the
greenhouse at the Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico, located in block 910 of
the Yaqui Valley at 27°22'04.64"N and 109°55'28.26"W, 37 masl, with warm (BW (h)) and extreme warm and dry (BS
(h)) climate, according to the Koppen classification modified by Garcia (1964). Five seeds of each cultivar and line were
sown in 5-L plastic pots containing substrate. Three replications (pots) per entry were sown in a completely randomized
block experimental design in an 8—9-m area. Pots were watered every other day and fertilized with urea (1.48 g) and
11-52-00 (0.49 g) per pot during tillering, boot, and flowering. Daily temperatures (°C) during the morning, at noon, and
during the afternoon were recorded using a digital thermometer (Taylor) for 66 days, starting 21 January and ending 1
May. The variables evaluated were a) percentage of seedling emergence, b) relative growth rate (RGR) (final, calculated
as the final height — initial height/days, c) average plant temperature (°C) taken with a laser infrared thermometer (Tay-
lor). Ten readings were taken every three days, beginning during tillering (Feeke's 4 to 7 stage), d) heading, e) anthesis,
f) physiological maturity, g) number of spikes/plant, h) average spike length, i) average number of grains/spike, j) grain
length (cm), k) biomass dry weight/plant, and 1) grain yield (g/plant).

Table 6. Bread wheat commercial cultivars and advanced lines evaluated for tolerance to heat stress in the greenhouse in the Yaqui
Valley, Sonora, in 2014.
Entry | Pedigree and selection history

1 Roelfs F2009 | CGSS00B00169T-099TOPY-099M-099Y-099M-9CEL-0B-0Y-0Y

2 Tepahui78 F2009 | CMSW00WMO00150S-040M-040Y-030M-030ZTM-3ZTY-OM-0SY-0CEVY-OCEVY

3 Onavas F2009 | CGSS01B00069T-099Y-099M-099M-099Y-099M-20Y-0B-0CEVY-OCEVY

4 Villa Judrez F2009 | CGSS01B00062T- 099Y-099M-099M-099Y-099M-12Y-0B-OCEVY-OCEVY

5 PBW343//CAR422/ANA/3/Elvira | CMSS02M00409S-030M-1Y-0M-040Y-10ZTB-0Y-02B-0Y

6 Sokoll*2/3/Babax/LR42//Babax | CMSA05Y01225T-040M-040ZTP0Y-040ZTM-040SY-12ZTM-01Y-0B

7 ROLF07/4/BOW/NKT//CBRD/3/CBRD/5/FRET2/TUKU//FRET2
CMSS06Y00605T-099TOPM-099Y-099ZTM-099Y-099M-11WGY-0B

3 Tacupeto F2001/6/CNDO/R143//ENTE/MEXI_2/3/Ae. tauschii (TAUS)/4/Weaver/5/Pastor/7/ROLF07

CMSS06Y00716T-099TOPM-099Y-099ZTM-099Y-099M-3RGY-0B

9 PFAU/Seri.1B//AMAD/3/Waxwing/4/Villa Judrez F2009 | CMSS07B00144S-099M-099Y-099M-5WGY-0B
10 Chyak/Pauraq | CMSS07B00275S-099M-099Y-099M-13WGY-0B
11 Tacupeto F2001*2/Kiritati//Villa Judrez F2009 | CMSS07B00094S-099M-099NJ-099NJ-16 WG Y-0B
12 Attila/3*BCN//BAV92/3/Pastor/4/Tacupteo F2001*2/Brambling/5/Pauraq
CMSS07B00525T-099TOPY-099M-099NJ-099NJ-1WGY-0B
13 Kachu/Becard//WBLL1*2/Brambling | CMSS07B00580T-099TOPY-099M-099NJ-099NJ-34WGY-0B
14 INIA Churrinche/Kiritati | CMSS07Y00433S-0B-099Y-099M-099NJ-099NJ-4WGY-0B
15 Chibia//PRLII/CM65531/3/SKAUZ/BAV92/4/Munal #1 | CMSS07Y00066S-0B-099Y-099M-099Y-38M-OWGY
16 PFAU/Seril.1B//AMAD/3/Waxwing/4/WBLL1*2/Brambling
CMSS07Y00196S-0B-099Y-099M-099NJ-099NJ-6WGY-0B

17 WBLL1*2/Kuruku/4/PFAU/Seri.1 B//AMAD/3/Waxwing | GCMSS07Y00338S-0B-099Y-099M-099Y-OM-0WGY
18 WBLL4/Kukuna//WBLL1/3/WBLL1*2/Brambling | GCMSS07Y00348S-0B-099Y-099M-099Y-19M-0WGY
19 1TP40/Akuri | CMSS07Y00441S-0B-099Y-099M-099NJ-099NJ-4WGY-0B
20 Milan/S87230//BAV92#2/3/MUU | CMSS07Y00983T-099TOPM-099Y-099M-099Y-15M-0WGY
21 Milan/S87230//BAV92*2/3/Tecue #1 | CMSS07Y00985T-099TOPM-099Y-099M-099Y-OM-OWGY
2 Attila/3*BCN//BAV92/3/Pastor/4/Tacupeto F2001*2/Brambling/5/Pauraq
CMSS07B00525T-099TOPY-099M-099Y-099M-19WGY-0B
23 Kiskadee #1/Chyak | CMSS07B00253S-099M-099Y-099M-14WGY-0B
24 Chyak1/Grack | CMSS07B00279S-099M-099NJ-099NJ-6WGY-0B
’5 Kachu/3/T. turgidum subsp. dicoccum P194624/Ae. tauschii (409)//BCN/4/2*Kachu
CMSS07B00279S-099M-099NJ-099NJ-6WGY-0B

Results and Discussion. The temperatures that prevailed during the evaluation period are shown (Fig 8, p. 25). The
range of temperature at 08:00 was 11.7-30.6 °C with an average of 20.35°C, 28.3—49.3°C at noon with an average of
38.9, and 22.6-46.2 °C at 15:00 h with an average of 38.1°C. Seedling emergence ranged from 83 to 100%; lines that did
not show 100% emergence were 'Milan/S87230//BAV92*2/3/TECUE#1" and 'Attila/3*BCN//BAV92/3/Pastor/4/Tacu-
peto F2001*2/Brambling/5/Payraq' with 83%, and 'PBW343// CAR422/ANA/3/Elvira’, INIA Churrinche/Kiritati', and
'TTP40/Akuri' with 92%.
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The average RGR of the group was 0.31 cm/day 50 ;
(Fig. 9A). Line 'Attila/3*BCN//BAV92/3/Pastor/4/Tacu- 5.
peto F2001*2/Brambling/5/Pauraq' had the highest RGR 40 -
with 0.53 cm/day, followed by those of 'Chibia//PRLII/ 15 4
CM65531/3/Skauz/BAV92/4/Munal #1' and "WBLL1%*2/
Kuruku/4/PFAU/Seri.1B//AMAD/3/Wazwing' with 0.43
cm/day. Cultivars Onavas F2009 and Villa Juirez F2009
had an RGR of 0.40 cm/day; Roelfs F2007 and Tepahui

—— 0800 —— 1200 — 15

AT

30

Temperature ©C)
5

F2009 were 0.20 and 0.10 cm/day, respectively. The 10
lowest RGR (0.03 cm) was in line 'PBW343//CAR422/ 5
ANA/3/Elvira'.

=
=

Fig. 8. Daily temperatures recorded at 08:00, 12:00, and
15:00 hours between 21 January and 2 May, 2014 in the
greenhouse at the Norman E. Borlaug Experiment Station.

Mar 27
Apr2l

Feb 11

The average plant temperature of the group was
22.78°C with a range of 22.3-23.2, which was rather
uniform (Fig. 9B). Lines 'ITP40/Akuri' and 'Chyak 1/
Grack' showed the highest temperature and 'Kachu/
Becard//WBLL1*2/Brambling' and 'WBLL4/Kukuna//
WBLL1/3/WBLL1%*2/Brambling' the lowest. The range
of plant temperature in the commercial cultivars was 22.5-22.8°C.
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Fig. 9. Relative growth rate (cm) (A), average plant temperature (°C) (B), days-to-heading and days-to-anthesis (C),
and days-to-physiological maturity (D) of cultivars and advanced bread wheat lines evaluated under heat stress in the
greenhouse in 2014 at the Norman E. Borlaug Experiment Station, Yaqui Valley, Sonor, Mexico (1-Tacupeto F2001, 2—
Kronstad F2004, 3—Navojoa M2007, and 4-Roelfs F2007) (see Table 6, p. 24 for information on advanced lines 5-25).

'Chyak/Pauraq' was the first line to reach the heading stage (average 46 days), and 'Kachu/Becard//WBLL1%2/
Brambling' headed in 55 days (Fig. 9C). Cultivar Villa Judrez F2009 reached headed in 50 days, Roelfs F2007 and
Onavas F2009 in 52, and Tepahui F2009 in 53 days, these values were 22, 29, and 26 days earlier, respectively, under
the recommended sowing dates for commercial cultivation (Figueroa-Lopez et al. 2010, 2013; Chédvez-Villalba et al.
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2014; Valenzuela-Herrera et al. 2012). Physiological maturity was reached in an average of 98 days, with a range of 93 to
103 (Fig. 9D, p. 25). Roelfs F2007 reached maturity in 93 days and 'INIA Churrinche/Kiritati' and 'Kachu/3/T. turgidum
subsp. dicoccum P194624/Ae. tauschii (409)//BCN/4/2*Kachu' in 103 days. Villa Judrez F2009 matured in 94 days,
Onavas F2009 in 97 days, and Tepahui F2009 in 101 days.

The number of spikes/plant ranged from 12 to 26 (Fig. 10A) with an avg of 16. 'Chyak 1/Grack' produced the
highest number of spikes, followed by cultivar Tepahui F2009 (22 spikes); 'Kachu/ Becard/WBLL1*2/Brambling' was
the lowest. Roelfs F2007 had a little higher than average with 17 spikes, and Villa Judrez F2009 and Onavas F2009 with
18 spikes. The average spike length of the group was 10 cm, with a range of 8.9-11.5 (Fig. 10B). 'ROLF07/4/BOW/
NKT//CBRD/3/CBRD/5/FRET2/Tukuru//FRET?2' produced the highest number of grains/spike with 59.5, followed by
'PBW343//CAR422/ANA/3/Elvira’ (Fig. 10C). The difference between the highest and the lowest number of grains/spike
was quite high at 23. Cultivar Onavas F2009 produced an average of 54.8 grains/spike; Tepahui F2009 and Roelfs F2007
were a little higher than average with 48.5 and 48.6 grains/spkike, respectively; and Villa Judrez F2009 averaged 47.6
grains/spike. Eight lines produced more grain than Onavas F2009 Tepahui F2009, and Villa Judrez. Savin et al. (1997)
found significant variation in weight reduction and number of grains/spike under heat stress conditions.

The average grain length was 0.66 cm, and the difference between the longest and shortest grain was quite
small, 0.09 cm (Fig. 10D). Line 'Tacupeto F2001/6/CNDO/R143//ENTE/MEXI_2/3/Aegilops tauschii/4/Weaver/5/Pas-
tor/7/ROLFO7' was 0.71 cm, superior to the rest. Blum (1998) reported that stem reserves from pre-anthesis plant assimi-
lation are an important source of carbon for grain filling, when photosynthesis is inhibited by drought, heat, or disease
stress during this stage.
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Fig. 10. Number of spikes/plant (A), spike length (cm) (B), number of grains/spike, and grain length (cm) (D) of
cultivars and advanced bread wheat lines evaluated under heat stress in the greenhouse in 2014 at the Norman E.
Borlaug Experiment Station, Yaqui Valley, Sonor, Mexico (1-Tacupeto F2001, 2—Kronstad F2004, 3—-Navojoa M2007,
and 4-Roelfs F2007) (see Table 6, p. 24 for information on advanced lines 5-25).

Dry weight biomass was 11.0-24.2 g with an average of 17 g (Fig. 11A, p. 27). ' PBW343//CAR422/ANA/3/
Elvira' produced the highest biomass value and 'Chyak/Pauraq' the lowest. Cultivar Villa Judrez F2009 was quite low
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B A = Fig. 11. Biomass at only 15.7 g. Cultivar Onavas F2009
B dry weight (g) showed the highest grain yield/plant at
? 2 - | (A) and grain 26.7 g, followed by 'PBW343//CAR422/
@ 194 ] 1 1 _T] | yield/plant (g) ANA/3/Elvira' with 25.4 g and 'Tacupeto
E 171 (B) of cultivars F2001*2/Kiritati//Villa Juarez F2009'
E" 13- and advanced with 22.9 g (Fig. 11B). Cultivars Roelfs
3 bread wheat lines F2007, Tepahui F2009, and Villa Judrez
;,-.,gy 111 evaluated under F2009 produced 19.9 g,20.2 g, and 20.3
o heat stress in g, respectively. The lowest grain yield/
5 | | L[ [l) the greenhouse plant was in 'Attila/3*BCN//BAV92/3/
1234356720101 12B8M41516171889002BM5 in 2014 at the Pastor/4/Tacupeto F2001*2/Brambling/5/
Bread wheat cnltivars and advanced lines Norman E. Borlaug| Pauraq' with 14.9 g. The reduction in yield
Experiment is mainly due to a less number of grains
Station, Yaqui produced, which could be a consequence
¢ Valley, Sonor, of an increase in high-temperature floral
%| B ] - Mexico (1- abortion. Stapper and Fischer (1990)
@ 241 Tacupeto F2001, indicate that during grain filling and as
E nl ] ~ _ | 2-Kronstad the temperature rises, plant development
Q“ 204 1 I F2004, 3-Navojoa | accelerates. Even under optimum manage-
5 12 M2007, and 4— ment conditions, yield may be reduced up
% il Roelfs F2007) to 4% for each 1°C increase. Heat units de-
5 (see Table 6,p. 24 | fine the growth stages a thermic constant,
& i: H for information because the plant changes the phenological
_ on advanced lines | stage once a certain number of heat units
R e e e 5-25). are reached, shortening the duration of the
Bread wheat caltivars and advanced lines wheat cycle (Pascale and Damario 2004).

Conclusions. Promising materials under

heat stress conditions of the experiment were the line ' PBW343//CAR422/ANA/3/ Elvira' and commercial bread wheat
cultivar Onavas F2009, because they produced the highest grain yield/plant. The experimental line produced the highest
biomass value and was second in number of grains/spike.
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Biological effectiveness of several fungicides for control of Karnal bunt of wheat in the field.

Guillermo Fuentes-Davila, Pedro Félix-Valencia, Carlos Antonio Ayén-Ibarra, Pedro Figueroa-Lépez, Miguel Alfonso
Camacho-Casas, José Luis Félix-Fuentes, Gabriela Chavez-Villalba, and Ivon Alejandra Rosas-Jauregui.

Abstract. The commercial fungicides Opus, Pointer, Headline, and Varon were evaluated in the field to determine their
biological effectiveness to control Karnal bunt of wheat. A completely randomized design was used with four replica-
tions. Twenty heads of cultivar Tacupeto F2001 were inoculated during the boot stage with an allantoid sporidial suspen-
sion (10,000/mL). Commercial rates indicated on the containers of each product were followed. The first application was
carried out 10 days after inoculation (Zadoks 5658 (Feekes 10.4—10.5)), and the second 10 days later. Inoculated spikes
were threshed by hand, and healthy and infected kernels were counted to determine the percentage of infection. The
biological effectiveness of the products evaluated were Varon 97.5%, Pointer 97.2%, Opus 96.9%, and Headline 86.87%.
The untreated inoculated check had a mean of 28.6% infection. There were no statistical differences for the products
evaluated for level of infection after arcsin transformation (Tukey, p = 0.05), and no phytotoxic effects of treatments ap-
plied to the wheat plant were observed.

Introduction. Karnal bunt of wheat, caused by the fungus Tilletia indica (syn. Neovossia indica Mitra (Mundkur), is the
most important disease of wheat seed and grain in northwest Mexico (Fuentes-Ddvila 1997). Losses primarily are due to
the negative effect on flour quality and quarantine regulations, both, national and international (SARH 1987; Brennan et
al. 1900; SAGARPA 2002). Because there are no immune wheat cultivars to Karnal bunt, chemical control is considered
an important measure of an integrated management program of the disease. Due to the biological cycle of T. indica, the
application of agrochemicals during wheat heading—flowering—anthesis gives greater control of the disease and allows

a more profitable economical margin. Over the years, research on chemical control of the disease by foliar applications
has been carried out. Singh and Prasad (1980) reported a significant reduction in the level of infection in the field with

a single application during the boot stage with benomyl (Benlate), carbendazim (Bavistin), mancozeb (Dithane-M45),
or triphenyltin hydrate (Duter). Singh and Singh (1985) reported that of fungicides Bavistin, Baycor, Baytan, Bayleton,
Benlate, Blitox, Ceresan, Dinthane M-45, Topsin, and Vitavax, only Baytan and Bayleton were effective on reduc-

ing disease severity. Smilanick et al. (1987) reported that in experimental wheat plots artificially inoculated, control of
the disease was greater than 80% with two applications of propiconazole or etaconazole and with four applications of
mancozeb or copper hydroxide; the best results were obtained when products were applied 72 h after inoculation with the
fungus. Figueroa and Valdés (1991) reported the superiority of propiconazole for control of Karnal bunt with foliar ap-
plications, when compared with fungicides diniconazole, tebuconazole, flutriafol, fluzilazol, triadimenol, and procloraz.
Salazar-Huerta et al. (1997) reported that in experiments during 1986—89, in both experimental plots and commercial
fields, propiconazole (Tilt) was the product with the greatest biological effectiveness in controlling the disease, with two
applications at the rate of 0.5 L/ha of commercial product; the first application when the crop had 25% heading and the
second one 10 days later. Figueroa-Lopez and Alvarez-Zamorano (2000) reported that epoxyconazole (Opus) showed
similar levels of efficiency as propiconazole in field trials under artificial inoculation. Fuentes-Davila et al. (2005) re-
ported that tebuconazole (Folicur) and propiconazole (Tilt) had a biological effectiveness greater than 89% for control of
Karnal bunt in artificially inoculated field trials, and Fuentes-Davila (2007) reported that the biological effectiveness of
tebuconazole (Folicur), epoxyconazole (Opus), and propiconazole (Tilt) was 99.8%, 99.6%, and 99.9%, respectively.

In southern Sonora, leaf rust is an endemic and important disease of wheat that has caused epidemics (Dubin
and Torres 1981; Figueroa-Lépez et al. 2001), which can only be controlled by proper fungicide applications. Figueroa-
Lépez and Cantiia-Ayala (2006) reported that the fungicide Headline (piraclostrobina) and Pointer (flutriafol) were effec-
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tive in controlling rust in wheat in field trials (Figueroa-Lépez et al. 2010). Because those products have not been evalu-
ated for Karnal bunt, nor has the newer Tebuconazole, our objective was to evaluate the biological effectiveness of Opus
SC (BASF, epoxiconazol 12% a.i. in weight) as the regional check, and Pointer 250SC (Cheminova, flutriafol, 22.70%
a.i. in weight), Headline CE (BASF, piraclostrobina, 23.60% a.i. in weight), and Varon 250 CE (Dragon, tebuconazole,
not less than 25% a.i. in weight) for control of Karnal bunt in the field under artificial inoculation.

20 19 18 17 16
R4 R4 R4 R4 R3
Headline ‘Varon Unireated check Opus Headline
11 12 13 14 15
R3 R2 Rz R4 R3
Untreated check Opus Headline Pointer Opus

10 9 ] 7 6
R3 R3 R2 R2 R2
Varon Pointer ‘Varon Untreated check Pointer
1 b 3 4 5
R1 R1 R1 R1 R1
Opus Untreated check Pointer “Varon Headline

Fig. 11. Randomized complete distribution of treatments
in the field for control of Karnal bunt by foliar
applications during the 2014—15 autumn-winter crop
season in the Yaqui Valley, Sonora, Mexico.

used for evaluation of fungicides for Karnal bunt control
during the 2014—15 autumn-winter crop season in the
Yaqui Valley, Sonora, Mexico.

Fig. 13. Allantoid sporidia (left) of Karnal bunt a
inoculation by injection into the boot (right).

the volume was based on 250 L of water/ha. To avoid the
carry over of the products applied, plastic barriers were used
in each plot during the applications (Fig. 14). The first ap-
plication was carried out ten days after inoculation (Zadoks
56-58 (Feekes 10.4-10.5)) and the second 10 days later.
Inoculated spikes were threshed by hand, and the percent-
age of infection was obtained by counting the number of
infected and healthy grains from 20 inoculated spikes from
each plot treated with the fungicides and from 20 inocu-

Materials and Methods. The experiment was carried out
during the 2014—15 crop season at the Norman E. Borlaug
Experimental Station, located in block 910 of the Yaqui
Valley at 27°22°04.64” latitude north and 109°55°28.26”
longitude west, 37 masl, with climate warm (BW (h)) and
extreme warm and dry [BS (h)], according to Koppen
classification modified by Garcia (1964). Sowing date was
December 18, 2014 with a rate of 80 kg of seed/ha. Treat-
ments were established in a completely randomized experi-
mental design (Fig. 11) with four replications using bread
wheat commercial cultivar Tacupeto F2001. The experi-
mental plot consisted of for beds each with two rows 3-m
long and 0.80 m between beds (Fig. 12). Inoculations were
during the boot stage by injection applying 1 mL per spike
with an allantoid sporidial suspension (10,000/mL) in 20
spikes, in the central rows of each plot (Fig. 13). Inoculum
was prepared as described by Fuentes-Bueno and Fuentes-
Davila (2007). Commercial rates indicated in the containers
of each product were followed: Opus 1 L/ha c.p., Pointer
0.625 L/ha c.p., Headline 0.5 L/ha c.p., and Varon 0.5 L/ha
c.p. (Table 7). For application of fungicides, a manual Solo
backpack sprayer (15 L) was used with a single nozzle, and

Table 7. Fungicides, formulation, concentration, and
rates used to control Karnal bunt by foliar applications
during the 2014-15 crop season in the Yaqui Valley, So-
nora, Mexico. Formulation is active ingredient in weight
and rate is liters of commercial product.

Formulation and Rate
Treatment concentration CP/ha
Pointer 250 SC 22.7% a.i. 0.625
Headline CE 23.0% a.i. 0.500
Varon 250 CE >25% a.i. 0.500
Opus SC 12% a.i. 1.000
Untreated check

Fig. l.Aplca on fungicides in xperimtal plots
for contrl of Karnal bunt during the 2014—-15 autumn-
winter crop season in the Yaqui Valley, Sonora, Mexico.
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lated spikes from the untreated check. The biological effectiveness was
obtained using Abbot’s formula: effectiveness of treatments = average
percentage of infection of the check — average percentage of infection of
the ‘treatment / average’ percentage of infection of the check x 100. The
ANOVA was performed and mean comparison by Tukey’s test (p = 0.05)
to determine statistical differences among treatments, previous arcsin
transformation vV X + 0.5 (Steel and Torrie 1980). The phytotoxicity was
evaluated ten days after each application of the fungicides, according to
the EWRS scale (Table 8) (Champion 2000).

Results. The ANOVA of the transformed data of the percent of infected
grains with Karnal bunt in 20 spikes in each experimental unit is shown
(Table 9). Significant statistical differences were detected between the
treatments and the untreated check, with respect to the values of percent
infection. The coefficient of variation was 21.09%. Mean comparison

by Tukey>s test (Table 10) indicated that all fungicide applications were
effective in reducing the percent of infection when compared with the
untreated inoculated check, which showed the highest average percent
infection (28.6%), with a range between 14.4 and 47.9. The real range of
the mean percent of infection obtained in spikes treated with the different
products was 0.73-3.78% (Opus average 0.88%, Pointer 0.80%, Headline
3.78%, and Varon 0.73%). The biological effectiveness of the products

Table 8. Values of the EWRS scale (1-9)
to evaluate phytotoxicity in experimental
plots, inoculated with Karnal bunt and
treated with Varon, Pointer, Opus, and
Headline in the Yaqui Valley, Sonora,
Mexico, during the 2014—15 autunmwin-
ter crop season.

Value Effect on plant

1 No effect

very light symptoms

light symptoms

EE AN

symptoms no reflected in yield

LIMIT OF ACCEPTABILITY

medium damage

elevalted damage

very elevated damage

R[N |

severe damage

9 complete death

Transformation of the EWRS punctual
logarithmic scale to percentage.

evaluated were Varon 97.5%, Pointer 97.2%, Opus 96.9%, and Headline R . .
36.87%. value Phytotoxicity (%)
1 0.0-1.0
X X - . 2 1.0-3.5
Table 9. Analysis of variance of the percentage of infected grain
with karnal bunt, in spikes treated with Opus, Pointer, Headline, 3 3.5-7.0
and Varon, and in spikes of an untreated check in the Yaqui Valley, 4 7.0-12.5
Sonora, Mexico, during the 2014—15 autumn-winter crop season. S 12.5-20.0
Source of 6 20.0-30.0
variation DF SS MS | Fvalue | Ftab 7 30.0-50.0
Treatments 4 2,198.11 | 549.53 23.97 3.06 8 50.0-99.0
Error 15 343.88 2293 9 99.0-100
Total 19
CV.=2109 Conclusions. The biological effectiveness of
Varon, Pointer, Opus, and Headline for control
Table 10. Mean separation by Tukey’s test of the transformed of Karnal bunt of wheat by foliar applications
percentages of infected grain with karnal bunt, in spikes treated with | during heading—flowering—anthesis was 97.5%,
Varon, Pointer, Opus, and Headline in the Yaqui Valley, Sonora, 97.2%,96.9%, and 86.87%, respectively, al-
Mexico, during the 2014—15 autumn—winter crop season. though they were statistically similar.
Infected grain Mean
Treatment Real Transformed | separation According to the EWRS scale, no
Varon 0.73 4.60 A phytotoxicity was detected on the wheat plants
Pointer 0.80 4.79 A treated with any of the four fungicides.
Opus 0.88 5.08 A
Headline 3.78 1041 A
Untreated check 28.6 31.86 B
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Field evaluation of the 3th Wheat Yield Consortium Yield Trial during the 2015-16 crop season.

Ivon Alejandra Rosas-Jauregui, Guillermo Fuentes-Davila, Carlos Antonio Ayén-Ibarra, Pedro Félix-Valencia, Ricardo
Zamorano-Algandar, Francisco Javier Valdéz-Avila, Pedro Figueroa-Loépez, Miguel Alfonso Camacho-Casas, José Luis
Félix-Fuentes, and Gabriela Chavez-Villalba.

Abstract. Commercial bread wheat cultivar Roelfs F2007 and 23 genoypes of advanced bread wheat lines comprising
the 3th WYCYT were sown on 29 December, 2015, at the Norman E. Borlaug Experimental Station in the Yaqui Valley,
Sonora. Plots consisted of one bed, 1-m long with two rows, 0.80 m apart with no replications, and a seed rate of 100 kg/
ha. Daily maximum, minimum and average temperature (°C), relative humidity (%), cold hours, and rainfall were re-
corded during the crop season. The variables evaluated were heading, height, 1,000-kernel weight, and grain yield. Heat
waves occurred during 10-21 February; 3—4 March; 2—4, 1215, and 17-30 April; and 2-10 May, 2016, since maximum
temperatures were above 30°C. The period of evaluation of the 3th WYCYT was warm (19.0°C average and 64% RH).
The total number of accumulated cold hours was 440. Line ‘SUP152//PUB94.15.1.12/WBLL1 (PTSS09GHB00014S-
0SHB-099Y-5Y-020Y-0MXI)’ showed the highest 1,000-kernel weight (59.2 g), followed by that of ‘MEX94.27.1.20/3/
Sokoll//Attila/3*BCN/4/PUB94.15.1.12/WBLL1’ with 54.5 g. Reedling #1 showed the highest grain yield per plot with
508 g, followed by ‘SUP152//PUB94.15.1.12/WBLL1 (PTSSO9GHB00014S-0SHB-099Y-15Y-020Y-OMXI)’ with 478
g. Roelfs F2007 was 46.8% below the grain yield of Reedling #1, and 49.6% below the average shown in field evalua-
tions in previous seasons. Heading of Roelfs F2007 was reduced by 7.4% and height by 23.2%. Rainfall occurred on 8
January, 2016 (1.7 mm), 8 March (7.5 mm), and 7 April (1.0 mm).

Introduction.The Wheat Yield Consortium (WYC) conducts research on wheat genetics and physiology to improve
plant structure, increase the resilience and disease resistance of wheat, and its yield potential in Mexico and abroad
(CIMMYT 2016). The Secretariat of Agriculture, Livestock, Rural Development, Fisheries and Food (SAGARPA) is an
important financial contributor for

the WYC. The main objectives of Table 11. Bread wheat genotypes of the 3th Wheat Yield Consortium Yield
the WYC are (o raise wheatoyleld Trial, evaluated during the crop season 2015-2016 in a late sowing, in the
potential by 2% globally, with a Yaqui Valley, Sonora. Numbers in bold in parentheses indicate the number of
view to increasing yield potential by sister lines in the nursery.

50 percent over 20 years, and raise Tine Pedigree

wheat production by 350,000 tons 1 | Pavlovka/V15.89C//NAVJ07/3/ROLF07

(10%) in 10 years, 750,000 tons 2 | Sokoll/3/Pastor//HXL7573/2*BAU/4/Parus/Pastor (3)

(22%) in 15 years, and 1.7 x 10° 3 | Sokoll/3/Pastor//HXL7573/2*BAU/4/Sokoll/WBLL1

tons (50%) in 20 years, in the same WBLLA4//0AX93.24.35/WBLL1/5/CROC_1/Ae. tauschii (205)//
area currently devoted to wheat * | BORL95/3/ PRL/SARA//TSI/VEE#S/4/FRET2

production in Mexico. In 2015, main 5 | Seri/BAV92//PUB94.15.1.12/WBLLI (2)

achievements included more than 6 Sokoll//PUB94.15.1.12/WBLLI1

100 agronomic and physiological 7 | CROC_1/Ae. tauschii (224)//Opata/3/PUB94.15.1.12/WBLLI (2)
traits of 60 elite lines of high-yield- 8 | Sokoll//SUP152//PUB94.15.1.12/WBLLI

ing potential from CIMMYT Core 9 [ SUP152//PUBY%4.15.1.12/WBLLI

Germplasm II set (CIMCOG 1I), 10 | MEX94.27.1.20/3/Sokoll//Attila/3*BCN/4/PUB94.15.1.12/WBLLI (2)
were evaluated with high-throughput 11 | Sokol/WBLL1

phenotyping. Five elite lines were 12 | WBLL1//PUB94.15.1.12/WBLLI1 (2)

selected after analyzing three years 13 | WBLL1/6/CMH79A.955/4/AGA/3/4*SN64/CNO67//Inia66/5/NAC
of data collected from consecutive 14 | Seri/BAV92//PUB94.15.1.12/WBLL1 (4)

trials of the CIMCOG I set. Some 15 | BCN/WBLL1//PUB94.15.1.12/WBLL1

lines were chosen for their resist- 16 | Sokoll//PUB94.15.1.12/WBLL1

ance to lodging. Aerial phenotyping 17 1 C80.1/3*QT4118//KAUZ/Rayon/3/2*TRCH/4/Berkut/Krichauff (2)
platforms with remote sensors were 18 | SUP152//PUB94.15.1.12/WBLL1 (2)

used to identify five high-yielding 19 | MEX94.27.1.20/3/Sokoll//Attila/3*BCN/4/PUB94.15.1.12/WBLL1 (7)
and drought tolerant lines, and seven 20 | Sokoll

outstanding heat-tolerant lines from 21 | Roelfs F2007

more than 600 elite lines tested in 22 | Kachu #1

the field. Nine Mexican students 23 [ Baj#l

undertook doctoral studies in pres- 24 | Reedling #1
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tigious international universities, with the benefit of acknowledged experts as advisers and using data from the MasAgro
Wheat field trials. Three students concluded their doctoral studies, and two more are in line to achieve their degree in

the first semester of 2016. Evaluation of the 2™ WYC Yield Trial in five irrigated regions within Mexico, indicated that
lines QUAIU, SOKOLL, and line ‘C80.1/3*QT4118// KAUZ/Rayon/3/2*TRCH/4/ Berkut/Krichauff” were the best for
grain yield in Bajio (states of Guanajuato and Jalisco), and lines “WBLL1//Yangling Shaanxi/ESDA/3/ROLF07 (PTSS-
07GHB00008S-0GHB-0Y-099B-1Y-0Y-0Y-O0SMAPY-0B)’, ‘BCN/WBLL1//PUB94.15.1.12/WBLL1’, and “WBLL1//
Yangling Shaanxi/ESDA/3/ROLF07 (PTSS07GHB00008S-0GHB-0Y-099B-1Y-0Y-0Y-OMEDPY-0B)’ were outstand-
ing in the northwest (North Baja California, Sonora, and Sinaloa). As a general average, the highest yielding line was
‘BCN/WBLL1//PUB94.15.1.12/WBLL1’, with 6,417 kg/ha (Solis-Moya et al. 2015). In southern Sonora, heat waves
during the wheat season have had negative effects on productivity by causing flower abortion and/or sterility, affecting
kernel development, and a reduction in final grain weight (Félix-Valencia and Fuentes-Ddvila 2015). Given the changing
environmental conditions in this region, our objective was to evaluate the performance of the 3th WYCYT Nursery at the
Norman E.Borlaug Experimental Station, in a late sowing date during the 2015—16 crop season.

Materials and Methods. Commercial bread wheat cultivar Roelfs F2007 (Figueroa-Lépez et al. 2010) and 23 genoypes
of advanced bread wheat lines comprising the 3th WYCYT (Table 11, p. 32) were sown on 29 December, 2015, at the
Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, Mexico, located in block 910 of the Yaqui Valley
at 27°22°04.64” N and 109°55°28.26” W, 37 masl, with climate warm (BW (h)) and extreme warm and dry (BS (h)), ac-
cording to Koppen classification modified by Garcia (1964). Plots consisted of one bed 1-m long with two rows, 0.80 m
apart with no replications, and a seed rate of 100 kg/ha. Management of the trial followed the technical recommendations
by INIFAP (Figueroa-Lopez et al. 2011). Daily maximum, minimum and average temperature (°C) and relative humidity,
as well as rainfall were recorded during the crop season. Cold hours were determined as the temperature =0.1 °C to <10
°C that occurred during a given hour. The variables evaluated were heading (days), height (cm), 1,000-kernel weight (g),
and grain yield (g/plot).

Results and Discussion. Maximum, minimum, and average temperature and relative humidity that prevailed during
the period of evaluation are shown (Fig. 15A and B). Average temperature in January was 15.6°C, 18.5°C in February,
18.8°C in March, 21.2°C in April, and 22.3°C in the first ten days of May. However, heat waves occurred 10-21 Febru-
ary; 3—4 March; 24, 12-15, and 17-30 April; and 2-10 May, 2016, when maximum temperatures were above 30°C.
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Fig. 15. Daily maximum, minimum, and mean temperatures (A), relative humidity (B), and cold hours (C) recorded
from January to May during the autumn—winter 2015-16 wheat season at the Norman E. Borlaug Experimental Station
in the Yaqui Valley, Sonora, Mexico.
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Average relative humidity in January was 64.9%, 63.9% in February, 70.6% in March, 60.8% in April, and 51.4% in

the first ten days of May. In southern Sonora, the interaction of an average 16°C and 68.5% RH during the crop season
induces good wheat grain yield (Pedro Félix-Valencia, personal communication). Under these parameters, the period of
evaluation of the 3th WYCYT was warm (19.0°C average, and 64% RH), which had a negative effect on grain yield for
those farmers that sowed late. Optimum sowing dates in this region based on historical database fall between 15 Novem-
ber and 15 December (Figueroa-Lopez et al. 2011). The greatest number of daily cold hours (CH; Fig. 15C) at 261 was
accumulated during January, followed by 92 in February, 62 in March, 24 in April, and 1 in May. The total number of
accumulated CH was 440; with 125 during December, 2015 not considered because sowing was on 29 December.

Annual productivity in a given agricultural region may be ]
explained to a great extent by the fluctuation of the temperature.
Knowledge of this factor can be capitalized by planning the most
appropriate technologies in order to avoid production risks and
losses, or to implement alternatives for a good agronomic manage-
ment (Félix-Valencia et al. 2009). Grain yield is correlated greatly
to the number of cold hours accumulated, which allows us to predict
the expected yield with an 89% confidence. The relationship shows
that a base of 340 CH would expect a grain yield of 4.63 t/ha, and
for each increment of 100 CH, yield would increase 330 kg (Félix-
Valencia et al. 2009). However, yield at the field level depends
upon the farmer’s management, because there are fields where grain
yield is below 4.63 t/ha and others with yields greater than 7 t/ha.
So, if check cultivar Roelfs F2007 (Table 11) showed an average
of 6.75 t/ha in field evaluations (Figueroa-Lépez et al. 2010), and
if the expected yield is 4.93 t/ha based on 440 CH (Félix-Valencia
et al. 2009), then it would be expected that 26.9% of the potential
yield was not reached just on the number of CH accumulated from
1 January to 2 May, 2016. The average 1,000-kernel weight was
46.8 g, with a range of 33.9 to 59.2 g (Fig. 16A). Line ‘SUP152//
PUB94.15.1.12/ WBLL1 (PTSS09GHB00014S-0SHB-099Y- S
5Y-020Y-OMXI)’ showed the highest TKW followed by that of A A T A
line ‘MEX94.27.1.20/3/Sokoll//Attila/3*BCN/4/ PUB94.15.1.12/ . Brad wheést L
WBLL1’ with 54.5 g. The average grain yield per plot was 374.9 Fig. 16. 1,000-kernel weight (A) .and grain yield
¢, with a range of 256 to 508 g (Fig. 16B). The highest grain yield | (B) of 40 advanced bread wheat lines and the
was shown by the check Reedling #1, followed by line ‘SUP152// cultivar Roelfs F2007 during the 201 5_.1 6 wheat
PUB94.15.1.12/ WBLLI (PTSS09GHB00014S-0SHB-099Y-15Y-  |S¢ason at the Norman E. Borlaug Experimental
020Y-0M XI)’ with 478 g per plot. Roelfs F2007, with a calculated | Station in the Yaqui Valley, Sonora, Mexico.
grain yield of 3.4 t/ha, was 46.8% below the grain yield of Reedling Checks are Sokoll .(37)’ Roelfs F2007 .(38)’

#1 and 49.6% below the average shown in field evaluations, which Kachu #1 (39), Baj #1 (40), and Reedling #1
indicates that this cultivar is highly affected by warm weather. (41).

Despite weather conditions during the 2015-16 season, several

lines performed well, even without considering the possible effect of the heat waves, especially the one in the middle of
February that might have affected tillering, and the one of 3—4 March, which might have affected flowering and seed set.
Fokar et al. (1998) indicate that heat stress is the main factor that causes a reduction in wheat productivity due to high
temperatures. Savin et al. (1997) found significant variation in weight reduction and in number of grains/spike under heat
stress conditions. The reduction in yield is mainly due to less number of grains produced, which could be a consequence
by the increase in floral abortion because of the high temperatures. Stapper and Fischer (1990) indicate that during grain
filling and as the temperature rises, plant development accelerates; even under optimum management conditions, yield
may be reduced up to 4% for each temperature increase of 1°C. Heading of Roelfs F2007 was reduced by 7.4% and
height by 23.2% (Fig. 17, p. 35), based on what Figueroa-Lopez et al. (2010) reported for this cultivar. Rainfall occurred
on 8 January (1.7 mm), 8 March (7.5 mm), and 7 April (1.0 mm), 2016.
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Conclusions. The period of evaluation (1 January to 10 May, 2016) of the 3th WYCYT was warm (19.0°C average, and
64% RH). Heat waves occurred on 10-21 February; 3—4 March; 2-4, 12—15, and 17-30 April; and 2-10 May, 2016,
with maximum temperatures were above 30°C. The total number of accumulated cold hours was 440. Check cultivar
Roelfs F2007 was 46.8% below the grain yield of Reedling #1 and 49.6% below the average shown in previous field
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evaluations. Promising materials under heat stress conditions of the
A evaluation were Reedling #1 (6.35 t/ha), ‘SUP152//PUB94.15.1.12/
WBLL1 (PTSSO9GHB00014S-0SHB-099Y-15Y-020Y-OMXI)’
(5.98 t/ha), ‘Seri/BAV92//PUB94.15.1.12/WBLL1 (PTSS09GH-
B00019S-0SHB-099Y-099B-1Y-0Y-020Y-0MXI)’ (5.83 t/ha), and
‘Seri/BAV92//PUB94.15.1.12/ WBLL1 (PTSS09GHB00019S-
0SHB-099Y-099B-7Y-0Y-020Y-OMXI)’ and ‘Seri/ BAV92//
PUB94.15.1.12/WBLL1 (PTSSO9GHB00019S-0SHB-099Y-099B-
18Y-0Y-020Y-0MXT)’ (5.78 t/ha).

Heeding (deys)
T & 8 38 # ¥ & & 8
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Re-evaluating resistant and susceptible experimental bread wheat lines for their reaction to Karnal
bunt (Tilletia indica Mitra) under artificial field inoculation.

Yuria Medina-Uriarte, Alberto Flores-Olivas, and Yisa Maria Ochoa-Fuentes (Universidad Auténoma Agraria Antonio
Narro, Saltillo, Mexico); Guillermo Fuentes-Davila; and Sukhwinder Singh (CIMMYT, Int., Carret México-Veracruz,
km 45, El Batan, Texcoco, Edo. de México 56237).

Abstract. During the 2014-15 autumn—winter crop season in the Yaqui Valley, Sonora, Mexico, we re-evaluated ten
resistant and ten susceptible bread wheat lines for their reaction to Karnal bunt under artificial field inoculation. In addi-
tion, days-to-flowering, plant height, and 1,000-kernel weight were recorded. The maximum difference in infection (%)
between the 2013—-14 and 2014—15 cropping seasons within the resistant group was in line "TAM200/Pastor/TOBA97/3/
Heilo' with 4.52%. The line with the lowest average percentage infection in both seasons was 'SWSR22T.B./5/KAUZ//
Altar 84/A0S/3/ KAUZ/4/SW94.15464/6/2*PRL/2*Pastor' with 0.24%, followed by 'BAJ #1/3/Kiritati//Attila*2/Pastor’
with 0.48%. With the exception of the KBSUS line, greater differences in percentage of infection were obtained within
the susceptible group, which ranged from 5.71% to 28.82%; however, the reaction of all lines fell within the susceptible
category. The line with the highest average percentage of infection in both seasons was KBSUS with 99.08%, followed
by 'Chewink #1/FRNCLN' with 76.08%. Although the average days-to-flowering were different for the resistant group
(87.6 days) and the susceptible group (82.2 days), the susceptible line KBSUS was different than the rest of the lines (70
days). Regarding height, all the lines were categorized as dwarf and semidwarf. The average 1,000-kernel weight was
higher in the susceptible group with 37.6 g, whereas the average of the resistant group was 33.9 g. The line in the resist-
ant group with the highest 1,000-kernel weight was 'Saual/4/CROC_1/Ae. tauschii (205)//KAUZ/3/Attila/5/Saual' with
44.5 g, and 'Chewink #1/FRNCLN' in the susceptible group at 44.4 g.

Introduction. Karnal bunt of wheat caused by the fungus Tilletia indica (syn. Neovossia indica), affects bread wheat
(Mitra 1931), durum wheat, and triticale (X Triticosecale; Agarwal et al. 1977). The disease was first identified in India
(Mitra 1931), and later in Mexico (Duran 1972), Pakistan (Munjal 1975), Nepal (Singh et al. 1989), Brasil (Da Luz et al.
1993), the United States (APHIS 1996), Iran (Torarbi et al. 1996), and the Republic of South Africa (Crous et al. 2001).
The fungus does not infect all the kernels in a spike and not all the spikes in a plant are affected; generally, kernels are
partially bunted (Mitra 1935; Bedi et al. 1949; Chona et al. 1961). Control of this pathogen is difficult because telio-
spores are resistant to physical and chemical factors (Krishna and Singh 1982; Zhang et al. 1984; Smilanick et al. 1988).
Chemical control can be accomplished by applying fungicides during flowering (Fuentes-Davila et al. 2005) but is not
feasible when quarantines do not allow tolerance levels for seed production. The susceptibility of bread wheat is docu-
mented (Fuentes-Ddvila et al. 1992, 1993) reaching infection levels above 50% under artificial inoculation. However,
Fuentes-Ddvila and Rajaram (1994) reported that some bread wheats that consistently show low infection levels. Genetic
resistance is the most important tool for disease control and for a better benefit/cost of wheat production, because no
fungicide application is needed and/or the number of applications is reduced (Huerta-Espino and Singh 1996). Genetic
studies indicate that eight genes confer resistance to 7. indica (Fuentes-Dadvila et al. 1995); however, the resistance
mechanisms that might be operating in this interaction are unknown. Since the initiation of the project on Karnal bunt in
northwest Mexico in the early 1980s, artificial inoculation in the field have been an essential component (Fuentes-Davila
et al. 2001) because disease incidence is quite erratic in the Yaqui Valley (Lira-Ibarra 1992). Artificial inoculation has
served to identify both resistant and susceptible germplasm, which have been the bases for comparisons and genetic stud-
ies (Fuentes-Ddvila and Rajaram 1994; Fuentes-D4vila et al. 1995). Our objective was to re-evaluate ten experimental
resistant and ten susceptible bread wheat lines to Karnal bunt under artificial field inoculation at the Norman E. Borlaug
Experimental Station in the Yaqui Valley, Sonora, because these lines will be used in biochemical and molecular studies
in the near future.

Materials and Methods. Evaluation during the 2014—15 crop season was at the Norman E. Borlaug Experimental Sta-
tion, located in block 910 of the Yaqui Valley at 27°22'04.64" N 109°55'28.26" W, 37 masl, with climate warm (BW (h))
and extreme warm and dry (BS (h)), according to Koppen classification modified by Garcia (1964), in a clay soil with pH
7.8. Sowing dates were 19 and 28 November, 2014, using 8 g of seed for a bed 0.7-m long with two rows. Experimen-
tal lines (Table 12, p. 37) were selections from various CIMMYT bread wheat nurseries, where the reaction to artificial
inoculation with T. indica in a previous crop season was either resistant or susceptible based on several scoring scales
(Fuentes-Ddvila and Rajaram (1994), Fuentes-Dévila and Ammar (2005), and Fuentes-Ddvila and Ireta-Moreno 2006)
(Table 13, p. 37).
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For inoculation prepa- Table 12. Resistant and susceptible bread wheat experimental lines re-evaluated for their
ration, one-year-old teliospores reaction to Karnal bunt under artificial field inoculation during the 2014—15 crop season in
were scraped off infected grain the Yaqui Valley, Sonora, Mexico.
with a dissecting needle and Entry | Pedigree and selection history
kept in a water-Tween 20 solu- | RESISTANT LINES
tion for 24 h. The suspension 1 Kiritati//Attila*2/Pastor/3/Akuri
was filtered through a 60 um CMSSO7YOQ'143'S-0B_-099Y-099M-099NJ -099NJ-10WGY-0B
nylon sieve and centrifuged 2 BAJ #1/3/Kiritati//Attila*2/Pastor
. CMSS07Y00288S-0B-099Y-099M-099Y-3M-OWGY
at 3,000 rpm. After discard- 3 Chibia/PRLII/CM65531/3/SKAUZ/BAV92/4/MUNAL #1
ing the supernatant, 0.5% a.i. CMSS07Y00066S-0B-099Y-099M-099Y-36M-0WGY
sodium hypochlorite was used 4 BAIJ #1/3/Kiritati//Attila*2/Pastor
to disinfect teliospores for 2 CMSS07Y00288S-0B-099Y-099M-099NJ-099NJ-10WGY-0B
min while centrifuging. Teli- 5 TAM200/Pastor//TOBA97/3/Heilo
ospores were rinsed twice with CMSS07B00465S-099M-099Y-099M-10RGY-0B
sterile distilled water while 6 Munal #1/Francolin #1
centrifuging. Teliospores were CMSS06B00001S-0Y-099ZTM-099Y-099M-13WGY-0B
resuspended in sterile distilled 7 Sanal/Kiritati//Saual
water in a centrifuge tube and CMSSO6YOO785T—099TOPM-O99Y—099ZTM-099.Y-099M-SWGY-OB
. 8 Saual/4/CROC_1/Ae. tauschii (205)//KAUZ/3/Attila/5/Saual

1 mL of the teliospore suspen- CMSS06Y01021T-099TOPM-099Y-099ZTM-099Y-099M-13WGY-0B
sion was spread on Petri plates 9 ROLFO7/Saual
with 2% water-agar, which were CMSS05B00498S-099Y-099M-099Y-099ZTM-9WG Y-0B
incubated at 18-22°C in the 10 SWSR22T.B./5/KAUZ//Altar 84/A0S/3/KAUZ/4/SW94.15464/6/2*PRL/2*Pastor
dark. After 6-9 days, teliospore CMSS08Y01067T-099M-099Y-099M-099Y-5M-OWGY
germination was evaluated SUSCEPTIBLE LINES
using a compound microscope 1 ND643/24¥WBLL1//Villa Juarez F2009
at 10X. Pieces of the agar with CMSS08Y002335-099Y-099M-099NJ-7WGY-0B
germinated teliospores were 2 Chewink #1/FRNCLN
removed and placed upside CMSS08Y00486S-099Y-099M-099NJ-18WGY-0B
down on the lid of a Petri plate 3 TAM200/Pastor//TOBA97*2/3/Munal

. CMSS08Y00750T-099TOPM-099Y-099M-099Y-21M-OWGY
containing potato-dextrose-agar [ Danphe #1%2/CHYAK
(PDA). After 10 to 14 days, CMSS08Y00869T-099TOPM-099Y-099M-099Y-12M-OWGY
2 to 3 mL of sterile distilled 5 Danphe #1#2/CHYAK
water were added to the plates, CMSS08Y00869T-099TOPM-099Y-099M-099NJ-8WGY-0B
and the colonies were scraped 6 Mutus*2/Haril #1
gently using a sterile spatula. CMSS08Y00871T-099TOPM-099Y-099M-099NJ-099NJ-30WG Y-0B
Hyphae and sporidia were in- 7 Tacupeto F2001*2/Brambling//Whear/Sokoll
oculated onto other plates with CMSS08B00429S-099M-099NJ-6WGY-0B
PDA using a sterile syringe, and 8 MEX94.2.19//Sokoll/WBLL1/3/Whear/Sokoll
the plates incubated at 18-22°C CMSA09M00506S—OSQZTM—ONJ—O99NJ -3RGY-0B .
. 9 PSN/BOW//SERI/3/Milan/4/Attila/5/KAUZ*2/CHEN//BCN/3/Milan/6/WBLL1%2
in the dark for ~9 days. After /4/SNITRAP#1/3/K AUZ*2/TRAP//K AUZ/7/TWA 8600211//2*PBW343*2/Kukuna
incubation, pieces of PDA with CMSS10Y00731S-099Y-14M-3Y-0B
the different fungal propagules 10 KBSUS
were transferred and placed up-
side down on the lids of sterile Table 13. Severity scale for Karnal
glass Petri plates in order to induce production of allantoid secondary sporidia bunt evaluation based on the percent-
(Dhaliwal and Singh 1989; Fuentes-Ddvila et al. 1993). Sterile distilled water age of infected grains/line.
(3 mL) was added to the bottom of the plates. Water from the plates was col- Seore Reaction
lec.ted every 24 h and secondary allantoiq sporidia were collected and counted 0 no infected grains
using a heamocytometer. The concentration was adjusted to 10,000 per mL. -

. . . . . C 0.1-5.0 | resistant

Five spikes of each experimental line were inoculated by injecting 1 mL of the -

. . . . 5.1-10.0 | moderately resistant
allantoid sporidial suspension during the boot stage (stage 49, Zadoks et al. -
1974) (Fig. 18, p. 38). Stems of the inoculated spikes were identified with a 10.1-30.0 | moderately susceptible
piece of red plastic. An automatic, mist-irrigation system was used during the >30.1 susceptible

period of inoculation (January—March) for 20 min, five times each day, and the
area was covered with nets to prevent bird damage (Fig. 19, p. 38). Harvest was done manually, and healthy and infected
grains were counted by visual inspection to calculate the percentage of infection (infected grains). To determine the
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resistance of lines inoculated with T. indica, days-to-
flowering, plant height (cm), and 1,000-kernel weight
(g) also were recorded.

Results and Discussion. The maximum difference
in infection (%) between 2013-14 and 2014-15
within the group of resistant lines was in "TAM200/
Pastor//TOBA97/3/Heilo' with 4.52%. The differ-
ence among the rest of the lines was 0.11-2.57%,
which also was considered resistant (Fig. 18). The
resistant line most similar during both seasons was
'SWSR22T.B./5S/KAUZ//Altar 84/AOS/3/KAUZ/4/
SW94.15464/6/2*PRL/2*Pastor' at 0.11%.

With the exception of the KBSUS line, greater
differences in infection were obtained within the
group of susceptible lines, which ranged from 5.71%
to 28.82% (Fig. 19). However, the reaction of all lines
fell within the susceptible category (Fuentes-Davila
and Rajaram 1994; Fuentes-D4vila and Ammar 2005;
Fuentes-Dadvila and Ireta-Moreno 2006). The maximum
difference in infection between the 2013—14 and 2014—
15 seasons within the susceptible group was in line
"TAM200/Pastor// TOBA97*2/3/Munal' with 28.82%.
The most similar degree of susceptibility was observed
in line KBSUS, with a difference of 0.02%.

In 2014-15, the range of infection at the
first sowing (19 November) for the resistant group
was 0.0-6.77% with a mean of 2.28 (Fig. 20). Line
'Saual/4/CROC_1/Ae. tauschii (205)//KAUZ/3/At-
tila/5/Saual' did not have any infected grains, whereas
'SWSR22T.B./5/KAUZ//Altar 84/AOS/3/KAUZ/4/
SW94.15464/6/2*PRL/2*Pastor' had only a 0.48%
infection. For the second date (28 November), the range
of infection was 0.0-5.26% with a mean of 2.02%.
Lines 'BAJ #1/3/Kiritati//Attila*2/Pastor', 'Munal #1/
Francolin #1', and 'SWSR22T.B./5/KAUZ//Altar 84/
AOS/3/KAUZ/4/SW94.15464/6/2*PRL/2*Pastor' did
not have any infected grains, and 'BAJ#1/3/Kiritati//
Attila*2/Pastor' had only 0.65% infection. The line with
the lowest average percentage of infection at both dates
was 'SWSR22T.B./5S/KAUZ//Altar 84/AOS/3/KAUZ/4/
SW94.15464/6/2*PRL/2*Pastor' with 0.24%, followed
by a 0.48% in 'BAJ #1/3/Kiritati//Attila*2/Pastor'.

The range of infection at the first sowing date
for the susceptible group was 22.1-99.2%, with a mean
of 45.9 (Fig. 21, p. 39). Line KBSUS showed the high-
est infection at 99.2%, followed by 'Chewink #1/Frncln'
with 55.7%. For the 28 November sowing, the range
of infection was 14.2-98.9%, with a mean of 53.6%.
Again, KBSUS was the most susceptible at 98.9%,

—o—2013-14 —=—2014-15

Infection (96)

1 z 3 4 5 6 7 B 9 10
Fig. 18. Infection % in resistant, experimental bread wheat
lines artifically inoculated with Karnal bunt for two crop
seasons in field at the Norman E. Borlaug Experimental
Station in the Yaqui Valley, Sonora, Mexico.
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Fig. 19. Infection % in susceptible, experimental bread
wheat lines artifically inoculated with Karnal bunt for two
crop seasons in field at the Norman E. Borlaug Experimental
Station in the Yaqui Valley, Sonora, Mexico.
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1 2 3 4 5 6 7 B 9
Fig. 20. Infection (%) of experimental bread wheat lines
artificially inoculated at 19 (1st date) and 28 (2nd date)
November, 2014, which in 2013—-14 were resistant under
the same conditions at the Norman E. Borlaug Experimental

10

Station in the Yaqui Valley, Sonora, Mexico.

followed by 'Chewink #1/Frncln' with 96.4% infection. KBSUS had the highest average percentage of infection at both
dates with 99.08%, followed by 'Chewink #1/Frncln' with 76.08%. The results obtained corroborate the reaction shown
by the lines in the 2013—14 season, and that the methodology is effective in determining if the experimental germplasm
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is resistant or susceptible, although field evaluation
under natural conditions would provide important infor-
mation in relation to their field resistance.

Although the average number of days-to-
flowering was different between the resistant (87.6
days) and susceptible (82.2) groups, line KBSUS
(susceptible) was completely different from the rest of
the lines (70 days) (Fig. 22A). For height within the re-
sistant group, the average was 86 cm (Fig. 22B). Lines
'BAJ#1/3/Kiritati//Attila*2/Pastor', 'BAJ#1/3/Kiritati//
Attila*2/Pastor', ' TAM?200/Pastor//TOBA97/3/Heilo’,
and 'ROLFO07/Saual' were the tallest at 90 cm, and
'Saual/Kiritati//Saual' was the shortest at 75 cm. Within
the susceptible group, the average height was 85.5 cm.
Line 'Tacupeto F2001*2/Brambling//Whear/Sokoll' was
the tallest at 100 cm, and KBSUS the shortest at 60 cm.
Despite the height differences, lines from both groups
were either dwarf and semidwarf according Paquet's

120
—o— 1st. Date —o— 2nd Date —a— Mean
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Infection (%6)
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Fig. 21. Infection (%) of experimental bread wheat lines
artificially inoculated at 19 (1st date) and 28 (2nd date)
November, 2014, which in 2013-14 were susceptible under
the same conditions at the Norman E. Borlaug Experimental
Station in the Yaqui Valley, Sonora, Mexico.

scale (1968), although Huerta Espino and Gonzalez Iiiiguez (2000) indicate that plant height in wheat could be triple
dwarf (less than 70 cm), double dwarf (70-80 cm), semidwarf (90-95 cm), semidwarf—tall, and tall.
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Fig. 22. Days-to-flowering (A), height (B), and 1,000-kernel weight (C) experimental bread wheat lines resistant and
susceptible to Karnal bunt re-evaluated during the autumn—winter 2014—15 growing season at the Norman E. Borlaug
Experimental Station in the Yaqui Valley, Sonora, Mexico.

The average 1,000-kernel weight was higher in the susceptible group (37.6 g) than in the resistant group
(33.9 g) (Fig. 22C). The resistant line with the highest 1,000-kernel weight was 'Saual/4/CROC_1/Ae. tauschii
(205)//KAUZ/3/Attila/5/Saual' at 44.5 g, and the lowest as in 'SWSR22T.B./S/KAUZ//Altar 84/AOS/3/KAUZ/4/
SW94.15464/6/2*PRL/2*Pastor' (27.6 g). The susceptible line with the highest 1,000-kernel weight was 'Chewink #1/

Frncln' with 44 .4 g, and 'Danphe #1*2/CHYAK' with the lowest (32.2 g). After the line KBSUS, 'Chewink #1/Frncln' had
the highest average percentage of infection (76.08), but showed the highest 1,000-kernel weight.
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Conclusion. The resistance of ten bread wheat experimental lines and the susceptibility of other ten lines to Karnal bunt
was corroborated by artificial field inoculation.
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ITEMS FROM PAKISTAN

NUCLEAR INSTITUTE FOR FOOD AND AGRICULTURE (NIFA)
Wheat group, Plant Breeding and Genetics Division, Peshawar, Pakistan.

Producing quality seed and maintaining released wheat cultivars in Pakistan.
Abdul Jabbar Khan, Fazle Subhan, Babar Manzoor Atta, Muhammad Irfaq Khan, Faroog-i-Azam, and Salman Ahmad.

Background. Pakistan is the 7™ largest producer of wheat in the world, grown by ~80% of all farmers and planted on
40% of the total cultivated area. Wheat contributes 13.1% to the country’s agriculture value added and 2.8% to the

gross domestic product. Wheat also is a staple food commodity, covering about 58% of the food crop area in Khyber
Pakhtunkhwa (KPK). The province is highly deficient in wheat production, of which 92% of its districts fall under an
'extremely deficient' category. The yield of wheat per hectare varies from one place to another, depending on the cultivar
planted and the soil fertility. Production can be increased horizontally by increasing the cultivated area and vertically by
increasing the yield/acre. The former has very little hope, because the cropping intensity is already very high; however,
the later has a large magnitude through continuous release of improved cultivars with different genetic backgrounds.

At NIFA, since 1982, major efforts are underway to enhance the wheat productivity in the country by breed-
ing disease-resistant and high-yielding cultivars. An integrated approach to wheat improvement is used, involving the
creation of desirable genetic variability through the use of mutagens, hybridization, and evaluation of local and exotic
material. As a result of these efforts, eight high-yielding and disease resistant wheat cultivars have been released for the
rainfed and irrigated areas of the KPK.

Overall objectives. Develop new, improved, wheat cultivars coupled with mainting previously released cultivars under
the irrigated conditions in KPK.

Specific objective. Produce breeder nucleus seed, prebasic, basic, and certified seed of NIFA wheat cultivars and pro-
mote their cultivation in the KPK.

Summary of the work. A total of 3,900 kg of quality seed of NIFA-released, irrigated cultivars was produced and, after
processing, certifying, and registering the seed, was distributed to agricultural department and farming communities in
the KPK.

Seed production activities at the Institute's Farm. Progeny rows/blocks of NIFA wheat cultivars were planted on
available land at the institute. All recommended cultural practices were followed. Progeny rows/blocks, having off-type
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plants, were discarded. Breeder nucleus seed was planted for production of pre-basic/basic seed duly inspected by the

FSC & RD officials.

Popularization and demonstration plots in farmer's fields. Selected, half-acre, demonstration plots of new released
cultivars were planted in farmers' fields (source seed provided free of cost) for quick proliferation of the cultivar.

Expected results and output. The produced breeder nucleus seed, prebasic, and basic seed of the NIFA released culti-
vars fulfills the mandatory requirement of Agricultural Extension Department. The plantation of selected demonstration
plots in the farmer’s fields to help quickly popularize NIFA cultivars with subsequent seed proliferation.

Evaluation of wheat genotypes in preliminary and advanced trials under irrigated conditions.

Fazle Subhan, Babar Manzoor Atta, Muhammad Irfaq Khan, Abdul Jabbar Khan, Faroog-i-Azam, and Salman Ahmad.

New genotypes were evaluated in preliminary yield trials to identify suitable genotypes carrying genes for high yield and
disease resistance (Y7/Lr) under field conditions. One hundred newly selected genotypes were subjected to a field evalu-
ation in two preliminary yield trials under normal, irrigated conditions. Each genotype was planted in four 5-m rows,
with two replications in an Alpha Lattice Design. Agronomic and disease resistance data for individual genotype were
recorded at specific growth stages.

Preliminary yield trials (PYT) provide an important platform for detailed assessment with regard to yield/yield
components of newly selected wheat genotypes isolated from nonreplicated observation nurseries, mutant populations,
and recombinants. One hundred genotypes were evaluated in PYT-I and PYT-II including two check cultivars (Bat-
hoor-08 and Pirsabak-2013) in each trial under normal planting conditions at NIFA. Based on yield performance and
disease reaction, 15 genotypes were selected in both trials for further evaluation.

In PYT-I, three gen-
otypes produced higher grain
yield than the highest yield-
ing check (Bathoor-08; 3,866
kg/ha), whereas 18 genotypes
out yielded the low yielding
check (Pirsabak-13; 2,900
kg/ha). The highest yielding
genotype was CTRN-14085
(4,666 kg/ha), followed by
CT 14041 (3,916 kg/ha). In
PYT-II, four genotypes out
yielded both the check culti-
vars (Pirsabak-13; 3,733 kg/
ha and Bathoor-08; 3,633 kg/
ha). CT 14293 (3,966 kg/ha)
produced the highest yield,
followed by that of CT 14287
(3,933 kg/ha). These new
genotypes were isolated for
further testing in advanced
trials. The morpho-agronomic
data of some of the selected
lines is presented (Table 1).

Table 1. Morphologic and agronomic traits of selected wheat genotypes from prelimi-
nary and advanced yield trials.

Plant | Grain
Days-to- | Days-to- | height | yjeld | 1,000-kernel | Hectoliter
Genotype heading | maturity | (cm) | (kg/ha) | weight (g) | weight (g)
PRELIMINARY YEILD TRIAL I
CTRN-140085 128 175 105 4,666 455 70.0
CT 14041 127 174 99 3916 41.9 722
CT 14035 132 175 107 3,866 46.5 71.8
Bathoor-08 134 177 103 3,866 41.8 722
Pirsabak-13 130 174 105 2,900 455 70.7
PRELIMINARY YIELD TRIAL 11
CT 14293 133 176 104 3,966 40.0 70.0
CT 14287 129 176 110 3,933 430 72.0
CT 14328 132 178 106 3,933 41.0 72.7
CT 14294 133 177 100 3,733 355 70.0
Bathoor-08 134 176 104 3,633 354 72.7
Pirsabak-03 131 174 102 3,733 37.5 73.0
ADVANCED YIELD TRIAL I
WL15-ASYT-2 134 177 102 3487 374 73.6
Bathoor-08 135 176 106 4,087 41.7 73.7
Pirsabak-13 133 176 100 3454 421 71.5
ADVANCED YIELD TRIAL IT
CT-13186 134 176 101 4276 393 72.6
CTRN13121 132 176 113 4010 404 72.3
CT-13121 133 176 104 3754 447 734
Bathoor-08 135 175 112 2788 36.6 70.8
Pirsabak-13 133 175 107 4476 42.1 72.1

42




ANNUAXNL WHEANT NeWSLETTER v o L. 6 2.

Elite wheat genotypes were evaluated in advanced yield trials under irrigated conditions to confirm yield and
agronomic traits. Two advanced yield trials (AYTs), comprising of 32 genotypes in each trial including two check cul-
tivars, were planted under normal irrigated conditions. Each trial consist of three replications with four, 5-m rows in a
randomized complete block design. All the recommended cultural practices followed by recording of data (agronomic/
disease) were carried out for individual experiment.

A total of 36 genotypes were evaluated in two advanced selection yield trials under normal planting condi-
tions at NIFA. In ASYT-1, none of the genotypes out yielded either of the check cultivars (Table 1). However, genotype
WL15-ASYT-2 (4,087 kg/ha) out yielded the low yielding check (Pirsabak-13; 3,454 kg/ha). In ASYT-2, nine genotypes
out yielded the low yielding check cultivars (Bathoor-08; 2,788 kg/ha). Genotype CT-13186 (4,276 kg/ha) was the sec-
ond highest yielder, followed by CTRN13121 (4,010 kg/ha) and CT-13121(3,754 kg/ha). These genotypes were selected
for evaluation in multi-location yield trials based on high yield and resistance to prevailing diseases of wheat.

Agronomic evaluation of exotic wheat germplasm under irrigated conditions.
Babar Manzoor Atta, Fazle Subhan, Muhammad Irfaq Khan, Abdul Jabbar Khan, Faroog-i-Azam, and Salman Ahmad.

Field evaluation of exotic wheat germplasm received from the International Maize and Wheat Improvement Center
(CIMMYT), Mexico, and the International Center for Agricultural Research in the Dry Areas ICARDA), Syria, was
conducted to identify genotypes adapted to the environmental conditions of the Khyber Pakhtunkhwa (KPK) Province of
Pakistan. Global exchange of wheat germplasm from CIMMYT/ICARDA through provision of observation nurseries and
trials to cooperating institutions always plays a positive role for selecting the desirable wheat ideotypes.

Nurseries were planted in a nonreplicated fashion based on augmented statistical design. Each entry of the
respective nursery was allotted a plot size of 2.5 m? with a 30-cm row-to-row spacing. Similarly, the trials consisted of
two replications with 4-6 5-m rows in an alpha lattice design. All recommended cultural practices were followed. Data
regarding yield and other agronomic traits were recorded for individual entries.

The International Bread Wheat Screening Nursery (47" IBWSN), consisting of 304 genotypes received from
CIMMYT, Mexico, was evaluated with local check Bathoor-08. Based on plant type, yield performance, and disease
reaction (Yr and Lr), a total of 58 genotypes were initially selected. The selected genotypes out yielded the check Bat-
hoor-08 by producing grain yield in the range of 5,399 to 8,266 kg/ha (Table 2, p. 44).

The 9th Stem Rust Nursery, consisting of 250 genotypes, was evaluated for yield performance and disease (Yr)
reaction with the local check Bathoor-08. Out of 250 genotypes, 47 were selected for further evaluation and to confirm
their desired traits. The selected genotypes out yielded the check cultivar (5,727 kg/ha) producing grain yield in the range
of 5,750 to 6,799 kg/ha.

The Elite Spring Wheat Yield Trial (35" ESWYT), consisting of 50 genotypes, was evaluated for yield perfor-
mance and disease (¥7) reaction with the local check Bathoor-08. Out of 50 genotypes, seven were selected for further
evaluation and to confirm their desired traits. The selected genotypes out yielded the check cultivar (2,916 kg/ha) by
producing grain yield in the range of 3,114 to 3,749 kg/ha.

The South Asia Bread Wheat Genomic Prediction Yield Trial (SABWGPYTO04), consisting of 60 genotypes,
was evaluated for yield performance and disease (¥r) reaction with the local check Bathoor-08. Out of 60 genotypes, 19
were initially selected for further evaluation and confirmation of their desired traits. The selected genotypes out yielded
the check cultivar (Bathoor; 4,290 kg/ha) by producing a grain yield in the range of 4,304 to 5,415 kg/ha (Table 2, p. 44).

The Elite Spring Bread Wheat Yield Trial (CWANA 15" ESBWYT), consisting of 24 genotypes, was evaluated
for yield performance and disease (Y7) reaction with local check Bathoor-08. Out of 24 genotypes, seven were selected
for further evaluation and to confirm their desired traits. The selected genotypes out yielded the check cultivar (4,166 kg/
ha) by producing a grain yield of 4,666 kg/ha.
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Table 2. Agronomic data of the top five wheat genotypes from several nurseries/yield trials. Agronomic score was on a
scale of 1-5, where 5 is the best.
Plant Grain
Days-to- | Days-to- height Lodging yield 1,000-kernel | Agronomic
# Genotype heading | maturity (cm) (%) (kg/ha) weight (g) score
47™ INTERNATIONAL BREAD WHEAT SCREENING NURSERY
1 CT-151199 126 175 105 0 8,266 450 3
2 CT-151221 133 174 108 0 7,866 384 3
3 CT-151245 126 175 111 0 7,599 41.0 3
4 | CT-151089 122 174 102 0 7,199 430 3
5 CT-151273 127 174 110 0 7,066 46.0 3
6 Bathoor-08 133 174 105 35 6.490 41.0 2
9™ STEM RUST NURSERY
1 CTRN-156122 133 173 100 0 6,799 40.0 3
2 CTRN-156039 130 175 96 0 6,533 38.0 3
3 CTRN-156153 132 175 110 0 6,399 440 3
4 | CTRN-156203 132 174 100 0 6,399 40.0 3
5 CTRN-156093 131 178 106 0 6,333 440 3
6 Bathoor-08 134 174 105 40 5,727 40.1 2
SoutH AsiA BREAD WHEAT GENoMiIc PrREDICTION YIELD TRIAL 04
1 CTG-154001 128 176 106 55 5415 — 2
2 CTG-154033 135 176 102 40 5,332 — 2
3 CTG-154005 135 177 105 15 5,249 — 2
4 | CTG-154030 134 175 112 25 4,999 — 3
5 CTG-154058 125 175 104 0 4,707 — 2
6 Bathoor-08 135 175 112 80 4,290 — 1

The Heat Yield Trial/Multiplication nursery, consisting of 335 genotypes, was evaluated for yield performance
and disease (Yr) reaction with local check Bathoor-08. Out of 335 genotype, 41 genotypes were selected for further
evaluation and confirmation of their desired traits. These isolated genotypes will be further tested in preliminary yield
trials during next cropping season.

Seeking sources of resistance to Alternaria blight in wheat germplasm.

Kamran Saleem, Sajid Shokat, Hafiz Muhammad Imran Arshad, Mian Abdur Rehman Arif (Nuclear Institute for Agricul-
ture and Biology (NIAB), Faisalabad, Pakistan) and Babar Manzoor Atta.

Climate change, in the current scenario, is manifested in terms of biotic and abiotic stress on field crops. Wheat is widely
cultivated crop in Pakistan and, after rice, the second important staple food of the world. Among the biotic stresses

that affect wheat, the major bottleneck is rust disease, which drastically changes in severity with environment and host
genotype. However, minor diseases also may impact yield loss in wheat. Alternaria blight, caused by Alternaria triticina
(Singh and Srivastava 1997) was observed continuously along with rust and its destruction increases every year. We have

a dire need to identify resistance sources in wheat germplasm and make them available for wheat breeding programs.

The use of genetic resistance for disease control in wheat is highly promising. The Wheat Improvement Group
of the Nuclear Institute for Agriculture and Biology (NIAB) has developed many advanced lines through crossing elite
Pakastani cultivars. These wheat lines were evaluated in different trials for thier resistance to biotic and abiotic stresses.
In the current study, the performance of 30 wheat genotypes (16 advanced lines, 13 approved cultivars, and the sus-
ceptible check Morocco) were evaluated under natural field conditions for resistance against Alternaria blight during
the 2014—15 wheat season. The trial was laid out in an alpha-lattice design with two replications keeping a row-to-row
distance of 30 cm with with 2.1-m rows. The material was planted on 15 October, 2014, at NIAB, Faisalabad. Stand-
ard agronomic practices were applied. The disease first appeared on the Morocco check wheat in February, 2015, and
Alternaria blight resistance data recorded when Morocco showed more than 20% severity. Disease severity was recorded
on 10 random plants at the time of the first observation using the 0-9 scale (Saari and Prescot 1975). The same plants
were checked throughout the experiment. Genotypes scored 1-3 were considered resistant, 4 moderately resistant, 5-6
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moderately susceptible, and 7-9 as susceptible. For estimating the area under disease progress curve (AUDPC), disease
severity was recorded on four different dates with a one-week interval. The range of the severity mean also was deter-
mined based on data of 10 leaves/line.

Data of
30 genotypes,
for mean disease
severity, range,
AUDPC, and
host response, are
presented (Table
3). To deter-
mine the source
of resistance
under natural field
conditions, two
NIAB advanced
lines (NW-1-47-4
and NW-10-32),
and two cultivars
(NIA-Sunhari and
Faisalabad-2008)
were immune and
had no disease
throughout the
season. Seven
NIAB hybrid lines
and five approved
cultivars fell
into the resistant
category. Whereas
mean range in the
resistant cultivars
was 0-5, immune
lines exhibited no
disease. The maxi-
mum range of 5-9
was recorded on
Morocco. Vari-
ation among the
different lines
with respect to

Table 3. Comparison of resistant and susceptible NIAB hybrids wheat lines and cultivars on the
basis of mean severity of disease, mean range, area under the disease progress curve (AUDPC),
and host response for Alternaria blight (I = immune, R = resistant, MR = moderately resistant,
MS = moderately susceptible, and S = susceptible).

Disease | Mean Host

# Entry Origin/Source severity | range | AUDPC | response

1 | NW-1-20 NIAB advanced line 2 04 22.5 R
2 |NW-3-2 NIAB advanced line 5 1-6 64.0 MS
3 | NW-10-19 NIAB advanced line 3 1-2 41.5 R
4 | NW-31-2 NIAB advanced line 2 04 222 R
5 |NW-1-47-4 NIAB advanced line 0 0 0.0 1

6 | NW-1-27-3 NIAB advanced line 1 0-2 114 R
7 | NW-10-32 NIAB advanced line 0 0 0.0 |

8 | NW-1-9-47 NIAB advanced line 5 2-7 33.5 MS
9 | NW-10-1111-37 | NIAB advanced line 4 2-8 57.0 MR
10 | NW-3-3341-7 NIAB advanced line 3 1-4 42.6 R
11 | NW-10-1111-5 NIAB advanced line 3 0-5 335 R
12 | NW-10-1111-3 NIAB advanced line 7 3-9 82.5 S
13 | NW-5-1212-1 NIAB advanced line 7 5-8 77.9 S
14 | NW-1-8183-8 NIAB advanced line 5 2-6 64.5 MS
15 |NW-10-1111-7 NIAB advanced line 4 0-6 70.1 MR
16 | NW-5-20-1 NIAB advanced line 3 1-5 14.8 R
17 | NIA-Amber NIA, Tandojam (2010) 4 0-6 22.5 MR
18 | NIA-Sunhari NIA, Tandojam (2010) 0 0 0.0 I
19 | NIA-Sundar NIA, Tandojam (2011) 1 0-3 28.5 R
20 | Benazir-12 NIA, Tandojam 4 2-6 442 MR
21 | Tatara NIFA, Peshawar 3 1-4 255 R
22 | Takbeer NIFA, Peshawar 3 04 325 R
23 |Lalma NIFA, Peshawar 6 2-8 58.5 MS
24 | Galaxy-2013 WRI, AARI, Faisalabad 2 0-5 11.5 R
25 | Punjab-2011 WRI, AARI, Faisalabad 4 1-5 40.1 MR
26 | Lasani-2008 WRI, AARI, Faisalabad 2 1-4 41.5 R
27 | Faisalabad-2008 | WRI, AARI, Faisalabad 0 0 00 1
28 | Sehar-2006 WRI, AARI, Faisalabad 5 4-9 64.2 MS
29 | Inqulab-91 WRI, AARI, Faisalabad 6 3-8 78.4 MS
30 | Morocco Control 8 5-9 98.9 S

AUDPC, falling under same category, was observed, and clearly showed the distinct behavior of tested materials as they
proceeded to adult stage. This study provides a basis for identifying sources of resistance to Alternaria blight in wheat.
Immune and resistant germplasm also were evaluated for resistance to leaf and stripe rust after artificial inoculation in
separate experiments. Combining these disease and yield data, selected lines will be evaluated in yield trials and a dis-
ease screening nursery under artificial inoculation conditions. We will use the identified resistant cultivars and advanced
lines in our breeding program depending on their stability in yield and performance.
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Grass endospermal nuclei are selected by means of apoptosis.

R. Kosina.

Studies on early developmental stages of the endosperm in Triticale and its parental species proved that in the coeno-
cyte stage some nuclei are necrotic (Kaltiskes et al. 1975). Surprisingly, the highest frequency of necrotic nuclei (62 %)

has been detected not in a hybrid, but in a common wheat culti-

var Kharkov. In an addition line with a 3R chromosome from rye,

the frequency of the necrotic nuclei reached 39 % (Kaltsikes and
Roupakias 1975). Other data shows that pycnotic nuclei amounted

to 67% in Triticale (Orlova 1989). Nowadays, these nuclei, previ-
ously called necrotic or pycnotic with a highly condensed chromatin,
would be described as apoptotic. Evidently, the useless antipodal
nuclei undergo apoptosis in Triticale (Wedzony 1995). Wedzony also
detected some endosperm regions in Triticale caryopses as defected.
In common wheat, degradation of nuclei in synergids and antipodals
differ and are described as pycnosis and chromatolysis, respectively
(An and You 2004). In the endosperm of an ‘Avena barbatal/A. sativa’
amphiploid, Kosina and Tomaszewska (2011) observed fragmenta-
tion of nuclei. Programmed cell death (PCD) occurring in an old
starchy endosperm (Young and Gallie 2000) is a different process
from that in a free-nuclear stage. The process of apoptosis, or in
plants more properly called PCD, in the endosperm of plants of hy-
brid origin seems to be under a genome-specific control (Kosina and
Tomaszewska 2013). When a nucleus approaches PCD, chromatins in
genomes of various parental origins are differently condensed. Thus,
programmed cell death is an important phenomenon directing the de-
velopment of endosperm (Becraft 2001). Our data was obtained from
the microscopic observations of free-nuclear endosperm in a broad
set of grasses, including many species of the Triticeae tribe. The
free-nuclear endosperm was isolated from young embryo sacs and
mounted in the 1% water solution of acridine orange. This method
allows observing the endosperm in vivo and differentiates the staining
of a native DNA (green) against RNA (red).

In many grasses, highly condensed nuclei were found in an-
tipodals. Antipodals were most often documented as a group of cells
at the same stage of the cell cycle. In Elymus hystrix L., antipodal nu-
clei are highly condensed and located in green cytoplasms (Fig. 1A).
A similar status of antipodal chromatin is presented for E. glaucus
Buckley (Fig. 1B); however, a nucleolus is still preserved in a giant
nucleus. Three endospermal nuclei with highly condensed chromatin
are indicated by an arrow. Cytoplasm also is degraded and fluoresces

\

Fig. 1. Apoptotic stadia in a free-nuclear
endosperm in some members of the Triticeae
tribe. A — apoptotic antipodals in Elymus
hystrix; B — an apoptotic nucleus in Elymus
glaucus; three apoptotic nuclei being at the
lower level of ploidy are shown by an arrow;
C — an antipodal prophase nucleus with green
chromosomes in Lophopyrum elongatum
increases its volume in a hypotonic solution of
acridine orange; apoptotic nuclei are marked
by arrows; D — the five-polar anaphase in an
antipodal cell in an ‘Triticum orientale/Aegilops
tauschii’ amphiploid; a small apoptotic nucleus
is adjacent to the antipodal.
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red. The nuclei in endosperm can be degraded before condensation of
chromatin in antipodal cells.

In Lophopyrum elongatum (Host) A. Love, such nuclei were
observed together with a huge antipodal nucleus with green chromo-
somes (Fig. 1C, p. 46). In a Triticum/Aegilops amphiploid, chromo-
somes of the antipodal nucleus being at the stage of metaphase-ana-
phase are divided into five, cytogenetically unstable groups (Fig. 1D,
p- 46). This example is evidence that unequal (multipolar) mitoses
of antipodal or triploid endosperm nuclei provide defected units,
subsequently undergoing apoptosis. Near this abnormal antipodal cell,
a small apoptotic nucleus is indicated by an arrow.

During the early stages of endosperm development, some
regions of embryo sac are degraded (condensed nuclei in a red cyto-
plasm) and some are mitotically active (Fig. 2). In Secale sylvestre
Host., an apoptotic part is adjacent to a group of nuclei synchronized
in the Rabl prophase (Fig. 2A). Highly condensed nuclei embedded in
ared, degraded cytoplasm are close to the interphase nuclei with dis-
tinct nucleoli in Aegilops juvenalis (Thell.) Eig (Fig. 2B). A group of
numerous nuclei in Elytrigia repens (L.) Desv. ex Nevski is composed
of many nuclei in prophase (red arrows in Fig. 2C) or in interphase,
one antipodal polyploid cell in metaphase and some apoptized nuclei
marked by green arrows (Fig. 2D).

Our results prove that some regions of grass endosperm are
defected, probably due to abnormal (multipolar) mitoses, and nuclei
located there are eliminated by PCD. The fate of sister nuclei within
the group is the same, PCD or activity in further mitoses, or cell
cycles.
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Variation for winter hardiness in Brachypodium distachyon (L.) Beauv. (3).

R. Kosina.

Comparative data on plant reaction to different environmental stresses proved that resistance to various stimuli can

be correlated. Winter survival and heat resistance were correlated in oat varieties. Resistances to ice encasement, low
temperature flooding, and freezing were positively correlated (r = 0.72 to 0.75) in strains of winter wheat (Hoffmann and
Parsons 1991). In a pool of different accessions of B. distachyon, almost 50% appeared to be winter forms (Schwartz et
al. 2010). Many these forms were diploid and collected in Turkey. Colton-Gagnon et al. (2014) did not detect broad ge-
netic variation in winter hardiness among diploid forms of B. distachyon, despite earlier classification as spring or winter.
A group of accessions expressed a facultative growth habit. Li et al. (2012) found that the genetic background of low
temperature response in B. distachyon is different from that in the Triticeae cereals. Because B. distachyon is considere-
das a model grass for cereals, these differences justify further studies, especially for winter hardiness, vernalization, and

weedy potential.

This report is a continuation of earlier data
provided by Kosina and Tomaszewska (2014) and
Kosina (2015). To recognize winterhardy forms in our
grass collection, 26 accessions of various geographical
origin (Italy, Iran, Pakistan, Turkey, Morocco, Spain,
Greece, Bulgaria, Afghanistan, France, Iraq, Portugal,
and Australia) and their 26 homozygous selections were
sown in September 2015. All accessions germinated after
one week. The temperature diagram (Fig. 3) shows that
the first night frosts occurred at the beginning of Octo-
ber and simultaneously the maximum day temperature
exceeded 20°C (green versus red arrows; Fig. 3). Frosts
around —5°C were recorded in November, but tempera-
tures above 0°C prevailed in November and December.
Fluctuations of temperature near the end of 2015 did
not stimulate plants to get frost resistance metabolically.
Severe frosts occurred in January 2016, and most of the
plants died thereafter. Only some accessions and their
selections from Pakistan, Turkey, Spain, Bulgaria, and
Iraq appeared to be frost resistant. Overwintered seed-
lings started to head around 12 May, 2016. The habit of
the overwintered plants was very different (Figs. 4 and
5). Only two dwarf plants from accession PAK2B from
Pakistan overwintered (Fig. 4A). Similar dwarfs were ob-
served in accession ESP2 (Spain, Fig. 4B). This dwarfism
was maintained up to maturity (Figs. 5A and B, p. 49).

A selection (BGR2s) from accession BGR2 (Bulgaria,
Fig. 4C) appeared to be a winter form, in which heading
and ripening was about three weeks later than that for the
other overwintered types. After overwintering, accessions
from Turkey and Iraq developed similar habits to that in
the same accessions cultivated in 2014 as spring forms
(Figs. 5C and D, p. 49). Field experiments will be con-
tinued to identify that nature of dwarfing in frost-selected
types from Pakistan and Spain.

Considering the invasive status of B. distachyon
in California, Bakker et al. (2009) pointed to its narrow
genetic variation there. Mild winters (see Fig. 3 and Ko-
sina 2015) in southwestern Poland and elsewhere allow
Mediterranean species to invade northern regions. Such a
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Fig. 3. Minimum (Tmin) and maximum (Tmax) tempera-
tures during the autumn—winter—spring 2015-16 in the area
of Brachypodium distachyon cultivation. Arrows point to
some extreme temperatures (according to weatheronline.pl).
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Fig. 4. Habit of overwintered forms of Brachypodium
distachyon before and at heading stage: A — two dwarf
plants from accession PAK2B (Pakistan); B — dwarf plants
from accession ESP2 (Spain); C — plants from the selec-
tion BGR2s (Bulgaria) before heading; D — plants from the
accession IRQ (Iraq) at late heading (a matchbox is shown

for size comparison).
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situation can be possible due to natural selection of a few frost-
resistant plants in B. distachyon.
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Variability of cell phenotypes expressed in the
grass aleurone layer.

R. Kosina, M. Florek, A. Kozlik, M. Swietlikowska, P. To-
maszewska, and D. Zajac.

Becraft and Asuncion-Crabb (2000) discovered that the
starchy and aleurone endosperm are of common lineage origin
in maize. The fate of the aleurone is determined by the posi-
tion of aleurone cells within the tissue. Development of the
aleurone layer is under the control of the dek! gene. Defects
in dekl cause starchy cells to develop in the aleurone layer.

Fig. 5. Growth habit of Brachypodium distachyon
plants cultivated as spring types and harvested in
2014 (to the left of the measuring tape) compared
with plants overwintered during 2015-16 and har-
vested in June/July 2016 (to the right of the tape): A
— accession PAK2B (Pakistan); B — accession ESP2
(Spain); C — accession TUR2 (Turkey); and D — ac-
cession IRQ (Iraq).

However, a single aleurone cell has been found within the starchy endosperm of Brachypodium distachyon (Kamifiska
2013). The position of this cell is different from those commonly observed in the aleurone layer. Thus, expression of the
aleurone phenotype also can be triggered by stimuli other than the cell position.

Programmed cell death (PCD) is a common process that occurs during endosperm development (Becraft 2001).
PCD can distinctly modify the final status of the aleurone layer. The disappearance of the already differentiated aleurone
cells by means of PCD was previously noted in a ‘Triticum turgidum subsp. dicoccum/Aegilops tauschii’ amphiploid,
where starchy cells situated in the aleurone layer (Kosina et al. 2015). Thus, a type of ‘aleurone-starch’ mosaic may be

caused by a dekl gene mutation or PCD of aleurone cells.
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Becraft
(2001) pointed
to positional
effects, cell
cycle changes,
genomic imprint-
ing, and PCD as
important events
that modify
the endosperm
development.
An example of a
cell cycle change
in the aleurone
layer is found in
Triticale. Normal
aleurone cells are
seen adjacent to
both small and
large (Fig. 6A;
arrows). These
two groups dif-
fer by at least
two subsequent
cytokineses
(short versus
long cell cycle).
No expression
of the aleurone
phenotype is
seen in a ‘Triti-
cum/Aegilops’
amphiploid (Fig.
6B). A large,

single starch cell is developed within
the aleurone layer. Tge size of this cell
is evidence of a higher ploidy level and
cytokinetic dysfunction. Aleurone cells
also can be differentiated by the develop-
ment of large vacuoles (Fig. 6C) and/or
distinct globoids (Fig. 6D). The vacu-
olated cells develop in the form of large
spots within the aleurone layer, whereas
‘globoid cells’ form smaller spots indi-
cating their clonal origin (Kosina and

Zajac 2010).

Another phenotypic change in
the aleurone layer is related to synthesis

Fig. 6. Various aleurone cell phenotypes in a
tangential view. A — cells of long (left arrow)

and short cell cycle (right arrow) in Triticale; Fig. 7. Cell wall phenotypes in the aleurone
B — no expression of aleurone phenotype in a layer (caryopsis cross-section). A — thick outer
polyploid starch cell in a ‘Triticum turgidum tangential walls in a ‘Triticum timopheevii subsp.

subsp. dococcoides/Aegilops tauschii’ amphip- | |timopheevii/Aegilops umbellulata’ amphiploid.
loid; C — nonvacuolated (left arrow) and vacu- | |An arrow indicates the outer tangential cell wall

olated (right arrow) aleurone cells in Leymus adjacent to remnants of nucellar epidermis (both
arenarius (L.) Hochst.; and D — aleurone cells | |components exhibit a blue fluorescence of cell

with large globoids (dark spots) in aleurone wall polysaccharides). B — thick inner tangential
grains in a ‘Triticum timopheevii subsp. cell walls in Leymus racemosus (Lam.) Tzvelev.

timopheevii/Aegilops longissima’ amphiploid.

of cell wall polysaccharides (Fig. 7A and Fig. 8. Different aleurone cell phenotypes seen in a cross-section of

B). Most often cellulose and hemicel- caryopses. A — a phenotype of light protein in the aleurone cells in Avena
luloses are synthesized in the cell walls, magna Murphy et Torrell; B — a phenotype of dark protein in the aleurone
but intensity of this synthesis is different. cells in A. magna; C — a phenotype of dominant tangential growth of the
Two variants of cell wall synthesis are in aleurone cells in a ‘Triticum timopheevii subsp. timopheevii/Aegilops

the outer tangential wall (Fig. 7A) versus umbellulata’ amphiploid; and D — a phenotype of dominant anticlinal

the inner tangential wall (Fig. 7B). Dif- growth of the aleurone cells in a ‘T. timopheevii subsp. timopheeviilA.

umbellulata’ amphiploid.
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ferent storage metabolism in the aleurone protoplast forms various ‘protoplast’ phenotypes (Fig. 8A and B, p. 50). In
both cases, the aleurone proteins are different, maybe with respect to globoids synthesis (such as in Fig. 6D, p. 50). Such
different phenotypes were found in a single fruit. Two phenotypes of the cell wall growth were detected (Fig. 8C and

D, p. 50). They can be visualized by a dominance of tangential wall growth, ‘tangential phenotype’ (Fig. 8C, p. 50) or a
dominance of anticlinal wall growth, ‘anticlinal phenotype’(Fig. 8D, p. 50). Both phenotypes can be detected in a single
caryopsis. ‘Thick anticlinal cell wall phenotypes’ are presented (Fig. 9A and B) in an Avena amphiploid. The cell wall
polysaccharides are synthesized mostly, but not always, in an anticlinal position, as was shown by Kosina et al. (2014).
All walls of the aleurone cell can be thickened; large, polyploid cells, which vary each other in the diameter of aleurone
grains (Fig. 9A and B). In both cells, assimilates are stored in the form of aleurone proteins and hemicelluloses in thick
cell walls. An empty thick wall aleurone cell also was observed, and this phenotype has been called ‘a-aleurone’ (Florek
and Kosina, unpbl.). The last type of the
aleurone cell phenotype is a product of
multidirectional cytokineses (Fig. 9C
and D). The aleurone cells behave like
callus, and cell walls are formed in vari-
ous directions (Fig. 9C). The cells can
be of very irregular shapes (Fig. 9D).
Similar behavior was observed when
external pressure was active against the
aleurone layer, but this stimulus mostly
induces the setting of periclinal walls
(Kosina 2015). Irregular cell shapes are
expressed in the wheat ventral aleurone
layer, where the cells were described as
amitotic (Morrison et al. 1978), however,
data related to the creation of cell clones
in the endosperm of Thinopyrum disti-
chum proved that cytokineses in the ven-
tral region are present, but less frequent
(Kosina 2012). The aleurone mutants
dill and dil2 discovered in maize are
additional examples of multidirectional
cytokineses (Lid et al. 2004). Thus, the
creation of these aleurone phenotypes
depends on the synthesis of storage
products (aleurone protein, globoids,
hemicelluloses, and vacuolization), rate
and direction of cytokineses, length of
the cell cycle, direction of growth of cell
wall, and level of cell polyploidy.

Fig. 9. Phenotypes of aleurone cells in a tangential view (A and B) and in
a cross-section of the caryopsis (C and D). A and B — a phenotype of thick
hemicellulosic anticlinal walls in polyploid aleurone cells in a ‘Avena
barbatalA. sativa subsp. nuda’ amphiploid; C — a phenotype of multidi-
rectional cytokinesis and chaotic, callus-like growth of aleurone cells in

a ‘Triticum timopheevii subsp. timopheevii/Aegilops longissima’ amphi-
ploid; and D — the same as in C in a ‘Pseudoroegneria libanotical/ Elymus
yezoénsis’ amphiploid.
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ITEMS FROM ROMANIA

AGRICULTURAL RESEARCH & DEVELOPMENT STATION—S.C.D.A.
401100, Turda, Agriculturii street 27, Jud. Cluj, Romania.

CODRU - a new winter wheat cultivar.
Rozalia Kadar, V. Moldovan, I. Racz, and A. Ceclan.

Codru, a hard red winter wheat cultivar (Triticum aestivum L. subsp. aestivum, var. erythrospermum) developed by the
Agricultural Research & Development Station of Turda, was released in 2015 because of its high yield performance as-
sociated with improved bread-making quality. Codru was selected from the cross ‘Fundulea 4 / T56-95’ using a pedigree
selection method. The single cross between Fundulea 4 and T56-95 was made in 2000. The aim of this cross was obtain-
ing descent recombinants with the superior yield potential of Fundulea 4 and with good quality from our breeding line
T57-90. The individual selection began in the F, generation, following our breeding procedure presented previously (Ann
Wheat Newslet 48:113-115). After some subsequent reselection, we obtained the line T136-03, which was advanced to
the Official Yield Trials at the State Institute for Variety Testing and Registration (ISTIS) in the autumn of 2011. After
three years of evaluation (2012-14) in seven locations, the line T136-03 was registered under the name ‘Codru’, and
released to growers due to its good yield performance and broad adaptation to Transilvania’s environments as well as
improved bread-making quality.

Codru is an awned, white-spiked, semidwarf wheat. Juvenile growth is semierect. The foliage is green at the
boot growth stage. Plant height (75-90 cm) is similar to that of Fundulea 4 and shorter than that of T56-95. Spikes are
awned and lax, with red glumes. Kernels are red, ovate, with a midsized germ; the kernel crease is midwide and mid-
deep, with rounded cheeks. The kernel size is quite large; 1,000-kernel weight is 47 g on average and has a quite good
test weight (volume weight) of 77 kg/hectoliter.

Codru is medium-early in maturity (265 days), similar to Ariesan. The winterhardiness of Codru is adequate for
most Transilvanian growing conditions. The cultivar has excellent straw strength, which confers good lodging resistance.
For diseases resistance, Codru is moderately resistant to yellow rust and powdery mildew, but is moderately susceptible
to leaf rust. Codru also showed moderate resistance to Fusarium head blight.

Codru has shown good yield performance in most of Official test sites (ISTIS). Averaged across three years
(2012-14) and seven locations (21 location-years) Codru realized 6,507 kg/ha, 7% above the check cultivar Dropia, but
did not differ widely in grain yield from the highest-yielding entry in the trials. However, the average grain yield of Co-
dru in 2012 was 6,225 kg/ha, 12% higher than that of Dropia. In 2013, Codru averaged 6,742 kg/ha over seven locations,
exceeding the Dropia check by 14%. In 2014, the average grain yield of Codru was 6,555 kg/ha, 3% below that of the
Dropia check. The maximum grain yield of Codru was 9,297 kg/ha, obtained at the Center for Testing Varieties (CTS),
Sibiu, in 2014.

Codru meets domestic quality criteria for high-quality bread floor production. The quality characteristics of Co-
dru are reflected by a grain protein content up to 14.3% associated with a gluten content of 26.1% and a 52.5 mL Zeleny
sedimentation index. According to quality parameters, Codru can be classified as a B, quality wheat.
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Breeder and foundation seed of Codru will be maintained by the Agricultural Research & Development Station
Turda.

ITEMS FROM THE RUSSIAN FEDERATION

AGRICULTURAL RESEARCH INSTITUTE FOR THE SOUTH-EAST REGIONS
(ARISER)

Department of Genetics, Laboratory of Genetics and Cytology, 7 Toulaikov St., Saratov,
410010, Russian Federation.

Using of the gene pool of bread wheat wild relatives for production of collection of newly
identified introgressive spring bread wheat lines resistant to the main pathogens.

S.N. Sibikeev and A .E. Druzhin; E.D. Badaeva (Institute of General Genetics, Gubkina St. 3, Moscow, Russian Federa-
tion); and A.S. Rouban (Russian State Agrarian University, Moscow Timiryazev Agricultural Academy, Timiryazevskaya
St. 49, Moscow, Russian Federation).

Triticum turgidum subsp. dicoccum lines k10456, k12133, k13659, k19352, k19357, k21433, k40030, and k45926 were
selected as resistant to leaf rust; k10456, k13659, and k19352 have an IT of O to the pathogen, and two others, k12133
and k40030, were heterogeneous with ITs = 0; and 3. In spring bread wheat lines with Lr genes from T. aestivum subsp.
compactum, resistance to leaf rust is inherited by two recessive genes, whereas in hybrids between Saratov-bred wheat
cultivars, Saratovskaya 70 and Saratovskaya 74, and the triticale cultivar Satu, the resistance is inherited in a monogenic
recessive manner. In lines of spring bread wheat with the Lr genes from 7. furgidum subsp. durum var. melanopus, T.
dicoccum cv. Vernal emmer, 7. turdigum subsp. dicoccoides k46216 and k7507, T. timopheevii, and T. aestivum subsp.
presicum, we identified dominant-monogenic control of resistance to leaf rust. These conclusions were based on the
analysis of the segregation in F, and F, hybrid populations for resistance to leaf rust, as well as analyzing crosses. In the
set of spring bread wheat lines, ‘Saratovskaya 68 / Aegilops biuncialis (k2511)” and ‘Saratovskaya 70 / Ae. biuncialis
(k2511)’ we identified the substitutions 3D (3Ael) and 3D (3Ae2L) that have an IT of 0; and 2, respectively. Chromo-
somal instability was observed in both lines. In the set of spring bread wheat lines from crosses of Saratovskaya 68,
L503, and Dobrynya with Ae. columnaris k1193, we identified three Ae. columnaris chromosomes, 3Ae2, 5Ae2, and
6Ae2, that control resistance to leaf rust. Furthermore, spring bread wheat lines resistant to leaf rust (IT=0;) carrying a
combination of alien genes from Thinopyrum intermedium (6D(6Ag)) and Ae. speltoides (2B (25%)) and a translocation
from S. cereale (T1BL-1RS) were detected.

Evaluating spring bread wheat introgression lines of the Genetics and Cytology Laboratory
ARISER under drought conditions in 2015.

A E. Druzhin, S.N. Sibikeev, T.D. Golubeva, and T.V. Kalintseva.

The conditions of the 2015 growing season led to a reliable estimate of abiotic stressors (drought) in introgression lines
in the absence of leaf and stem rust epidemics. In 2015, the drought began at germination, continued until flowering and
the start of grain filling, and was accompanied by high air temperatures (30°C and higher). Under these conditions, the
grain yield of near-isogenic introgression lines containing combinations of translocations (T7DS-7DL-7Ae? + ? (Thi-
nopyrum elongatum k-1587)) and double substitutions (3B (3Age) + 3D (3Age) (Th. elongatum k-1587)) significantly
exceeded the recipient cultivar. At the same time, a productivity level equal to the recipient cultivar was noted in the lines
with a combination of translocations, including T7DS-7DL-7Ae#1L (Th. elongatum) + T3DS°3DI-3Ae#1L (Th. elonga-
tum), TTDS-TDL-7Ae#1L (Th. elongatum) + T2AL-2AS-2MV#1 (Ae. ventricosa.), TTDS-TDL-7Ae#1L (Th. elongatum)
+ T1BL-1R#1S (S. cereale), and T7DS-7DL-7Ae#1L (Th. elongatum) + T4ABS-4BL-2R#1L (S. cereale), but significantly
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reduced grain yield was observed in the line with T7DS-7DL-7Ae#1L (Th. elongatum) + T6BS-6BL-6U#1L (Ae. umbel-
lulata). In the introgression lines significantly exceeding the productivity of the recipient cultivar were lines with T2D-2S
(Ae. speltoides) and the combination T2D-2S and T7DS-7DL-7Ae#1L.

Among lines obtained from crosses of CIMMYT synthetics and Saratov-breed cultivars, three lines significantly
exceeded the grain yield of the cultivar Favorit. Two have alien substitutions, ‘6D (6Agi (Th. intermedium)) / synthetic
Altar 84 / Ae. tauschii (224)’, and third line is “T7DS-7DL-7Ae#1L (Th. elongatum) / synthetic CROC / Ae. tauschii
(224)’, with grain yields of 2,973, 3,074, and 2,991 kg/ha, respectively, compared to 2,535 kg/ha for Favorit. The highest
grain yield among the cultivars, introgression, and perspective spring bread wheat lines were three lines carrying the sub-
stitution 6D (6Agi (Th. intermedium)), giving 3,318, 3,244, and 3,141 kg/ha. Interestingly, one of these lines (Saratovs-
kaya Golden*3 // Favorit) carries the cytoplasm of the durum wheat cultivar Saratovskaya Golden. Anlyzing the bread
making quality in 2014 revealed excellent alveograph evaluations of the lines with T7DS-7DL-7Ae#1L (Th. elongatum)
+ 4BS-4BL-2R#1L (S. cereale) and T7DS-7TDL-7Ae#1L (Th. elongatum) + T2AL-2AS-2MV#1 (Ae. ventricosa.) and
some lines from crosses of CIMMYT synthetics and Saratov-bred cultivars. These introgression lines have a high flour
strength (307-386) and bread volume (840-860 mm?).

The drought conditions in 2015 did not allow us to evaluate the introgression lines for resistance to biostress-
ors. However, the introgressive lines resistant to leaf rust (according evaluations in the 2014) and the drought resistance
confirmed in 2015 recommends their use in breeding new bread wheat cultivars and, thereby, reducing significant yield
losses from abiotic and biotic stresses.

ALL-RUSSIAN SCIENTIFIC RESEARCH INSTITUTE FOR AGRICULTURAL
CHEMISTRY NAMED AFTER D.N. PRYANISHNIKOV

Pryanishnikova st. 31A, Moscow, 127550, Russian Federation.

Protective effects of selenium and silicon under different durations of oxidative stress.
L.V. Osipova, I.V. Vernichenko, P.A. Yakovlev, and [.A. Bikovskaya.

Intensifying climate instability and increasing weather anomaly in recent years have resulted in redeucing plant metabo-
lism and performance. Studies of plant response to the stresses that arise during the growing season are necessary in
order to develop measures that reduce their negative impact.

An analysis of the current state of the problems connected with sustaining and implementing the adaptive
capacity of plants indicates that there is a general reaction mechanism against stress that decreases energy costs for the
establishment of specialized adaptation. One of the early impacts of stress on plants is the excessive accumulation of
reactive oxygen intermediate (ROI) and oxidative stress development. Similar plant responses to various stress factors
were detected in the studies dealing with soil drought, heat, and salinity. A primary, nonspecific plant reaction to the
damaging effects of heavy metals, low temperature, UV radiation, herbicides, and flooding is ROI formation as well.
Development of a common plant mechanism under various stresses conditions suggests that there is a single way to
reduce the negative stress impact. Selenium and silicon are elements of the plant antioxidant system and are included in
its different units. This fact became the basis for the study of selenium and silicon effects on spring wheat resistance to
abiotic stresses impact.

The vegetative experiment was conducted in a sod-podzolic medium loamy soil culture with average macronu-
trient availability. The soil was limed to a full dose Ng. Selenium and silicon were used for a presowing seed treatment
(PST). Experiments were according to Zhurbitskii (1968). Oxidative stress was modelled by ceasing irrigation at the
VI organogenesis stage, which is critical in relation to water availability during the developmental period for generative
organs.
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Lada wheat was used to evaluate the effects of stresses of different duration; I, before the permanent wilting
point (PWP) and II, 7 days after reaching the permanent wilting point. Plant performance and physiological status were
evaluated by photosynthetic pigment content (chlorophyll a and b and carotenoids) and the reduction of malondialdehyde
(MDA) content, indicating free radical processes in the plants. The MDA content, a product of lipid peroxidation, was
determined by the thiobarbituric acid reaction.

The tracer test method was used to evaluate the protective effect of micronutrients. Nitrogen intake in wheat
plants was determined both during the stress and repair process periods. Before and after the stress, labelled nitrogen, in
the form of Ca("’NO,), with 95AT% supplementation, was added to the vessel. After a short exposure time, plant samples
were collected to assess the absorption capacity of the root system and assimilation of nitrogen ("’N) in vegetable protein.
The samples were analyzed with a Delta Vadvantage isotope mass spectrometer.

We found that, at the early Table 1. Intensity of '*N absorption by wheat plants during an increase
stages of organogenesis, in the transition in soil drought (mg/vessel over a 24-hour period).
from growth in the dark to growth in the . X
light, abiotic stresses inhibit develop- AL IOT P
ment, chlorophyll pigments form slower, Optimum Drought I Drought IT
and malondialdehyde content increases. Variant | (-1 1—4 411 0-1 1-4 411
Malondialdehyde is a product of membrane
lipid peroxidation that damages membrane HO0 2.64 0.64 0.62 1.80 045 0.08
integrity and function. Under stress during Se 340 1.30 0.39 2.70 1.08 0.09
the formation of generative organs, ww Si 5.89 1.04 0.47 3.10 0.18 0.15

observed the reduc-
tion of flowering
rudiments, a change

Table 2. Impact of selenium and silicon on "N absorption by plants during the repair process
period after droughts of different duration and on spring wheat performance.

of photosynthetic

pigment content, I5N absorption period (24 hr, mg/vessle) Grain wieght (g/vessle)
malondllalc.lehyded Drought I Drought II Drought
accumwation, anc an | o jomt | 1 6 9 1 6 9 | Optimum | I Tt
inhibition of nitrate

uptake in the roots H,0 0.55 5.95 6.35 0.24 323 3.85 0.95 0.50 0.34
and its incorporation Se 0.77 5.85 6.77 0.30 2.39 493 1.02 0.71 042
with surface organ Si 0.77 5.88 6.24 0.62 4.89 5.62 1.00 0.64 046

protein leading to
a reductin in plant
productivity (Table 1). The protective effects of selenium and silicon are due to a decrease in oxidative stress, pigment
complex optimization that is a result of an increase in chlorophyll b and the carotenoids protecting the photosynthetic
apparatus from free radical damage, maintaining the absorptive capacity of the root system during the stress period
(Table 2), and activating nitrogen absorption for use in protein synthesis during the repair period (Table 1). Treated with
micronutrients, plants are more resistant to possible stress, less injured, and better able to recover afterwards.

The effectiveness of selenium and silicon is different and depends on the intensity of the stress. A prolonged,
nonirrigated period reducess the protective effects of selenium, whereas those of silicon increase, which results in a
change in the absorption rate of nitrate, its assimilation into proteins, and plant performance. In a record drought, the
enzyme pool containing selenium may be inactivated, while the role of silicon in the antioxidant protection system
increases under these conditions. Thus, application of selenium and silicon can be recommended for wheat seed pretreat-
ment to enhance plant resistance and maintain performance.
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RUSSIAN STATE AGRARIAN UNIVERSITY
Moscow Agricultural Academy named after K.A. Timiryazev, Timiryazevskaya st., 49,
Moscow, 127550, Russian Federation.

Endogenous formation of nitrates in wheat and the role of some stress factors and selenium.

Igor V. Vernichenko and Olga V. Selitskaya, and Petr A. Yakovlev (All-Russian Center of Plant Quarantine, Pogranich-
naya st., 32, Moscow region, Bykovo, 140150, Russian Federation).

Abstract.

We present the results of previous studies obtained using 'N-labelled substances under sterile conditions and experimen-
tal data proving the formation of endogenous nitrates in plants and the environmental impact. The physiological feasibil-
ity of the oxidation of reduced nitrogen compounds to nitrate and the role of nitrate in plant stress resistance are dis-
cussed. The increase in the fomation of endogenous nitrates in sterile wheat seedlings is shown. The effect of increased
salt concentrations, some stress factors, and the ultra microelement selenium on the process was found.

Introduction. Pryanishnikov’s (1945) classic research suggested the importance of nitrates, which are the main form and
core plant food lessened to their in-between role as a nitrogen source. Recently, nitrates have been found to be more than
subtracts and have broader irreplaceable physiological significance.

Until now there has been generally accepted opinion that ions NO, are the only nitrate accumulation source for
plants absorbed exogenously that is applied with fertilizers or formed by nitrification of nitrogen fertilizers and soil.

In previous studies with compounds labelled with the stable nitrogen isotope '*N using nitrification inhibitors,
under sterile conditions and in tissue culture experiments, nitrate formation from absorbed "N was recorded in the plants
themselves (Vernichenko 1975, 1982, 2002; Vernichenko et al. 1976; Yagodyn et al. 1982, 1984, 1991).

The biological expediency of nitrate formation in plants appears to be due to several reasons. First, the nitrate
form of nitrogen is needed in photosynthesis (Lipps 1997). Second, the nitrate form of nitrogen improves mitochondrial
respiratory processes in plant cells, serving as an electron acceptor (Igamberdiev and Hill 2009; Vartapetyan et al. 2012).
Third, NO, ions possibly may signal the beginning of synthesis and functioning of a wide variety of enzymes of nitro-
gen, carbohydrate, and other plant metabolism types, particularly of the antioxidant enzyme group, which protects plants
from the adverse effects of various stresses (Krapp et al. 2014; Vidal et al. 2015).

Delledonner et al. (1998), Wehdehenne and Hancook (2011), and Mur et al. (2013) proved evidence of a po-
tential indirect influence of nitrate on increased plant tolerance to different stress factors through the synthesis of nitric
oxide, another very important signaling molecule, which largely determines stress resistance of both animal and plant
cells (Mamaeva et al. 2015).

Endogenous nitrate formation was suggested to be a necessity for plants caused by certain adverse environ-
mental conditions due to their direct or sacrificial role as precursors for NO molecule synthesis. In addition, endogenous
nitrate formation in plants also can be connected with the detoxification process of the increased number of nitric oxide
molecules developed under unfavorable external conditions.

Alack of original NO, in germinating plants (where the nitrate content is low) may initiate a variety of anti-
stress responses of plant cells exposed to various adverse external factors. In this case, an increased accumulation of
nitrates formed endogenously is likely. By using sterile seedlings in these studies, results from low initial nitrate content
in seeds and the lack of nitrate in young plants during the first 7 days after germination (Oaks 1997) make it easier to
detect nitrates formed endogenously.

Materials and Methods. Sterile sprouts frown in petri dishes were used in the studies. Wheat seeds were decontaminat-
ed and laboratory glassware and solutions were sterilized in order to prevent microbiological activity. Only whole-grain
seeds were sampled for the experiment. Seeds were washed with running water and those that surfaced removed. The
seeds were soaked in 96% ethanol for 5 min. and then in a 0.05% chlorhexidine solution for 20 minutes. After each soak-
ing, the seeds were washed with sterile distilled water. Fifty seeds were put onto moist filter paper in each Petri dish. In
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the selenium variant, the filter paper was moistened with a Na,SeO,solution. The petri dishes were covered and placed in
an incubator at 20°C for 3 days. Seedlings obtained were moved aseptically into other environments to simulate stresses:
a 3.8% saccharose solution (simulated drought) and 0.5% solutions of NaCl, NH,Cl, Na,SO, and CdCl, 300 mcm/ 1.
Distilled water was used as a control. Elevated temperature (37 °C) also was one of the stresses. Seedling exposure under
stress conditions was 5 days. At the end of exposure time, nitrate content in seedlings was measured with a nitrate ion-
selective membrane electrode ‘Elite 021° on an ANION-4110 (pH meter— ionomer—conductometer) together with a silver
chloride reference electrode. Nitrate extraction was in a 1% potash alum solution.

Discussion. Results of the research are presented (Table 1). The formation of endogenous nitrates in plant seedlings was
confirmed. Nitrate content in germinated wheat increased from 4.5 pg/petri dish to 34 yg within 7 days. We found a
different artificial stress effect on the amount of nitrate formed endogenously in 7-day-old wheat seedlings. Experiments
with high salt concentrations showed that the greatest nitrate amount is from the oxidation of reduced nitrogen forms in
plants. The maximum nitrate formed endogenously was found in the treatment with 0.5% NaCl solution. At the same
time, simulated drought and Cd contamination slightly reduced the production of endogenous nitrate in wheat seedlings
compared that of to control but, under these conditions, the nitrate content was significantly higher compared with the
initial content of dry seed.

Table 1. Amount of nitrates in wheat seedlings after 7 days under different abiotic stress (* original nitrate content in
seed was 4.5 pg/dish).

NO, content/Petri dish NO, amount formg;ls lfndogenously/Petri
Treatment 79 L in.i bl % from check % from initial | % from check
He co::::lli mn (without stress) He content in seed*| (without stress)
Check (without stress) 33.8 750 100 29.3 650 100
+NH,Cl 39.6 880 117 35.1 780 120
+ NaCl 51.3 1,140 152 46.8 1,040 160
+Na SO, 423 923 125 37.6 830 130
Drought (3.7% saccharose) | 23.8 530 71 19.3 430 66
+Cd 22.3 500 67 17.8 395 61
HCP, . 4.6 - - 4.1 - -

The effect of selenium (Table 2 p. 58) was evaluated as a factor that might increase plant resistance to adverse
environmental conditions in the next set of sterile experiments (Hasanuzzaman et al. 2012; Vernichenko et al. 2015).
The presence of endogenous nitrates also was found in wheat seedlings. A significant increase in the intensity of endoge-
nous nitrate formation in treatments with NH,Cl and NaCl are shown (Table 2). In experiments with Na SO,,endogenous
NO,” formation was not observed (Table 2). Simulated drought, elevated temperature, and Cd completely suppressed
the formation of endogenous nitrate in the wheat seedlings. Apparently, these stresses influence the enzymatic systems
involved in the oxidation of reduced nitrogen forms to nitrates. This problem requires further study.

The effect of selenium was different. Selenium addition promoted a 3-fold or more increase of endogenously
formed nitrates. The effect of selenium effect on nitrate formation in wheat seedlings may be explained by the fact that,
without other stress conditions, selenium becomes a stress for young plants even at low concentrations. A similar effect
of elevated selenium concentration on the formation of endogenous nitrogen oxide in plants is closely related to nitrate
metabolism was recently found by Chen et al. (2014). At the same time, under salt stress from increased NH,Cl and, par-
ticularly, NaCl content, application of selenium significantly reduced endogenous nitrate formation, perhaps due to the
sacrificial role of trace elements. Thus, NH,Cl endogenous nitrate formation on addition of selenium decreased by 35%,
but an excess of NaCl reduced the process by 4-fold.

Conclusion. Our data once again highlight the sacrificial role of selenium in adverse environmental conditions. Howev-
er, explanating the mechanism of impact of various stresses on the intensity of endogenous nitrate and/or nitrogen oxide
formation in plants, and the anti-stress effect of selenium, will require further in-depth consideration.
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Table 2. The amount of nitrates in wheat seedlings after 7 days under different abiotic stresses on addition of selenium
9 (* original nitrate content in seed was 4.5 pg/dish).
L. NO,™ content/Petri dish NO, formed endogenously/Petri dish
Treatment Se application .
ug % from check ug | % from original*| % from check
. - 11.1 100 6.6 150 100

Check (without stress)

+ 25.1 225 20.6 460 310

- 149 135 104 230 160
+NH,Cl

+ 11.5 105 70 155 105

- 519 470 474 1050 720
+ NaCl

+ 16.1 145 11.6 260 175

- 11.1 100 6.6 150 100
+ Na,SO,

+ 7.1 65 2.6 50 40

- 45 40 - - -
drought (3.8% saccharose)

+ 4.6 41 - - -

- 33 30 - - -
+ Cd

+ 35 32 - - -

- 6.6 60 2.1 47 32
elevated temperature (37°C)

+ 4.6 41 0.1 2 2
HCP, . 23 1.6
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PLANT PRODUCTION INSTITUTE ND. A. V.YA. YURIEV
National Academy of Agrarian Sciences of Ukraine, Moskovsky prospect, 142, 61060,
Kharkiv, Ukraine.

Presowing seed treatment of winter bread wheat for protection against root rots.
N.V. Kuzmenko and A.Ye. Litvinov.

Root rots are one of the least visible, but more harmful, diseases. They damage primary and secondary roots and

the base of the stalk. As a result, plants can die during sprouting; while producing shoots, tubers, and flowering; and
spike-bearing production (Peresypkin 1979). In the chemical protection of winter wheat, especially at the first stages
of organogenesis, a presowing seed treatment is ecologically safe for the environment, technologically easy, and
economically profitable. Our investigation studied the phytosanitary role of chemical seed treatment of winter wheat
with systemic and contact rungicides for reducing disease loss to the root rots and increasing grain yield.

Materials and Methods. All studies were conducted in a stationary, nine-corse rotation field at the laboratory for Plant
Production and Cultivar Investigations of the Plant Production Institute nd. a. V.Ya. Yuriev (Eastern Forest-Steppe of
Ukraine) during 2012-14. The soil was a typical medium-humus black earth soil on loess with up to 5.4% humus in the
plowing layer. Black fallow and dried peas were used as forecrops of winter bread wheat. Winter wheat was sown during
at an optimal time (12-29 September). The sowing rate of winter wheat on black fallow was 4.0 x 10° viable seeds/ha
and 5.0 10° viable seeds/hectare after dried peas. Nutrition was humus, 6.7 t/ha of the crop rotation area, and N P

(30-60)  (30-

60 Kiz0.60)- Additional N, was applies by root feeding during the spring tillering stage and by root feeding at flowering.
Agrotechniques were in general use. Wheat seeds were pretreating prior to sowing with systemic and contact fungicides.

The intensity of root rot development was studied using conventional methods (Omelyuta 1986).

The experiment included the following treatments

— Control (without protection or fertilizers).

— Vitavaks 200 FF (standard) (active agents: karboksin (200 g/I) + tyram (200 g/1) — 3.0 1/t,

— Rankona 15 (active agent: ipkonazol (15 g/) — 1.0 I/t,

— Kinto Duo (active agents: trytikonazol (20 g/l) + prochloraz (60 g/l) — 2.5 l/t,

— Maksym Forte 050 FS (active agents: azoksystrobin (10 g/I) + tebukonazol (15 g/1) + fludioksonil (25 g/1) —
20 1x,

— Inshur Perform FS (active agents: trytikonazol (80 g/l + pyraclostrobin (40 g/1) — 0.5 I/t,

— Selest Top 312,5 FS (active agents: dyfenokonazol (25 g/l) + fludioksonil (25 g/1); and insecticide active agent
tiametoksum (262.5 g/1) — 1.25 1/t, and
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— Yunta Kvadro 373.4 FS (active agents: protiokonazol (33.3 g/l) + tebukonazol (6.7 g/1); insecticide active
agents: imidaklopryd (166.7 g/1) + klotianidyn (166.7 g/1) — 1.6 1/t.

Results. Averaged over the years (2012—14), the field germination capacity of plants in the Control (without protection
and fertilizer) was 79% (Table 1). Fungicides reduced this index from 75% (Kinto Duo) to 65% (Yunta Kvadro 373.4
FS). Chemical treatment of winter wheat seed with fungicides and application of organic/mineral fertilizer contributed

to a 26% increase (Inshur Perform FS) in total tillering during the spring tillering stage and up to a 44% increase (Vita-
vaks 200 FF). The number of tillers/m? in treatements with a chemical pretreatment during the spring tillering stage was
greater by 15-29% than that of the control (1,080 tillers/m?). The number of tillers/m? with the Maksym Forte 050 FS
chemical treatment was 1,150, practically equal to that of the control treatment. Productive tillering at wax ripeness stage
in the control was 1.7, whereas it was 23-29% greater in variants with chemical treatments and fertilizer applications.
The number of productive spike-bearing stems/m? in the chemical treatments ranged between 540 (Yunta Kvadro 373 .4
FS) and 620 (Vitavaks 200 FF), whereas the control had 500 spike-bearing stems.

Table 1. Tillering ability and stem density of winter bread wheat depending on presowing seed treatment, averaged
over the years 2012—14. The control treatment is without fungicide protection or fertilizer.
At spring tillering stage At wax ripeness stage
number of
Field Total Number of Productive productive spike-

Treatment germination | tillering tillers/m? tillering bearing stems/m’
Control 79 34 1,080 1.7 500
Vitavaks 200 FF (standard) 69 6.1 1,310 24 620
Rankona 15 69 4.8 1,350 24 600
Kinto Duo 75 54 1,330 22 580
Maksym Forte 050 FS 69 4.7 1,150 23 580
Inshur Perform FS 73 4.6 1,270 24 580
Selest Top 312.5 FS 72 4.9 1,520 2.2 580
Yunta Kvadro 373.4 FS 65 54 1,400 22 540
LSD 05 55 1.0 260 0.6 130

The intensity of root rot development (Helminthosporium—Fusarium) at spring tillering stage varied during the
study. In 2012 and 2014, disease development was 1.7% and 6.7 %, respectively, and 4.2% and 15.2%, respectively,
for percent diseased plants, in the control. In 2013, disease development was 19.9% and spread was 48.7%, exceeding
the economic threshold of harmfulness by 1.3 times (the economic threshold of harmfulness = 10-15%) (Table 2). On
average, over the three years, disease spread and development were 22.7% and 9.4%, respectively. Under meteorologi-
cal and phytosanitary conditions during the study, pretreating seed with fungicides did not always protect the wheat
plants against root rots. In 2012, in the Kinto Duo, Inshur Perform FS, Maksym Forte 050 FS, and Yunta Kvadro 373 .4
FS treatments, the degree of root rot development was low, ranging between 0.0-0.4%. In 2012, all fungicides reduced

Table 2. The development of root rots at spring tillering stage of winter bread wheat depending on presowing seed treatment. The
control treatment is without fungicide protection or fertilizer.
Spread (%) Development (%) Technical effectiveness (%)
2012-14 2012-14 2012-14
Treatment 2012 | 2013 | 2014 | average | 2012 | 2013 | 2014 | average | 2012 | 2013 | 2014 | average
Control 4.2 487 | 152 22.7 1.7 | 199 6.7 94 — — — —
Vitavaks 200 FF 48 | 146 228| 141 18 | 60 | 80 53 00| 698 | 00| 233
(standard)
Rankona 15 5.6 210 | 164 14.3 2.1 8.0 54 52 00 | 59.8 194 26.4
Kinto Duo 0.0 27| 107 4.5 0.0 0.9 32 14 100.0 | 955 52.2 82.6
glsaksym Forte 050 | o6 | 67 101 58 | 03 | 26 | 28 19 823 | 869 | 582 | 758
Inshur Perform 0.0 198 | 150 11.6 0.0 8.4 5.1 4.5 1000 | 57.8 239 60.6
Selest Top 312.5 FS 4.2 19.5 6.6 10.1 1.7 8.1 2.1 4.0 0.0 | 59.3 68.7 427
Yunta Kvadro 0.8 11.3 1.0 44 04 4.1 0.3 1.6 765 | 794 95.5 83.8
LSD 05 2.8 6.4 5.8
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the intensity of disease from 57% (Inshur Perform FS) to 95% (Kinto Duo). In 2014, the efficiency of the fungicides was
Yunta Kvadro 373.4 FS (95.5%), Selest Top 312.5 FS (68.7%), Maksym Forte 050 FS (58.2%), Kinto Duo (52.2%), In-
shur Perform FS (23.9%), Rankona 15 (19.4%), and Vitavaks 200 FF (0.0%). Averaged over the years 2012—14, systemic
fungicides Yunta Kvadro 373.4 FS (83.8%), Kinto Duo (82.6%), and Maksym Forte 050 FS (75.8%) provided a high
level of efficiency. The efficiency of Inshur Perform FS and Selest Top 312.5 FS was 60.6% and 42.7%, respectively.
The efficiency of Rankona 15 and Vitavaks 200 FF (fungicides with a contact-systemic effect) was 26.4% and 23.3%,

respectively.

At wax ripeness, root rot development in winter wheat decreased only in 2013, compared with that at spring
tillering. In the control, development of root rots was 11.1% and spread was 30.8% (Table 3). In 2012 and 2014, the
degree of disease development 4.3% and 17.3% and spread was 11.8% and 49.6%, respectively.

Table 3. The development of root rots at the waxy ripe stage of winter bread wheat depending on presowing seed treatment. The
control treatment is without fungicide protection or fertilizer.
Spread (%) Development (%) Technical effectiveness (%)
2012-14 2012-14 2012-14
Treatment 2012 | 2013 | 2014 | average | 2012 | 2013 | 2014 | average | 2012 | 2013 | 2014 | average
Control 11.8] 30.8 | 496 30.7 4.3 11.1 | 173 10.9 — — — —
Vitavaks 200 FF 113] 221 | 534 | 289 38 | 81| 195| 105 | 116 | 270| 00| 129
(standard)
Rankona 15 116 | 299 | 514 31.0 3.8 113 | 179 11.0 11.6 0.0 0.0 39
Kinto Duo 831 239 | 489 270 2.8 89 | 170 9.6 349 | 198 1.7 18.2
glsaksym Forte 050 1 11 | 256 | 558 | 305 34 89| 205| 109 | 209 | 198 00| 136
Inshur Perform 851 250 | 426 254 2.8 9.6 | 14.1 8.8 349 | 135 18.5 223
Selest Top 312.5 FS 9.1| 249 | 530 29.0 2.8 89 | 192 10.3 349 | 198 0.0 18.2
Yunta Kvadro 10.1 | 258 | 467 27.5 3.0 9.7 ] 168 9.8 302 | 126 29 152
LSD 05 1.8 3.7 5.8

The effect of fungicide treatments at wax ripeness considerably decreased. Averaged over the three years,
the efficiency ranged from 3.9% (Rankona 15) to 22.3% (Inshur Perform FS).

Meteorological conditions and the phytosanitary state of winter wheat influenced the grain yield. Averaged
over the years (2012—4), grain yield was 4.83 t/ha in the control with a 1,000-kernel weight of 43.34 g. With a presow-
ing fungicide and the use of organic/mineral fertilizers, the saved grain yield was from 0.36 t/ha (Kinto Duo) to 0.49 t/ha
(Selest Top 312.5 FS) averaged over three years. The 1,000-kernel weight increased from 44.03 g (Vitavaks 200 FF) to
45.06 g (Maksym Forte 050 FS), compared with that of the control.

References.

Omelyuty VP, Ed. 1986. Counting of the pests and diseases of agricultural crops. Kyiv:The harvest. 292 pp.
Peresypkin VF. 1979. The diseases of cereal crops. Moskow:Kolos. 279 pp.

61



ANNUXNL WHENT NEWTSLETTER vV oL 6 2.

ITEMS FROM THE UNITED STATES OF AMERICA

KANSAS

KANSAS STATE UNIVERSITY
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Soil chemical properties after growth of six winter cover crops.
Oliver W. Freeman and M.B. Kirkham.

In Kansas, winter cover crops have a new interest with the development of corn (Zea mays L.) and forage sorghum (Sor-
ghum bicolor (L.) Moench) for biofuel. When they are harvested for bioenergy, the residue is removed leaving the soil
prone to erosion during the winter fallow period. Winter cover crops may allow maximum biomass harvest by protect-
ing the soil from wind and water erosion. In the 2014 Annual Wheat Newsletter (Vol. 60), we reported that leguminous
winter cover crops winter-killed and that winter cover crops such as wheat or triticale should be grown. In that study, we

Table 1. The pH, organic matter (OM), nitrogen, and carbon in the 0 to 0.3 m depth of a Bismarckgrove-Kimo com-
plex soil at Manhattan, KS, and a Funmar-Tarver loam soil at Hutchinson, KS, in the autumn of 2010 before planting
of three leguminous cover crops. Soil again was sampled in the autumn of 2011. Two soil samples were taken within
each of the four blocks (replications). See text for details. The values for soil properties are the averages and standard
deviations of four replications. The far right column shows the averages of each row and standard deviations (n = 6).
. Sample 1 within each block Sample 2 within each block
Soil . :
T e Winter legume cover crop Winter legume cover crop Average
Alfalfa Clover Pea Alfalfa Clover Pea
MANHATTAN, KS, AutUumn 2010
pH 5.7+0.2 5.7+0.6 5.640.2 5.540.1 5.5+0.2 5.640.2 5.6+0.1
OM (%) 1.240.1 0.9+40.2 1.0+0.1 1.1+40.2 1.0+0.2 1.1+0.1 1.140.1
N (%) 0.06+0.01 0.05+0.01 0.07+0.01 0.06+0.02 0.05+0.1 0.07+0.01 0.06+0.01
C (%) 0.4740.13 0.32+0.06 0.47+0.08 0.41+0.12 0.34+0.05 0.48+0.05 0.41+0.07
MANHATTAN, KS, AuTumn 2011
pH 6.4+0.1 6.5+0.1 6.540.1 6.6+0.2 6.4+0.1 6.4+0.2 6.5+0.1
OM (%) 2.240.2 24402 2.3+0.2 2.340.1 24402 2.3+0.2 2.340.1
N (%) 0.14+0.01 0.14+0.01 0.15+0.01 0.14+0.01 0.14+0.01 0.14+0.1 0.14+0.01
C (%) 1.43+0.07 1.50+0.12 1.47+40.12 1.43+40.11 1.47+0.06 1.4540.15 1.46+0.03
HurcHison, KS, Autumn 2010
pH 58404 5.640.6 6.2+0.5 6.1+04 55404 55404 58404
OM (%) 1.5+0.1 1.1+0.4 0.840.5 1.240.3 1.240.3 1.4+0.2 1.240.2
N (%) 0.09+0.01 0.07+0.02 0.094+0.01 0.07+0.01 0.08+0.02 0.0940.02 0.08+0.01
C (%) 0.83+0.09 0.69+0.24 0.78+0.13 0.68+0.17 0.6840.17 0.86+0.17 0.75+0.08
HurcHinson, KS, Autumn 2011
pH 5.840.4 5.840.2 5.840.4 5.740.4 5.940.3 5.640.4 5.740.1
OM (%) 1.5+0.2 1.2+0.3 1.3+0.2 1.3+0.1 1.5+0.2 1.3+0.2 1.3+0.1
N (%) 0.0840.01 0.07+0.02 0.0840.01 0.0840.01 0.07+0.01 0.0840.01 0.0840.01
C (%) 0.7840.09 0.68+0.11 0.7340.05 0.7540.12 0.68+0.16 0.7840.09 0.73+0.05
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did not report the soil chemical properties as affected by the presence of the cover crops. Therefore, the objective of this
research is to report the changes in pH, organic matter, nitrogen, and carbon in the soil as a result of growing the cover

Crops.

Six cover crops were studied, including three legumes, or alfalfa (Medicago sativa L.), Austrian winter pea
(Pisum sativum var. arvense Poir.), and red clover (Trifolium pratense L.), and three non-legumes, triticale (X Tritico-
secale; Triticum x Secale), winter oats (Avena sativa L.), and winter wheat. The plants grew at two locations in Kansas:
Manhattan, in the northeastern part of the state, and Hutchinson, in the south-central part of the state. The cover crops
were planted at times to simulate plantings in rotations with corn and forage sorghum. However, they were not in rotation
with these crops, and corn and forage sorghum never grew in the experiment. Areas that had been in fertilizer-intensive
no-till cropping systems in the past were selected for the plots, so no fertilizer was added during the experiment. Details
of the experiment are given in Freeman (2014).

The cover crops were planted in the autumns of 2009, 2010, and 2011. In the springs of 2010, 2011, and 2012,
the cover crops were chemically terminated and the residue left on the surface of the ground. The soil was sampled at the
0-30 cm depth in the autumn of 2010 before planting the 201011 winter cover crops and in the autumn of 2011 before
planting the 2011-12 winter cover crops. The soil, therefore, when sampled in the autumn of 2010 had one year’s growth
of cover crops (2009-10 season) and the soil in the autumn of 2011 had two year’s growth of cover crops (2009—10 and
2010-11 seasons). The soil was analyzed for four chemical characteristics (pH, organic matter, nitrogen, and carbon) us-
ing standard methods practiced in the Soil Testing Laboratory of Kansas State University, Manhattan, Kansas.

In Manhattan, the soil is a Bismarckgrove-Kimo complex, a complex of two different soils that cannot be distin-
guished. The Bismarckgrove series is classified as a fine-silty, mixed superactive mesic Fluventic Hapludolls. At a 0-18

Table 2. The pH, organic matter (OM), nitrogen, and carbon in the 0 to 0.3 m depth of a Bismarckgrove-Kimo com-
plex soil at Manhattan, KS, and a Funmar-Tarver loam soil at Hutchinson, KS, in the Autumn of 2010 before planting
of three non-leguminous cover crops. Soil again was sampled in the Autumn of 2011. Two soil samples were taken
within each of the four blocks (replications). See text for details. he values for soil properties are the averages and
standard deviations of four replications. The far right column shows the averages of each row and standard deviations

(n=6).
. Sample 1 within each block Sample 2 within each block
pr(?l())el:lr ty Winter non-legume cover crop Winter non-legume cover crop Average
Oats Triticale Wheat Oats Triticale Wheat
MANHATTAN, KS, AuTUumn 2010
pH 5.540.1 5.540.1 5.740.2 5.540.1 55404 5.740.2 5.640.1
OM (%) 1.3+04 1.1+0.3 1.240.1 1.340.3 1.1+0.3 0.9+0.2 1.1+0.1
N (%) 0.07+0.02 0.06+0.02 0.06+0.01 0.07+0.02 0.06+0.01 0.05+0.01 0.06+0.01
C (%) 0.52+0.21 0.42+0.16 0.43+0.05 0.57+0.24 0.41+0.12 0.35+0.08 0.45+0.08
MaNHATTAN, KS, AuTUumn 2011
pH 6.5+0.05 6.640.1 6.5+0.1 6.540.1 6.440.1 6.4+0.2 6.540.1
OM (%) 22402 2.340.2 2.340.2 2240.1 2.340.3 22402 2.340.1
N (%) 0.14+0.01 0.14+0.01 0.13+0.02 0.14+0.02 0.14+0.01 0.14+0.01 0.14+0.01
C (%) 1.43+0.09 1.44+0.08 1.46+0.14 1.42+0.13 1.49+0.09 1.47+0.10 1.45+0.03
Hurchison, KS, Autumn 2010
pH 6.140.5 6.140.7 5.940.7 6.140.3 6.440.5 6.4+0.3 6.240.2
OM (%) 1.340.3 1.240.2 1.4+0.4 1.240.2 1.340.1 1.4+0.1 1.340.1
N (%) 0.09+0.01 0.08+0.02 0.09+0.02 0.08+0.02 0.09+0.02 0.09+0.01 0.08+0.01
C (%) 0.7740.17 0.69+0.15 0.81+0.23 0.77+0.18 0.79+0.13 0.85+0.13 0.78+0.05
HurcHinson, KS, Autumn 2011
pH 5.740.3 5.640.4 5.640.3 5.740.3 5.540.2 5.640.05 5.640.1
OM (%) 1.340.1 1.340.1 1.340.1 1.3+0.2 1.4+0.1 1.240.1 1.340.1
N (%) 0.08+0.02 0.08+0.02 0.09+0.01 0.08+0.02 0.08+0.01 0.08+0.01 0.08+0.01
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cm depth, the soil is a silt loam and at a 18-51 cm depth, the soil is a silty clay loam. The Kimo series is classified as a
clayey over loamy, smectic, mesic Fluvaquentic Hapludolls. At a 0—18 cm depth, the series is a silty clay loam, and at a
18-38 depth, the soil is a silty clay. In Hutchinson, the soil was a Funmar-Tarver loam (fine-loamy, mixed, superactive,
mesic Pachic Argiustolls).

Plots were arranged in a randomized complete block design with four blocks. Cover crops were planted in ‘6
m x 12 m’ plots within each block (replication). These plots were split into two ‘3 m x 12 m’ plots that were planted and
sampled at corn or forage sorghum harvesting and planting times. The two side-by-side plots varied in biomass due to
differences in growth time (see Ann Wheat Newslet 60:127-128). The two side-by-side plots provided two soil samples
for each cover crop in each block. We call these two samples ‘Sample 1 within each block’ and ‘Sample 2 within each
block’ in the tables. Plots were assigned anew each year, so no one plot got consistently the same cover crop during the
three years of the study.

Data for pH, organic matter, nitrogen, and carbon in the soil that grew the three leguminous winter cover crops
(Table 1) and that grew the three non-leguminous winter cover crops (Table 2) are given. Differences in soil properties
due to individual cover crops were not evident, so the chemical properties were averaged across treatments, and these
averages are given in the far-right columns of the two tables. At Manhattan, all chemical properties increased in the one
year between analyses in the autumn of 2010 and autumn 2011. The pH increased by about 1 point (5.6 to 6.5); organic
matter increased by over two times (1.1 to 2.3%), as did the nitrogen (0.06 to 0.14%). Carbon increased by over three
times (0.41 to 1.46%). Changes in chemical properties of the soil at Hutchinson were not evident between the two analy-
ses, except for pH in the plots with non-leguminous cover crops, where the pH decreased from 6.2 to 5.6. The results
showed that, on the Bismarckgrove-Kimo soil in Manhattan, two year’s growth of cover crops increased pH, organic
matter, nitrogen, and carbon.

Reference.
Freeman OW II. 2014. Winter cover crops in corn and forage sorghum rotations in the Great Plains. Ph.D. Dissertation,
Kansas State Univ, Manhattan. 145 pp.
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Dr. Oliver W. Freeman II accepted a new job in late 2015. He is Agronomist at the Rose Lake Plant Materials Center,
USDA, Natural Resources Conservation Service, 7472 Stoll Road, East Lansing, Michigan 48823 USA.
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A ‘Fitbit’ for plants? A low-cost, portable
platform to gauge plant health.

Jared Crain and Jesse Poland.

Plant breeders test their experiments by growing the seeds
of their labor. They cross two different plants that have de-
sirable traits. They sow the resulting seeds and evaluate the
results, hoping to find a candidate variety that is better than
anything currently available. The ‘laboratory’ is often an
outdoor field with thousands of plants. Farmers have moni-
tored their fields for millennia by simply walking among
the rows of plants, observing changes over time, and noting
which plants do better. But as plant breeding technology
becomes more complicated, farmers and scientists want
specific data. They want to know exactly how tall the plants
are, or exactly how green the leaves are. In a large test field,
getting exact numbers means hours or even days of labor
for a plant breeder. Because it is such a labor intensive
process, we are working to develop technology that makes
phenotyping much easier. The tool is called the Phenocart, and it captures essential plant health data. The Phenocart
measures plant vital signs, such as growth rate and color, the same way a Fitbit monitors human health signals, such as
blood pressure and physical activity.

| g 0
Kansas State University student and Phenocart developer
Jared Crain collects data using the Phenocart in drought
stress wheat trials at the Norman E. Borlaug Research
Station, Cd. Obregon, Mexico.

In a field experiment with thousands of plots, the Phenocart is a quick way to evaluate plant health. The Phe-
nocart also can help plant breeders design larger experiments. A larger sample size gives you more power. Measuring
phenotypes is very labor-intensive, and really limits how big an experiment can be. The new tool will allow for faster
measurements and accelerate the breeding process.

The Phenocart is a collection of sensors. The sensors are attached to a repurposed bicycle wheel and handles
that a plant breeder can easily push among plants in a field. The Phenocart rapidly collects data as it is pushed among the
plots. The Phenocart can be outfitted with different sensors depending on what needs to be measured, such as how green
the plants are. This measure of vegetation index or ‘greenness’ is really the easiest and more straightforward way to
measure the overall health status of the plant.

A thermometer can be used to check leaf temperature. Leaf temperature is also a good predication for crop
yield. A global position system (GPS) can pinpoint exactly where the Phenocart measures, which helps organize data.
The data is processed by software included in the Phenocart package. One of the best aspects about the Phenocart is that
it’s portable and can be packed up and takeen anywhere in the world, making an impact across the global plant breeding
community and affordable technology for a broad group. As plant breeding becomes more sophisticated, so does measur-
ing the results of large field experiments. The Phenocart is a low-cost, mobile way to gauge the health of thousands of
plants quickly and accurately.
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New technologies quicken development of climate-resilient wheat in South Asia.

Jared Crain, Daljit Singh, Trevor Rife, and Jesse Poland.

Crippling climate changes, coupled with a growing
population, threaten food security, economic welfare
and social harmony in South Asia, a region heavily
dependent on wheat for its nutrition and income. T

But in the race to fight hunger, the development of | a
new wheat cultivar that can withstand harsh growing
conditions is severely hindered by traditionally labo-
rious and time-consuming breeding processes. The
Feed the Future Innovation Lab for Applied Wheat
Genomics, led by Kansas State University, works
with the International Maize and Wheat Improve-
ment Center (CIMMYT) and the Borlaug Institute
for South Asia to address this issue. The partnership
is creating new solutions and technologies to get
high-yielding, climate-resilient wheat cultivars into
the hands of farmers in India and Pakistan years
sooner.

aljit Singh and Jared Crain from Kansas State University assist
with phenotyping using a modified Phenocart in India.

In this effort, the Applied Wheat Genomics Innovation Lab has developed three new data collection technolo-
gies that are designed to speed up phenotyping, the process of gathering field data on plant characteristics, thereby
enabling breeders to develop climate-resilient varieties at a much faster pace. These innovations are some of the first
affordable technologies that could be developed on a large scale and implemented in states, countries and research loca-
tions throughout the world.

Phenocart. An inexpensive, locally adapted technology that collects and analyzes phenotypic data via computer
instead of by hand. The Phenocart can be modified, using readily available items like bicycles, to fit the
needs of Indian scientists where fields are inaccessible by tractors. This technology will allow researchers to
collect data to assist in crop breeding and identify lines that are best suited for target environments.

Unmanned aerial vehicle (UAV). Another high-throughput and inexpensive phenotyping platform that greatly
accelerates the breeding cycle. The UAV can facilitate the development of climate-resilient and resource-
efficient varieties, promoting environmentally friendly agriculture.

Field Book. A simple and free app for Android devices that will help the breeding community to significantly
reduce time and mistakes, resulting in better selections. The Field Book developers estimates that the app
can save researchers and breeders one-third the time of hand-written notes. Researchers at CIMMYT, for ex-
ample, may have 10,000 plots in a field trial, so a one percent error rate is pretty substantial. Field Book can
eliminate human errors and speed up the turn-around time for analysis.

As a whole, the Applied Wheat Genomics Innovation Lab is working to use affordable, consumer-grade equip-
ment to tackle some of the world’s largest problems, like feeding nine billion people by the year 2050.

Kansas State University’s leadership in wheat research recognized with $1.6M grant.

Jesse Poland and Bikram S. Gill; Sunish Sehgal (South Dakota State University, Brookings, SD, USA); and Gary Mue-
hlbauer (Plant Genetics Department, University of Minesota, St. Paul, MN, USA.

Kansas State University wheat researchers are leading efforts to develop a better understanding of the wheat genome.
The National Science Foundation’s Plant Genome Program awarded the researchers a three-year, $1.6 million grant to
fund projects and collaborations to help train new generations to answer challenging plant genomics questions.
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The project is GPF-PG: Genome Structure and Diversity of Wheat and Its Wild Relatives. The project will focus
on ways to improve the current wheat genome assembly by using genetic information. Currently, the use of molecular
markers in wheat breeding is limited because of their size, which is five times larger than the human genome.

If we think about the genome as a book, with lots of letters that need to be organized into words and sentences
and ordered pages that make a story, we are at the point with the wheat genome of having sentences organized on a page,
but not clear what order the pages should go. To really understand the whole story, we need to get the pages in order.

The project has the support of Kansas Wheat. According to Justin Gilpin, COE of Kansas Wheat, wheat farmers
are excited about the work going on at Kansas State University and the advances that this project will mean to wheat ge-
netics and leveraging diversity. Resources from important agencies such as the National Science Foundation that support
Kansas State University will really make a difference. The project also will partner with the Kansas Foundation for Ag in
the Classroom to develop education and training opportunities for future researchers. Kindergarten through 12th grades
will receive information for plant science careers. Undergraduate students and postdoctoral researchers also will have
education and training in genomics and bioinformatics.

With the generation of huge datasets, the computational approaches of bioinformatics to understand biologi-
cal data are critical. The goal is to integrate more computer science into agriculture classrooms. Because data sets have
grown larger, good levels of computer skills are needed.

Sequencing the wheat genome to help feed the world: a high-quality, bread wheat reference
sequence is on the horizon.

Jesse Poland.

Kansas State University, in collaboration with the International Wheat Genome Sequencing Consortium (IWGSC), has
announced the production of an improved, whole-genome assembly of bread wheat. Using NRGene’s DeNovaMAG-
ICTM software and Illumina’s sequencing data for assembly, the team is well on its way to sequencing Chinese Spring
bread wheat. A high-quality, whole-genome reference sequence (a complete map of the entire genetic make-up from
one end of the chromosome to the other, for all 21 bread wheat chromosome pairs) is less than two years away and will
dramatically accelerate global research into crop improvement of the world’s most staple crop.

The public-private collaborative project is coordinated by the IWGSC and led by Jesse Poland, Nils Stein of
IPK Gatersleben in Germany, Curtis Pozniak of the University of Saskatchewan’s Crop Development Centre in Canada,
and Andrew Sharpe of the Global Institute for Food Security in Canada. Project participants also include researchers
from Illumina, Inc.; NRGene in Israel and the United States; Tel Aviv University in Israel; and the French National Insti-
tute for Agricultural Research (INRA).

This improved assembly of the wheat genome is an excellent resource to move forward with genomics assisted breed-
ing. With wheat being such an important crop for Kansas, projects like this will continue to enable world-class research
efforts in wheat at KSU to understand the wheat genome and produce better cultivars.

To understand the significance of this achievement, it is important to understand why sequencing the wheat
genome continues to be such a massive undertaking. The wheat genome itself is huge, with a total of 16 billion base pairs
of DNA, especially compared to other significant staple crops such as rice and corn, which have 430 x 10° and 2.5 x 10°,
respectively. Building a full reference sequence with that many pieces has traditionally been virtually impossible. With
the help of NRGene’s DeNovaMAGICTM technology and Illumina’s sequencing technology, the reality is in sight.

Having the whole genome sequence is like providing an instructional manual for building better plants. Until
now, the pages in the manual were out of order and 40% of them were missing. Having a complete manual, with eve-
rything in the right order will allow us to quickly identify genes responsible for traits such as pest resistance, yield, and
quality. With this genomic information we could potentially make the breeding cycle 2-3 times faster, and bring better
varieties to farmers in a fraction of the time.
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According to the United Nations, 70% more food will be needed by 2050. As global populations grow and
available land and water become scarcer, the pressure is on crop and trait improvement to meet the wheat productivity
increase that is needed. This high quality reference genome sequence will provide the genomic keys necessary to ensure
an abundant supply of wheat for the years to come.

This project was coordinated through the International Wheat Genome Sequencing Consortium with fund-
ing from Genome Canada; Genome Prairie; the Saskatchewan Ministry of Agriculture, the Saskatchewan and Alberta
Wheat Development Commissions, and the Western Grains Research Foundation through the Canadian Triticum Applied
Genomics (CTAG?2) project; Kansas State University through the US National Science Foundation Plant Genome Re-
search Program; and Illumina, Inc.

Better bread: how researchers are using genomics to predict bread quality and accelerate wheat
cultivar development.

Sarah Battenfield, Allan Fritz, and Jesse Poland; Susanne Dreisigacker, Carlos Guzman, Roberto J. Pefia, and Ravi P.
Singh (CIMMYT Int., Mexico); and R. Chris Gaynor (Roslin Institute and Royal (Dick) School of Veterinary Studies,
University of Edinburgh, Scotland, UK).

A team of breeders and geneticists at Kansas State University and the
International Maize and Wheat Improvement Center, or CIMMYT,
has come up with a new approach to determine if new varieties of
bread wheat will have what it takes to make better bread. With fund-
ing from the U.S. Agency for International Development Feed the
Future Initiative, the team is using DNA markers to predict impor-
tant quality traits for bread wheat, such as dough strength and loaf
volume.

Historically, the main focus of wheat breeding has been
grain yield and the selection of lines with the best performance and
disease resistance. In many breeding programs, quality traits are evaluated at the very end of the selection cycle for
candidate wheat varieties because of the high cost and the large quantity of grain needed for testing. Because the typical
wheat breeding cycle takes eight to 10 years, waiting to test for bread quality until the final years often results in what
were thought to be promising wheat lines being discarded because they can’t produce a good loaf of bread.

The team used wheat quality data generated in the test baking lab and built prediction algorithms for determin-
ing quality traits in new generations of candidate wheat varieties using DNA markers. Using the prediction algorithm,
they were able to advance wheat quality screening by at least a year and predict over 10 times more candidate varieties
than can be tested in the quality lab. Traditionally, about 1,500 samples/year are tested in the CIMMYT quality lab, but
because quality was predicted by DNA markers alone, all 10,000 first-year yield trials were screeded for quality, which
is more than would be possible to physically handle, at roughly the same cost. The team believes there is potential to
advance the process by up to three years.

Wheat quality testing starts with analyzing grain morphology, hardness and protein content. The procedure
continues milling wheat kernels into flour then determining protein content and how much water is optimal for dough-
making in different rheological tests. Then the flour is mixed with water in a mixograph, which is like a miniature mix-
ing bowl with pins that can measure resistance of the dough while it is being developed. The curve tells us how strong a
dough from one candidate cultivar is relative to another and what is the optimum mixing time to get that dough. Kansas
hard red winter wheat needs to have really strong dough because most goes to industrial bakeries, so it needs to be able
to withstand industrial processing.

Dough strength, amount of mixing time and extensibility are all measured and bread is baked as a final test of
performance. From all this data, a decision can be made on whether the wheat line is good enough to keep, but this ques-
tion cannot come until six to eight years into the breeding cycle. Using DNA from single plants, these new prediction
models can be used to get an assessment of the quality much earlier in the breeding cycle, whiich is long before there is
sufficient seed for quality testing. Decreasing breeding cycle time has the biggest impact in breeding on return on invest-
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ment, according to the researchers. These adjustments indicate that selection for quality could increase two to three times
above what is currently possible. The results also show that wheat breeding programs can use genomic selection for
wheat quality, along with their traditional breeding pipeline, to more effectively and efficiently use resources, including
time and money.

This prediction method allows the elimination of many lines, which will not be able to pass the final test of
wheat quality. Accurate processing and end-use quality prediction models, such as genomic selection, will allow breed-
ing programs to cull unacceptable lines or target specific lines before time and resources are invested in lines that will not
pass the final test.

Additional sources of funding for the study were provided by the Monsanto Beachell-Borlaug International
Scholars Program, the Bill and Melinda Gates Foundation, CGIAR CRP WHEAT and the Durable Rust Resistance Pro-
ject.

Jesse Poland receives national award for early career plant breeding work.

Jesse Poland has received the National Association of Plant Breeders’ 2016 Early Career Scientist Award, which recog-
nizes a young scientist who is active in the field of plant breeding.

Award nominees must exhibit the ability to: establish strong research foundations, such as experimental tech-
niques and publications; interact with multidisciplinary teams; and participate in professional societies relevant to their
discipline. Poland has contributed to the study of plant breeding through publications, teaching and communicating his
research at meetings, conferences, workshops and field days. In less than six years as a research geneticist at Kansas
State University, Poland has

* Advised ten doctoral students and seven post-doctoral students and served as a committee member for other

students in plant breeding and genetics.

* Welcomed and trained visiting students and scientists from India, Italy, Mexico and Uruguay.

* Served as the adviser to K-State’s Plant Breeding and Genetics Club since its founding.

¢ Secured more than $12 million in competitive grants.

* Authored more than 50 publications with 4,000 total citations.

Two of his most significant achievements are the development and refinement of genotyping-by-sequencing, or
GBS, a novel method for genetic characterization of wheat and other species, and the development of portable high-
throughput phenotyping, or HTP, platforms. GBS has become an innate component of breeding programs around the
world that allows low-cost, whole-genome, marker profiling. HTP platforms are helping breeders and researchers to
maximize the amount of data available to them to make more accurate selections.

Poland also contributed to the development of the first physical sequence of barley, as well as the draft sequence
of hexaploid wheat under international sequencing consortiums.Poland’s nomination package, submitted by Trevor Rife
and Narinder Singh, both doctoral students in genetics, chronicles his outstanding progress and significant achievements.
Since joining Poland’s research team as his first doctoral student in 2011, Rife has seen Poland assemble an impressive
research team of students and scientists from a variety of academic backgrounds.

Molecular cytogenetic mapping of satellite DNA sequences in Aegilops geniculata and wheat.

Dal-Hoe Koo, Vijay K. Tiwari, Bernd Friebe, and Bikram S. Gill; and Eva Hfibova and Jaroslav DoleZel (Institute of
Experimental Botany, Centre of the Region Han4 for Biotechnological and Agricultural Research, CZ 78371, Olomouc,
Czech Republic).

Fluorescent in situ hybridization (FISH) provides an efficient system for cytogenetic analysis of wild relatives of wheat
for individual chromosome identification and elucidation of homoeologous relationships and for monitoring alien gene
transfers into wheat. We developed cytogenetic markers for the identification of wheat and Ae. geniculata (UsUtMtM?)
chromosomes using satellite DNAs identified from flow-sorted chromosome 5M¢. FISH was used to localize the satellite
DNA on chromosomes of wheat and selected Aegilops species.
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The FISH signals for satellite DNAs on chromosome SM¢# generally were associated with constitutive hetero-
chromatic regions corresponding to C-band-positive chromatin including telomeric, pericentromeric, centromeric, and
interstitial regions of all the 14 chromosome pairs of Ae. geniculata. Most satellite DNA also generated FISH signals on
wheat chromosomes and provided diagnostic chromosome arm-specific cytogenetic markers that significantly improved
chromosome identification in wheat. The newly identified satellite DNA CL36 produced localized Mé#-genome chro-
mosome-specific FISH signals in Ae. geniculata and in the M genome of the putative diploid donor species Ae. comosa
subsp. subventricosa but not in Ae. comosa subsp. comosa, suggesting that the M# genome of Ae. geniculata probably
was derived from Ae. comosa subsp. subventricosa.

A new T2DS-2RL Robertsonian translocation transfers stem rust resistance gene Sr59 into wheat.

Mahbubjon Rahmatov and Brian J. Steffenson (Department of Plant Pathology, University of Minnesota, St. Paul, MN

55108, USA); Jayaveeramuthu Nirmala and Matthew N. Rouse (USDA—-ARS Cereal Disease Laboratory, St. Paul, MN
55108, USA); Tatiana Danilova and Bernd Friebe; and Eva Johansson (Department of Plant Breeding, Swedish Univer-
sity of Agricultural Sciences, PO Box 101, 23053 Alnarp, Sweden).

Emerging new races of the wheat stem rust pathogen from Africa threaten global wheat production. To broaden the
resistance spectrum of wheat to these widely virulent African races, additional resistance genes must be identified from
all possible gene pools. From the screening of a collection of wheat—rye chromosome substitution lines developed at

the Swedish University of Agricultural Sciences, we described the line ‘SLU238’ 2R (2D) as possessing resistance to
many races of P. graminis f. sp. tritici, including the widely virulent race TTKSK (isolate synonym Ug99) from Africa.
The breakage-fusion mechanism of univalent chromosomes was used to produce a new Robertsonian translocation:
T2DS-2RL. Molecular marker analysis and stem rust seedling assays at multiple generations confirmed that the stem rust
resistance from SLU238 is present on the rye chromosome arm 2RL. Line TA5094 (N101)was derived from SLU238 and
found to be homozygous for the T2DS-2RL translocation. The stem rust resistance gene on chromosome 2RL arm was
designated Sr59. Although introgressions of rye chromosome arms into wheat have most often been facilitated by irra-
diation, this study highlights the utility of the breakage-fusion mechanism for rye chromatin introgression. Sr59 provides
an additional asset for wheat improvement to mitigate yield losses caused by stem rust.
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KANSAS WHEAT
1990 Kimball Avenue, Manhattan, KS 66502, USA.

Marsha Boswell.

Kansas Hard Red Winter Wheat Tour 2016.

Day 1. Twenty vehicles with 78 participants headed west from Manhattan, KS, on 3 May on the Hard Winter Wheat Tour
2016. Scouts stopped in 306 locations on the six routes between Manhattan and Colby. The Wheat Quality Council’s
wheat tour is held every year to get an idea of the yields and production of the crop. Crop scouts take measurements in
fields across their routes, using a formula developed by USDA/NASS to estimate the yield for each field. These estimates
are averaged in each car, and then combined with all cars to get a yield estimate each day. The average calculated yield
for day 1 was 47.2 bushels per acre, compared with only 34.3 bushels per acre along the same route last year.
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On 3 May, scouts reported seeing some stripe rust,
barley yellow dwarf virus, early season drought stress, and
freeze damage. Overall, wheat looked as good or better than
expected. Almost all wheat was between late boot stage and
early flowering stage. The NASS report on Monday rated
Kansas winter wheat condition 2% very poor, 8% poor, 38%
fair, 46% good, and 6% excellent. Winter wheat was 97%
jointed and 49% headed, ahead of 34% last year and well
ahead of the 28% average. A small group of scouts began
the tour in Colorado and headed east to Colby, KS. They
reported an average yield of 39 bushels/acre in Colorado and
estimated production at 78 x 10° bushels for the state.

Nebraska reported that 95% of the state’s crop is
currently rated good to excellent, with an average yield of 55
bushels/acre. They are estimating 70.4 x 10° bushels of production this year, up from only 46 x 10° bushels last year.

Although scouts anticipated seeing a lot of stripe rust, reports came in that many of the fields had been sprayed
with fungicide to prevent the spread of the disease. Aaron Harries, Kansas Wheat VP of Operation and Research, com-
mended farmers for their management practices stateing ‘Farmers need a round of applause for taking care of rust
issues before they became a huge issue.” Jeanne Falk Jones, Kansas State University multi-county agronomy specialist,
concurred. She discussed what extension is doing to educate producers about what they could do to get out in front of
stripe rust. Romulo Lollato, Kansas State University wheat and forages extension specialist, discussed three major freeze
events that occurred this spring, including one in northwest Kansas earlier this week. Falk Jones said ‘We had cold tem-
peratures Monday morning. It will take us 10 days to 2 weeks to know if we have any damage from that.’

Day 2. After day two of the Hard Winter Wheat Quality Tour 2016, scouts had visited 606 stops and calculated an aver-
age yield of 48.2 bushels/acre, up from the 34.4 bushel/acre estimate in 2015. The 20 vehicles traveled on six routes
between Colby and Wichita, KS, on 4 May. While they ran into increased disease pressure as they moved south and east,
the crop looked better than last year. Southwest portions of the state showed some signs of autumn drought stress, but
with recent rains, the prospects for the crop have increased.

Most years on this route of the tour, the groups see
little sign of moisture in the fields, but topsoil moisture was
adequate this year, and some areas even had some water
standing in the field. Many fields have been sprayed for
stripe rust, and that has definitely made an impact on the
crop. Today, scouts reported seeing more viral disease than
fungal diseases, and overall, stands are good. Mark Hodges,
from Plains Grains, Inc., reported that estimated yields for
Oklahoma are 33.6 bushels/acre, with 3.82 x 10° acres har-
vested resulting in production of 128.5 x 10° bushels for the
state, making it an above average crop.

Final projection. The 2016 Hard Red Winter Wheat Tour
was uplifting for participants because calculated yields were
higher than anticipated, disease pressure was lower than
expected, and the three days of the tour had some of the best
weather so far this spring. The three-day average was 48.6
bushels/acre, nearly a 13 bushel increase from last year.

The official tour projection for total production
numbers of hard red winter wheat to be harvested in Kansas
is 382.4 x 10° bushels. This number was calculated based on the average of estimated predictions from tour participants
who gathered information from 655 fields across the state.
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Even though the crop is about 10 days to two weeks ahead of average, harvest still won’t begin for 30 to 45
days. A lot can happen during that time, and none of it is good. The wheat still needs additional moisture and cool
temperatures to realize that yield potential. The last time yield reached 48 bushels/acre was in 2003, but at that time
10.5 x 10° acres were planted to wheat. Planted acres this year are the lowest since 1957 at 8.5 x 10°. ‘There are less
acres planted this year, but we are seeing wheat become a higher managed crop than in the past; that’s allowing us to see
higher yields,” said Justin Gilpin, Kansas Wheat CEO. ‘One thing that was a little surprising was how many fields had
been treated with fungicide to help with stripe rust,” said Gilpin. ‘Last year, stripe rust became a big yield inhibitor in
Kansas, so farmers should be commended for taking steps to control the disease this year.’

MINNESOTA

CEREAL DISEASE LABORATORY, USDA-ARS
University of Minnesota, 1551 Lindig St., St. Paul, MN 55108, USA.
www.ars.usda.gov/m 1

J.A. Kolmer, Y. Jin, M.E. Hughes, and S.W. Gale.

Wheat Rusts in the United States in 2015.

Significant spring rainfall in the Great Plains effectively ended the persistent drought conditions there. The ample
precipitation, in combination with cooler than average temperatures, created conditions very conducive for stripe rust
development throughout the Great Plains. The Atlantic coastal states generally experienced drier than average conditions
during the late growing season, thus greatly limiting rust development there. Much warmer and dry conditions in the
Pacific Northwest hastened crop development and contributed to reduced stripe rust levels.

Wheat stem rust (caused by Puccinia graminis f. sp. tritici). Wheat stem rust was not widespread or severe in the U.S.
in 2015, only reported in Texas, Louisiana, Kansas, Nebraska, Ohio, Michigan, and North Dakota. All collections and
observations were from nurseries, with the exception of collections from fields in northeastern and west-central Texas
and a field in northwestern Ohio. Wheat stem rust was first reported on 4 March at Weslaco in Lower Rio Grande Valley,
southern Texas. Race QFCSC was the most commonly identified wheat stem rust race in 2015 and in recent years. Race
RFCSC, similar to QFCSC with added virulence to Sr7b, was found in a low frequency in collections from Nebraska.
Stem rust infections on barley in the intermountain region in northern California and barley nursery near Monterey Bay
were identified as BBLBB. Further testing of the isolates on host specificity determined that it belongs to the rye stem
rust pathogen, Puccinia graminis f. sp. secalis. Wheat stem rust was not isolated from aecial samples of Berberis vul-
garis collected from Minnesota and Wisconsin.

Wheat stem rust map. Please visit: http://www.ars.usda.gov/Main/docs.htm?docid=9757.

Wheat leaf rust (caused by Puccinia triticina). Wheat leaf rust was found throughout the Great Plains in 2015, but the
cool temperatures and high rainfall in Texas and Oklahoma were more conducive for stripe rust development. Addi-
tionally, the loss of leaves to stripe rust combined with fungicide applications (to control stripe rust) contributed to the
limited leaf rust development. Leaf rust did not develop to any great extent in the Gulf Coast states, and there was very
little or no rust found in the Atlantic Coast states where conditions were dry. The limited development of leaf rust in the
southern Great Plains region greatly reduced the amount of urediniospores carried to the northern states. Wheat leaf rust
was found in the Willamette Valley in Oregon, where it has rarely been observed for the last 10—15 years. Warm spring
and summer weather and adequate moisture created conditions for leaf rust development in the northern Great Plains and
Ohio Valley, however, the limited inoculum arriving from the southern regions reduced leaf rust incidence and severity in
the northern states. Leaf rust was found in Minnesota, Wisconsin, and Ohio, but severities were generally low. In 2015,
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Table 1. Number and frequency (%) of virulence phenotypes of Puccinia triticina in the United States in 2015 identified by virulence to 20 lines
of wheat with single genes for leaf rust resistance. Lines tested were Thatcher lines with genes Lr1, Lr2a, Lr2c, Lr3, Lr9, Lr16, Lr24, Lr26, Lr3ka,
Lrll, Lrl7, Lr30, LrB, Lr10, Lri4a, Lr18, Lr21, Lr28, Lr39, and Lr42.

LA,MS, IL, IN, MI, MN, MT,
Pheno- TN, VA OH, WI OK, TX KS,NE ND AZ OR Total
type Virulences # % # % # % # % # % # % # % | # %
MBDSB | 1,3,17,B,10,14a 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 53 0 00| 2 (02
MBDSD | 1,3,17,B,10,14a,39 4 7.1 1 19 33 | 213 | 18 | 254 | 16 9.6 9 | 474 0 00 |81 [154
MBPSB }faﬁka,U,SO,B,lO, 0 0.0 0 0.0 4 2.6 2 2.8 1 0.6 0 0.0 0 00| 7 |13
MBPSD | 1,3,3ka,17,30,B,10, 0 0.0 0 0.0 3 19 2 2.8 1 0.6 1 53 0 00| 7 |13
142,39
MBPTB | 1,3,3ka,17,30,B,10, 1 1.8 0 0.0 4 2.6 0 0.0 0 0.0 0 0.0 0 00| 5|10
14a,18
MBSDS | 1,3,3ka,11,17,14a,
212839 0 0.0 0 0.0 0 0 3 42 0 0 0 0.0 0 0 3106
MBTNB }fﬁka,l 1,17.30.8, 35 625 27 | 50.0 0 0.0 3 42 1 0.6 0 0.0 0 0.0 | 66 [12.5
MBTSB | 1,3,3ka,11,17,30,B, 2 3.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00| 2 |04
10,14a
MCDSB | 1,3,26,17,B,10,14a 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 2 |667| 2 |04
MCDSD ;’93’26’173’10’142" 0 0.0 0 0.0 0 0.0 0 0.0 1 0.6 0 0.0 0 00| 1 [02
MCISB }i’%’ll’”’B’lO’ 1 1.8 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00| 1 [02
MCPSB 13,26 3ka,17,30.B, 1 1.8 0 0.0 3 19 0 0.0 0 0.0 0 0.0 0 00| 4 ]08
10,14a
MCPSD | 1,3,26,3ka, 17,30 B, 0 0.0 0 0.0 2 1.3 1 14 1 0.6 0 0.0 0 00| 4 (0.8
10,14a2,39
MCPTB | 1,326,3ka, 17,30 B, 0 0.0 0 0.0 6 3.8 0 0.0 0 0.0 0 0.0 0 00| 6 | 1.1
10,14a,18
MCTNB ]13’31’55’31(&“ 17,30, 5 89 14 | 259 2 13 1 14 0 0.0 0 0.0 1 |[333|23|44
MDDSB | 1,3,24,17,B,10,14a 0 0.0 0 0.0 1 0.6 0 0.0 0 0.0 1 53 0 00| 2 |04
MDJSB }f{;M’ll’”’B’lO’ 0 0.0 0 0.0 0 0.0 1 14 0 0.0 0 0.0 0 00| 1 [02
MDPSB | 1,324,3ka, 17,30 B, 0 0.0 0 0.0 0 0.0 0 0.0 4 24 0 0.0 0 00| 4 (0.8
10,14a
MFDSB }f{;24’26’17’B’10’ 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 2 10.5 0 00| 2 |04
MFGIG ;?’24’26’“’10’142" 2 3.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00| 2 |04
MFJSB }f{;24’26’11’17’B’10’ 0 0.0 0 0.0 2 1.3 0 0.0 2 12 0 0.0 0 00| 4 (0.8
MFPSB 1,3,24,26,3ka,17,30, 0 0.0 0 0.0 1 0.6 0 0.0 4 24 3 158 0 00| 8 [15
B,10,14a
MFPSD 1,3,24,26,3ka,17,30,
B.10.142.39 0 0.0 0 0.0 1 0.6 0 0.0 0 0.0 0 0.0 0 00| 1 [02
MFTSB 1,3,24,26,3ka,l11,17,
30.B.10.14a 0 0.0 0 0.0 0 0.0 1 14 0 0.0 0 0.0 0 00| 1 [02
MGBIJJ 1,3,16,10,14a,28,39 0 0.0 0 0.0 0 0.0 0 0.0 1 0.6 0 0.0 0 00| 1 [02
MLDSB | 1,39,17,B,10,14a 0 0.0 0 0.0 1 0.6 0 0.0 0 0.0 0 0.0 0 00| 1 [02
MLDSD | 1,39,17,B,10,14a,39 0 0.0 0 0.0 11 7.1 3 42 7 43 0 0.0 0 00 |21 |40
MLPSB }fa’g 3ka,17,30,B,10, 0 0.0 0 0.0 0 0.0 1 14 1 0.6 0 0.0 0 00| 2 |04
MLPSD }fgi,gka,USO,B,lO, 1 1.8 0 0.0 16 | 10.3 4 5.6 11 6.6 2 10.5 0 00 |34]65
MLTSD 1,3.9.3ka,11,17,30,B, 0 0.0 0 0.0 1 0.6 0 0.0 0 0.0 0 0.0 0 00| 1 [02
10,14a2,39
MMDSD ;’93’9’26’173’10’142" 0 0.0 0 0.0 4 2.6 9 12.7 3 1.8 0 0.0 0 00 (16| 3.0
MMPSD | 1,3,9,26,3ka,17,30,B, 2 3.6 0 0.0 14 | 90 4 5.6 5 3.0 0 0.0 0 00 [25]438
10,14a,39
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Table 1. Number and frequency (%) of virulence phenotypes of Puccinia triticina in the United States in 2015 identified by virulence to 20 lines
of wheat with single genes for leaf rust resistance. Lines tested were Thatcher lines with genes Lr/, Lr2a, Lr2c, Lr3, Lr9, Lr16, Lr24, Lr26, Lr3ka,
Lrll, Lrl7, Lr30, LrB, Lr10, Lri4a, Lril8, Lr21, Lr28, Lr39, and Lr42.
LA,MS, | IL,IN,MI, MN, MT,
Pheno- TN, VA OH,WI | OK,TX KS,NE ND AZ OR Total
type Virulences # % # % # % # % # % # % # % | # %

MNDSD ;’93’9’24’17’3’10’142" o oo | o oo o]oo] o 00| 2 121 0 |00 | 0 |00 |2]04
MNPSD | 1,3,9.24,3ka,17.30.8, | | o5 | o | 00| 3 |19 ]| 2 281 4 | 24| 0 |00 | 0o |oo |9 |17

10,142,39
MPDSD | 1,392426,17.8,10, 1| 65 | o | 00| 1 |06 0 00| o | 00| o |oo |0 |oo|1]o02

142,39
MPPSD | 1,3.924,263ka,17,

30.5.10.140.30 o oo | o oo 1 |o6] 2 281 0 | 00|l 0 |00 |0 |oo |3 |06
PBDGJ | 12¢3,17,1028,39 o oo | o oo 5 [32] o0 00] o | ool o Joo [0 Joo|s5]10
TBBGD | 12a.2¢3,10,39 o oo | o oo ofoo] o 00| 2 12] 0o oo | o oo 0.4
TBBGJ | 12a2¢3,102839 o oo o ool 9 ]s8] 1 14] 4 | 241 0 Joo [ o Joo [14]27
TBBGS |1222¢3,10212839| 0 [ 00 | o [oo | o Joo]| o 00] 52 [311] o oo [ o Joo [52]99
TBBII ;’926"20’3’10’146"28’ o oo | o oo 21]13] o0 00| o | 00| o |00 |0 |oo0]|2]04
TBRKG | 12a2¢33ka,1130,

101418 28 1 18] 0 oo o ]oo]| o 00| o | 00| o |oo |0 |oo|1]o02
TBSQB 113’21%’20 3.3ka, 11,17, o oo | o oo o ]oo] 1 14 0 [ 00| o |oo | 0o |oo0]|1]o02
TCPSB | 12a2¢3.263ka,17,

081014 o oo | 2|37 0]o0o] o 00| o | 00| o |00 |0 |00 ]|2]04
TCRKG | 12a2¢3263ka,l1,

30101501828 o oo | 2|37 000l o 00| o | 00| o |00 |0 |00 |2 |04
TCTQB | 12a2¢3.263ka,l1,

1530510 1 18] 0 oo o ]oo]| o 00| o | 00| o |oo |0 |oo|1]o02
TCTSB | 12a2¢3263ka,l1,

1730.8.10.14a o oo | o oo o]oo] o 00| 1 06 0 |00 | 0 |00 |1]o02
TDBGJ |1222¢324,102839| 0 [ 00 | o [oo | 2 [13] o 00] o | ool o Joo [ o Joo|2]o04
TDBJJ 552503’24’10’143’ o oo | o oo oloo] o 00| 1 06| 0 |00 | 0 |00 |1]o02
TDBIQ 5’12;’820’3 2410.142, 16 L o0 | o oo | o |00 o 00| 1 06 0 |00 | 0 |00 |1]02
TDPSB | 12a2¢3.243ka,17,

30810142 o oo | 1|19 0o ]oo] o 00| o | 00| o |oo |0 |oo|1]o02
TDTSB | 12a2¢3.243ka,l1,

1730.8.10.14a o0 oo | o 00| 4 |26] 1 14 0o [ 00| o |oo | 0o [0o0]|5]10
TFBIQ | 1.2a,2¢,3,24,26,10, o oo | o oo oloo] o 00| 2 121 0 |00 | 0 |00 ]|2]o04

1422128
TEPSB | 12a2¢3.24263ka,

1730810142 o oo | 2|37 000l o 00| o | 00| o |00 |0 |00 |2 |04
TETSB | 12a2¢3,.24263ka,

117308 10,142 o oo | 1 |19] 4|26/ 0 00| o | 00| o |oo |0 |oo]|5]10
TNBGJ ;’926"2“3 2410281 6 L oo | 1 [ 19|14 |90 | o |127] 15| 90| 0o |00 | o |oo [39]74
TNBGS ;ézg,;cg 24102506 L o0 | o oo | o |00 o 00| 1 06| 0 |00 | 0 |00 |1]o02
TNBIJ | 1,22.2¢,39,24,10, 0 oo | 3 |5s56]| 2 |13] s 70| 19 | 114] 0 |00 | 0 |00 |29]55

142,28 39
TPBGJ ;ézg,;c 39242610, 1 1 o0 | 0o |00 | o |00 o 00| 2 121 0 |00 | 0 |00 |2]04
TPBIJ 122,2¢,39.2426,10, |\ v 1 g0 | 0 |00 | 0o |00 0 00| 1 06| 0 |00 | 0 |00 |1]o02

142,28 39
TPBS) | 1222¢3924268B,

10.142.98 30 o oo | o oo oloo] o 00| 1 06| 0 |00 | 0 |00 |1]o02
Total 56 54 156 71 167 19 3 526
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Table 2. Number and frequency (%) of isolates of Puccinia triticina in the United States in 20145virulent to 20 lines of wheat with single resistance
genes for leaf rust resistance.

LA, MS,TN, | IL,IN, MI,

Resistance VA OH, WI OK, TX KS,NE | MN,MT,ND AZ OR Total
gene # | % | # | % # % # | % | # % # % | # % # %
Lrl 56 | 1000 | 54| 1000 156 | 1000 | 71 [1000| 167 | 1000 | 19 | 1000| 3 [ 1000 | 526 | 1000
Lr2a 2 36| 12| 222 37| 237] 17 | 239] 102] e11] o 00| 0 00| 170 ] 323
Lr2c 2 36| 12| 222 42| 269] 17 | 239] 102] e11] o 00| 0 00| 175] 333
Lr3 56 | 1000 | 54 1000 156 | 1000 | 71 [1000| 167 | 1000 | 19 | 1000| 3 [ 1000 | 526 | 1000
Lr9 3 54| 4| 74| 68| 436] 390 | 549 72| 431 2 105] 0 00| 188] 357
Lri6 0 00 00 o] oof o 00 1| o6 o 00| 0 00| 1] o2
Lr24 2 36| 8| 148] 36| 231] 21 [ 296] 59| 353] 6 | 316] 0 00| 132] 251
Lr26 12 | 214 21| 389 41| 23] 18 [ 254 23| 138] 5 263 3 | 1000 ] 123 234
Lr3ka 49 | 875] 49| 907 69| 442 25 | 352 34| 204| 6 | 316] 1 333 [ 233 | 443
Lril 47 | 839] 44| s815] 13| 83| 8 | 113 4] 24| o 00| 1 333 17| 222
Lrl7 53 | oa6| 48| 889 127| 814 56 | 789 65| 389 19 | 1000] 3 [ 1000]| 371 705
Lr30 49 | 875] 49| 97| 69| 442 24 | 338] 34| 204| 6 | 316] 1 333 | 232 44.1
LB 53 | oa6| 48| 889 122| 782 56 | 789 e6| 395| 19 | 1000] 3 [ 1000 367 6938
Lr10 16 | 286 13| 241 154] 987] 67 | 944| 166| 994] 19 | 1000]| 2 667 | 437 83.1
Lrl4a ss | 982| 53] 98| 126| 808 | 60 | 845] 91| s545] 19 | 1000| 3 [ 1000 407] 774
Lr18 2 36/ 2| 37| 10| 64| o 00 0 o] o 00| 0 00| 14] 27
Lr21 0 00| o] 00 o] o6] o 00| 56| 335] o 00| 0 00| 56| 106
L1r28 3 54 6| 1| 34| 218] 15 [ 211] 100] 599] o 00| 0 00| 158] 300
Lr39 7 | 125 5| 93| 124] 795] 60 | 845] 150 898| 12 | e32] o 00| 358 ] 681
Lrd2 0 00| o] 00 o] oof o 00 o] oo0] o 00| 0 00| o] o0
Total 56 54 156 71 167 20 3 526

Table 3. Estimated losses in winter wheat due to rust in 2015 (T = trace, less than 1% loss statewide; — no state estimates avail-

able).
1,000 Yieldsin | Production Losses due to:
acres bushels in 1,000 Stem rust Leaf rust Stripe rust
State harvested per acre of bushels % 1,000 bu %0 1,000 bu Yo 1,000 bu

AL 220 68.0 14,960 0 0 0 0 0 0
AZ 2 103.0 206 — — — — — —
AR 240 56.0 13,440 0 0 0 0 T T
CA 150 70.0 10,500 0 0 0 0 3 269
CcO 2,140 37.0 79,180 0 0 T T 25 26,393
DE 65 65.0 4,225 0 0 T T 0 0
FL 15 430 645 — — — — — —
GA 145 43.0 6,235 0 0 1 47 T T
1D 700 82.0 57,400 0 0 0 0 3 1,775
1L 520 65.0 33,800 — — — — — —
IN 260 68.0 17,680 0 0 1 179 2 269
IA 15 52.0 780 — — — — — —
KS 8,700 37.0 321,900 T T T T 15 58,596
KY 440 73.0 32,120 — — — — — —
LA 92 39.0 3,588 T T T T T T
MD 270 64.0 17,280 0 0 T T T T
MI 475 81.0 38,475 T T 1 389 T T
MN 43 58.0 2,494 0 0 T T 15 440
MS 120 48.0 5,760 0 0 T T T T
MO 610 53.0 32,330 0 0 T T 2 492
MT 2,220 410 91,020 0 0 0 0 2 1,358
NE 1,210 38.0 45,980 0 0 T T 12 6,270
NV 6 90.0 540 — — — — — —
NJ 20 50.0 1,000 — — — — — —
NM 190 25.0 4,750 — — — — — —
NY 110 63.0 6,930 0 0 T T 0 0
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Table 3. Estimated losses in winter wheat due to rust in 2015 (T = trace, less than 1% loss statewide; — no state estimates avail-

able).
1,000 Yieldsin | Production Losses due to:
acres bushels in 1,000 Stem rust Leaf rust Stripe rust
State harvested per acre of bushels Y% 1,000 bu %o 1,000 bu %o 1,000 bu
NC 570 53.0 30,210 0 0 T T 0 0
ND 190 440 8,360 0 0 0 0 0 0
OH 480 67.0 32,160 T T T T — —
OK 3,800 26.0 98,800 0 0 4 4,117 25 32,933
OR 735 47.0 34,545 0 0 T T T T
PA 175 65.0 11,375 — — — — — —
SC 160 46.0 7,360 0 0 0 0 0 0
SD 970 440 42,680 T T T T 15 7,532
TN 395 68.0 26,860 0 0 T T T T
X 3,550 30.0 106,500 0 0 4 4438 25 35,500
UT 110 48.0 5,280 — — — — — —
VA 210 66.0 13,860 — — — — — —
WA 1,590 56.0 89,040 0 0 0 0 1 899
WV 4 60.0 240 — — — — — —
WI 210 74.0 15,540 T T 1 157 2 317
WY 130 32.0 4,160 — — — — — —
U.S. % loss T 0.7 12.7
U.S. total 32,257 42.5 1,370,188 T 9,325 173,545
Table 4. Estimated losses in spring and durum wheat due to rust in 2015 (T = trace, — = no state estimate available,
N/A = data not available, * U.S. total does not include states for which loss or production data is not available).
SPRING WHEAT
1,000 Yields in | Production Losses due to:
acres bushels in 1,000 Stem rust Leaf rust Stripe rust
State harvested | per acre | of bushels %o 1,000 bu % 1,000 bu Y% 1,000 bu
CA NA NA NA 0 0 0 0 0 0
CO 7 65.0 455 0 0 T T 25 152
1D 425 70.0 29,750 0 0 0 0 6 1,899
MN 1,430 60.0 85,800 0 0 T T 15 15,141
MT 2,440 31.0 75,640 0 0 1 764 1 764
NV 2 55.0 110 — — — — — —
NY NA NA NA 0 0 T T 0 0
ND 6,650 48.0 319,200 0 0 0 0 5 16,800
OR 93 50.0 4,650 0 0 T T T T
SD 1,260 48.0 60,480 T T T T 12 8,247
UT 9 55.0 495 — — — —
WA 625 36.0 22,500 0 0 0 0 T T
U.S. % loss T 0.1 72
U.S. total * 12,941 46.3 599,080 T 764 43,003
DURUM WHEAT
1,000 Yields in | Production Losses due to:
acres bushels in 1,000 Stem rust Leaf rust Stripe rust
State harvested | per acre | of bushels % 1,000 bu % 1,000 bu % 1,000 bu
AZ 140 101.0 14,140 — — — — — —
CA 60 103.0 6,180 0 0 0 0 1 62
1D 10 70.0 700 0 0 0 0 0 0
MT 605 310 18,755 0 0 0 0 1 189
ND 1,075 39.5 42 463 0 0 0 0 0 0
SD 6 41.0 246 T T T T T T
U.S. % loss 0 0 0.31
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yield losses of 4% due to leaf rust were estimated in the hard red winter wheat cultivars in Texas and Oklahoma, with
trace levels of loss in all other states (see Table 3, pp. 76-77).

In the soft red winter wheat region of the southeastern states and Ohio Valley, P. triticina race MBTNB with
virulence to Lr1, Lr3, Lrll, Lr3ka, Lr17, Lr30, LrB, and Lr14a was the most common race. In the hard red winter wheat
region of Texas, Oklahoma, Kansas, and Nebraska, race MBDSD, with virulence fo Lrl, Lr3, Lr17, LrB, Lr10, Lri4, and
Lr39, was the most common race. In the hard red spring wheat region of South Dakota, North Dakota, and Minnesota,
race TBBGS, with virulence to Lrl, Lr2a, Lr2c, Lr3, Lr10, Lr21, Lr28, and Lr39, was the most common race. As in past
years, wheat cultivars with specific leaf rust resistance genes have likely selected the most common and virulent races of
P. triticina in the different regions of the U.S.

Wheat stripe rust (caused by Puccinia striiformis f. sp. tritici, Pst). Stripe rust appeared early in 2015 (January and
February) in Oregon, Louisiana, Arkansas, Mississippi, and Texas. Oregon experienced a very mild winter, whereas the
Gulf States areas had a wet winter. Stripe rust, however, was particularly severe in the Great Plains and was found all
the way to the Canadian border in North Dakota by early June. Cool, wet conditions in the spring in the Plains states
were very conducive for stripe rust development. Wheat production in Texas, Oklahoma, Kansas, Colorado, Nebraska,
and South Dakota was significantly impacted by stripe rust in 2015 (see Table 3 and 4, pp. 76-77); the heaviest recorded
stripe rust year in Colorado and also in Nebraska. Stripe rust was still active and developing in South Dakota, North
Dakota and Minnesota in late June. Although stripe rust was found in the Gulf States, Southeast, and mid-Atlantic areas,
the impact was minimal in these areas. The onset of warm weather in the Gulf States limited stripe development there,
whereas dry conditions in the Mid-Atlantic states limited development there. Warm, dry conditions in Washington has-
tened crop development and contributed to reduced stripe rust levels in the state.

Stripe rust resulted in significant losses in Great Plains states (see Tables 3 and 4, pp. 76-77) with an estimated
national winter wheat loss of 12.7%, a 7.2% spring wheat loss, and 0.3% durum wheat loss due stripe rust in 2015.

Wheat stripe rust map. Please visit: http://www.ars.usda.gov/Main/docs.htm?docid=9757.

For more information. For more details on the cereal rust situation in the U.S. as well original reports from CDL staff
and cooperators, the bi-weekly Cereal Rust Bulletins and cereal rust observation maps, please visit:

http://www.ars.usda.gov/Main/docs.htm?docid=9757.

ITEMS FROM NEBRASKA

UNIVERSITY OF NEBRASKA
Department of Agronomy & Horticulture, Department of Plant Pathology, and the
USDA-ARS Grain, Forages and Bioenergy Research Unit, Lincoln, NE, 68583, USA.

Growing conditions.

The 2014-15 growing season would be considered being very heterogeneous for production. Western Nebraska was
planted into generally acceptable moisture, and then had a very unusual winter with highly fluctuating temperatures lead-
ing to more winterkill than normal. Most Nebraska lines fared well. Rains at harvest delayed the harvest and weathered
the grain. Southwestern Nebraksa had generally good growing conditions throughout the year and produced very good
quality grain. Eastern Nebraska had a normal growing season with the exception of very heavy rains right after planting
for early planted wheat, which hurt emergence. At flowering, excessive moisture lead to severe epidemics of stripe (yel-
low) rust and Fusarium head blight (scab).
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Wheat production.

In the 2014-15 season, Nebraskans planted 1,490,000 acres of wheat and harvested 1,210,000 acres with an average
yield of 38 bushels/acre for a total production of 45,980,000 bu. This production was much lower than the production

in 2014, but higher than that in 2013. The high level of planted acres that were not harvested is likely due to winterkill-
ing in western Nebraska due to fluctuating temperatures. In the 2013—14 season, Nebraskans planted 1,550,500 acres of
wheat and harvested 1,450,000 acres with an average yield of 49 bushels/acre for a total production of 71,050,000 bu. In
the 2012—-13 season, 1,470,000 acres of wheat were planted in Nebraska and 1,130,000 were harvested with an average
yield of 35 bu/a for a total production of 39,550,000 bu. The 2012—-13 crop was one of the smallest crops in the last 50
years and certainly highlighted the effect of drought. In 2012, 1,380,000 acres of wheat were planted in Nebraska and
1,300,000 were harvested with an average yield of 41 bu/a for a total production of 53,300,000 bu. Despite continued ge-
netic improvement, the main determinant in wheat production seems to be acres harvested, government programs, the price
of corn, and weather (which also affects disease pressure and sprouting). This is an economic reality in understanding wheat
yields and productivity in Nebraska.

New wheat cultivar NE10589.

NE10589 was released in 2015. A full description and data can be found at: http://agronomy.unl.edu/Baenziger/NE-
10589SignedRelease.pdf. Briefly, NE10589 is a hard red winter wheat cultivar developed cooperatively by the Nebraska
Agricultural Experiment Station and the USDA-ARS. NE10589 was released primarily for its superior adaptation to
rainfed wheat production systems throughout Nebraska and in adjacent wheat producing states. NE10589 will be mar-
keted as Husker Genetics Brand ‘Ruth’ Hard Red Winter Wheat, named in honor of our greenhouse manager who was a
huge aid to the breeding program and who died far too young. Genetically, NE10589 is a semi-dwarf wheat, containing
the RhtB1b allele (formerly known as Rht]). NE10589 was selected from the cross ‘OK98697/Jagalene//Camelot’ where
the pedigree of OK98697 is “TAM 200/HBB313E//2158’. The final cross was made in 2004. This line seems to be very
broadly adapted and was selected using both phenotypic and genomic selection.

NE10589 was evaluated in Nebraska replicated yield nurseries starting in 2010, in the USDA-ARS coordinated
Northern Regional Performance Nursery in 2013 and 2014, in the Southern Regional Performance Nursery in 2014, and
in the University of Nebraska Fall Sown Wheat Performance Trials in 2014 to 2015. In the Nebraska Intrastate Nursery
(2012 to 2015), NE10589 performed extremely well across Nebraska in head-to-head comparisons for grain yield with
the currently popularly available wheat cultivars. These data are supported by the 2013 and 2014 USDA—-ARS North-
ern Regional Performance Nursery where NE10589 ranked 9" and 2™ region-wide of the 37 and 40 entries tested in
those years (data available at http://www.ars.usda.gov/Research/docs.htm?docid=11932). For a more northern adapted
wheat cultivar, it also performed well in the 2014 Southern Regional Performance Nursery where it ranked 19" of the
40 lines tested in that year. In the last two years, NE10589 was tested in the Nebraska State Variety Trials across 25
environments. NE10589 (3,436 kg/ha) had higher grain yield than all currently popular winter wheat cultivars that were
tested state-wide (e.g., Overland, 3,275 kg/ha; Freeman, 3,214 kg/ha; and Wesley, 2,947 kg/ha). Based upon these data,
NE10589 is adapted to all rainfed wheat production in Nebraska. NE10589 is moderately late in maturity, which is very
similar to that of Overland, two days later than that of Freeman, and one day later than that of Settler CL. The mature
plant height of NE10589 is similar to that of Robidoux, but shorter than Camelot, Goodstreak, Panhandle, and Overland.
NE10589 is taller than Wesley, Settler CL, and Freeman. NE10589 has moderate straw strength for a semi-dwarf wheat
with little lodging reported in the years it has been tested. The winter hardiness of NE10589 is good and comparable to
other winter wheat cultivars grown in Nebraska.

NE10589 is resistant to Soilborne wheat mosaic virus in field nurseries in Nebraska and is moderately resistant
to stem rust in field nursery tests at St. Paul, MN, and stripe rust in field nurseries in Nebraska. The cultivar is moder-
ately susceptible to susceptible for leaf rust. By molecular markers, NE10589 is believed to carry the Lr37/Sr38/Yr17
translocation. NE10589 is moderately susceptible to Fusarium head blight (data from greenhouse and field observations
in Nebraska and Kansas) and moderately susceptible to DON accumulation. Cultivar NE10589 is moderately resistant to
moderately susceptible to Hessian fly, but its reaction can be quite variable among greenhouse seedling tests. NE10589
is susceptible to Barley yellow dwarf virus and Wheat streak mosaic virus (data obtained from the USDA—ARS Northern
Regional Performance Nursery and field observations in NE).
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NE10589 has high grain volume weight, which is similar to most high grain volume weight wheats. The overall
end-use quality characteristics for NE10589 (scored as 4.0, where 3 is fair, 4 is good, and 7 is excellent) was lower than
that of Wesley, but higher than that of Overland and similar to many commonly grown wheat cultivars. NE10589 should
be acceptable to the milling and baking industries.

In positioning NE10589, based on performance data to date, it should be well adapted to most rainfed wheat
production systems throughout Nebraska and in adjacent areas of the Great Plains. NE10589 is not recommended for
irrigated wheat production, due to its not having similar straw strength and comparable yield potential to the best avail-
able irrigated wheat cultivars (data not shown). Where adapted, NE10589 should be a replacement for Overland (under
rainfed production). NE10589 is genetically complementary to virtually all wheat cultivars grown in Nebraska, with the
exception of Camelot and Jagalene.

NE10589 is an awned, tan-glumed cultivar. The field appearance is most similar to that of Wesley, but is easily
separated because Wesley has a bronze chaff. After heading, the canopy is moderately closed and erect to inclined. The
flag leaf is recurved and twisted at the boot stage. The foliage is green with a waxy bloom on the leaf sheath, with little
waxy bloom on the spike at anthesis and on the leaves. The leaves are glaborous. The spike is tapering, narrow, and lax.
The glume is short and wide, and the glume shoulder is square to elevated. The beak has an acuminate tip. The spike is
predominantly inclined at maturity with some recurved spikes. Kernels are red colored, hard textured, and mainly ovate
in shape. The kernel has no collar, a medium brush of short length, rounded cheeks, midsize germ, and a narrow and
shallow crease.

NE10589 was developed with partial financial support from the Nebraska Agricultural Experiment Station and
the Nebraska Wheat Development, Utilization, and Marketing Board. Partial funding for P.S. Baenziger is from Hatch
project NEB-22-328; USDA-IFAFS competitive grant 2001-04462; USDA, NRICGP 00-353000-9266, 2004-35300-
1470, and 2007-51300-0375; USDA CSREES NRICAP grant 2006-55606-16629; USDA OREI 2007-51300-03785;
AFRI/2011-68002-30029; the CERES Trust Organic Research Initiative; and USDA under Agreement No. 59-0790-4-
092, which is a cooperative project with the U.S. Wheat & Barley Scab Initiative. Any opinions, findings, conclusions,
or recommendations expressed in this publication are those of the authors and do not necessarily reflect the view of the
USDA. Cooperative investigations of the Nebraska Agricultural Research Division, University of Nebraska, and the
USDA-ARS.

New winter triticale cultivars.
P. S. Baenziger (breeder-inventor), K. Vogel, R. Mitchell, S. Wegulo, T. Regassa, D. Santra, and G. Hein.

In 2015, seven winter triticale (xTriticosecale Wittmack) lines NT05421, NT07403, NT09423, NT11406, NT11428,
NT12414, and NT12434, developed cooperatively by the Nebraska Agricultural Experiment Station and the USDA—
ARS and recommended for release in 2016 by the developing institutions. The lines were developed for grain or forage
production primarily in the Great Plains and to provide triticale growers with greater diversity to select winter triticale
lines for grain, forage, or cover crop. However, the University of Nebraska has commercial triticale partners who have
tested these lines in regions beyond Nebraska and our testing network that also includes locations beyond Nebraska.
Proprietary data from our cooperators are not shown and only data developed from Nebraska are presented. The previ-
ously released winter triticale (NE426GT) that is good for both grain and forage production (Baenziger et al. 2005) was
used for head-to-head comparisons. NE422T (Baenziger and Vogel 2002), also previously released, was included in the
comparisons because of it is an excellent forage triticale (4% better forage yielding than that of NE426GT). However,
NE422T is a lower grain yielding line (16%) than NE426GT, which increases the cost of seed production. Hence, the two
previously released cultivars represent the current grain and forage yield of commercially available winter triticale lines
in Nebraska. In reviewing the forage data, no lines were significantly better than NE426GT, but two lines (NE11406 and
NT12434) were significantly lower forage yielding than NE426GT. For grain yield, two lines (NT07403 and NT09423)
were significantly better than NE426GT. No new line was significantly lower grain yielding than NE426GT. Thus, most
of the modern triticale lines were similar in forage yield and equal or better for grain yield to the currently commercially
available lines. Considering other attributes, for flowering date, NE422T was significantly later than NE426GT, which
was expected. Only NT07403 was significantly earlier than NE426GT. The remaining lines were not significantly dif-
ferent from NE426GT. For plant height, NE422T, NT05421, and NT11428, were significantly taller than NE426GT,
whereas NT07403 and NT12414 were significantly shorter than NE426GT.
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Triticale has few diseases in Nebraska and there are no regional nurseries, hence there is little disease or insect
data to report. Historically, triticale is very resistant to most diseases commonly found in Nebraska, such as the rusts,
and many of the virus diseases, such as wheat streak mosaic virus, which is prevalent in western Nebraska. For example
in 2012, David Marshall evaluated in Kenya using field races (TTKSK and its derivatives; personal communication)
and had stem rust infections of 10% (NT05421), 1% (NT07403), and 1% (NT09423), with infection types of S, S, and
S, respectively, whereas in the same nursery, Jagger wheat ranged from 50-70% infection and infection type of S. For
stripe rust, NT05421, NT07403, NT09423, and Jagger were all rated as having an infection type of moderately suscep-
tible. In 2013, NT11406 and NT11428 were evaluated for stem rust resistance in Kenya using field races, and both lines
were rated as being resistant, whereas Jagger ranged from 15-60% infected with a susceptible infection type of dead
(killed by the disease). Stripe rust was not present in 2013. In Nebraska, when leaf, stripe, or stem rust were present on
wheat, NT05421, NT07403, NT09423, NT11406, NT11428, NT12414, and NT12434, would be considered as resistant.
In years of high infection of ergot (caused by Claviceps purpurea (Fr.) Tul.), NT05421, NT07403, NT09423, NT11406,
NT11428,NT12414, and NT12434, had very low infections. During its selection, lines with ergot are routinely dis-
carded. Triticale is susceptible to bacterial streak disease (incited by Xanthomonas campestris pv. translucens (Jones et
al.) Dye). No significant differences were detected among the lines tested. Note, bacterial streak disease was absent in the
year that NT12414 and NT12434 were evaluated, so no data are presented for those lines.

Considering each line separately, NT05421 is a winter triticale with prostrate growth habit in the winter.
NTO05421 was derived from a complex cross mainly involving NE422T which the final cross was made in 1999. The F,
was grown in the greenhouse in 2000, and the F, seed was planted as a bulk at Lincoln, NE, harvested with a combine
in 2001, and replanted that autumn at Lincoln, NE, as an F, bulk. In 2002, F, , heads were snapped from the F, bulk and
planted in Lincoln, NE, that autumn as individual short rows (approximately 75-cm long with 25 cm between rows).

In 2003, based upon visual selection for the absence of disease, good straw strength, and agronomic appearance, the
better rows were selected. The harvested seed was visually inspected for seed quality and ergot, and those samples with
poor seed quality (shriveled grain) and ergot were discarded. The remaining lines (F, ) were planted at Lincoln, NE, in
four row plots that were 3-m long with 25 cm between rows in the autumn of 2003 and combine harvested in 2004. The
center two rows were cut and threshed using a plot thresher. No further selection was made thereafter. Based upon grain
yield, seed quality, and agronomic and resistance to disease, F,  lines were advanced for planting in the autumn of 2004
and harvesting in 2005 in a multilocation trial at Lincoln (single replication), Mead (two replications), and Sidney, NE
(single replication). The name NT05421 is derived from the line being selected in Nebraska (N) being a triticale (T) in
2005 (hence 05) and being derived from plot 421. Thereafter, NT05421 was tested in multilocation trials with three replica-
tions at the same three Nebraskan locations. Plant color at boot stage is blue-green, and the stem is without anthocyanin.
The neck is moderately hairy and straight. The flag leaf is upright, not twisted, and with a waxy bloom. The auricle is
colorless. The seed is amber in color, oval, wrinkled, and with a large and long brush.

NTO07403 is a winter triticale with prostrate growth habit in the winter. NE07430 was derived from the cross
‘NE98T424/Flood//NT00418’, which was made in 2001. The pedigree of NE98T424 is ‘Presto/NE91T409’ and the pedi-
gree of NT00418 is ‘RAH-123/NE94T409’. The same breeding procedure described for NT05421 was used, beginning
with the cross being made two years later. The plant color at boot stage is green and the stem is without anthocyanin.
The neck is hairy and straight. The flag leaf is drooping, twisted and with a waxy bloom. The auricle is colorless. The
head is mid-dense, clavate, awned, and the color is tan. The glumes at maturity are pubescent, mid-long, narrow, with a
wanting shoulder. The beak is acute. The seed is amber in color, oval, slightly wrinkled, and with a large and long brush.

NTO09423 is a winter triticale with prostrate growth habit in the winter. NE09423 was derived from the cross
‘NE426GT/NTO01417°, which was made in 2003. The pedigree of NT01417 is ‘NE85T121/NE87T148//RAH-123". The
same breeding procedure described for NT05421 was used beginning with the cross being made four years later. The
plant color at boot stage is green and the stem is without anthocyanin. The neck is hairy and straight. The flag leaf is up-
right, not twisted and with a waxy bloom. The auricle is colorless. The head is mid-dense, fusiform, awned, and the color
is tan. The glumes at maturity are glabrous, mid-long, narrow, with a wanting shoulder. The beak is acuminate. The seed
is amber in color, ovate, wrinkled, and with a large and long brush.

NT11406 is a winter triticale with prostrate growth habit in the winter and derived from the cross ‘NT04427//
NE92T422/NE426GT sib/3/NT02458//CTM86.101/GWT 88-12°, which was made in 2005. The pedigree of NT04427
is ‘NE422T/TX95V71°1, the pedigree of NE92T422 is ‘85LT401/NE83T24’, and the pedigree of NT02458 is ‘RAH-
123/NE90T413’. The same breeding procedure described for NT05421 was used beginning with the cross being made
six years later. The plant color at boot stage is yellow-green and the stem is without anthocyanin. The neck is hairy and

81



ANNUAXNL WHEANT NEeWwWSLETTER vV o L. 6 2.
straight. The flag leaf is upright, twisted and with a waxy bloom. The auricle is colorless. The head is mid-dense, oblong,
awned, and the color is yellow. The glumes at maturity are slightly pubescent, mid-long, and mid-wide with a wanting
shoulder. The beak is obtuse. The seed is amber in color, oval, slightly wrinkled, and with a mid-sized and short brush.

NT11428 is a winter triticale with prostrate growth habit in the winter and derived from the cross ‘NE03T413/3/
NT02458//CTM86.101/GWT 88-12°, which was made in 2005. The pedigree of NE03T413 is ‘NE426GT sib//TRICAL
2700°. The same breeding procedure described for NT05421 was used beginning with the cross being made six years
later. The plant color at boot stage is green and the stem is without anthocyanin. The neck is hairy and straight. The flag
leaf is upright, twisted and with a waxy bloom. The auricle is colorless. The head is mid-dense, fusiform, awned, and
the color is yellow. The glumes at maturity are slightly pubescent, mid-long, and mid-wide with a wanting shoulder. The
beak is obtuse. The seed is amber in color, oval, slightly wrinkled, and with a large and long brush.

NT12414 is a winter triticale with prostrate growth habit in the winter. NT12414 was derived from the cross
‘NT05433//NE426GT’, which was made in 2006. The pedigree of NT05433 is ‘NE426GT/TX95VT7117°. The same
breeding procedure described for NT05421 was used beginning with the cross being made six years later. The head is
mid-dense, fusiform, awned, and the color is tan. The glumes at maturity are slightly pubescent, long, and mid-wide with
a wanting shoulder. The beak is acuminate. The seed is amber in color, oval, slightly wrinkled, and with a mid-size and
mid-long brush.

NT12434 is a winter triticale with prostrate growth habit in the winter derived from the cross ‘NT01451/
NTO05434°, which was made in 2005. The pedigree of NT01451 is ‘OMI-4MI-3MI/NE91T410//RAH-123" and the pedi-
gree of NT05434 is ‘NE98T424/PLAI’. The same breeding procedure described for NT05421 was used beginning with
the cross being made six years later. The neck is hairy. The head is mid-dense, oblong, awned, and the color is tan. The
glumes at maturity are slightly pubescent, long, and wide with a wanting shoulder. The beak is acuminate. The seed is
amber in color, ovate, wrinkled, and with a large and long brush.

The lines have been uniform and stable since 2014. Less than 2.0% of the plants were rogued from the Breed-
er’s seed increase in 2014—15. Rogued plants were taller in height or were awnless. Up to 3% off types may be encoun-
tered in future generations. The Nebraska Foundation Seed Division, Department of Agronomy and Horticulture, Uni-
versity of Nebraska—Lincoln, Lincoln, NE 68583 had foundation seed available to qualified certified seed enterprises in
2015 with the first sale of certified seed in 2016. The U.S. Department of Agriculture will not have commercial seed for
distribution. The seed classes will be Breeder, Foundation, Registered, and Certified. All lines will be submitted for plant
variety protection under P.L. 10577 with the certification option. A fee will be assessed on all certified seed sales. Small
quantities of seed for research purposes may be obtained from Dr. P. S. Baenziger and the Department of Agronomy and
Horticulture, University of Nebraska—Lincoln, for at least 5 years from the date of this release. In addition, a seed sample
has been deposited in the USDA-ARS National Small Grains Collection, Aberdeen, ID, and this seed is freely available
to interested researchers.

The lines were developed with partial financial support from the Nebraska Agricultural Experiment Station.
Partial funding for P.S. Baenziger is from Hatch project NEB-22-328 and the Nebraska Wheat Development, Utilization,
and Marketing Board. Cooperative investigations of the Nebraska Agricultural Research Division, University of Ne-
braska, and USDA-ARS.

The effect of Fusarium head blight and stripe rust on grain yield of hard winter wheat in Lincoln,
NE.

Javed Sidiqi, P.S. Baenziger, S.N. Wegulo, and G. Bai.

To determine the effect of fungal plant pathogens on grain yield in eastern Nebraska, we initiated a study in 2015 to com-
pare fungicide treated and untreated plots using our elite nursery. Although it is well-documented that diseases reduce
grain yield and fungicide use is becoming more common, growers still debate the cost and value of using fungicides.
This experiment was to provide growers with information on the value of fungicides, so they can make informed deci-
sions and also learn about our advanced breeding lines and how they respond to fungicides in the presence of disease.
The Nebraska elite nursery contains 60 lines (two historic check cultivars, six cultivars, and 52 unreleased elite lines).
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Two fungicide regimens, treated vs. untreated, were utilized. In the treated plots, Cruiser Max® was used to
treat the seed before planting, then at early spring green-up, the plots were sprayed with Priaxor®. At flag leaf, the plots
were sprayed with Twinline® followed by Caramba® at flowering. Seed treatments and fungicides were not applied to
the untreated plots. Each fungicide treatment (treated and untreated) had 60 genotypes replicated twice in an alpha lattice
design with an incomplete block size of five entries. Grain yield was harvested using a small plot combine and the grain
was weighed after drying in the seed house.

Eastern Nebraska receives on average 65 to 75 cm of rainfall annually. In 2015, the Lincoln research station
received 42 cm of precipitation from 1 May to 15 June. The average flowering date for winter wheat in our elite trial was
24 May with a range from 20 May to 29 May. Hence, the conditions were ideal for Fusarium head blight (FHB). The
other major disease present was stripe rust. Other diseases that are favored by cool moist conditions were present, but
not to the extent of FHB and stripe rust. Average FHB index in the untreated plots was 56% (range 4-96%) compared
to 10% in the treated plots (an 82% reduction in index; range 0-68%). Yield in the treated plots averaged 3,460 kg/ha
(range 1,360— 4,860 kg/ha) compared to 1,940 kg/ha (a 44% reduction in yield; range 340-3,500 kg/ha). On average, the
diseases caused a 44% reduction in yield (excluding the two historic check cultivars which actually yielded higher in the
untreated plots; yield loss due to disease ranged from 15% to 86%). Significant negative correlation between FHB index
and yield in the untreated plots (R = —-0.38; P =0.0034) indicated that some lines had good FHB resistance whereas oth-
ers were susceptible. In contrast, there was no correlation between FHB index and yield in the treated plots (R = 0.04; P
=0.7454), indicating the effectiveness of Caramba® applied at flowering in suppressing FHB. The stripe rust reactions
varied among lines from highly resistant to highly susceptible. In looking at those lines that had infection scores of 1-3
(on a 1=resistant to 9= susceptible scale) for stripe rust, the grain yield loss averaged 30%, presumably due to FHB. In
looking at those lines with infection scores of 7-9 for stripe rust, the grain yield loss averaged 50%. In both the resistant
and susceptible to stripe rust groups, lines varied in their response to FHB, with the best lines having only a 15% or 27%
yield loss. Although not measured, the effects on grain volume weight and seed germination were obvious in preparing
and planting seed this autumn. This experiment will be repeated to provide multi-year disease loss information and to
ensure having high quality seed for planting. Growers in eastern Nebraska were warned of the FHB epidemic, and many
decided to use fungicides despite the low price of wheat. Clearly, this year fungicides were economically beneficial,
especially when coupled with cultivars that also had some tolerance or resistance to FHB and stripe rust.

In previous research, we found Fhbl, a major gene for FHB tolerance, was not pleiotropic or linked to genes
that reduce grain yield. We are using high yielding Fhb1 lines from segregating populations and Wesley Fhbl or Over-
land Fhbl in our crossing block. For the first time, we are seeing lines in our multiplelocation observation nursery that
contain Fhbl, indicating our breeding strategy is beginning to work. The backcrossing approach is probably the best way
to move needed genes into adapted line for further wheat improvement.

Response of a collection of waxy (reduced amylose) wheat breeding lines to Fusarium
graminearum.

D.L. Funnell-Harris and R.A. Graybosch.

Loss of function mutations in the Waxy (Wx) gene, encoding granule-bound starch synthase I (GBSSI) that synthesizes
amylose, result in starch granules containing mostly amylopectin. Wheat grain with this trait has increased usability for
some foods due to the ability to modify starch composition and nutritional value in the end product. However, impaired
GBSSI activity may alter grain and starch structure and, consequently, responses to pathogens. There are no published
reports on response of waxy wheats to Fusarium head scab. A screen of colonization by Fusarium graminearum of waxy
breeding lines and wild-type and waxy checks was conducted at Mead, NE, in 2014. Grain was either surface disin-
fested before plating or directly plated onto medium semiselective for Fusarium spp., indicating internal or both internal
and superficial infections, respectively. Grains with fungal growth were enumerated for each line and grain treatment.
Nondisinfested waxy grains (69.5%) were significantly less colonized as compared with wild-type (78.9%) (P < 0.01).
Surface disinfested grains of both phenotypes had similar levels of infection (14.4% for wild-type versus 10.0% for
waxy; P =0.07). Fungal colonies growing onto the medium were transferred and morphologically identified as similar
to Fusarium graminearum, Fusarium spp., or other fungi. Along with F. graminearum, F. verticillioides, F. equiseti,

and F. acuminatum, were common in wild-type grain, whereas the most commonly detected species in waxy grain was
F. verticilliodes. These preliminary results indicated that waxy wheats are not more susceptible to F. graminearum than
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wild-type. Analyses of mycotoxins such as deoxynivalenol will be needed to confirm whether these promising waxy lines
in development are not more susceptible to F. graminearum than non-waxy lines.

Prospects for selecting wheat with decreased cadmium concentration in grain.
M. Guttieri, C. Liu, P.S. Baenziger, D. Rose, and B. Waters.

Wheat is a primary staple cereal and a significant source of mineral nutrients in human diets. Therefore, decreasing
concentration of the toxic mineral, cadmium (Cd), could significantly improve human health. Previously, we found that
grain Cd concentration of some genotypes grown in Nebraska trials were above the Cd Codex guidance level (> 0.2

mg kg/L), and highly repeatable differences in grain Cd were found between pairs of low and moderate Cd commercial
cultivars. Grain Cd concentration was predicted by Cd concentration in above ground plant tissues at anthesis. Genome-
wide association scans using high-density SNP markers identified markers on SAL associated with grain Cd in a region
homoeologous to the Cdul locus on SBL in durum wheat. Our current work is to study the level of Cd in mill streams,
the uptake of Cd, and ways to select for lower Cd.

Hybrid wheat.

N. Garst, A. Easterly, and P.S. Baenziger; A. Ibrahim and J. Rudd (Texas A&M University), and Bhoja Basnet (CIM-
MYT Int, Mexico).

One of the great opportunities and challenges for wheat improvement is the development of hybrid wheat. Currently. nu-
merous companies have hybrid wheat breeding efforts with Saaten-Union Recherche France be one of a few companies
that markets hybrid wheat. Our belief is that the public sector needs to have a public, transparent hybrid wheat breeding
effort to advance the science and educate the next generation of plant breeders. As such, we have been working on hybrid
wheat for the past 5 years.

In order for hybrid wheat to be commercially successful, a number of characteristics must be considered. First,
we must find effective hybridization system on a large scale. For this, the small grains program at UNL will be develop-
ing and examining potential hybrids developed through use of chemical hybridizing agents (CHAs), then evaluating
the potential for a cytoplasmic-male sterility system to produce commercial hybrids. Crossing blocks were planted in
the autumn of 2014 and treated with CHA (thanks to a collaboration with Saaten-Union Recherche, France) in 2015 to
develop 650 experimental hybrids. To measure CHA-induced sterility, we visually assessed gaping heads (routinely seen
in genetic and cytoplasmic male sterility) and phytotoxicity, induced male sterility using bagged heads, and then har-
vested yield. Over 85% of the bagged heads had three seeds or less, indicating over 90% sterility. However, this is likely
a conservative estimate, because rains throughout flowering delayed head bagging, allowing for some cross pollination,
and fertile florets inside a bag could pollinate sterile florets within the bag. Phytotoxicity was measured and appeared to
be higher in the Nebraska germplasm than in the Texas germplasm. We believe this was most likely due to a staging error
prior to the application of the CHA. The Nebraska and Texas lines were very similar in immature head length in the early
spring when we sprayed; thus, we sprayed all of the lines in the female block on the same day. However, the Nebraska
lines flowered three days later than the Texas lines, indicating we may have sprayed the Nebraska lines too early. Phy-
totoxicity with the CHA was low in the Texas material, which indicated that when CHA is properly applied, we see low
incidence and severity of phytotoxicity. Anther extrusion was important in the crossing blocks where the male lines aver-
aged from four to eight (with nine indicating a line with excellent anther extrusion) for this trait. The correlation between
harvested grain yield and anther extrusion in the male pollinator line was r=0.59, P < 0.01). The average grain yield on
the female plots pollinated by Freeman, one of our best anther-extruding lines (anther extrusion score: eight), was 768 g/
plot. The seed set on the female lines pollinated by Freeman also was helped because Freeman is a moderately late line;
thus, the maximum amount of pollen would be shed while the female lines were ‘gaping’ (proper nick for hybrid seed
production).

Greenhouse work to identify R lines is underway, in conjunction with the introgression of male sterile cyto-
plasm into Nebraska-adapted winter wheat lines. Most current wheat breeding is done for the development of inbred
cultivars and, as such, no true heterotic pools have been identified. Through utilization of modern genomic systems, we
will work to build reliable and high-performing heterotic pools for hard winter wheat.
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Genotype-by-sequencing for SNP discovery and genotyping; field trial analysis by incorporating
spatial trends; and integration of genomic selection in the Nebraska Wheat breeding program.

Vikas Belamkar, Mary J. Guttieri, Ibrahim El-basyoni, Waseem Hussain, Jesse Poland, Diego Jarquin, Aaron J. Lorenz,
and P. Stephen Baenziger.

The Nebraska wheat breeding program has released ~36 cultivars to date, and has a vital role in feeding millions of people.
In order to meet the global food demand, wheat yields need to increase by 1.7% a year. However, the current increase
in yield is only 0.9% a year. Genomic selection (GS) can rapidly increase genetic gain over time by increasing selec-
tion intensity and selection accuracy and reducing generation interval time in a breeding program. Our objectives are to
(1) build a pipeline to analyze genotype-by-sequencing (GBS) data for SNP discovery and genotyping; (2) incorporate
spatial trends while analyzing field trials to generate accurate best linear unbiased predictions (BLUPs) or estimates
(BLUES); and (3) inspect whether GS can (a) predict performance of new lines in a trial, (b) improve accuracy of selec-
tion decisions, (c) recycle elites line earlier to the crossing block, (d) reduce costs by phenotyping a subset of lines, and
(e) predict performance of lines across locations.

This work was comprised of 1,100 entries from four independent F,  nurseries (also known as DUP trials)
evaluated during 2012-15 at 27 environments (year X location combinations). Each year, the F, , nursery was composed
of ~267 entries and three checks, which were grown in a single replicate augmented design at five to eight locations in
Nebraska. Yield (kg/h) was analyzed using a mixed model analysis pipeline built for analyzing augmented trials while
accounting for global-trends (experimental design), local-trends (spatial variation within the trial), or both. For 22 of the
27 environments, models adjusting for spatial variation provided better fit to the data. Spatially corrected BLUPs from
the best performing mixed model were generated and used in the downstream analysis.

Genotype-by-sequencing was used to discover and genotype SNP markers. A SNP database was built for the
breeding program by analyzing GBS data of ~3,300 unique genotypes sequenced from 2012-15. The average accuracy of
SNP calling tested using lines sequenced multiple times was >95%. Nearly 206,622 SNPs were identified in the breeding
program and are available for multiple projects in the breeding program. Filtering the SNPs with maximum missing percent-
age of less than 80% reduced the SNPs to 79,118. These SNPs were then processed through the imputation algorithm, and
the genotype calls were successively imputed. Further filtering of SNPs by applying filtering relevant to GS (SNPs with
minor allele frequency greater than 0.05 and imputation accuracy value of allelic R? greater than 0.5) provided 26,925 high-
quality SNPs across the 1,100 lines for GS.

Genomic estimated breeding values (GEBVs) were generated using BGLR package and customized R-scripts,
and Reproducing Kernel Hilbert Space Regression (RKHS) model. For each of the years (2012-15), genomic prediction
ability (PAB) was estimated by randomly marking entries as missing in steps of 10%, from 10% to 90% of dataset. For
example, 50% of the lines are marked as missing in 2012, and the remaining 50% of the entries in 2012 and all of the
entries from 2013, 2014, and 2015 are used to predict the performance of the 50% of the entries marked as missing in
2012. This process is repeated 10 times by randomly marking 50% of the entries missing in the 2012 trial. The correla-
tion value between GEBVs and observed phenotypic values (BLUPs) for each of the run is recorded. This correlation
value is referred to as the prediction ability (PAB). We also estimated prediction ability (PAC) by marking 100% of the
entries missing in a year, and using the data from rest of the years to make predictions. This scenario is similar to predict-
ing performance of new lines in a trial using the data from previous years. Average PAB calculated using 10-fold cross
validation ranged from 0.229 to 0.552, and PAC varied from 0.167 to 0.282.

The prediction ability values may not be truly helpful from a practical breeding perspective. They do not pro-
vide enough confidence for ranking lines based on GEBVs instead of spatially corrected BLUPs, or observed phenotypic
values. In order to address this question, we tracked entries from each of these four nurseries that were advanced, and it
was remarkably apparent that lines with ‘above average GEBV and BLUPs’ were being retained for longer times in the
breeding program. This suggests using GEBV together with BLUPs can improve accuracy of selection decisions and
recycle elite lines earlier to the crossing block.

Prediction ability estimated with 50% of the entries missing in each year, found more winners (entries) with
above average GEBV and BLUPs. Hence, evaluation of only 50% of the entries in a year to make accurate selections
seems possible. Improving PAC from the current value of ~0.20 to >0.37 will trigger examining skipping of a field trial
year.
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Currently, we are exploring GS models integrating G X E information; utilizing multi-year, multi-location evalu-
ation of F, ; nurseries (DUP trial) to assist in selecting entries suitable for advanced multi-location yield trials from the F,
nursery (also known as WS4R8 nursery), which has ~1,800 entries and is tested at a single location. Genomic seletcion for
quality traits also is in progress.

Enhancing wheat drought tolerance using SNP markers based on high-throughput genotyping by
sequencing technology.

Waseem Hussain, P. Stephen Baenziger, Vikas Belamkar, Mary Guttieri, Amanda Easterly, Jorge Venegas, and Jesse
Poland.

Globally, drought is the most wide-spread limitation to wheat productivity and stability in rainfed systems. The Great
Plains wheat belt has been battling drought for years. Consequently, developing wheat cultivars with enhanced drought
tolerance and high yield has been the focus of many wheat improvement programs. Improving drought tolerance is chal-
lenging due to its complex nature, and previous studies conducted in identifying key genes/quantitative trait loci (QTL)
were based mostly on low-density markers and not able to provide precise information about the numbers and locations
of QTLs controlling the traits related to drought. To increase the power and precision of QTL mapping in wheat, high-
density linkage maps are needed. Genotyping-by-sequencing (GBS) is one of the next generation sequencing method
that allow sequencing, discovery, and genotyping of thousands of SNPs in cost effective manner and quickly. The SNPs
generated through GBS can be used to develop the high-density linkage maps for precision QTL mapping in wheat.
High-density linkage maps may be useful to genetically dissect and find the key genes underlying complex traits such as
grain yield in wheat. This project will (i) determine the genetic variability of the recombinant inbred lines (RILs) derived
from contrasting parents Harry and Wesley for several morpho-physiological traits under multiple rainfed environments,
(i) develop a high-density, linkage map based on GBS-generated SNPs in 204 RILs, (iii) determine the reliability of the
newly constructed map with known tagged genes of chaff color and wax/glaucousness, and (iii) identify QTL and the
‘QTL x environment’ interaction for several morpho-physiological traits.

After stringent filtering, a high-density linkage map was constructed with 2,923 SNPs distributed on 36 link-
age groups.The total length of linkage map spanned 5,269.34 cM with an average distance of 1.79 ¢cM between adjacent
markers. The high accuracy and reliability of this map was illustrated by finding and co-localizing the genes for chaff
color and wax/glaucousness to correct and previously mapped genomic regions. For plant height, a total of 18 QTL were
identified across all locations on linkage groups 2DS, 2BL, 3A,3B.3,6A.2, 7AL, and 7B .2, and the phenotypic vari-
ance explained by these QTL ranged from 4.9 to 16.8%. Six QTL revealed significant interactions with environment
and accounted for 1.11-2.73% of the phenotypic variation. Interestingly, a major QTL, gph.hw.2DS, was found in all
the five environments and explained 7.4—16.4% of the phenotypic variation. A height-reducing allele for this QTL was
contributed by Wesley. QTL mapping for grain yield revealed in total 14 QTL across all locations on linkage groups 2D,
3A,4A,4B, 5B, 6B, 6D, and 7A. The phenotypic variance explained by these QTL ranged between 3.9— 19.5 %. QTL
qyld.hw.6B.2 was stable and detected in three locations followed QTL gyld.hw.6B.1 detected in two locations. Favorable
alleles for grain yield were contributed by both the parents. Digenetic interactions between QTL was evident, however,
none of the interactions were stable across locations. Six QTL revealed significant interactions with environment and ac-
counted for 1.94% to 18.46% of the total phenotypic variation.

Biofortification of winter wheats by incorporating low phytate and Gpc-B1 traits.
J.P. Venegas, R.A. Graybosch, and P.S. Baenziger.

Approximately 60% of the world’s population are iron (Fe) deficient and over 30% are zinc (Zn) deficient. This situation
is attributed to production areas with low mineral phytoavailability and consumption of staple crops with low tissue min-
eral concentrations and/or high concentrations of antinutrients such as oxalate, tannins, or phytic acid (IP6). To alleviate
this situation, developing wheats with higher grain Fe and Zn concentrations and low phytic acid (LPA) content are need-
ed. For this study, two types of RIL populations were created; one population from ‘Gpc-BI/LPA’ straight crosses and

ten populations from ‘Gpc-B1/LPA//adapted cultivars’ three-way crosses, in which F, derived from the initial ‘Gpc-B1/
LPA’ crosses were mated with Nebraska-adapted winter wheat materials to enhance agronomic adaptation to the target
growing environments. After the F,, all RILs were classified as either wild type (WT) or LPA using the high inorganic
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phosphate (HIP) protocol. HIP results from the two- and three-way cross populations showed differences in the amount
of LPA RILs in both crossing methods. Fifty LPA RILs out of 400 were identified in the two-way cross population and
24 LPA RILs out of 200 were identified in one of the families from the three-way cross populations. The observed segre-
gation suggests that the trait is controlled by two or more genes. Several, single LPA mutations were isolated, mainly in
maize, barley, and rice. This study confirms the results of a previous segregation analysis using a different population and
the polygenic inheritance of the wheat LPA mutation.

Temperature-dependent Wsml and Wsm2 gene-specific blockage of viral long-distance transport
provides resistance to Wheat streak mosaic virus and Triticum mosaic virus in wheat.

Satyanarayana Tatineni, Everlyne N. Wosula, Melissa Bartels, Gary L. Hein, and Robert A. Graybosch.

Wheat streak mosaic virus (WSMYV) and Triticum mosaic virus (TriMV) are economically important viral pathogens of
wheat. Wheat cultivars Mace, carrying the Wsm/ gene, and Snowmass, with Wsm2, are resistant to WSMV and TriMV,
and WSMYV, respectively. Viral resistance in both cultivars is temperature-sensitive and effective at 18°C or below but not
at higher temperatures. The underlying mechanisms of viral resistance of Wsm/ and Wsm2, nonallelic, single dominant
genes, are not known. We found that fluorescent protein-tagged WSMYV and TriMV elicited an approximately similar
number and sized foci at 18°C and 24°C on inoculated leaves of resistant and susceptible wheat cultivars. These data
suggest that resistant wheat cultivars at 18°C facilitated efficient cell-to-cell movement. WSMYV and TriMV efficiently
replicated in inoculated leaves of resistant wheat cultivars at 18°C but failed to establish systemic infection, suggesting
that WsmI- and Wsm2-mediated resistance debilitated viral long-distance transport. Neither virus was able to enter the
leaf sheaths of inoculated leaves or crowns of resistant wheat cultivars at 18°C but both were able to do so at 24°C. Thus,
wheat cultivars Mace and Snowmass provide resistance at the long-distance movement stage by specifically blocking vi-
rus entry into the vasculature. Taken together, these data suggest that both Wsm/ and Wsm2 genes similarly confer virus
resistance by temperature-dependent impairment of viral long-distance movement.

Observations on the quality characteristics of waxy (amylose-free) winter wheats.
R.A. Graybosch (USDA-ARS, Lincoln, NE) and Jae-Bom Ohm and Linda Dykes (USDA—ARS, Fargo, ND).

Previous investigations have suggested waxy (amylose-free) wheats possess weak gluten properties and may not be
suitable for commercial gluten extraction, limiting the use of waxy wheat as a source of unique starch, because gluten
is a by-product of the wheat starch purification process. Fifty waxy wheat lines were used to determine to what extent
gluten protein and other grain quality related traits might vary and, consequently, allow the development of waxy wheat
with acceptable gluten properties. Among the waxy lines, significant variation was observed for all measured quality
traits with the exception of flour protein concentration. No waxy entries statistically equaled the highest ranking non-
waxy entry for grain volume weight, falling number, flour yield, or mixograph mix time. No waxy lines numerically
exceeded or equaled the nonwaxy mean for falling number, flour yield, or mixograph mix time. For grain and flour
protein related variables, however, many waxy lines were identified well within the range of acceptability, relative to the
nonwaxy controls used in this study. Approximately 50% of the waxy lines did not differ from the highest ranking non-
waxy cultivar for grain and flour protein concentrations. Forty-three (86%) of the tested waxy lines were not significantly
different from the nonwaxy line with the highest mixograph mixing tolerance, and 22/50 (44%) of the waxy wheat lines
did not differ from the highest ranking nonwaxy line in gluten index scores. All waxy experimental lines tested produced
gluten via Glutomatic washing. The quality of the gluten, as measured both by mixograph and gluten index, varied
widely among the waxy lines tested, and waxy lines not statistically different from the highest ranking control nonwaxy
cultivars were identified. These observations suggest that weak gluten is not a natural consequence of the waxy trait, and
waxy cultivars with acceptable gluten properties can be developed.

Comings and goings.

All projects are more than crosses, selections, evaluations, data, and seed. At its heart, it is the people who make this re-
search possible. Dr. Mary Guttieri completed her PhD. degree and continued to help the project immensely while work-
ing as a postdoc with Dr. Brian Waters before accepting a position with the USDA—ARS in Manhattan, KS. Dr. Kath-
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erine Frels, Dr. Juthamas Fakthongphan, and Dr. Santosh Rajput successfully completed their PhDs. Dr. Hanaa Abouzeid
returned home after working in the project as a Fulbright visiting scholar. Jorge Venegas and Madhav Bhatta joined the
project as new graduate students. Ms. Amira Mourad and Dr. Ahmed Sallam joined the project as visiting scientists. Mr.
Rich Little, after 7 years of leading our organic research project, accepted another position and works part time leading

the organic triticale research. We are extremely grateful for the excellent work that the team has done and continues to
do.
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The quest for celiac-safe wheat.

S. Rustgi and D. von Wettstein; and N. Ankrah, X. Ou, Y. Sun, and R. Gemini, Department of Crop and Soil Sciences,
Washington State University, Pullman, WA.

In the last decade, a wide array of gluten-free products became available for gluten sensitive, intolerant, and allergenic
individuals. Market for these products is burgeoning and expected to touch a $2.34 x 10° sales mark by 2019. Gener-

ally speaking, gluten-free products are not an ideal choice for consumption by individuals with no medical necessity. A
gluten-free diet is standard therapy for the ‘gluten syndrome’, albeit there are a number of associated issues, such as: 7)
resent research provided compelling evidence that strict adherence to a diet totally devoid of gluten-containing grains,

or based on foods specifically manufactured for celiac patients, deteriorates the gut health of consumers by its negative
influence on gut microbiota. The gluten-free diet also is shown to increase the risk of colon cancer in consumers, because
of the reduced content of dietary fiber and bioactive compounds, such as antioxidants (Gil-Humanes et al. 2014; De Pal-
ma et al. 2009 and references cited therein). i7) Adaption to the gluten-free diet is shown to initially improve the patient
condition, but long-term adherence to it results in multiple deficiencies and changes in a patients body mass index (BMI),
which increases their vulnerability to other disorders (Theethira et al. 2014). In view of these facts, and other benefits
associated with wheat intake, a number of countries recommend consuming 250-350 g of bread per day (depending on
national food habits), and the World Health Organization recommends eating bread several times per day (World Health
Organization 2003).

In a nutshell, developing potential alternatives to the gluten-free diet by modifying the composition of wheat
grains to make them suitable for consumption by celiac patients is imperative. As reported previous ly in the Annual
Wheat Newsletter, so far we have characterized wheat genotypes with 45.2% to 76.4% reductions in their respective
gluten contents. These genotypes accumulate fairly reduced amounts of gliadins and low-molecular-weight glutenin
subunits. However, their release for general consumption by celiac patients cannot be considered due to labeling is-
sues and the inability of the current medical system to diagnose sensitivity of individual patients to the specific gluten
proteins. The conceivable solution to this problem will be to develop celiac-safe wheat genotypes, which are completely
devoid of immunogenic prolamins. In this direction, we received a re-investment grant from the Life Sciences Discov-
ery Fund (LSDF) to employ cutting-edge genome editing procedures to simultaneously silence two epigenetic regula-
tors of prolamin accumulation in wheat endosperm. The approach undertaken in the LSDF research grant involves use
of reduced gluten wheat genotypes for genetic retransformation with the newly developed genome editing constructs
to pyramid their effects on gluten accumulation in these genotypes. Preliminary results obtained in this direction are
discussed below.

Likely reasons for the incomplete elimination of immunogenic prolamins in wheat transformants expressing the
DEMETER targeting hairpin and artificial micro RNAs. Accumulating evidences of our own and parallel research
suggested that DEMETER (DME) expression starts early during grain development, with low-level expression before
fertilization to medium- to high-level expression 1 to 15 days after pollination (our unpublished results and Kapazo-
glou et al. 2013). On the other hand, the endosperm-specific, wheat high-molecular-weight (HMW) glutenin gene /Dy

89



ANNUAXNL WHEANT NewWSLETTER vV o L. 6 2.
promoter, which we used to drive expression of the DME silencing hairpin- and artificial micro RNAs, triggers expres-
sion of the native gene 6—8 days after pollination (Thilmony et al. 2014). These observations, to some extent, explained
the reason behind incomplete silencing of the DME homoeologues in >400 transformants screened so far (Rustgi et al.
2014, 2015). The concomitant effect of incomplete silencing of DME homoeologues also was observed on the accumula-
tion of gliadins and glutenins in developing endosperm, especially on the y-gliadins, which accumulate early during grain
development (cf. Piston et al. 2009).

Approach adapted to develop celiac-safe wheat genotypes. Recent characterization of a knockout mutant in the iron-
sulfur (Fe-S) cluster biogenesis gene of Arabidopsis with an accompanying silencing effect on the DME targeted genes,
sparked new possibilities. This gene is reported to facilitate installation of the Fe—S cluster on the DME enzyme, which
is vital for its interaction with genomic DNA and its subsequent demethylation. The emerging knowledge about DEM-
ETER’s structure, function, and regulation has prompted us to target this gene for site-directed mutagenesis in selected
reduced-gluten wheat genotypes, formerly reported by in Rustgi et al. (2014, 2015). Taking advantage of the new find-
ings in Arabidopsis and the advent of genome editing procedures, we made the following two changes to our strategy: i)
retransform selected wheat transformants with a DME-specific, TALE repressor driven by a maize endosperm specific
promoter, which exhibits an expression pattern similar to that of the wheat DME gene; and ii) integrate the DME TALE
repressor in the Fe—S cluster biogenesis gene homologs in wheat. Integration of the DME TALE repressor in the Fe—S
cluster biogenesis gene is expected to have an additive effect on the silencing of the wheat DME genes in the reduced-
gluten wheat genotypes used for genetic retransformation.

Collectively, simultaneous silencing of the DME and the Fe—S cluster biogenesis genes in the formerly char-
acterized gluten-deficient wheat transformants will check DME activity at three time points: 1) transcriptional, by
DME-specific TALE repressor, 2) post-transcriptional, by DME targeting hp-/amiRNAs), and 3) post-translational, by
insertional mutagenesis of the Fe—S cluster biogenesis genes. This approach is expected to provide desired level of DME
suppression with concomitant effect on the accumulation of immunogenic prolamins in developing grains.

Cloning of the Fe—S cluster biogenesis gene from common wheat. To target Cas9 nucleases to the wheat homologs

of the Fe—S cluster biogenesis gene, full-length genomic copies of the gene were cloned and sequenced from the target
wheat genotype. Similar to DME homoeologues, the Fe—S cluster biogenesis genes exist in three copies located on the
long arms of wheat group-2 chromosomes (2AL, 2BL, and 2DL). The three homoeologous copies are transcriptionally
active, for which cDNA sequences are available in the public domain. In order to obtain full-length genomic sequences
of the Fe-S cluster biogenesis genes from wheat cultivar Brundage 96, PCR primers were designed based on sequences
of cDNA clones and the available genomic DNA sequences of this gene from wheat cultivar Chinese Spring. Brundage
96 is a wheat genotype we formerly used for genetic transformation with the DME-specific RNA interference constructs.
Transformants developed in the Brundage 96 background currently are being used as explant source for genetic retrans-
formation with DME TALE repressor and CRISPR Cas9 nuclease constructs.

Construction of dTALE repressor (donor) and CRISPR Cas9 nuclease constructs. In order to achieve complete
endosperm-specific silencing of the three homoeologous wheat DME genes, a donor construct flanked on either side by
the sequences of the Fe—S cluster biogenesis gene was developed. A 16.5-repeat, TALE array specifically designed to
target a 17-nucleotide sequence, in the promoter region of the DME homoeologues, was assembled following a stepwise
procedure described in Cermak et al. (2011). In this construct, the DME TALE repressor is cloned under the control of a
maize endosperm-specific promoter and a nopaline synthase (nos) terminator.

A second nuclease construct, specifically targeting a conserved region of 20 nucleotides in the wheat homologs
of the Arabidopsis Fe—S cluster biogenesis gene, was developed. The purpose of this construct is to introduce double-
stranded breaks at the target site in the gene of interest, which increases the possibility of homologous recombination
mediated DNA repair at the desired genomic site. In order to develop the desired CRISPR Cas9 constructs, a readymade
rice CRISPR Cas9 construct was procured from Addgene (Cambridge, MA), and modified for the gene of interest.

Delivery of DEMETER TALE repressor (donor) and CRISPR Cas9 nuclease constructs. Selected, reduced-gluten
wheat genotypes for genetic retransformation were grown in the greenhouse, and spikes at Feeke’s stage 10 to 10.1
were collected (Large 1954). The spikes were pretreated to induce embryogenesis in uninucleate microspores following
Brew-Appiah et al. (2013). The isolated androgenic microspores were regenerated into calli and will be co-transformed
with the DME TALE repressor and CRISPR Cas9 construct following Rustgi et al. (2016). The scheme of events lead-
ing to the first crop of putative transformants is shown (Fig. 1, p. 91). Once wheat genotypes with TALE repressor
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Fig. 1. Biolistic transformation of microspore embryoids. (a) 20- to 21-day-old microspore embryoids in induction
medium. (b) Diagrammatic representation of 35- to 40-day-old microspore embryoids transferred to the regeneration
media in a ‘60 X 15 mm’ Petri dish and arranged in the center of plate prior to bombardment. (c) Gene gun. (d)
Diagrammatic representation of the micro-carrier launch assembly and the bombardment process. (e) Plantlets growing
on regeneration media. (f) First batch of wheat regenerants co-transformed with the DME TALE repressor and CRISPR
Cas9 nuclease constructs.

introgression(s) in the Fe—S cluster biogenesis gene are identified, these lines will be selected against the introgression of
Cas9 expression cassette in the genome.
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2015 Wheat Production in the Commonwealth of Virginia.

Growing conditions. Temperature and rainfall in September and October were generally near the 30-year means and
mostly conducive for wheat seeding, although some areas were delayed due to excess moisture. In late November, soil
moisture was mostly adequate and wheat was rated 76% good and 21% fair. December was mild for most areas of the
commonwealth, and rainfall of 2-3 inches was widespread. Temperatures in early January and much of February and
early March were colder than the long-term average, which definitely reduced winter growth and tillering in many fields.
Mostly due to this delayed development, only 64% of wheat acres were rated good or excellent. By early April, condi-
tions and crop ratings improved statewide, however development was 5-10 days behind most years. Widespread rain and
cool weather persisted in most of the state through mid-April. Freeze damage from earlier cold nights was observed in
some fields, especially in the southern counties, but little yield loss was experienced. Early May brought much warmer
weather and less rainfall. Although Fusarium head scab was reported in some areas, the overall occurrence was low due
to the general absence of rain during flowering. By 24 May, wheat heading was reported in 85% of fields, compared to
the 5-year average of 95% by this date. Timely harvested wheat generally had good test weight and grain quality, how-
ever many areas experienced frequent rains prior to harvest causing reduction in quality and an increase in dockage.

Production. According to the United States Department of Agriculture’s National Agriculture Statistical Service (http://
quickstats.nass.usda.gov), in the autumn of 2014, Virginia farmers planted 260,000 acres (105,300 ha) of wheat. The
following spring, 210,000 acres (85,050 ha) were harvested. The average yield was 66 bu/A (4,435 kg/ha). Overall,
13,860,000 bushels (377,207 metric ton) of wheat were produced in 2015.

Disease incidence and severity. Entries in Virginia’s 2015 state wheat variety trials were rated (0 = no infection to 9 =
severe infection) for disease severity at four diverse locations. The 127 entries in the 2015 trial had mean powdery mil-
dew (Blumeria graminis) ratings that varied from O to 5 (mean of 1.1) in Virginia’s southern Piedmont region (Nottoway
County), 0-6.8 (mean of 1.9) in the northeastern region (Richmond County), and 0-3.8 (mean of 0.9) on the Eastern
Shore (Accomack County). Barley/Cereal Yellow Dwarf Virus infection was moderate at the southern Piedmont test site
(0.3—4) and at the southwestern test site (0.3-2.5) near Blacksburg, VA. Leaf rust (Puccinia triticina) was prevalent in
several regions and was moderately severe at the northeastern (0-8.5) and southwestern (0—7.8) sites with mean trial rat-
ings of 2.0 and 2.6, respectively. Race surveys, conducted by Dr. James Kolmer at the USDA-ARS Cereal Disease Lab
on eight P. triticina collections from Blacksburg and Warsaw, VA, identified 10 races of leaf rust and only race MCTNB
was common at the two locations (Richmond and Montgomery counties). The other races identified from Montgomery
county included MCJSB, MMPSD, TCBQL, and TCTQS and races MBTNB, MFGJG, TBRKQ, and TCTQB from
Richmond county. Stripe rust (Puccinia striiformis) was noted on a few plots of the cultivar Tribute wheat at Warsaw,
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VA. Samples sent to Dr. Xianming Chen at the USDA—-ARS in Pullman, WA, identified race PSTv-52 (virulence for Yr6,
7,8,9,17,27,43,44, and YrExp2).

State cultivar tests. Wheat trials were planted as no-till at Holland and Shenandoah Valley sites at 48 seed/ft>. Tests at
Blackstone, Blacksburg, Orange, Painter, and Warsaw were planted as conventional-till at 44 seed/ft>. Past seasons across
Virginia have provided the opportunity to evaluate day length sensitivity, spring freeze damage, glume blotch, Fusarium
head blight, and general plant health. Many newer wheat cultivars and lines performed well in all tested environments.
Cultivars that yielded significantly higher than the statewide mean in 2015 were Pioneer Brand 26R59, VA10W-119, Pio-
neer Brand 26R10, USG 3895, MAS #32, VA12FHB-8, VA11W-106, USG 3612, VA11W-279, AgriMAXX Exp 1450,
AgriMAXX 446, SS 8513, and MAS #7. VAIOW-119, VA11W-106, VA11W-279, and SS 8513 also had test weights that
were significantly higher than the mean of all lines tested. Average yield of all lines tested in 2014—15 was 67 bu/acre. Pi-
oneer Brand 26R 10 had the highest two-year average yield. USG 3404, AgriMAXX 446, SS 8360, Shirley, AgriMAXX
434, USG 3523, Hilliard, USG 3612, MAS #37, Pioneer Brand 26R20, USG 3251, VA11W-106, and AgriMAXX 427

all had grain yields significantly above the mean over the 2014 and 2015 harvests. Hilliard, Pioneer Brand 26R20, and
VA11W-106 also had test weights that were significantly higher than the two-year mean of all tested lines. The two-year
average grain yield over all locations and cultivars was 71 bu/acre.

Virginia Wheat Yield Contest results. The 2015 contest was conducted statewide and the results can be found in the
table below. Congratulations to our winners!

Table 1. 2015 Virginia Wheat Yield Contest results.
Place Grower Farm County | Yield (bu/acre) | Cultivar
SOFT WHEAT
Ist | John Shepherd Shepherd Grain Farm Nottoway 110.5 Shirley
2nd | Brett Wightman Shenandoah 100.9 Featherstone 73
3rd | Boogie Davis Davis Produce New Kent 100.2 USG 3404
4th | Evan Perry Corbin Hall Farm Middlesex 95.7 Pioneer 26R20
HARD WHEAT
Ist | Paul Davis Davis Produce New Kent 86.5 Vision 45
2nd | Craig Brann Northumberland 81.5 Vision 30

Newly released cultivar. Soft red winter (SRW) wheat cultivar Hilliard (tested as VA11W-108) was developed and re-
leased by the Virginia Agricultural Experiment Station in May 2015. Hilliard was derived from the cross ‘Pioneer Brand
25R47 (P1631473) / Jamestown (PI 653731)’. Hilliard is a widely adapted, mid-season wheat cultivar with good winter
hardiness. Hilliard has high grain yield potential, good straw strength, and has performed well over most of the U.S.
eastern SRW wheat production areas. With the exception of stem rust, Hilliard has expressed moderate to high levels of
resistance to diseases prevalent in the SRW wheat region; these include powdery mildew, leaf rust, stripe rust, leaf and
glume blotch, bacterial leaf streak, Soil Borne Mosaic Virus, Barley and Cereal Yellow Dwarf Viruses, Fusarium head
blight, and Hessian fly.

Evaluating wheat nitrogen water use efficiency (NUE) by ground and aerial remote sensing. Dr. Maria Balota and
research associate Joseph Oakes are half way through with field measurements in 2015-16 wheat NUE tests being con-
ducted at the Tidewater AREC in Suffolk and Eastern Virginia AREC in Warsaw, VA, by Kyle Brasier, graduate student
of Dr. C.A. Griffey. They are interested in the development of faster yet more precise ways to nondestructively evaluate
NUE in wheat in the field. For this project, 12 wheat cultivars are being evaluated under two nitrogen fertility treatments:
a low fertility treatment with a total of 60 pounds N/acre and a normal fertility treatment with a total of 120 pounds N/
acre. During the vegetative stages, Kyle is collecting several measurements using standard, handheld equipment, includ-
ing normalized difference vegetative index (NDVI) and canopy temperature (CT). Maria and Joseph are collecting aerial
images from an unmanned aerial vehicle (UAV) platform to be compared with the ground-based data and other much
more time consuming measurements that Kyle is collecting. If we can develop and use UAV-based vegetation indices
instead of ground-taken NDVI and CT, then many hours of field work could be eliminated. But the most important
advantage of using methods that require short vs. long time of measurement is weather changes through the day, i.e.,
temperature, sun angle, wind velocity, and cloud cover, that influence canopy properties and therefore NDVI and CT,
making data difficult to interpret.
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The UAV measure-
ments were taken with three dif-
ferent sensors: a red-green-blue
(RGB) digital camera, a multi-
spectral camera, and a thermal
camera. After image processing
with several software programs,
including AscTec Navigator,
Pix4D, ArcGIS, and Image
J, we computed several color
space characteristics, such as
hue angle, intensity, and satura- T r T Y ' ' ' '
tion, along with vegetation 000 030 020 030 040 050 080 070
indices derived from them, i.e., Greener Area (% pixels with 80°<Hue<120°)
Green Area (GA) and Greener Fig 1. Estimation of biomass from RGB-derived greener area (the proportion of
Area (GGA), and UAV-based green pixels, Hue angle from 60 to 120°).
NDVI and CT. Both the GA
and GGA indices were signifi-
cantly correlated (R? = 0.7) with ground NDVI at
GS 30. We also have learned that biomass can be
successfully estimated from the RGB indices (Fig.
1). Measurements that would have taken hours to
measure by hand can now be done in a matter of
minutes with the assistance of the UAV. Research
is on-going with the other UAV sensors (Fig. 2)
throughout the growing season to compare aerial
versus ground taken measurements at subsequent
growth stages.
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Foliar disease control.

Dr. Hillary Mehl. Fig 2. Estimation of canopy temperature (CT) from thermal
images taken by a UAV platform. Plot 1 received 120 pounds of
Disease pressure varies by location and year, and N and it is cooler and healthier (18°C) than plot 2 than received

the profitability of foliar fungicide applications in only 60 pounds of N, for which CT is 24°C.

wheat varies based on yield response, cost of appli-

cation, and price received for the wheat crop. Thus, assessing efficacy of foliar fungicides in different years and environ-
ments is important for making data-based fungicide recommendations in wheat. Different fungicide chemistries and ap-
plication timings were evaluated for foliar disease control in wheat in 2015. Trials were planted in Suffolk and Warsaw,
VA. Leaf blotch was present in trials at both locations, and low levels of powdery mildew were observed in Suffolk. A
cold winter and relatively dry conditions in April and May slowed down disease development, and leaf blotch symptoms
were not observed on the flag leaf until flowering in Suffolk and after flowering in Warsaw. Flowering applications of a
triazole (e.g., Prosaro) resulted in reduced disease severity on the flag leaf during grain development, but earlier applica-
tions (jointing and flag leaf) did not reduce disease compared to the untreated control. All application timings resulted in
a yield response in Suffolk, but yield gains were greatest for late fungicide applications. Late onset of disease and low
disease severity in Warsaw resulted in no yield response to fungicide applications. Environmental conditions in 2015
slowed down disease development, and fungicide trials demonstrated the benefit of late season triazole applications for
the control of foliar diseases. Triazoles, including Prosaro, Caramba, and Proline, are the recommended fungicides for
Fusarium head blight control and should be applied at flowering if scab risk is high. If onset of foliar diseases is late, a
single application of a triazole can be made at flowering for both Fusarium head blight and foliar disease control. How-
ever, as the 2016 growing season has shown, foliar disease in wheat can develop much earlier if conditions are wet and
warm, and in these years earlier foliar fungicide applications may be beneficial.
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The mission of the lab is two-fold: conduct milling, baking, and end-use quality evaluations on wheat breeding lines,
and conduct research on wheat grain quality and utilization. Our web site: http://www.wsu.edu/~wwql/php/index.php
provides great access to our research and methodology. Our research publications are available on our web site.

Morris and Engle lead the Pacific Northwest Wheat Quality Council, a consortium of collaborators who evalu-
ate the quality of new cultivars and advanced breeding lines. We also conduct the U.S. Wheat Associates’ Overseas
Varietal Analysis Program for Soft White and Club Wheat. Our current activities and projects include grain hardness and
puroindolines, waxy wheat, polyphenol oxidase (PPO), arabinoxylans, SDS sedimentation test, and soft durum wheat.
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IIl. CULTIVARS AND GERMPLASM

USDA-ARS NATIONAL SMALL GRAINS GERMPLASM RESEARCH FACILITY
1691 S. 2700 W., Aberdeen, ID 83210, USA.

WWwWw.ars-grin.gov/npgs

National Small Grains Collection activities.

H.E. Bockelman, Agronomist and Curator.

Recent PI Assignments in Triticum, X Triticosecale, Aegilops, and Secale.

Passport and descriptor data for these new accessions can be found on the Germplasm Resources Information Network
(GRIN): http://www.ars-grin.gov/npgs. Certain accessions may not be available from the National Small Grains Collec-
tion due to intellectual property rights (PVPO) or insufficient inventories. Accessions registered in the Journal of Plant
Registrations (JPR) are available by contacting the developers. Some accessions require agreement with the Standard
Material Transfer Agreement of the IT PGRFA in order to receive seed. There were no PI assignments in Aegilops and
Secale in the past year.

Table 1. Recent PI assignments in Triticum, X Triticosecale, Aegilops, and Secale.
Cultivar name or
PI number Taxonomy identifier Country State/Province

674791 PVPO | Triticum aestivum subsp. aestivum Redstone United States | Colorado
674792 PVPO | Triticum aestivum subsp. aestivum WO040511B1 United States | Indiana
674997 Triticum aestivum subsp. compactum GE.2013-06 Georgia
674998 Triticum aestivum subsp. spelta GE.2013-07 Georgia
674999 Triticum timopheevii subsp. timopheevii | GE.2013-09 Georgia
675000 Triticum aestivum subsp. aestivum GE.2013-12 Georgia
675001 Z"Lrtzmncum monococcum subsp. monococ- GE2013-14 Georgia
675002 Triticum aestivum subsp. macha GE.2013-15 Georgia
675003 Triticum aestivum subsp. macha GE.2013-16 Georgia
675004 Triticum aestivum subsp. macha GE.2013-17 Georgia
675005 Triticum turgidum subsp. turgidum GE.2013-18 Georgia
675007 PVPO | Triticum aestivum subsp. aestivum Curiosity CL+ United States | Washington
675008 PVPO | Triticum aestivum subsp. aestivum Mela CL+ United States | Washington
675010 Triticum tu.rgzdum subsp. durum Kronos- United Kingdom England

(gw2-al wild type)
675011 Triticum turgidum subsp. durum Kronos- United Kingdom England

(gw2-al mutant)

Triticum turgidum subsp. durum Kronos- . .
675012 (ew2-al wild type) United Kingdom England
675013 Triticum turgidum subsp. durum Kronos- United Kingdom England

(gw2-al mutant)

Triticum aestivum subsp. aestivum . .
675014 Paragon-(gw2-al wild type) United Kingdom England
675015 Triticum aestivum subsp. aestivum United Kingdom England

Paragon-(gw2-al mutant)
675152 Triticum turgidum subsp. durum Kandur 1170 United States | Kansas
675154JPR Triticum aestivum subsp. aestivum ND 810 United States | North Dakota
675155JPR Triticum aestivum subsp. aestivum ND 812 United States | North Dakota
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Table 1. Recent PI assignments in Triticum, X Triticosecale, Aegilops, and Secale.
Cultivar name or
PI number Taxonomy identifier Country State/Province

675337PVPO | Triticum aestivum subsp. aestivum Focus United States | South Dakota
675456PVPO | Triticum aestivum subsp. aestivum KanMark United States | Kansas
675457PVPO | Triticum aestivum subsp. aestivum Hot Rod United States | Kansas
675458PVPO | Triticum aestivum subsp. aestivum LCS Compass United States | Virginia
675464 Triticum aestivum subsp. aestivum CDLSr24Sr31 United States | Minnesota
675465 Triticum aestivum subsp. aestivum CDLSr31Sr36 United States | Minnesota
675466 Triticum aestivum subsp. aestivum CDLSr24Sr36 United States | Minnesota
675510 Triticum aestivum subsp. aestivum 03LNK 6034-73 United States | Nebraska
675511 Triticum aestivum subsp. aestivum 03LNK 6034-5 United States | Nebraska
675512 Triticum aestivum subsp. aestivum 03LNK 6034-8 United States | Nebraska
675513 Triticum aestivum subsp. aestivum 03LNK 6034-87 United States | Nebraska
675514 Triticum aestivum subsp. aestivum 03LNK 6053-8 United States | Nebraska
675515 Triticum aestivum subsp. aestivum 03LNK 6053-13 United States | Nebraska
675516 Triticum aestivum subsp. aestivum 03LNK 6053-50 United States | Nebraska
675517 Triticum aestivum subsp. aestivum 03LNK 6053-46 United States | Nebraska
675518 Triticum aestivum subsp. aestivum 2004Y 2113 United States | Nebraska
675564 Triticum aestivum subsp. aestivum Pembroke 2014 United States | Kentucky
675634PVPO | Triticum aestivum subsp. aestivum SY Drifter United States | lowa
675635PVPO | Triticum aestivum subsp. aestivum SY Flint United States | Jowa
675636PVPO | Triticum aestivum subsp. aestivum SY Sunrise United States | lowa
675637PVPO | Triticum aestivum subsp. aestivum SY Viper United States | Iowa
675638PVPO | Triticum aestivum subsp. aestivum SY 100 United States | lowa
675639PVPO | Triticum aestivum subsp. aestivum 122082W United States | Jowa
675640PVPO | Triticum aestivum subsp. aestivum Yurok United States | California
675641PVPO | Triticum aestivum subsp. aestivum UI Castle United States | Idaho
675643PVPO | X Triticosecale spp. SY TF135 United States | lowa
675644JPR Triticum aestivum subsp. aestivum Lassik SBEII a/b-AB United States | California
675645JPR Triticum aestivum subsp. aestivum Lassik SBEIla/b-A, United States | California

SBEIla-D
675646JPR Triticum aestivum subsp. aestivum Lassik SBEII2/b-B, United States | California

SBEIla-D
675647JPR Triticum aestivum subsp. aestivum Lassik SBEIla/b-AB, United States | California

SBEIla-D
675998 Triticum aestivum subsp. aestivum NE10589 United States | Nebraska
676026PVPO | Triticum aestivum subsp. aestivum Northern United States | Montana
676042PVPO | Triticum aestivum subsp. aestivum LCS Pistol United States | Colorado
676043PVPO | Triticum aestivum subsp. aestivum Savoy United States | Georgia
676044PVPO | Triticum aestivum subsp. aestivum Southern Harvest 555 United States | Georgia
676052 Triticum aestivum subsp. aestivum Nugaines NIL (vrnl) United States | Washington
676053 Triticum aestivum subsp. aestivum Nugaines NIL (vrnl) United States | Washington
676054 Triticum aestivum subsp. aestivum Nugaines NIL (vrnl) United States | Washington
676055 Triticum aestivum subsp. aestivum Nugaines NIL (vrnl) United States | Washington
676056 Triticum aestivum subsp. aestivum Nugaines NIL (vrnl) United States | Washington
676057 Triticum aestivum subsp. aestivum Nugaines NIL (VRN1) | United States | Washington
676058 Triticum aestivum subsp. aestivum Nugaines NIL (VRN1) | United States | Washington
676059 Triticum aestivum subsp. aestivum Nugaines NIL (VRN1) | United States | Washington
676060 Triticum aestivum subsp. aestivum Nugaines NIL (VRN1) | United States | Washington
676061 Triticum aestivum subsp. aestivum Nugaines NIL (VRN1) | United States | Washington
676062 Triticum aestivum subsp. aestivum Nugaines NIL (vrn2) United States | Washington
676063 Triticum aestivum subsp. aestivum Nugaines NIL (vrn2) United States | Washington
676064 Triticum aestivum subsp. aestivum Nugaines NIL (vrn2) United States | Washington
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Table 1. Recent PI assignments in Triticum, X Triticosecale, Aegilops, and Secale.
Cultivar name or
PI number Taxonomy identifier Country State/Province
676065 Triticum aestivum subsp. aestivum Nugaines NIL (vrn2) United States | Washington
676066 Triticum aestivum subsp. aestivum Nugaines NIL (vrn2) United States | Washington
676067 Triticum aestivum subsp. aestivum Nugaines NIL (VRN2) | United States | Washington
676068 Triticum aestivum subsp. aestivum Nugaines NIL (VRN2) | United States | Washington
676069 Triticum aestivum subsp. aestivum Nugaines NIL (VRN2) | United States | Washington
676070 Triticum aestivum subsp. aestivum Nugaines NIL (VRN2) | United States | Washington
676071 Triticum aestivum subsp. aestivum Nugaines NIL (VRN2) | United States | Washington
676072 Triticum aestivum subsp. aestivum Nugaines NIL (vrn3) United States | Washington
676073 Triticum aestivum subsp. aestivum Nugaines NIL (vrn3) United States | Washington
676074 Triticum aestivum subsp. aestivum Nugaines NIL (vrn3) United States | Washington
676075 Triticum aestivum subsp. aestivum Nugaines NIL (vrn3) United States | Washington
676076 Triticum aestivum subsp. aestivum Nugaines NIL (vrn3) United States | Washington
676077 Triticum aestivum subsp. aestivum Nugaines NIL (VRN3) | United States | Washington
676078 Triticum aestivum subsp. aestivum Nugaines NIL (VRN3) | United States | Washington
676079 Triticum aestivum subsp. aestivum Nugaines NIL (VRN3) | United States | Washington
676080 Triticum aestivum subsp. aestivum Nugaines NIL (VRN3) | United States | Washington
676081 Triticum aestivum subsp. aestivum Nugaines NIL (VRN3) | United States | Washington
676082 Triticum aestivum subsp. aestivum Nugaines NIL (vrn4) United States | Washington
676083 Triticum aestivum subsp. aestivum Nugaines NIL (vrn4) United States | Washington
676084 Triticum aestivum subsp. aestivum Nugaines NIL (vrn4) United States | Washington
676085 Triticum aestivum subsp. aestivum Nugaines NIL (vrn4) United States | Washington
676086 Triticum aestivum subsp. aestivum Nugaines NIL (vrn4) United States | Washington
676087 Triticum aestivum subsp. aestivum Nugaines NIL (VRN4) | United States | Washington
676088 Triticum aestivum subsp. aestivum Nugaines NIL (VRN4) | United States | Washington
676089 Triticum aestivum subsp. aestivum Nugaines NIL (VRN4) | United States | Washington
676090 Triticum aestivum subsp. aestivum Nugaines NIL (VRN4) | United States | Washington
676091 Triticum aestivum subsp. aestivum Nugaines NIL (VRN4) | United States | Washington
676108PVPO | Triticum aestivum subsp. aestivum Emerson Canada Saskatchewan
676251 Triticum aestivum subsp. aestivum Skagit 1109 United States | Washington
676252 Triticum aestivum subsp. aestivum Edison United States | Washington
676254 Triticum aestivum subsp. aestivum Skagit 1209 United States | Washington
676255 Triticum aestivum subsp. aestivum Pactole France
676269JPR Triticum aestivum subsp. aestivum vrn-2 United States | California
676270PVPO | Triticum aestivum subsp. aestivum Joe United States | Kansas
676271PVPO | Triticum aestivum subsp. aestivum Hilliard United States | Virginia
676284PVPO | Triticum aestivum subsp. aestivum 122173W United States | Idaho
676285PVPO | Triticum aestivum subsp. aestivum SY Selway United States | Idaho
676286PVPO | Triticum aestivum subsp. aestivum SY Coho United States | Idaho
676287PVPO | Triticum aestivum subsp. aestivum SY Teton United States | Idaho
676288PVPO | Triticum aestivum subsp. aestivum Chet United States | Washington
676289PVPO | Triticum aestivum subsp. aestivum Alum United States | Washington
676290PVPO | Triticum aestivum subsp. aestivum Seahawk United States | Washington
676291PVPO | Triticum aestivum subsp. aestivum Bentley United States | Oklahoma
676292PVPO | Triticum aestivum subsp. aestivum TCG-Cornerstone United States | North Dakota
676293PVPO | Triticum aestivum subsp. aestivum TCG-Spitfire United States | North Dakota
676294PVPO | Triticum aestivum subsp. aestivum TCG-Wildfire United States | North Dakota
676295PVPO | Triticum aestivum subsp. aestivum AgriMAXX 462 United States | Virginia
676977PVPO | Triticum aestivum subsp. aestivum Avery United States | Colorado
676978JPR Triticum aestivum subsp. aestivum Lanning United States | Montana
677023PVPO | Triticum aestivum subsp. aestivum 122024W United States | Jowa
677024PVPO | Triticum aestivum subsp. aestivum 122581W United States | lowa
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Table 1. Recent PI assignments in Triticum, X Triticosecale, Aegilops, and Secale.
Cultivar name or
PI number Taxonomy identifier Country State/Province
677025PVPO | Triticum aestivum subsp. aestivum 122816W United States | lowa
677026PVPO | Triticum aestivum subsp. aestivum 122950W United States | Iowa
677027PVPO | Triticum aestivum subsp. aestivum LCS Prime United States | Colorado
677028PVPO | Triticum aestivum subsp. aestivum LCS Trigger United States | Colorado
677131 Triticum aestivum subsp. aestivum MNR220 United States | Montana
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IV. CATALOGUE OF GENE SYMBOLS FOR WHEAT: 2015-16 SUPPLEMENT

R.A. Mclntosh', J. Dubcovsky?, W.J. Rogers?, C. Morris*, R. Appels® and X.C. Xia®.

'The University of Sydney, Plant Breeding Institute Cobbitty, PMB 4011, Narellen, NSW 2570, Australia. robert.mcin-
tosh@sydney.edu.au.

“Department of Plant Sciences, University of California, Davis, CA 95616, USA. jdubcovsky @ucdavis.edu.

3Catedra de Genetica y Fitotecnia, DCBA y B, Facultad de Agronomia, CIISAS, CIC-BIOLAB AZUL, Universidad Na-
cional del Centro de la Provincia de Buenos Aires, Argentina; Av. Rep. Italia 780, CC47 73 Azul, Provincia de Buenos
Aires, Argentina. CONICET-INBA-CEBB—-MdP. rogers@faa.unicen.cdu.ar.

“USDA-ARS Western Wheat Laboratory, Pullman, WA 99164-6394, USA. morris@wsu.edu

*Molecular Plant Breeding Research Centre, Biological Sciences, Murdoch University and Department of Agriculture,
Locked Bag 4, Bentley Delivery Centre, WA 6983, Australia. rappels@agric.wa.gov.au.

SInstitute of Crop Science, National Wheat Improvement Centre, Chinese Academy of Agricultural Sciences, 12 Zhong-
guancun South St, Beijing 100081, China. xiaxianchun@caas.cn.

The most recent version of the Catalogue, compiled for the 12™ International Wheat Genetics Symposium held in Yoko-

hama, Japan, and a 2013—14 Supplement are available on the Komugi (http://www.shigen.nig.ac.jp/wheat/komugi/top/
top.jsp) and GrainGenes (http://wheat.pw.usda.gov/GG2/Triticum/wgc/2008/) websites.

Laboratory Designators

Abr Bonman M
USDA-ARS Small Grains and Potato Germplasm Research Unit
Aberdeen, ID 83210
USA

Hwwgr USDA Hard Winter Wheat Genetics Research Unit

Manhattan, KS 66506
USA

Morphological and Physiological Traits

1. Gross Morphology: Spike characteristics
1.2. Club/Compact spike

Insert above QTL:
Cg {11114}. 2BL {11114}.  bin: 2BL-0.48-0.89, near breakpoint 0.69.
v: Akage Gumbai {11114}; Akage Gumbai 22 {11114 }; Gumbai 22 {11114};
Kiroshita Komugi {11114}; Nakote Gumbai {11114}.
ma: Xhbg410/Xhbg440-2B — 18.1 cM — Cg — 153 cM - Xgwm47-2B {11114}.
9. Brittle Rachis

Following the introductory sentence add:
Wedge (W) type disarticulation is associated with the Br-1 gene set, whereas barrel (B) type disarticulation is caused by a
different gene and is limited to species with the D genome {15033}.

Insert after Br-D1:
Br-S1 {11080}.  3SS {11080}.  v: Iranian spelts {11080}.
tv: Triticum timopheevii subsp. timopheevii {11080}.
dv: Aegilops tauschii {11080}.
ma: Xpsrl196-3532.3 cM — Br-S1—1.5 cM — Xabg471-3D {11080}.
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2.

Br-D2 {11080}. 3DS {11080}. v: Common wheat {11080}; European spelts {11080} .
dv: Al8/78 (shattering 11080}; TA1604 (non-shattering) {11080}.
ma: Xwmg2013-3D — 1.5 cm — Br-D2 —2.9 cM — Xpsrl170-3D {11080}.

17. Dormancy (Seed)
17.1. Germination index
TaSdr. 2B {11119}.
TaSdr-Bla {11119}. v:  Yangxiaomai {11119}.
c¢:  GenBank KF021990 {11119}.
This allele is associated with lower germination index.
TaSdr-B1b {11119}. v:  Zhongyou 9507 {11119}.
c:  GenBank KF021991 {11119}.
This allele is associated with higher germination index.

17.2. Vivipary
17.3. Pre-harvest sprouting

27. Glaucousness (Waxiness/Glossyness)
27.2 Epiststic inhibitors of glaucousness
Iwl. Add: bin: 2BS3-0.84-1.00.
v: WE74 {11094}. Shamrock {11090}.
ma: JICO07 —147 cM —Iwl —0.18 cM - JICO010/JICO11 {11090}. Co-segregation with
BF474014, CJ876545, and CD927782 and flanked by BE498358 and CA499581 within a
0.96-cM interval {11094}.

Iw2. Add: bin: DS5-0.84-1.00.
v: TA4152-60 {11094} .
ma: Co-segregation with BF474014 and CJ876545 and flanked by CJ886319 and CJ519831
within a 4.4-cM interval {11094}.

NEW SECTION

33. Grain Traits

Variation in grain traits based on gene homology with other species

TaGASR7-A1 {11115}.  Snakin/GASA gene family. =~ 7AL {11115}.
ma: Xwmc301-7A —17.9 ctM — TaGASR7 — 10.6 cM — Xwmc9-7A {11115}.
c: GenBank KJ0O00052 {11115}.

Haplc in Lumai 14 and Xiaoyan 81 conferred higher grain length and grain weight than Hap/g in Hanxuan 10 and Xin-

mai 10 {11115}.

TaGS-DI {11116}. 7DS {11116}. ma: TuGs-D1 — 8.0 cM — Xbarc184 {11116}.
TaGs-Dl1a {11116}. v: Doumai {11116}; Jingdong 8 {11116}.
c: KF687956 {11116}.
Associated with higher TKW and grain length {11116}.
TaGs-D1b {11116}. v: Shi4185 {11116}; Yumai 21 {11116}.
c: KF687957 {11116}.
Associated with lower TKW and grain length {11116}.

TaSAPI-AI {11117}. Stress association protein gene family.
7A {11117}. ma: Xwmc530-7A — 2.1 ¢ctM — TaSAPI1-Al —13.9 cM —
Xbarcl74-7A {11117}.
c¢:  GenBank KC193579 {11117}.

Variation at this locus was associated with 1,000-kernel weight, number of grains/spike, spike length, peduncle length

and total number of spikelets/spike, but different haplotypes had different effects various traits {11117}.
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41. Height
41.1. Reduced Height: GA-insensitive

41.2. Reduced Height: GA-sensitive

Rht18. Add note:
Hexaploid derivatives in the backgrounds of Fengchan 3, Jinmai 47 Rht8, and Xifeng 20 are reported in {11096}.

Rhe23 {11077}.  5SDL {11077}. v: NAUHI64 {11077}.
ma: Xgdm63-5D — 4.7 cM — Rht23 — 11.1 cM — Xbarc110-5D {11077}.
NAUH164 is an EMS-derived mutant of Sumai 3 {11077}.

43. Hybrid Weakness
43.1. Hybrid necrosis
Ne2m. Add: ma: Xbarc55-2B — 1.1 cM — Xkwh37 —4.9 ¢cM — Lr13/Ne2 — 5.8 cM — Xgpw1109 — 3.7 cM — Xbarc18-2B
{11068} .
47. Leaf Tip Necrosis
Ltn3 {11070}. i RL6077 {11070}.

v: Chapingo 48 {11070}.

c:  This multiple disease resistance/necrosis locus was identified as a hexose
transporter most similar to the STP13 family and containing 12 predicted
transmembrane helices {11070} .

67. Response to Vernalization
Vrn-D1b. v: Add: Additional Chinese germplasm {11072} .

Add immediately following the vrn-D1I listing:
Vin-Dla, Vin-d1b, and Vrn-D1 were present in 27.3%, 20.6%, and 52.1%, respectively, of 689 Chinese wheat accessions
{11072}.

82. Proteins

82.3. Endosperm storage proteins
82.3.1. Glutenins
82.3.1.1 Glu-1

Glu-Al. Add:

Glu-Alba {11106}. [Glu-Alg {11106}]. 1.1 {11106}. v: Barbela 28 {11106}.
The sequence encoding subunit 1Ax1.1 shows high nucleotide identity with other Glu-AI alleles, with the main difference
being an insertion of 36 amino acids in the central repetitive region. It is the largest and most acidic subunit currently
known at this locus and has been implicated in high dough extensibility in some cv. Barbela wheat lines, although this
contrasts with other data showing a similar effect to that of subunit 1Ax1 {11107}.

Pathogenic Disease/Pest Reaction

84. Reaction to Barley Yellow Dwarf Virus

Bdv2.

Add note at end of section:

Small recombinant segments are described in a pontin series of lines: recombinants were obtained with Lr79 but not with
Sr25 {11097}.

86. Reaction to Blumeria graminis DC.
86.1. Designated genes for resistance
Pm2
Pm2a {11049}. [Pm2 {130}], [Mlu {1175}, Mix {1088}].
Remainder as now listed for Pm?2.
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Pm2b {11049}. Putatively derived from Agropryron cristatum. PmKM?2939 {11049};
PmPB3558 {11075}.

bin: C-5DS1-0-0.63.

v:  KM2939 {11049}; PB3558 {11075}

ma: Xscarll2 —-0.5cM - Pm2b— 1.3 cM — Xscar203/Xmag6176/Xcfd81-5D {11049};
Xcfd81-5D — 5.5 cM — PmPB3558 — 3.9 cM — Xbwm25 — 0.9 cM — Xbwm21 — 0.9 ctM
— Xbwm20 {11075}.

Pm2c {11061}. PmNM {11061}. 5DS {11061}.

bin: 5DS-1-0-0.63

v:  Niaomai {11061}.

ma: Xcfd81-5D — 0.4 /0.1 cM — Pm2c —7.5/4.9 cM — Xcfd78-5D {11061}.

Allelism with Pm2a and Pm2b was based on more than 7,600 F, plants.

Pm46. Add:
v: Chapingo 48 {11070}.
c: This multiple disease resistance locus was identified as a hexose transporter most similar to
the STP13 family and containing 12 predicted transmembrane helices {11070} .

Pm51. Correct to:
ma: Xwmc332-2-32cM - Pm51 —1.5cm— BQ246670 {11026}.

Pm54 {11050} . PmA2K {11050}. 6BL {11050}. bin: 6BL-0.450-1.00.
v:  AGS 2000 PI 612956 {11050}.
ma: Xgpw2344-6B — 1.00 cM — wPt-9256 — Pm54 — 1.2 ¢cM — Xbarc134-6B {11050} .

Pm55 {11108}. Derived from Dasypyrum villosum. Pm5VS {11108, 11109}.
5AS (T5VS-5AL) {11108}. v: NAU421 {11108}
5DS (T5VS-5DL) {11109}. v: NAU415 (11108, 11109}.
ma: A 730-bp SEST-237 band is associated with chromosome 5VS {11109}. 5VS also carries
puroindoline genes; therefore all lines with this gene will be soft (TSVS-5DL) or supersoft
(T5VS-5AL).
The backgrounds of NAU415 and NAU421 are Chinese Spring. The PM resistance conferred by this gene gradually
increases from the third leaf stage and reaches an immunity level by the seventh leaf stage.

86.3. Temporarily designated genes for resistance to Blumeria graminis

MIUIWI72 {11095}. 7AL {11095}. bin: 7Al-16-0.86-0.90.
tv: T turgidum subsp. dicoccoides TIW172 {11095}.
ma: WGGC4664/WGGC4665/WGGC4668 —0.44 cM — MIIW172 — 0.7 cM — WGGC4659
{11095}.

86.4. QTL for resistance to Blumeria graminis
PmSE5785 {11084}. Recessive. 2DL {11084}.
v: SES5785, Snipe / Yav79 // Dack / Teal /3/ Ae. tauschii 877 11084}; NO7728-1 {11084};
NO7728-2 {11084}.
ma: Xbarc59-2D — 3.6 cM — PmSe5785 — 4.6 cM — Xwmc817-2 {11084 }.

Correct spelling:
Reaction to Colletotrichum cereale

90. Reaction to Diuraphis noxia (Mordvilko)

Dneé. 7D.
Dn2401 {M14031}. 7DS {11078}. v: CI2401,PI97812 {11078}.
ma: Xbarc214-7D — 1.1 cM — Dn2401 — 1.8 cM — Xgwm473-7D
{11078}.
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91. Reaction to Fusarium spp.
91.1. Disease: Fusarium head scab, scab

Fhbl. Add: v: Alsen {11071}; Rollag {11071}.
Fhbs.
Fhb6 {11048}. Derived from Elymus tsukushiensis syn. Roegneria kamoji. 1AS {11048} .

T1AL-1TAS-1E®#1S {11048}.  v: TA5660, KS14WGRC61 {11048}; TA5093 {11048}.
ma: Three CAPS and one KASPar SNP (wglS-snpI)
markers were developed {11048}.
TAS5660 is in Chinese Spring background; TA5093 is in Everest background.

TW-1ES#18S {11048} . v: TAS5655 {M11048}.
Fhb7 {11060} . Derived from Thinopyrum ponticum. FhbLoP {11118}.
T7DS.7DI-7el,L {11060}. v: SDAUI881 {11060}; SDAU1886 {11060}.

ma: Flanked by 7el, markers Xcfa2240 and XsdauK66 in
a 1.7-cM interval {11060%}.
T7DS-7el, {657}. v: KS24-2 {657}.

Tetraploid wheat

Add:
‘T. turgidum subsp. dicoccoides Mt. Gerizim#36 /*2 T. turgidum subsp. durum Helidur’ F, lines: two QTL for type-2
resistance located on chromosomes 3A (Xbarc45-3A — Xbarc67-3A) and 6B Xs13m22_2 — Xgwm626-6B {11088} .

92. Modify title to:
Reaction to Heterodera avenae Woll., H. filipjeva (Madzhidov) Stelter
Cres. Add: v: Madsen {11102}.

Cres. ma: Add: The map in {10343} was reversed: Cre9 was located closer to the end of chromo-
aomw 6BL (11081}. Six markers that can be screened by KASP™ and wril5
developed from a SNP were reported {11081}.

93. Reaction to Magnaporthe grisea (Herbert) Barr ~ Add: Syn. Pyricularia oryzae

Rmg7. Add: 2AL {11083}. ma: Xcfd50-2A-5.6 cM — Rmg7 —15.1 cM —
Xhbg327-2A {11083}.
Rmg8 {11083}. 2BL {11083}. v: S615 {11083}. bin: 2BL6-0.89-1.00.

ma: Xwmc317-2B—12.1 cM — Rmg8 — 224 cM — Xbarc159-2B {11083}.
According to {11083} markers linked to Rmg8 were independent of those linked to Rmg?7.

94. Reaction to Mayetiola destructor (Say) (Phytophaga destructor) (Say)
HI16. Add:,1AS {15011}. bin: 1AS-3-0.86-1.00. v: P921682 {11058}.
ma: Add: Xpsp2999-1A-3.7cM - HI16 -5.5 cM — Xbarc263/Xwem6B-1A {11058} .

H17. Add:,1AS {11058}. bin: 1AS-3-0.86-1.00. v: P921680 {11058}.
ma: Add: Xpsp2999-1A - 627 cM — HI7 - 5.1 cM — Xbarc263/Xwem6B-1A {11058} .

99. Reaction to Puccinia graminis Pers.
Sroh. v: Matlabas {10057}. ma: Add: wPt-3132-19cM - Sr9h - 1.9 cM -
wPt-8460 {11010}. Sr9h —20.7 cM — Sr28 {11010}.

Sri12. Modify and add: 3BS or centromeric region {1332, 682, 11103}; 3BL (11104}.
v2: Condor Sr8a{11105}; Celebration Sr9gSri6 (939}; Condor Thatcher Sr55r9gSri6
{939}; RL6058 (a Thatcher derivative) {11104}.
ma: [WA6086 — Sri2 — IWA4613 {11104}.
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Add to note section. Although the association of field resistance and Sr/2 was not definitive allelism or close linkage is
clearly involved (11104} .

Sr21. Add:
dv: After einkorn, add: CI 2433, i.e. Einkorn CI 2433 {1460, 11110}.
ma: FD52726 —0.25 cM - Sr21 —0.05 cM — EX594406 {11110}.
Sr42. v:  PI595667 {11087}. v2: PI1410954 Sr24 {11087}.

ma: Add: Xcfa49-6D — Sr42/IBW31561/IWB30767 — FSDRSA {11087}.
Add notes: Sr42 co-locates with SrCad, SrNini, SrSh7, and SrTmp. Three haplotypes were identified in {11087}: C-C-T,
AC Cadillac, Peace, PI 595667; T*~C-T, Norin 40, Eagle 10, Ember, Guard, Ripper, Shield; T-C-T, Triumph 64, CnS-
SrTMP64, Blouk, Digalu, Pfunye, Robin, PI 410954.

Srd3. 7DL- Add: ,7DS-7el S-7el L {11076}.
Add note: Derivatives RWG33 and RWG34 with shortened alien segments are reported in {11076}.

Sr49. Replace current entry with: v: Mahmoudi AUS 28011 {10704}.
and replace current entry with:  ma: sun479 —0.9 cM - Sr49 — 1.5 cM — sun209 — 0.5 cM
— Xwmc471-5B {10704}.

Sr55. Add: v:  Chapingo 48 {11070}. c¢: This multiple disease resistance locus was identified as
a hexose transporter most similar to the STP13 family
and containing 12 predicted transmembrane helices

{11070}.
Sr59 {11066} . Derived from Secale cereale. 2D (T2DS-2RL) {11066} .
v:  TA5094 {11066}. su: SLU238 (2R(2D)) {11066} .
al: VT828041 (6X triticale) {11066}.
SrND643 {11092}. 4AL {11092}. bin: 4A14-0.8-1.00.
v:  Kenya Sunbird {11092}; Kenya Tai {11092}; ND643/2*Weebilll GID6302736
{11092}.

tv: ND643 {11092}.
ma: Xwmc/776-4A —2.9 cM — Xgwm350-4A — 0.5 cM — SrND643 — 4.1 cM — Xwmc219-4A
{M14045}.

SrTm4 {11111}.  Recessive. 2A™L {11111},
dv: T. monococcum subsp. monococcum PI 306540 {11111}.
bin/contig: IWGS_2AL_contig 6401556
ma: BQ461276 —1.6 cM — SrTm4 — 0.5 cM — DR732348/Xgwm526/Xgdm93-2A {11111}.

SrTmp. Add: SrSha7 {11057}. 6DS.
v:  Digalu {11057}; Kenya Robin {11057}.

100. Reaction to Puccinia striiformis Westend.

100.1. Designated genes for resistance to stripe rust
Yrl8. Add note at end of section:
Forty-three Chinese land varieties predicted to have Yr/8 based on markers had high rust severities. Genetic analyses of
four of these landraces (Sichuanyonggang 2, Baikemai, Youmai, and Zhangsihuang) indicated the presence of an inde-
pendent suppressor {11101}.

Yr26. v:  Guinong 22 {11098}.

Yrdé. v:  Chapingo 48 {11070}.
c:  This multiple disease resistance locus was identified as a hexose transporter most
similar to the STP13 family and containing 12 predicted transmembrane helices
{11070}.

107



ANNUNMNL WHEANT N EWTSLETTER vV o L. 6 2.

Yr5l. Revisions:

Yr57. Correction:

Yr58. Correction:

v2: AUS 27858 Yr57 {10850}. ma: sunl06 —0.6 cM — owm45F3R3 - 12 cM —
Yr51-25cM —sunl04 — 1.8 cM — Xgwm160-
4A {10850}.

ma: Replace present entry with: sts3B15 —4.5 cM — BS00062676 —2.3 cM — Yr57 —
Xgwm389-3B — 2.0 cM — Xbarc75-3B {10963}.

Yr58 was previously located in chromosome 3BL. The location was revised to 3BS. The corrected listing for this gene

becomes:
Yr58 {10964} .

Yr68 {11051}.

Yr69 {11052}.

3BS {10964}. bin: 3BS3-0.87-1.00.
v:  Sonora W195 AUS 19292 {10964}.
ma: [121669/3023704 —3.9 cM — Yr58 — 4.6 cM — 100016328/1233292 {10964} .

Adult-plant resistance. 4BL {11051}. bin: 4BL1-0.86-1.00.

i:  AGG91587WHEAT1 = csAvYr4BL = Avocet S*5 / Undesignated International
Nursery ex New Zealand Entry 03.25 {11051}.

v:  Undesignated International Nursery ex New Zealand 03.25 {11051}.

ma: [WB74301 — 0.5 cM — Yr68/IWA4640 — 0.5 cM — IWB28394 {11051}.

YrCHS86 {11052}. 2AS {11052}. bin: 2AS5-0.78-1.00
v:  CH7086 {11052}.
ma: Xwmc25-2A-2.7cM - X2A833 - 1.9 cM - Yr69 — 3.1 ctM — Xmag3807-2A {11052} .

Linkage with Yr17: (F, seedling test) 30.0 cM {11052}.

Yr70 {11055}.

Derived from Ae. umbellulata.  YrUmb {11055}. 5DS {11055}.

v: 1L 393-4 {11055}, T. turgidum subsp. durum cv. WH890 / Ae. umbellulata Pau 3732 //
CS Ph'/3/2¥*WL711 {11055}.

al: Ae. umbellulata Pau 3732 {11055}.

ma: Yr70—-7.6 cM — XgwmlI90-5D {11055}; A co-segregating 450 bp Lr57-Yr40—
CAPS16 marker was present in IL 393-4, but not in many Australian wheat cultivars
{11055}.

Yr70 behaves as an allele of Yr40 derived from Ae. geniculata. The low infection types are also different.

Yr71 {11056}.

Yr72 {11059}.

Yr73 {11062

Yr74 {11062}.

Adult-plant resistance. YrSA3 {11056}. 3DL {11056}.

v:  AGG91588WHEA, ‘Sunco / Avocet S’ RIL4667.153.11.1 {11056}.

v2: Sunco Yri8 {11056}.

ma: Yr71 —1.6 cM —IWBI17207/IWB10438/IWB23615/IWB63653 — 0.5 cM — IWB57983
—09cM - IWB23518 —2.4 cM — Xgwm114b-3D — 5.6 cM — Sr24/Lr24 {11056}.

YrAW4 {11059}, 2BL {11059}. bin: 2BL-5-0.59-0.89.

vi  AUS27507 {11059}; AUS27894 {11059}.

ma: Xsun481-2BL — 1.8 cM — Yr72 — 1.2 M — IWB12294 — Xsun482-2BL — 1.5 cM —
Xsun482-2BL — 1.5 cM — IWB69000 {11059}

Complementary gene involved in the YrA specificity. 3DL {11064, 11062}.
v2: Avocet R {11063}; Anza=WWI15 {11062}; Banks R {11063}; Condor R {11063},

Egret R {11063}; Funo {11062}; Jupateco 73 {11062}; Lerma Rojo-64 {11062}.
ma: Located and mapped by DArT-Seq markers {11062} .

Complementary gene involved in the YrA specificity. 5SBL {11062}.

v2: Avocet R {11063}; Anza=WWI15 {11062}; Banks R {11063}; Condor R {11063},
Egret R {11063}; Funo {11062}; Jupateco 73 {11062}; Lerma Rojo-64 {11062}.

ma: Located and mapped by DArT-Seq markers {11062}.

108



ANNUXNL WHEANT N eWSLETTER vV o L. 6 2.
The cross ‘Avocet R / Teal” used to map Yr73 and Yr74 included a TSBL-7BL reciprocal translocation. Susceptible lines
carrying the individual genes will be permanently accessioned after screening candidate lines for the Avocet R = Chinese
Spring chromosome configuration. The translocated chromosomes are present in Teal and do not involve Yr74.

Yr75 {11065} . Adult-plant resistance. YrAxe {11065}. 7AL {11065} .
bin: 7AL16-0.86-0.90.
v:  ‘Axe/Nyabing-3’ RIL#5 {11065}.
v2: Nyabing-3 Yr29 {11065}.
ma: Xcfa2016-7A—-1.0cM - Yr75-0.3 cM — IWB36240 {11065}.

Yr76 {11067}. YrTye {186} . 3AS {11067}, 6D {186}.
bin: 3AS4-0.45-1.00 {11067}.
i AvS*4 / Tyee {11067}.
v:  Tyee Cltr 17773 {11067}; ARS-Amber {11067}; Cara {11067}; Chukar {11067}.
v2: Hyak Yri7 {11067}.
ma: Xbarc321-6D — 6.2 cM — Xbarc57-6D — 4.3 ctM — Xwmcll-6D —2.6 cM — Yr76 —
34 cM - Xwmc532-6D — 6.9 cM — Xgwm369-6D — 2.6 cM — Xbarc12-6D {11067}.

100.2. Temporarily designated genes for resistance to stripe rust
YrC591. Add: bin: 7BL-3-0.85-1.00. ma: Xmagl714-7B—1.2—YrC591 - 0.4 cM -
Xbarc182-7B {11099}.

YrHA {11100}. 1AL {11100}. v: H901414-121-5-5-9 {11100}.
ma: Xwmc469-1A —-34 cM — YrHA — 4.6 cM — Xgwm497-1A {11100}.

YrSD {11085}. 5BL {11085}.
i:  Taichung 29*6 / Strubes Dickkopf 11085}.
v:  Strubes Dickkopf {11085} .
ma: Xwmc640-5B — 3.6 cM — YrSD — 2.4 cM — Xbarc59-5B — 3.0 cM — Xwmc783-5B
{11085}.
The authors concluded that this gene was different from Y725, which was located in chromosome 1D {158}.

YrSP. Add: bin: 2BL-C-0.5. ma: /IWA638—-0.6cM — YrSP—1.5 cM —dp269-2 —
1.9 cM — Xwmc332-2B {11091}.

100.3. Stripe rust QTL

At the end of section add:

A summary of published QTL locations is provided in {11089}; 49 chromosome regions on 20 of the 21 wheat

chromosomes were proposed.

101. Reaction to Puccinia triticina
101.1. Genes for resistance

Lr3. Add:
Lr3d {11054}. i:  RL6062, Thatcher*6 / P1 268316 {11054}.
v:  PI268316 {11054}.
Lrll. Add:
LrBP2 {11074}. Add: “2DS {11074}". v2: Buck Poncho Lr10 {11074}.
ma: Lrll —0.3 cM - SCAR32/35—1.6 cM — Xgwm614-2D {11074}.
Lri3. Add:
ma: Xbarc55-2B — 1.1 cM — Xkwh37 —4.9 cM — Lr13/Ne2 — Xgpwll09 — 3.7 cM —
Xbarcl8-2B {11068}.
Lr2l. v:  Add: Barlow {11093}; Faller {11093}; Prosper {11093}.
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Lr28. v:  Sunland {11069}.
ma: Xbarc343-4A —7.7 cM — Lr28/Psr119/SCS421/mag3092 — 1.1 cM — Xwmc219-4A —
2.2 cM — Xwmc219-4A {11069}.

Lr39. v:  Add: Armour {11086}; Bullet {11086}; PostRock {11093}; TAM 112 {11086},
Winterhawk {11086}.
Lr48. Add: ma: Xgwm429b-2b — 4.2 cM — Sun563/Sun497 — 0.6 cM — IWB31002/IWB39834/

IWB34324/WB72894/Lr48 — 0.3 ¢cM — IWB70147 — 2.0 ¢cM — Xbarc67-2B {11112}.
Based on haplotype analysis Lr48 was postulated in 13 Australian Condor relatives {11112}.

Lr67. Add: v:  Chapingo 48 {11070} .
c:  This multiple disease resistance locus was identified as a hexose transporter most

similar to the STP13 family and containing 12 predicted transmembrane helices
{11070} .

The following is a revised entry for Lr74.

Lr74 {11031}. Adult-plant resistance. 3BS {11031}. bin: 3BS8-0.78-0.87.
vl: AGG91583WHEA = BT-Schomburgk Selection {11031}; Spark {11031}.
ma: Xcfb5006-3B—1.9 cM — Lr74 — 2.2 ctM — BS00009992 — 2.7 ¢ctM — Xgwm533-3B

{11031}.
Lr75 {11053}. Adult-plant resistance. QlrP.sfr-1BS {10066}. 1BS {10066, 11053}.
vl: Arinalr75, Arina*2 // Forno / Arina#F7NIL85 {11053}, IPKXXXXX, C14.20
{11053}.

v2: Forno Lr34 {10066; 11053}.
ma: Lr75—2.74 cM — Xgwmi8-1B {11053}.

Lr76 {11055}. Derived from Ae. umbellulata. LrUmb {11055}. SDS {11055}.
v: 1L 393-4 {11055}, T. turgidum subsp. durum cv. WH890 / Ae. umbellulata Pau 3732 //
CS Ph'/3/2¥*WL711,C14.21 {11055}.
al: Ae. umbellulata Pau 3732 {11055}.
ma: Lr76 —7.6 cM — Xgwml90-5D {11055}.
Lr76 behaves as an allele of Lr57 derived from Ae. geniculata. The low infection types are also different. A co-segregat-
ing 450-bp Lr57-Yr40-CAPS 16 marker was present in IL 393-4, but not in many Australian wheat cultivars {11055}.

LrBilé6. Add: bin: 7BL-10.
ma: Xcfa2257-7B—2.8 ¢cM — LrBil6 — 2.5 cM — Xgwm344-7B {11082}. A closer AFLP
marker could not be converted to a STS/SCAR marker {11082}.
Allelic with Lri4c, but showed different reaction patterns compared to lines with Lr/4c and LrFun {11082}.

Add after LrZh84:
Lr6Ai#2 {11079}. 6Ai#2 {11079}.
v:  Tulaikoskaya 5 {11079}; Tulaikoskaya 10 {11079}; Tulaikoskaya 100 {11079}.

116. Reaction to Wheat Yellow Mosaic Virus

QTL:

RIL population: ‘Xifeng (R) / Zhen 9523’ (S): Three QTL, Qym.njuy5A.1 (R* = 0.26-0.54), Ym.njau-3B.1 (R* = 0.03-
0.01), and QYm.njau-7B.1 (R?> = 0.03-0.05 in some trials). The chromosome 5A gene was closely associated with
Xwmc415.1, CINAU152, and CINAU153 and was phenotyped as a single Mendelian gene {11073}.
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V. ABBREVIATIONS AND SYNONYMS USED IN THIS VOLUME.
PLANT DISEASES, PESTS, AND PATHOGENS:

BYDYV = barley yellow dwarf virus

BMYV = barley mosaic virus

CCN = cereal cyst nematode, Heterodera avenae

FHB = Fusarium head blight

RWA = Russian wheat aphid

SBMYV = soilborne mosaic virus

SLB = Septoria leaf blotch

TMV = Triticum mosaic virus

WDF = wheat dwarf mosaic

WSBMYV = wheat soilborne mosaic virus

WSMYV = wheat streak mosaic virus

WSSMYV = wheat spindle streak mosaci virus

WYMYV = wheat yellow mosaic virus

E. graminis f.sp. tritici = Erysiphe graminis f.sp. tritici = the powdery mildew fungus
F. graminearum = Fusarium graminearum = head scab fungus

F. nivale = Fusarium nivale = snow mold fungus

H. avenae = Heterodera avenae = cereal cyst nematode

P. graminis = Polymyxa graminis = wheat soilborne mosaic virus vector

P. striiformis f.sp. tritici = Puccinia striiformis f.sp. tritici = strip rust fungus
P. triticina = Puccinia triticina = P. recondita f.sp. tritici = leaf rust fungus
R. cerealis = Rhizoctonia cerealis = sharp eyespot

R. solani = Rhizoctonia solani = Rhizoctonia root rot

R. padi = Rhonpalosiphum padi = bird cherry-oat aphid

S. tritici = Septorai tritici = Septoria leaf spot fungus

S. graminearum = Schizaphus graminearum = greenbug

St. nodorum = Stagonospora nodorum = Stagonospora glume blotch
T.indica = Tilletia indica = Karnal bunt fungus

SCIENTIFIC NAMES AND SYNONYMS OF GRASS SPECIES (NOTE: CLASSIFICATION ACCORDING TO VAN SLAGEREN, 1994):

A. strigosa = Avena strigosa

Ae. cylindrica = Aegilops cylindrica = Triticum cylindricum

Ae. geniculata = Aegilops geniculata = Aegilops ovata = Triticum ovatum

Ae. longissima = Aegilops longissima = Triticum longissimum

Ae. markgrafii = Aegilops markgrafii = Aegilops caudata = Triticum caudatum
Ae. speltoides = Aegilops speltoides = Triticum speltoides

Ae. tauschii = Aegilops tauschii = Aegilops squarrosa = Triticum tauschii

Ae. triuncialis = Aegilops triuncialis = Triticum triunciale

Ae. umbellulata = Aegilops umbellulata = Triticum umbellulatum

Ae. peregrina = Aegilops peregrina = Aegilops variabilis = Triticum peregrinum
Ae. searsii = Aegilops searsii = Triticum searsii

Ae. ventricosa = Aegilops ventricosa = Triticum ventricosum

D. villosum = Dasypyrum villosum = Haynaldia villosa

S. cereale = Secale cereale = rye

T. aestivum subsp. aestivum = Triticum aestivum = hexaploid, bread, or common wheat
T. aestivum subsp. macha = Triticum macha

T. aestivum subsp. spelta = Triticum spelta

T. militinae = Triticum militinae

T. monococcum subsp. aegilopoides = Triticum boeoticum

T. timopheevii subsp. timopheevii = Triticum timopheevii

T. timopheevii subsp. armeniacum = Triticum araraticum = T. araraticum

T. turgidum subsp. dicoccoides = Triticum dicoccoides = wild emmer wheat

115



ANNUNMNL WHEANT N EWTSLETTER

T. turgidum subsp. dicoccum = Triticum dicoccum

T. turgidum subsp. durum = Triticum durum = durum, pasta, or macaroni wheat
T. urartu = Triticum urartu

Th. bessarabicum = Thinopyrum bassarabicum

Th. elongatum = Thinopyrum elongatum = Agropyron elongatum

Th. intermedium = Thinopyrum intermedium = Agropyron intermedium

SCIENTIFIC JOURNALS AND PUBLICATIONS:

Agron Abstr = Agronomy Abstracts

Ann Wheat Newslet = Annual Wheat Newsletter

Aus J Agric Res = Australian Journal of Agricultural Research
Can J Plant Sci = Canadian Journal of Plant Science

Cereal Chem = Cereal Chemistry

Cereal Res Commun = Cereal Research Communications
Curr Biol = Current Biology

Eur J Plant Path = European Journal of Plant Pathology
Funct Integ Genomics = Functional Integrative Genomics

Ind J Agric Sci = Indian Journal of Agricultural Science

Int J Plant Sci = International Journal of Plant Science

J Agric Sci Technol = Journal of Agricultural Science and Technology
J Cereal Sci = Journal of Cereal Science

J Hered = Journal of Heredity

J Phytopath = Journal of Phytopathology

J Plant Phys = Journal of Plant Physiology

Mol Gen Genet = Molecular and General Genetics

Nat Genet = Nature Genetics

PAG = Plant and Animal Genome (abstracts from meetings)
Phytopath = Phytopathology

Plant Breed = Plant Breeding

Plant, Cell and Envir = Plant, Cell and Environment

Plant Cell Rep = Plant Cell Reporter

Plant Dis = Plant Disease

Plant Physiol = Plant Physiology

Proc Ind Acad Sci = Proceedings of the Indian Academy of Sciences

Proc Natl Acad Sci USA = Proceedings of the National Academy of Sciences USA

Sci Agric Sinica = Scientia Agricultura Sinica
Theor Appl Genet = Theoretical and Applied Genetics
Wheat Inf Serv = Wheat Information Service

UNITS OF MEASUREMENT:

bp = base pairs

bu = bushels

¢M = centimorgan

ha = hectares

kDa = kiloDaltons

m? = square meters

m? = cubic meters

J = micron

masl = meters above sea level
me = milli-equivalents
mL = milliliters

mmt = million metric tons
mt = metric tons

Q = quintals

T =tons
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MISCELLANEOUS TERMS:

Al = aluminum

AFLP = amplified fragment length polymorphism
ANOVA = analysis of variance

A-PAGE = acid polyacrylamide gel electrophoresis
APR = adult-plant resistance

AUDPC = area under the disease progress curve
BC = back cross

BW = bread wheat

CHA = chemical hybridizing agent

CMS = cytoplasmic male sterile

CPS = Canadian Prairie spring wheat

DH = doubled haploid

DON = deoxynivalenol

ELISA = enzyme-linked immunosorbent assay
EMS = ethyl methanesulfonate

EST = expressed sequence tag

FAWWON = Facultative and Winter Wheat Observation Nursery
GA = gibberellic acid

GIS = geographic-information system

GM = genetically modified

GRIN = Germplasm Resources Information Network
HPLC = high pressure liquid chromatography
HMW = high-molecular weight (glutenins)
HRSW = hard red spring wheat

HRRW = hard red winter wheat

HWSW = hard white spring wheat

HWWW = hard white winter wheat

ISSR = inter-simple sequence repeat

IT = infection type

kD = kilodalton

LMW = low molecular weight (glutenins)

MAS = marker-assisted selection

NSF = National Science Foundation

NILs = near-isogenic lines

NIR = near infrared

NSW = New South Wales, region of Australia
PAGE = polyacrylamide gel electrophoresis
PCR = polymerase chain reaction

PFGE = pulsed-field gel electrophoresis

PMCs = pollen mother cells

PNW = Pacific Northwest (a region of North America including the states of Oregon and Washington in the U.S. and the

province of Vancouver in Canada)
PPO = polyphenol oxidase
QTL = quantative trait loci
RAPD = random amplified polymorphic DNA
RCB = randomized-complete block
RFLP = restriction fragment length polymorphism
RILSs = recombinant inbred lines
RT-PCR = real-time polymerase-chain reaction
SAMPL = selective amplification of microsatellite polymorphic loci
SAUDPC = standardized area under the disease progress curve
SCAR = sequence-characterized amplified region
SDS-PAGE = sodium dodecyl sulphate polyacrylamide gel electrophoresis
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SE-HPLE = size-exclusion high-performance liquid chromatography
SH = synthetic hexaploid

SNP = single nucleotide polymorphism

SRPN = Southern Regional Performance Nursery

SRWW = soft red winter wheat

SRSW = soft red spring wheat

STMA = sequence tagges microsatellite site

SWWW = soft white winter wheat

SSD = single-seed descent

SSR = simple-sequence repeat

STS = sequence-tagged site

TKW = 1,000-kernel weight

UESRWWN = Uniform Experimental Soft Red Winter Wheat Nursery
VIGS = virus-induced gene silencing
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Vernichenko*, P.A. Yakovlev, [.LA. Bikovskaya.

INSTITUTE OF GENERAL GENETICS Gubkina St. 3, Moscow, Russian Federation. E.D. Badaeva.

RUSSIAN STATE AGRARIAN UNIVERSITY Department of Genetics, Biotechnology, Plant Breeding and Seed
Production, Moscow Timiryazev Agricultural Academy, ul. Timiryazevskaya, 49, 127550 Moscow, Russian Federa-
tion. A.S. Rouban, Igor V. Vernichenko*, Olga V. Selitskaya.

SWEDEN

SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES Department of Plant Breeding, PO Box 101, 23053
Alnarp, Sweden. Eva Johansson.

UKRAINE

PLANT PRODUCTION INSTITUTE ND. A. V.YA. YURIEV National Academy of Agrarian Sciences of Ukraine,
Moskovsky prospect, 142, 61060, Kharkiv, Ukraine. N.V. Kuzmenko*, A.Ye. Litvinov.

UNITED KINGDOM

UNIVERSITY OF EDINBURGH Roslin Institute and Royal (Dick) School of Veterinary Studies, Scotland, UK. R.
Chris Gaynor.

THE UNITED STATES

CALIFORNIA

UNIVERSITY OF CALIFORNIA Department of Agronomy and Range Science, One Shields Drive, Davis,
CA 95616, USA. Jorge Dubcovsky*.

IDAHO
USDA-ARS NATIONAL SMALL GRAINS GERMPLASM RESEARCH FACILITY 1691 S.2700 W.,
P.O. Box 307, Aberdeen, ID 83210, USA. 208-397-4162 ext. 112 (TEL); 208-397-4165 (FAX). http://www.
ars-grin.gov/npgs. H.E. Bockelman*.
KANSAS
KANSAS STATE UNIVERSITY
Applied Wheat Genomics Group and the Wheat Genetics Resource Center Department of Plant Pathol-
ogy, Throckmorton Hall, Manhattan, KS 66506-5502, USA. 913-532-6176 (TEL); 913 532-5692 (FAX).
http://www.wheatgenetics.org and http://www.k-state.edu/wgrc. Jared Crain, Jesse Poland*, Daljit Singh*,
Trevor Rife*, Haley Ahlers*, Sarah Battenfield, Dal-Hoe Koo*, Vijay K. Tiwari, Bikram S. Gill*, Bernd
Friebe*, Tatiana Danilova*.
Environmental Physics Group Department of Agronomy, Throckmorton Hall, Manhattan, KS 66502,
USA. 913-532-5731 (TEL); 913-532-6094 (FAX). Oliver W. Freeman and M.B. Kirkham*.
Department of Agronomy Throckmorton Hall, Manhattan, KS 66506, USA. Alan K. Fritz*.
USDA-ARS PLANT SCIENCE RESEARCH UNIT Throckmorton Hall, Manhattan, KS 66506-5502. G.
Bai, Mary J. Guttieri*.
KANSAS WHEAT 1990 Kimball Avenue, Manhattan, KS 66506, USA. Marsha Boswell*.
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MINNESOTA
UNIVERSITY OF MINESOTA
Department of Plant Genetics, St. Paul, MN, 55108, USA. Gary Muehlbauer.
Department of Plant Pathology, St. Paul, MN 55108, USA. Mahbubjon Rahmatov, Brian J. Steffenson.
USDA-ARS CEREAL DISEASE LABORATORY University of Minnesota, 1551 Lindig St., St. Paul, MN
55108, USA. 612-625-7295 (TEL); 651-649-5054 (FAX). www.ars.usda.gov/mwa/cdl. James A. Kolmer*,
Y. Jin, Mark E. Hughes*, S.W. Gale*, Jayaveeramuthu Nirmala, Matthew N. Rouse.
NEBRASKA
UNIVERSITY OF NEBRASKA AND USDA-ARS GRAIN, FORAGES AND BIOENERGY RESEARCH
UNIT Departments of Agronomy & Horticulture and Plant Pathology, Lincoln, NE, 68583, USA. Javed
Sidiqi, P. Stephen Baenziger*, S.N. Wegulo, D.L. Funnell-Harris, R.A. Graybosch*, C. Liu, D. Rose, B.
Waters, N. Garst, Amanda Easterly, Vikas Belamkar, Ibrahim El-basyoni, Waseem Hussain, Diego Jarquin,
Aaron J. Lorenz, Jorge P. Venegas, Satyanarayana Tatineni, Everlyne N. Wosula, Melissa Bartels, Gary L.
Hein.
NORTH DAKOTA
USDA-ARS, Fargo, ND. Jae-Bom Ohm and Linda Dykes:
SOUTH CAROLINA
CLEMSON UNIVERSITY Department of Plant and Environmental Sciences, Pee Dee Research and Educa-
tion Center, Florence, SC 29506, USA. Sachin Rustgi*.
SOUTH DAKOTA
SOUTH DAKOTA STATE UNIVERSITY Department of Plant Science, Box 2140C, Brookings, SD 57007,
USA. Sunish K. Sehgal*.

TEXAS
TEXAS A&M UNIVERSITY Amarillo, TX. Jackie Rudd, A. Ibrahim.
VIRGINIA
VIRGINIA POLYTECHNIC AND STATE UNIVERSITY
Department of Crop and Soil Environmental Sciences, Blacksburg, VA 24061, USA. C.A. Griffey,*
W.E. Thomason, J.E. Seago*, R.M. Pitman, K.G. Brasier, N.R. Carpenter, W.S. Brooks, S. Malla, L. Liu, E.
Rucker
EASTERN VIRGINIA AGRICULTURAL RESEARCH & EXTENSION CENTER Warsaw, VA 22572,
USA. M.E. Vaughn, D. Dunaway, C. Barrack, M. Beahm, R. Markham.
TIDEWATER AGRICULTURAL RESEARCH AND EXTENSION CENTER Suffolk, VA 23437, USA.
M. Balota,J. Oakes, H. Mehl.
WASHINGTON
USDA-ARS WESTERN WHEAT QUALITY LABORATORY E-202 Food Quality Building, Washington
State University, Pullman, WA 99164, USA. www.wsu.edu/~wwql/php/index.php. Craig F. Morris*, Doug-
las A. Engle, Mary L. Baldridge, Gail L. Jacobson, E. Patrick Fuerst, William J. Kelley, Shelle Lenssen, Pat-
rica K. Boyer, Eric Wegner, Alecia Kiszonas, Shawna Vogl, Janet Luna, Stacey Sykes, Leonardo Pierantoni,
Geyang Wu, Jeff Boehm, Jessica Murray, Itria Ibba, Matt James, José Orenday-Ortiz, Eden Stout.
WASHINGTON STATE UNIVERSITY Department of Crop and Soil Sciences, School of Molecular Biosci-
ence & Center for Reproductive Biology, Pullman, WA 99164-6420, USA. D. von Wettstein, N. Ankrah,
X. Ou, Y. Sun, R. Gemini.
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VII. E-MAIL DIRECTORY OF SMALL GRAINS WORKERS.

These E-mail addresses are updated each year only for contributors to the current Newsletter, therefore, some addresses
may be out of date. Names followed by '* were verified with this issue of the Newsletter, other numbers indicate the last
year that the E-mail address was verrified.

Name (year updated)

E-mail address

Affiliation

Ahamed, Lal M

lal-pdl@yahoo.com

TIARI, New Delhi, India

Akhtar, Lal H

lhakhtar@yahoo.com

Reg Agr Res Inst, Bahawalpur, Pakistan

Ahlers, Haley !¢

hahlers@Xk-state.edu

Kansas State University, Manhattan

Akhunov, Eduard '

eakhunov@Xk-state.edu

Kansas State University, Manhattan

Alaux, Michael '°

michael.alaux @versailles.inra.fr

INRA, France

Aldana, Fernando

fernando@pronet.net.gt

ICTA, Guatemala

Allan, Robert E

allanre @mail.wsu.edu

USDA-ARS, Pullman, WA

Altenbach, Susan

altnbach@pw.usda.gov

USDA-WRRE, Albany, CA

Altman, David

dwal @cornell.edu

ISAAA—Cornell University, Ithaca, NY

Alvarez, Juan B

alvarez@unitus.it

Univeristy of Cérdoba, Argentina

Anderson, Jim M *°

ander319@umn.edu

University of Minnesota, St. Paul

Anderson, Joseph M '

janderson@purdue.cdu

Purdue University, W. Lafayette, IN

Anderson, Olin %

Olin.Anderson@ars.usda.gov

USDA-WRRE, Albany, CA

Appels, Rudi '¢

rappels@agric.wa.gov.au

Murdoch University, Perth, Australia

Armstrong, Ken

armstrongkc@em.agr.ca

AAFC-Ottawa, Ontario, Canada

Arthur, Cally "

callyarthur@cornell.edu

Borlaug Global Rust Initiative, Ithaca, NY

Atta, Babar Manzoor '

babar niab@hotmail.com

Nuc Inst Food Agric, Peshawar, Pakistan

Aung, T

taung@mbrswi.agr.ca

AAFC—Winnipeg, Canada

Avksentyeva, Olga A **

avksentyeva@rambler.ru

Kharkov Karazin Natl Univ, Ukraine

Babaoglu, Metin

metin_babaoglu@edirne.tagem.gov.tr

Thrace Ag Research Institute, Turkey

Babu, KS

kurrrasbabu@yahoo.com

Direct Wheat Research, Karnal, India

Bacon, Robert

rb27412@uafsysb.uark.edu

University of Arkansas, Fayetteville

Baenziger, P Stephen !¢

pbaenziger] @unl.edu

University of Nebraska, Lincoln

Baker, Cheryl A

cbaker@pswcrl.ars.usda.gov

USDA-ARS, Stillwater, OK

Baker, JE

baker@gmprc.ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Balyan, Harindra S '

hsbalyan@gmail.com

Ch. Charan Singh Univ, Meerut, India

Bancroft, Ian

ian.bancroft@bbsrc.ac.uk

John Innes Centre, Norwich, UK

Barnard, Anri D

anri@kgs| .agric.za

Small Grain Institute, South Africa

Barreto, D

dbarreto@cnia.inta.gov.ar

INTA, Buenos Aires, Argentina

Barker, Susan

sbarker@waite.adelaide .edu.au

Waite, University Adelaide, Australia

Bariana, Harbans

harbansb@camden.usyd.edu.au

PBI Cobbitty, Australia

Barkworth, Mary

uf7107 @cc.usu.edu

USDA-ARS, Pullman, WA

Bartos, Pavel

bartos@hb.vruv.cv

RICP, Prague, Czech Republic

Bean, Scott R

scott@ gmpre.ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Beazer, Curtis

cbeazer@dcwi.com

AgriPro Seeds, Inc., Lafayette, IN

Bechtel DB

don@gmprc.ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Bedo, Zoltan 2

bedo.zoltan@agrar.mta.hu

Martonvasar, Hungary

Bentley, Stephen

bentleys@phibred.com

Pioneer Hi-Bred—Frouville, France

Berezovskaya, EV gluten @sifibr.irk.ru Siberian Inst Plant Physiology, Irkutsk
Berg, Jim jeberg@montana.edu Montana State University, Bozeman
Bergstrom, Gary gcb3@cornell.edu Cornell University, Ithaca, NY

Berzonsky, William A

berzonsk @badlands.nodak .edu

North Dakota State University, Fargo

Bhagwat, SG 1°

sbhagwat@barc.gov.in

Bhabha Atomic Res Center, India

Bhatta, MR

IWp@nwrp.mos.com.np

Natl Wheat Research Program, Nepal

Biviliene, Ausra

agb@agb.lt

Plant Gene Bank, Dotnuva, Lithuania
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Name (year updated) E-mail address Affiliation
Blake, Nancy '° nblake@montana.edu Montana State University, Bozeman
Blake, Tom isstb@montana.edu Montana State University, Bozeman

Blanco, Antonia

blanco@afr.uniba.it

Institue of Plant Breeding, Bari, Italy

Blum, Abraham

vcablm@volcani.agri.gov.il

Volcani Center, Israel

Bockelman, Harold E '©

Harold .Bockelman@ARS .USDA .GOV

USDA-ARS, Aberdeen, ID

Bockus, William W 13

bockus@k-state.edu

KS State University, Manhattan

Boggini, Gaetano

cerealicoltura@jiscsal.it

Exp Inst Cereal Research, Italy

Boguslavskiy, Roman L

boguslavr@rambler.ru

Kharkov Inst Plant Protection, Ukraine

Borner, Andreas '

boerner@ipk-gatersleben.de

IPK, Gatersleben, Germany

Borovskii, Genadii

borovskii@sifibr.irk.ru

Siberian Inst Plant Physiology, Irkutsk

Boswell, Marsha '°

mboswell @kswheat.com

Kansas Wheat, Manhattan

Botha-Oberholster, Anna-Marie

ambothao@postino.up.ac.za

University of Pretoria, South Africa

Bowden, Robert L 1

Robert.Bowden@ARS.USDA.GOV

USDA-ARS, Manhattan, KS

Boyd, Lesley A '°

lesley.boyd@bbsrc.ac.uk

John Innes Centre, Norwich, UK

Brahma, RN

amaljoe @rediffmail.com

Indian Agric Res Inst, Wellington

Brantestam, Agnese Kolodinska

agnese .kolodinska@nordgen.org

Nordic Gene Bank, Alnarp, Sweden

Brendel, Volker

vbrendel @iastate.edu

Towa State University, Ames

Brown, John S

john.brown@nre.vic.gov.au

Victorian Inst Dryland Agric, Australia

Brammer, Sandra P

sandra@cnpt.embrapa.br

EMBRAPA, Passo Fundo, Brazil

Bradova, Jane

bradova@hb.vurv.cz

RICP, Prague, Czech Republic

Braun, Hans J %

H.J .Braun@cgiar.org

CIMMYT, México

Brennan, Paul

paulb@qdpit.sth.dpi.gld.gov.au

Queensland Wheat Res Inst, Australia

Brooks, Steven A %

steven.brooks @ars.usda.gov

USDA-ARS, Stuttgart, Arkansas

Brown, Douglas

dbrown@em.agr.ca

AAFC—Winnipeg, Manitoba, Canada

Brown, James

jbrown@bbsrc.ac.uk

JI Centre, Norwich, UK

Brown-Guedira, Gina %

Gina.Brown-Guedira@ars.usda.gov

USDA-ARS, Raliegh, NC

Bruckner, Phil 13

bruckner@montana.edu

Montana State University, Bozeman

Bruns, Rob rbruns@frii.com AgriPro Wheat, Berthoud, CO
Buerstmayr, Hermann buerst@ifa-tulln.ac.at IFA, Tulln, Austria

Burd, John D jdburd@pswerl.ars.usda.gov USDA-ARS, Stillwater, OK

Burns, John burnsjw @wsu.edu Washington State University, Pullman
Busch, Robert Robert.H.Busch-1@umn.edu USDA-ARS, St. Paul, MN

Bux, Hadi 2 hadigau@gmail.com University of Sindh, Jamshoro, Pakistan
Byrne, Pat pbyrne@lamar.colostate.edu Colorado State University, Ft. Collins

Caccamo, Mario '°

Mario.Caccamo@bbsrc.ac.jk

John Innes Centre, Norwich, UK

Caierdo, Eduardo '

eduardo.caierao@embrapa.br

EMBRAPA-Trigo, Passo Fundo, Brazil

Caley, MS

margo@gmprc.ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Cambron, Sue '

cambron@purdue.edu

Purdue University, W. Lafayette, IN

Camerini, Massimiliano

massimiliano.camerini @unimol.it

University of Molise, Italy

Campbell, Kimberly G %

kim.garland-campbell @ars.usda.gov

USDA-ARS, Pullman, WA

Carillo, Jose M %

josem.carrillo@upm.es

Univ Politécnica de Madrid, Spain

Carmona, M

mcarmona@sion.com.ar

University of Buenos Aires, Argentina

Carson, Marty '

marty.carson@ars.usda.gov

USDA-ARS, St. Paul, MN

Carver, Brett F %

brett.carver@okstate.edu

Oklahoma State University, Stillwater

Casada, ME

casada@gmprc ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Casanova, Nicholas %

nicocasanova@hotmail.com

University of Cérdoba, Argentina

Cattonaro, Federica '

cattonaro@apppliedgenomics.org

IGA, Italy

Cerana, Maria M

macerana@agro.uncor.edu

Cérdoba National University, Argentina

Chalhoub, Boulous

chalhoub@evry.inra fr

INRA, Evry, France

Chapin, Jay

jchapin@clustl .clemson.edu

Clemson University
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Name (year updated)

E-mail address

Affiliation

Chapon, Michel %

michel-chapon@wanadoo fr

Bourges, France

Chao, Shioman

chaos@fargo.ars.usda.gov

USDA-ARS, Fargo, ND

Chen, Peidu %

pdchen@njau.edu.cn

Nanjing Agricultural University, PR China

Chen, Xianming

xianming @mail.wsu.edu

USDA-ARS, Pullman, WA

Chhuneja, Parveen

pchhuneja@rediffmail.com

Punjab Agric Univ, Ludhiana, India

Christiansen, Merethe

mjc@sejet.com

Sojet Plantbreeding, Denmark

Christopher, Mandy

Mandy.Christopher@dpi.qld.gov.au

Leslie Res Centre, Toowomba, Australia

Chung, OK

okchung@gmprc .ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Cisar, Gordon L %

rsi.gordon@comcast.net

Clark, Dale R %

dclark@westbred.com

Western Plant Breeders, Bozeman, MT

Comeau, André

comeaua@agr.gc.ca

AAFC-Ste-Foy, Quebec, Canada

Condon, Tony

Tony.Condon@csiro.au

CSIRO, Canberra, Australia

Contento, Alessandra

acl153@mail.cfs.le.ac.uk

University of Leicester, UK

Cortés-Jiménez, Juan M !!

cortes.juanmanuel @inifap.gob.mx

INIFAP, Obregon, Mexico

Costa, Jose M %

costaj@umd.edu

University of Maryland, College Park

Couture, Luc

couturel.stfoyres.stfoy@agr.gc.ca

AAFC-Ste-Foy, Quebec, Canada

Cowger, Cristina %

christina_cowger@ncsu.edu

North Carolina State University, Raleigh

Czarnecki, E

eczarnecki@mbrswi.agr.ca

AAFC-Winnipeg, Manitoba, Canada

Daggard, Grant

creb@usqg.edu.au

Univ of Southern Queensland, Australia

Datta, Dibendu % dd221004 @hotmail.com Directorate of Wheat Research, India
Danilova, Tatiana '® tatianad @k-state.edu Kansas State University, Manhattan
Davydov, VA gluten @sifibr.irk.ru Siberian Inst Plant Physiology, Russia
Das, Bikram K 3 bkdas@barc.gov.in Bhaba Atomic Res Cen, Mumbai, India
Debes, Julia 3 jdebes@kswheat.com Kansas Wheat, Manhattan

Del Duca, Fabio

f.dd@ibestvip.com.br

EMBRAPA, Brazil

Del Duca, Leo JA

leodelduca@gmail.com

EMBRAPA, Brazil

Delibes, A adelibes @bit.etsia.upm.es Univ Politécnica de Madrid, Spain
del Moral, J. moral@inia.es Junta de Extramadura Servicio, Spain

Dempster, RE

rdempster@aibonline.org

Amer Inst Baking, Manhattan, KS

de Sousa, Cantido NA

cantidio@cnpt.embrapa.br

EMBRAPA, Brazil

DePauw, Ron

depauw @em.agr.ca

AAFC-Swift Current

Devos, Katrien

kdevos@uga.edu

University of Georgia, Athens

Dion, Yves

yves.dion@cerom.gc.ca

CEROM, Quebec, Canada

Dill-Macky, Ruth

ruthdm@puccini.crl.umn.edu

University Of Minnesota, St. Paul

Dotlacil, Ladislav

dotlacil@hb.vurv.cz

RICP, Prague, Czech Republic

Dolezel, Jaroslav '

dolezel@ueb.cas.cz

Inst Exp Bo, Olomouc, Czech Republic

Dorlencourt, Guy

dorlencourt@phibred.com

Pioneer Hi-bred—Frouville France

Dowell, Floyd E

floyd.dowell@gmprc ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Drake, David R ©

drdrake@ag.tamu.edu

TX AgriLife Extension, San Angelo

Dreccer, F

fernanda.dreccer@nre.vic.gov.au

Victorian Inst Dryland Agric, Australia

Druzhin, Alex E '°

alex_druzhin@mail.ru

Agric Res Inst SE Reg, Saratov, Russia

du Toit, Andre %

andre.dutoit@pannar.co.za

PANNAR Res, South Africa

Dubcovsky, Jorge !¢

jdubcovsky @ucdavis.edu

Univesity of California, Davis

Dubin, Jesse

JDubin@cimmyt.mx

CIMMYT, Mexico

Dubois, Maria E

mdubois@agro.uncor.edu

Cérdoba National University, Argentina

Dubuc, Jean-Pierre

jeanpierredubuc45 @hotmail .com

Cap-Rouge, Quebec, Canada

Duncan, Robert W °

rduncan@tamu.edu

TX AgriLife Extension, College Station

Dundas, Ian idundas@waite.adelaide.edu.au University of Adelaide, Australia
Dunphy, Dennis dennis.j.dunphy @monsanto.com Monsanto Corp., Lafayette, IN
Dvorak, Jan jdvorak@ucdavis.edu Univesity of California, Davis
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Name (year updated)

E-mail address

Affiliation

Eastwood, Russell

russell.eastwood@nre.vic.gov.au

Victorian Inst Dryland Agric, Australia

Edge, Benjamin %

bedge@clemson.edu

Clemson University, SC

Edwards, Dave '°

dave.edwards@ug.edu.au

University of Queensland, Australia

Edwards, Ian

edstar@iinet.net.au

Edstar Genetics Pty Ltd, Australia

Egorov, Tsezi '°

ego@ibch.ru

Shemyakin Ovchinnikov Inst, Moscow

Elias, Elias *

Elias . Elias@ndsu.nodak .edu

North Dakota State University, Fargo

Elliott, Norman C

nelliott@ag.gov

USDA-ARS, Stillwater, OK

Endo, Takashi R

endo@kais kyoto-u.ac.jp

Kyoto University, Japan

Eversole, Kellye '°

eversole@eversoleassociates.com

Eversole Associates, Rockville, MD

Evseeva, Nina V 1

evseeva@ibppm.sgu.ru

Inst Biochem Physiol Plants, Saratov,
Russian Federatioin

Faberova, Iva

faberova@genbank.vurv.cz

RICP, Prague, Czech Republic

Fahima, Tzion

rabi310@haifauvm.bitnet

University of Haifa, Israel

Faris, Justin D '©

Justin.Faris@ ARS .USDA .GOV

UDSA-ARS-NCRL, Fargo, ND

Fazekas, Miklos

forizsne @dateki.hu

Karcag Research Institute, Hungary

Fedak, George

fedakga@em.agr.ca

AAFC, Ottawa, Ontario

Federov, AK

meraserv@mega.ru

Russian Univ People Friend, Moscow

Feldman, Moshe

Ipfeld@weizmann.weizmann.ac.il

Weizmann Institute, Rehovot, Israel

Fellers, John P %

jpf@pseru.ksu.edu

USDA-ARS, Manhattan, KS

Feuillet, Catherine '°

catherine .feuillet@clermont.inra.fr

INRA—-Clermont-Ferrand, France

Fox, Paul

pfox@alphac.cimmyt.mx

CIMMYT-Mexico

Fogelman Jr, ] Barton

jbarton @ipa.net

AgriPro Seeds, Inc., Jonesboro, AK

Frank, Robert W

frankr@idea.ag.uiuc.edu

University of Illinois, Urbana

Fritz, Alan K '°

akf@k-state.edu

Kansas State University, Manhattan

Friebe, Bernd '¢

friebe @k-state.edu

Kansas State University, Manhattan

Fuentes-Davila, Guillermo '°

fuentes.davila@gmail.com

INIFAP, Obregon, Mexico

Gaido, Zulema

zulgaido@agro.uncor.edu

University of Cérdoba, Argentina

Gailite, Agnese '

agnese.gailite@silava.lv

Genetic Res Cent, Rigas, Latvia

Gale, Sam

Sam.Gale@ARS .USDA.GOV

USDA-ARS-CDL, St. Paul, MN

Garvin, David %

Garvi007 @umn.edu

USDA-ARS, St. Paul, MN

Giese, Henriette

h.giese@risoe.dk

Risoe National Lab, DK

Gil, S Patricia

patrigil@agro.uncor.edu

University of Cérdoba, Argentina

Gilbert, Jeannie

jgilbert.winres.winnipeg2 @agr.gc.ca

AAFC, Winnipeg, Canada

Gill, Bikram S '®

bsgill@k-state.edu

Kansas State University, Manhattan

Giroux, Mike

mgiroux @montana.edu

Montana State University, Bozeman

Gitt, Michael

mgitt@pw.usda.gov

USDA-ARS-WRRC, Albany, CA

Glyanko, AK

ustaft@sifibr.irk.ru

Siberian Inst Pl Physio Biochem, Russia

Gonzalez-de-Leon, Diego

dgdeleon@alphac.cimmyt.mx

CIMMYT-Mexico

Gooding, Rob

rgooding@magnus.acs.ohio-state.edu

Ohio State University, Wooster

Goodwin, Steve 1

goodwin@purdue.edu

Purdue University, W. Lafayette, IN

Gothandam, KM

gothandam @yahoo.com

Bharathiar University, Coimbatore, India

Grabelnych, Olga I "

grolga@sifibr.irk.ru

Siber Inst Plant Physiol, Irkutsk, Russia

Grausgruber, Heinrich

grausgruber@ipp.boku.ac.at

Univ of Agriculture Sciences, Vienna

Graham, W Doyce

dgraham@clustl .clemson.edu

Clemson University, SC

Graybosch, Bob

Bob.Graybosch@ARS .USDA.GOV

USDA-ARS, Lincoln, NE

Greenstone, Matthew H

mgreenstone@pswecrl.ars.usda.gov

USDA-ARS, Stillwater, OK

Grienenberger, Jean M

grienen@medoc.u-strasbg fr

University of Strasberg, France

Griffey, Carl '

CGriffey@vt.edu

Virginia Tech, Blacksburg

Griffin, Bill

griffinw@lincoln.cri.nz

DSIR, New Zealand

Groeger, Sabine

probstdorfer.saatzucht@netway.at

Probstdorfer Saatzucht, Austria
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Guenzi, Arron

acg@mail.pss.okstate.edu

Oklahoma State University, Stillwater

Guidobaldi, Héctor A

guidobaldi@uol.com.ar

Univrsity of Cérdoba, Argentina

Guilhot, Nicolas '

nicolas.guilhot@clermont.inra.fr

INRA, Clermont-Ferrand, France

Gul-Kazi, Alvina ¥

alvina_gul@yahoo.com

Natl Agric Res Cent, Islamabad, Pakistan

Gupta, Pushpendra K *

pkgupta36@gmail.com

Ch. Charan Singh Univ, Meerut, India

Gustafson, Perry %

gustafsonp@missouri.edu

USDA-ARS, Columbia, MO

Gutin, Alexander

agutin@myriad.com

Myriad Genetics, Salt Lake City, UT

Guttieri, Mary J !¢

Mary.Guttieri@ ARS USDA.GOV

USDA-ARS, Manhattan, KS

Haber, Steve

shaber.winres.winnipeg2 @agr.gc.ca

AAFC, Winnipeg, Manitoba, Canada

Haghparast, Reza

rezahaghparast@yahoo.com

TARI, New Delhi, India

Haley, Scott D

Scott.Haley@colostate.edu

Colorado State University, Ft. Collins

Hancock, June

june.hancock @seeds.Novartis.com

Novartis Seeds Inc., Bay, AR

Harrison, Steve

sharris@lsuvm.sncc Isu.edu

Louisiana State University, Baton Rouge

Harder, Don dharder@mbrswi.agr.ca Winnipeg, Manitoba, Canada

Hart, Gary E ghart@acs.tamu.edu Texas A & M Univ, College Station
Hassan, Amjad ® amjadhassan@mx 1 .cc.ksu.edu COMSATS Inst Inf Tech, Pakistan
Hays, Dirk B dhays@ag.gov USDA-ARS, Stillwater, OK

Hayes, Pat hayesp@css.orst.edu Oregon State University, Corvallis
He, Zhonghu * z.he@CGIAR.ORG Chinese Acad Agric Sciences, Beijing

Heo, Hwa-Young

hwayoung@montana.edu

Montana State University, Bozeman

Hearnden, PR phillippa.hearden@nre.vic.gov.au Victorian Inst Dryland Agric, Australia
Hede, Arne R ahede@cgiar.org CIMMYT-Turkey, Ankara

Henzell, Bob

bobh@qdpit.sth.dpi.qld.gov.au

Warwick, Queensland, AU

Hershman, Don

dhershman@ca.uky.edu

University of Kentucky, Lexington

Heslop-Harrison, JS (Pat)

phh4 @mail.cfs le.ac.uk

University of Leicester, UK

Hoffman, David

AO0O3dhoffman@attmail.com

USDA-ARS, Aberdeen, ID

Hohmann, Uwe

uhemail @botanik.biologie.unim-
uenchen.de

Botanical Institute, Munich, Germany

Hoisington, David %

D.Hoisington@cgiar.org

CIMMYT-Mexico

Hole, David

dhole@mendel.usu.edu

Utah State University, Logan

Holubec, Vojtech '

holubec@vurv.cz

Crop Res Inst, Prague, Czech Republic

Howell, Kimberly D

Kim.Howell@ ARS.USDA.GOV

USDA-ARS, Raleigh, NC

Howes, Neil nhowes@mbrswi.agr.ca Winnipeg, Manitoba, Canada
Hubbard, JD john@gmprc ksu.edu USDA-ARS-GMPRC, Manhattan, KS
Huber, Don M huber@btny.purdue.edu Purdue University, W. Lafayette, IN

Hucl, Pierre

hucl@sask.usask.ca

University of Saskatchewan, Canada

Huerta, Julio %

JHUERTA@CGIAR.ORG

CIMMYT, México

Hughes, Mark E !¢

Mark . Hughes@ARS .USDA.GOV

USDA-ARS-CDL, St. Paul, MN

Hulbert, Scot %

scot_hulbert@wsu.edu

Washington State University, Pullman

Hunger, Robert %

bob.hunger@okstate.edu

Oklahoma State University, Stillwater

Ibrahim, Amir

amir_ibrahim@sdstate.edu

South Dakota State Univ, Brookings

Ionova, Helen '

ionova-ev@yandex.ru

All-Russian Sci Res Inst, Zernograd

Tori, Angela "

angela.iori@entecra.it

CRA-QCE, Roma, Italy

Isaac, Peter G

mbnis@seqnet.dl.ac.uk

Nickerson Biocem, UK

Isafa, Juan A %

juanandresisaia@hotmail.com

University of Cérdoba, Argentina

Ivanusié, Tomislav ©

tomislav.ivanusic@bc-institut.hr

BC Insitute, Zagreb, Croatia

Jacquemin, Jean

stamel @fsagx_.ac.be

Cra-Gembloux, Belgium

Jamali, Karim Dino

karimdino2001 @yahoo.com.in

Nuclear Institute Agriculture, Pakistan

Jaiswal, Jai P 1©

Jpj.gbpu@gmail.com

GB Pant University, Pantnagar, India

Jayaprakash, P *

psarit@gmail.com

TARI, Wellington, India
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Jelic, Miodrag miodrag@knez.uis.kg.ac.yu ARI Center Small Grains, Yugoslavia
Jia, Jizeng jzjla@mail.caas.net.cn Chinese Academy of Sciences, Beijing
Jiang, Guo-Liang dzx@njau.edu.cn Nanjing Agricultural University, China
Jin, Yue Yue Jin@ARS .USDA.GOV USDA-ARS-CDL, St. Paul, MN

Johnson, Doug

djohnson@ca.uky.edu

University of Kentucky, Lexington

Johnson, Jerry ®

jjohnson @ griffin.uga.edu

University of Georgia, Griffin

Johnston, Paul

paulj@qdpit.sth.dpi.qld.gov.au

Warwick, Queensland, AU

Jones, Steven S

joness@wsuvm| .csc.wsu.edu

Washington State University, Pullman

Jordan, Mark

mcjordan@agr.gc.ca

AAFC, Winnipeg, Manitoba, Canada

Kalaiselvi, G

kalaipugal @rediffmail.com

Bharathiar Univ, Coimbatore, India

Kalia, Bhanu

bkalia@Kk-state.edu

Kansas State University, Manhattan

Kalous, Jay '°

jay.kalous@msu.montana.edu

Montana State University, Bozeman

Karabayev, Muratbek

mkarabayev@astel .kz

CIMMYT, Kazakhstan

Karow, Russell S %

russell.s karow @oregonstate.edu

Oregon State University, Corvallis

Karsai, Ildiko

karsai@buza.mgki.hu

ARI, Martonvasar, Hungary

Kasha, Ken kkasha@crop.uoguelph.ca University of Guelph, Canada
Keefer, Peg peg_keefer@entm.purdue.edu Purdue University, West Lafayette, IN

Keller, Beat

bkeller@botinst.unizh.ch

University of Zurich, Switzerland

Khusnidinov, ShK ustaft@sifibr.irk.ru Irkutsk State Agric Univ, Irkutsk, Russia
Kianian, Sharyiar % s.kianian@ndsu.nodak.edu North Dakota State University, Fargo
Kidwell, Kim % kidwell@wsu.edu Washington State University, Pullman

Kindler, S Dean

sdkindler@pswcrl.ars.usda.gov

USDA-ARS, Stillwater, OK

Kirkham, MB "¢

mbk@k-state.edu

Kansas State University, Manhattan

Kisha, Theodore

tkisha@dept.agry.purdue.edu

Purdue University, W. Lafayette, IN

Kishii, Masahiro %

mKishii@CGIAR.ORG

CIMMYT, Mexico

Klatt, Art %

aklatt@okstate.edu

Oklahoma State University, Stillwater

Kleinhofs, Andy

coleco@bobcat.csc.wsu.edu

Washington State University, Pullman

Knezevic, Desimir

deskok @knez.uis kg.ac.yu

ARI Center Small Grains, Yugoslavia

Koebner, Robert

mockbeggars@gmail.com

Norwich, UK

Koemel, John Butch

jbk@soilwater.agr.okstate.edu

Oklahoma State University, Stillwater

Koenig, Jean ®

koenig@clermont.inra.fr

INRA, Clermont-Ferrand, France

Kokhmetova, Alma

kalma@ippgb.academ.alma-ata.su

Kazakh Research Institute of Agriculture

Kolb, Fred ®

f-kolb@uiuc.edu

University Of Illinois, Urbana

Kolesnichenko, AV

akol @sifibr.irk.ru

Siberian Inst Plant Physiology, Irkutsk

Kolmer, Jim '

Jim Kolmer@ARS .USDA.GOV

USDA-ARS-CDL, St. Paul, MN

Koppel, R

Reine.Koppel@jpbi.ee

Jogeva Plant Breeding Institute, Estonia

Koo, Dal-Hoe '°

dkoo@k-state.edu

Kansas State Unviersity, Manhattan

Korol, Abraham

rabi309@haifauvm.bitnet

University of Haifa, Israel

Kosina, Romuald '°

kosina@biol.uni.wroc.pl

University of Wroclaw, Poland

Kovalenko, ED

kovalenko@vniif.rosmail.com

Russian Res Inst Phytopath, Moscow

Krasilovets, Yuri G %

ppi@kharkov.ukrtel .net

Inst Plant Production, Karkiv, Ukraine

Krenzer, Gene

egk@agr.okstate.edu

Oklahoma State University, Stillwater

Kronstad, Warren E

kronstaw @css.orst.edu

Oregon State University, Corvallis

Krupnov, VA

alex_dr@renet.com.ru

Agric Res Inst SE Reg, Saratov, Russia

Kudirka, Dalia

KUDIRKAD®@agr.gc.ca

AAFC, Ottawa, Ontario, Canada

Kudryavtseva, TG

ustaft@sifibr.irk.ru

Irkutsk State Agric Univ, Irkutsk, Russia

Kuhr, Steven L

slkuhr@ccmail.monsanto.com

Hybritech—Mt. Hope, KS

Kumar, Jagdish '

moola01@yahoo.com

Indian Agric Res Inst, Wellington

Kumar, Sarvan "

sarvandwr@yahoo.co.in

Directorate of Wheat Research, India

Kuraparthy, Vasu '

vasu_kuraparthy @ncsu.edu

North Carolina State University, Raleigh
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Kurmanbaeva, A.S. !

safronat@rambler.ru

Kokshetau State Univ, Kazakhstan

Kuzmina, Natalia

natakuzmina@yandex.ru

Omsk State Pedagogical Univ, Russia

Kuzmenko, Natalia V '©

ogurtsow @mail.ru

Plant Production Institute, Ukraine

Kyzlasov, VG !

norma-tm®@rambler.ru

Moscow Agric Res Inst, Russia

Lafferty, Julia

lafferty @edv1 .boku.ac.at

Saatzucht Donau, Austria

Lagudah, Evans

e.lagudah@pi.csiro.au

CSIRO, Australia

Lankevich, SV

laser@sifibr.irk.ru

Siberian Inst Plant Physiology, Russia

Lang, Léaszl6

lang.laszlo@agrar.mta.hu

Agricultural Inst, Martonvasér, Hungary

Langridge, Peter

plangridge@waite.adelaide.edu.au

University of Adelaide, Australia

Lapitan, Nora LV %

nlapitan@Iamar.colostate.edu

Colorado State University, Ft. Collins

Lapochkina, Inna F

lapochkina@chat.ru

Research Inst of Agric, Moscow, Russia

Laskar, Bill

laskarb@phibred.com

Pioneer Hi-Bred—Windfall, IN

Leath, Steve

steven_leath@ncsu.edu

USDA-ARS, Raleigh, NC

Leonard, Kurt J

kurtl@puccini.crl.umn.edu

USDA-ARS, St. Paul, MN

Leroy, Philippe

leroy @valmont.clermont.inra.fr

INRA, Clermont

Lekomtseva, Svetlana N *°

lekom37@mail.ru

Moscow State University, Russia

Lewis, Hal A

halewi@ccmail.monsanto.com

Hybritech—Corvallis OR

Lewis, Silvina

slewis@cirn.inta.gov.ar

CNIA-INTA, Buenos Aires, Argentina

Li, Wanlong '

Wanlong.Li@sdstate.edu

South Dakota State University, Brookings

Linc, Gabriella ¥

linc.gabriella@agrar.mta.hu

Agricultural Inst, Martonvasér, Hungary

Line, RF rline@wsu.edu USDA-ARS, Pullman, WA
Liu, Dajun djliu@publicl .ptt.js.cn Nanjing Agricultural University, China

Lively, Kyle

livelyk@phibred.com

Pioneer Hi-Bred—Windfall, IN

Lobachev, Yuri V !!

lobachyovyuv@sgau.ru

Saratov State Agr Univ, Saratov, Russia

Long, David 1°

david.long@ars.usda.gov

USDA-ARS, St. Paul, MN

Lookhart, George

george@gmprc ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Luckow, Odean

alvkow@em.agr.ca

AAFC-Winnipeg, Manitoba, Canada

Lukaszewski, Adam

ajoel@ucracl .ucr.edu

University of California—Riverside

Luo, Ming Cheng '°

mcluo@plantsciences.ucdavis.edu

University of CA, Davis

Maas, Fred

fred_maas@entm.purdue.edu

Purdue University, West Lafayette, IN

Mackay, Michael

mackaym@gquord.agric.nsw.gov.au

AWEE, Tamworth, NSW, Australia

Maggio, Albino

maggio@trisaia.enea.it

ENEA - Trisaia Research Center, Italy

Maich, Ricardo H !

rimaich@agro.unc.edu.ar

University of Cérdoba, Argentina

Malik, BS %

bsmalik2000@yahoo.com

TARI, New Delhi, India

Manera, Gabriel

gamanera@agro.uncor.edu

University of Cérdoba, Argentina

Manifesto, Maria M

mmanifes@cicv.intgov.ar

INTA Castelar, Argentina

Marais, G Frans %

gfm@sun.ac.za

University of Stellenbosch, R.S.A.

Mares, Daryl J %

daryl.mares@adelaide.edu.au

University of Adelaide, Australia

Mardi, Mohsen

mardi@abrii.ac.ir

Ag Biotech Res Inst of Iran, Karaj

Marshall, David %

David.Marshall@ ARS.USDA.GOV

USDA-ARS, Raleigh, NC

Marshall, Gregory C

marshallg@phibred.com

Pioneer Hi-Bred—Windfall, IN

Martin, Erica

erica.martin@nre.vic.gov.au

Victorian Inst Dryland Agric, Australia

Martin-Sénchez, JA 1°

JuanAntonio.Martin@irta.cat

IRTA, Lleida, Spain

Martynov, Sergei %

sergej_martynov@mail.ru

Vavilov Inst Plant Prod, St. Petersburg

Mather, Diane

indm@musicb.mcgill.ca

McGill University, Canada

Matthews, Dave '°

matthews@greengenes.cit.cornell.edu

Cornell University, Ithaca, NY

McCallum, John

mccallumj@]lan.lincoln.cri.nz

Crop & Food Res. Ltd, NZ

McGuire, Pat

pemcguire@ucdavis.edu

University of California, Davis

Mclntosh, Robert A '¢

robert.mcintosh@sydney.edu.au

PBI Cobbitty, Australia

McKendry, Anne L

mckendrya@missouri.edu

University of Missouri, Columbia
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McKenzie, RIH

rmckenzie@em.agr.ca

AAFC—Winnipeg, Manitoba, Canada

McVey, Donald

donm@puccini.crl.umn.edu

USDA-ARS, St. Paul, MN

Meena, Raj Pal

adityarajjaipur@gmail.com

Directorate Wheat Research, Karnal, India

Messing, Joachim

messing@waksman.rutgers.edu

Rutgers University, Piscataway, NJ

Mi, QL.

glm@ksu.edu

Kansas State University, Manhattan

Milach, Sandra

mila0001 @student.tc.umn.edu

University of Minnesota, St. Paul

Miller, James

millerid@fargo.ars.usda.gov

USDA-ARS, Fargo, ND

Milovanovic, Milivoje

mikim@knez.uis.kg.ac.yu

ARI Center Small Grains, Yugoslavia

Milus, Gene ®

gmilus@uark.edu

University of Arkansas, Fayetteville

Mishra, Chandra Nath "

mishracn1980@gmail.com

Directorate of Wheat Research, Karnal

Miskin, Koy E

miskin@dcwi.com

AgriPro Wheat, Berthoud, CO

Mlinar, Rade

bc-botinec @bc-institut.hr

Bc Institute, Zagreb, Croatia

Mochini, RC rmoschini@inta.gov.ar INTA, Castelar, Argentina
Moffat, John apwheat@frii.com AgriPro Wheat, Berthoud, CO

Moldovan, Vasile '

ameliorareagraului @scdaturda.ro

Agric Research Station, Turda, Romania

Molndar-Léng, Marta

molnarm@fsnew.mgki.hu

Agricultural Inst, Martonvésar, Hungary

Moore, Paul

ejh@uhccvx.uhce.hawaii.edu

University of Hawaii, Honolulu

Moreira, Jodo C.S.

moreira@cnpt.embrapa.br

EMBRAPA, Passo Fundo, Brazil

Morgounov, Alexei *®

4.morg ounov@ cgiar.org

CIMMYT, Kazakhstan

Morino-Sevilla, Ben

bmoreno-sevilla@westbred.com

Western Plant Breeders, Lafayette, IN

Mornhinweg, Dolores W

dmornhin@ag.gov

USDA-ARS, Stillwater, OK

Morris, Craig F !¢

morris@wsu.edu

USDA-ARS-WWQL, Pullman, WA

Morrison, Laura

alura@peak.org

Oregon State University, Corvallis

Moser, Hal

hsmoser@iastate.edu

Towa State University, Ames

Mostafa, Ayman

insectarus@yahoo.com

University of Manitoba, Canada

Mujeeb-Kazi, A 1°

kayshtr@gmail.com

Natl Agric Res Cent, Islamabad, Pakistan

Mukai, Yasuhiko

ymukai@cc.osaka-kyoiku.ac.jp

Osaka Kyoiku University, Japan

Murphy, Paul ®

Paul Murphy@ncsu.edu

North Carolina State University

Murray, Tim

tim_murray @wsu.edu

Washington State University, Pullman

Muthukrishnan, S '°

smk @k-state.edu

Kansas State University, Manhattan

Nakamura, Hiro '

hiro@affrc.go.jp

National Inst of Crop Science, Tsukuba

Nascimento Jr, Alfredo "

alfredo@cnpt.embrapa.br

EMBRAPA-Trigo, Brazil

Nash, Deanna L °

deanna@montana.edu

Montana State University, Bozeman

Nass, Hans nassh@em.agr.ca AAFC-Prince Edward Island, Canada
Nayeem, KA kanayeem1@rediffmail.com IARI Regional Sta, Wellington, India

Niedzielski, Maciej '°

mniedz@obpan.pl

Botanical Garden, Warsaw, Poland

Nelson, Lloyd R

Ir-nelson@tamu.edu

Texas A & M University

Nevo, Eviatar

rabi301 @haifauvm.bitnet

University of Haifa, Israel

Nicol, Julie M %

j.nicol @cgiar.org

CIMMYT-Turkey, Ankara

Noll, John S

jnoll@em.agr.ca

AAFC-Winnipeg, Canada

Nyachiro, Joseph

jnyachir@gpu.srv.ualberta.ca

University of Alberta

O’Donoughue, Louise

em220cyto@ncccot2.agr.ca

AAFC-Canada

Odintsova, T1I

musolyamov@mail.ibch.ru

Vavilov Ins Gen Genet, Moscow, Russia

Ogbonnaya, Francis C %

F.Ogbonnaya@cgiar.org

ICARDA, Aleppo, Syria

Ogihara, Yasunari

ogihara@kab seika.kyoto.jp

Kyoto Pref Inst Agric Biotech, Japan

Ohm, Herbert W '°

hohm@purdue.edu

Purdue Univ, West Lafayette, IN

Ohm, Jay B

jay@gmprc.ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Oman, Jason

jason.oman@nre.vic.gov.au

Victorian Inst Dryland Agric, Australia

Ortiz-Avalos, Alma A !!

ortiz.alma@inifap.gob.mx

INIFAP, Obregon, Mexico

Ortiz Ferrara, Guillermo

oferrara@mos.com.np

CIMMYT, Ramput, Nepal

129




ANNUNMNL WHEANT NEWTSLETTER

vV o L. 6

2.

Name (year updated)

E-mail address

Affiliation

Osipova, Ludmila V ¢

legos4 @yndex.ru

All-Rus Sci Res Inst Agric Chem, Mos-
COW

Osmanzai, Mahmood %

m.osmanzai@cgiar.org

CIMMYT, Kabul, Afghanistan

Paelo, Antonio D

adiazpaleo@cnia.inta.gov.ar

CRN INTA Castelar, Argentina

Paling, Joe

jpaling@vt.edu

VA Polytech Inst State Univ, Blacksburg

Papouskovd, Ludmila

papouskova@vurv.cz

Crop Res Inst, Prague, Czech Republic

Park, SH

seokho@gmprc ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Pasquini, Mariina '

marina.pasquini @entecra.it

CRA-QCE, Roma, Italy

Paux, Etienne '°

etienne.paux @clermont.inra.fr

INRA, Clermont-Ferrand, France

Payne, Thomas !!

t.payne@CGIAR.ORG

CIMMYT, México

Penix, Susan

agsusan@mizzoul .missouri.edu

University of Missouri, Columbia

Permyakov, AV

gluten @sifibr.irk.ru

Siberian Inst Plant Physiology, Russia

Perry, Keith perry @btny.purdue.edu Purdue University, W. Lafayette, IN
Perry, Sid sidgsr@southwind.com Goertzen Seed Research, Haven, KS

Pérez, Beatriz A

baperez@inta.gov.ar

INTA, Castelar, Argentina

Peterson, C James %

cjp@oregonstate.edu

Oregon State University, Corvallis

Pickering, Richard

pickeringr@crop.cri.nz

Christchurch, NZ

Piergiovanni, Angela R

angelarosa.piergiovanni@igv.cnr.it

Istituto de Genetica Vegetale, Bari, Italy

Pomazkina, L

agroeco@sifibr.irk.ru

Siberian Inst Plant Physiology, Russia

Pogna, Norberto

isc.gen@iol.it

Inst Exper Cereal, Rome, Italy

Poland, Jesse '

jpoland @k-state.edu

Kansas State University, Manhattan

Poleva, Lina V.

po_linaw @rambler.ru

Agric Res Inst, Moscow, Russian Fed

Porter, David

dporter@pswecrl.ars .usda.gov

USDA-ARS, Stillwater, OK

Poulsen, David

davep@qdpit.sth.dpi.gld.gov.au

Warwick, Queensland AU

Poukhalskaya, Nina V

seo@seomax.ru

Agropark, Moscow, Russian Federation

Prabakaran, AJ

amaljoe @rediffmail.com

Regional Station, Wellington, India

Prasad, Manoj

manoj_pds@yahoo.com

Nat Cent P1 Gen Res, New Delhi, India

Premalatha, S

spr_latha@yahoo.co.in

Bharathiar University, Coimbatore, India

Priillin, Oskar

ebi@ebi.ce

Estonian Agricultural University, Harku

Puebla, Andrea F

apuebla@cicv.inta.gov.ar

INTA, Castelar, Argentina

Pukhalsky, VA

pukhalsk@vigg.su

N.I. Vavilov Institute, Moscow

Pumphrey, Michael O ®

mop3535@ksu.edu

USDA-ARS, Manhattan, KS

Qualset, Cal

coqualset@ucdavis.edu

University of California—Davis

Quaranta, Fabrizio '°

fabrizio.quaranta@entecra.it

CRA-QCE, Rome, Italy

Quetier, Francis

quetier@genoscope.cns fr

GENOSCOPE, France

Quick, Jim

jim.quick@colostate.edu

Dakota Grow Pasta Co, Carrington, ND

Rabinovych, Svitlana

bogus@is.kh.ua

Inst Plant Production, Karkiv, Ukraine

Rajaram, Sanjaya

srajaram@cimmyt.mx

CIMMYT, Mexico

Ram, MS

ramms @ gmprc ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Raman, Harsh

harsh.raman@dpi.nsw.gov.au

Wagga Wagga Agric Institute, Australia

Ratcliffe, Roger H

roger_ratcliffe@entm.purdue.edu

USDA-ARS, W. Lafayette IN

Ratti, C

cratte @tin.it

University of Bologna, Italy

Raupp, W John ¢

jraupp@k-state.edu

Kansas State University, Manhattan

Rayapati, John

nanster@iastate.edu

Iowa State University, Ames

Rebetzke, Greg

Greg.Rebetzke @csiro.au

CSIRO, Canberra, Australia

Reddy, V Rama Koti %

drvrkreddy @yahoo.com

Bharathiar University, Coimbatore, India

Rekoslavskaya, NI

phytolab@sifibr.irk.ru

Siberian Inst Plant Physiology, Russia

Reisner, Alex

reisner@angis.su.oz.au

Australia

Rekoslavskaya, Natalya [

phytolab@sifibr.irk.ru

Siberian Inst Plant Physiology, Russia

Riera-Lizarazu, Oscar

oscar.rierd@orst.edu

Oregon State University, Corvallis
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Rife, Trevor '

trife@k-state.edu

Kansas State University, Manhattan

Rines, Howard

rines001 @umn.edu

University of Minnesota, St. Paul

Rioux, Sylvie

sylvie.rioux @cerom.gc.ca

CEROM, Quebec, Canada

Roberts, John

jrobert@ gaes.griffin.peachnet.edu

USDA-ARS, Griffin, GA

Rodriguez, Daniel

daniel.rodriguez@nre.vic.gov.au

Victorian Inst Dryland Agric, Australia

Rogers, W John !¢

rogers@faa.unicen.edu.ar

Univ Nacional, Buenos Aires, Argentina

Rohrer, Wendy L

wrohrer@vt.edu

Virginia Tech, Blacksburg

Romig, Robert W

bobromig@aol.com

Trigen Seed Services LLC, MN

Romsa, Jay ®

Jay.Romsa@genmills.com

General Mills

Rosa, André

andre @orsementes.com.br

OR Seed Breeding Co., Brazil

Rosa, OS

ottoni @ ginet.com.br

OR Seed Breeding Co., Brazil

Rouse, Matthew '?

Matthew.Rouse @ ARS.USDA.GOV

USDA-ARS-CDL, St. Paul, MN

Rudd, Jackie %

j-rudd@tamu.edu

Texas A&M Agric Res Cen, Amarillo

Rubies-Autonell, C

crubies@agrsci.unibo.it

University of Bologna, Italy

Rustgi, Sachin '¢

rustgi2001 @yahoo.com

Clemson University, Florence, SC

Safranski, Greg

greg_safranski@entm.purdue.edu

Purdue University, W. Lafayette, IN

Saini, Ram Gopal

sainirg@rediffmail.com

Punjab Agric Univ, Ludhiana, IndiaSher

Sajjad, Muhammad "

msajjadpbg@gmail.com

Arid Agri Univ, Rawalpindi, Pakistan

Salyaev, RK

phytolab@sifibr.irk.ru

Siberian Inst Plant Physiology, Russia

Santra, Depak '?

dsantra2 @unl.edu

University of NE, Scottsbluff

Sasaki, Takuji

tsasaki@nias.affrc.go.jp

NAIS, Tsukuba, Japan

Saulescu, Nicolae

saulescu@valhalla.racai.ro

Fundulea Institute, Romania

Schlegel, Rolf '

rolf schlegel @t-online.de

Retired

Schwarzacher, Trude

ts32@]leicester.ac.uk

University of Leicester, UK

Schemerhorn, Brandon J '

bschemer@purdue.edu

Purdue University, West Lafayette, IN

Scofield, Steven '°

scofield@purdue.edu

Purdue University, West Lafayette, IN

Seabourn, BW

brad@gmprc.ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Seago, John E '

joseago@vt.edu

Virginia Polytechnic Inst, Blacksburg

Sears, Rollie *

Rollin.Sears@syngenta.com

AgriPro Wheat, Junction City, KS

See, Deven %

deven_see@wsu.edu

USDA-ARS, Pullman, WA

Sehgal, Sunish K ©

Sunish.Sehgal @sdstate.edu

South Dakota State University, Brookings

Seitz, LM

larry @ gmprc ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Sessiona, Alan

allen.sessions@syngenta.com

Syngenta, Research Triangle Park, NC

Sethi, Amit P

amit_sethi @hotmail.com

TARI, New Delhi, India

Shafquat, Mustafa N

mshafgat@mx1 .cc.ksu.edu

COMSATS Inst Inf Tech, Pakistan

Shah, M Maroof %

mmshah@ciit.net.pk

COMSATS Inst Inf Tech, Pakistan

Shaner, Greg

shaner@btny.purdue.edu

Purdue University, W. Lafayette, IN

Sharp, Peter

peters@camden.usyd.edu.au

PBI Cobbitty, Australia

Sheedy, Jason ®

Jason.Sheedy @dpi.gld.gov.au

Leslie Research Centre, Australia

Sheppard, Ken

ksheppard @waite.adelaide.edu.au

University of Adelaide, Australia

Sherman, Jamie

jsherman@montana.edu

Montana State University, Bozeman

Shields, Phil

shieldsp@phibred.com

Pioneer Hi-Bred, St. Matthews, SC

Shindin, Ivan

shelepa@bk.ru

Inst Comp Anal Reg Prob, Khabarovsk,
Russia

Shroyer, Jim

jshroyr@ksu.edu

Kansas State University, Manhattan

Shahzad, Armghan

armghan_shehzad @yahoo.com

University of Wales, Bangor, UK

Shufran, Kevin A

kashufran@pswcrl.ars.usda.gov

USDA-ARS, Stillwater, OK

Shukle, Richard '

shukle@purdue.edu

Purdue University, West Lafayette, IN

Sibikeev, SN

raiser_saratov@mail.ru

ARISER, Saratov, Russian Federation

Siddiqi, Sabir Z

dirrari@mul.paknet.com.pk

Reg Agr Res Inst, Bahawalpur, Pakistan
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Singh, Daljit !¢

singhdj2 @k-state.edu

Kansas State University, Manhattan

Singh, Gyanendra P 13

gyanendrapsingh@hotmail.com

Direct Wheat Research, Karnal, India

Singh, JB

jbsingh1 @rediffmail.com

TIARI, New Delhi, India

Singh, Nagendra

snagarajan@flashmail.com

TIARI, New Delhi, India

Singh, Narinder '°

nss470 @k-state.edu

Kansas State University, Manhattan

Singh, Nirupma

nirupmasingh @rediffmail.com

TARI, New Delhi, India

Singh, Rajender "

rajenderkhokhar@yahoo.com

Ch Ch Singh Haryana Agric Univ, India

Singh, Ravi P 1°

R.SINGH@CGIAR.ORG

CIMMYT, México

Singh, SS

singhss@rediffmail.ocm

TARI, New Delhi, India

Singh, Sanjay Kumar !

sksingh.dwr@gmail.com

Direct Wheat Research, Karnal, India

Sinnot, Quinn

quinn@prime.ars-grin.gov

USDA-ARS, Beltsville, MD

Sip, Vaclav

sip@hb.vurv.cz

RICP, Prague, Czech Republic

Sivasamy, Muruga !

iariwheatsiva@rediffmail.com

IARI, Wellington, India

Skinner, Daniel Z

dzs@wsu.edu

USDA-ARS, Pullman, Washington

Skovmand, Bent

bskovmand@cimmyt.mx

CIMMYT-Mexico

Smith, Joe A

jasmith@frii.com

AgriPro Seeds, Inc., Berthoud, CO

Snape, John 1

john.snape@bbsrc.ac.uk

JI Centre, Norwich, UK

Sommers, Daryl

SomersD@agr.gc.ca

AAFC, Canada

Sorrells, Mark E

mes12@cornell.edu

Cornell University, Ithaca, NY

Sotnikov, Vladimir V

ncpgru@kharkov.ukrtel.net

Inst Plant Production, Kharkov, Ukraine

Souvorova, Katerine Yu

ncpgru@kharkov.ukrtel.net

Yuriev Pl Prod Inst, Kharkov, Ukraine

Souza, Ed %

edward.souza@ars.usda.gov

USDA-ARS, Wooster, Ohio

Spetsov, Penko

iws@eos.dobrich.acad.bg

Inst Wheat and Sunflower, Bulgaria

Spivac, VA 3

spivac_ VA@mail.ru

Chernyshevsky Saratov State Univ, Sara-
tov, Russian Federation

Steffenson, Brian

bsteffen @badlands.nodak.edu

North Dakota State University, Fargo

Stehno, I Zdenek %

stehno@vurv.cz

RICP, Prague, Czech Republic

Stein, Lincoln

Istein@cshl.org

Cold Spring Harbor Laboratory, NY

Stein, Nils stein@ipk-gatersleben.de IPK, Gatersleben, Germany
Stift, G. stift@ifa-tulln.ac.at IFA-Tulln, Austria

Stoddard, Fred

stoddard@extro.ucc.edu.oz.ua

University of Sydney, Australia

Stuart, Jeffery J '°

stuartjj@purdue.edu

Purdue University, West Lafayette, IN

Stupnikova, IV

irina@sifibr.irk.ru

Siberian Inst Plant Physiology, Irkutsk

Subkova, OV ariser@mail.saratov.ru Agric Res Inst SE Reg, Saratov, Russia
Suchy, Jerry isuchy@em.arg.ca AAFC-Winnipeg, Manitoba, Canada
Sun, Mei meisun@hkucc.hku.hk Hong Kong University

Sutherland, Mark

marksuth@usqg.edu.au

Univ of Southern Queensland, Australia

Sykes, Stacy 4

sykes@wsu.edu

USDA-ARS_WWQL, Pullman, WA

Szabo, Les 12

Les.Szabo@ARS . USDA.GOV

USDA-ARS, University of Minnesota

Talbert, Luther E 3

usslt@montana.edu

Montana State University, Bozeman

Tewari, Vinod

vinodtiwari_iari@rediffmail.com

TIARI, New Delhi, India

Therrien, Mario C

therrien@mbrsbr.agr.ca

AAFC—-Manitoba, Canada

Thiessen, Eldon

nass-ks@nass .usda.gov

KS Agric Statistics, Topeka, KS

Thomason, Wade E ©

wthomaso.vt.edu

VA Polytech & State Univ, Blacksburg

Thompson, John %

John.Thompson@dpi.gld.gov.au

Leslie Research Center, Australia

Throne, JE throne@gmprc ksu.edu USDA-ARS-GMPRC, Manhattan, KS
Tilley, M mtilley@gmprc ksu.edu USDA-ARS-GMPRC, Manhattan, KS

Tinker, Nick

cznt@agradm .lan.mcgill.ca

McGill University, Canada

Tkachenko, OV'#

oktkachenko@yandex.ru

Vavilov Saratov State Agrarian Univ, Rus-
sian Federation
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Tohver, Maimu

maimu.tohver@mail.ee

Estonian Agricultural University, Harku

Tomasovié, Slobodan !

be-botinec@bc-institut.hr

Bc Institute, Zagreb, Croatia

Townley-Smith, TF

tsmith@em.agr.ca

AAFC—Winnipeg, Manitoba, Canada

Trottet, Maxime

mtrottet@rennes.inra fr

INRA, Le Rheu Cedex, France

Torres, Laura

Itorres@agro.uncor.edu

University of Cérdoba, Argentina

Torres, Lorena

letorres_k@yahoo.com.ar

University of Cérdoba, Argentina

Tranquilli, Gabriela

granqui@cirn.inta.gov.ar

INTA Castelar, Argentina

Tripathy, Subhash Chandra "

subhtripathi@gmail.com

Direct Wheat Research, Karnal, India

Tsehaye, Yemane

yemtse @yahoo.com

Inst Biodiversity Conservation, Ethiopia

Tsujimoto, Hisashi

tsujimot@yokohama-cu.ac.jp

Kihara Institute, Japan

Tverdokhleb, O.V. !!

etverd@meta.ua

Plant Prod Inst VY Yuryev, Ukraine

Tyagi, BS

bst_knl@yahoo.com

Direct Wheat Research, Karnal, India

Ullah, Naimat "

naimat681@gmail.com

Quaid-I-Azam University, Pakistan

Urbano, Jose Maria

urbano@phibred.com

Pioneer Hi-Bred, Sevilla, Spain

D’utra Vaz, Fernando B

ferbdvaz@pira.cena.usp.br

University De Sao Paulo, Brazil

Valenzuela-Herrera V 12

valenzuela.victor@inifap.g0b.mx

INIFAP, Cd. Obregon, México

Vallega, Victor 4

vicvall@iol.it

Exp Inst Cerealicoltura, Rome, Italy

Varella, Andrea

andrea.varella@msu.montana.edu

Montana State University, Bozeman

Vassiltchouk, NS

ariser@mail .saratov.ru

ARISER, Saratov, Russia

Van Sanford, David %

dvs@uky.edu

University of Kentucky, Lexington

Varshney, Rajeev K %

R .K.Varshney@CGIAR.ORG

ICRISAT, India

Varughese, George

g.varughese@cgnet.com

CIMMYT, Mexico

Veisz, Ott6

veiszo@penguin.mgki.hu

ARI-HAS, Martonvdasar, Hungary

Verhoeven, Mary C

Mary.C.Verhoeven@orst.edu

Oregon State University, Corvallis

Vida, Gyula h8607vid@ella.hu ARI-HAS, Martonvdsdr, Hungary
Vernichenko, IV ' i.vernichenko@gmail.com Russian State Agrarian Univ, Moscow
Vilkas, VK 1? vk.vilkas@rediffmail.com IARI, Wellington, India

Voldeng, Harvey

voldenghd.ottresb.ottawaem2 @agr.
gc.ca

AAFC, Ottawa, Ontario, Canada

Von Allmen, Jean-Marc

bvonal@abru.cg.com

Ciba-Geigy, Basel, Switzerland

von Wettstein, Dietrich H '°

diter@wsu.edu

Washington State University, Pullman

Voss, Marcio

voss@cnpt.embrapa.br

EMBRAPA, Passo Fundo, Brazil

Vrdoljak, Gustavo

gvrdoljak @nidera.com.ar

Nidera SA, Buenos Aires, Argentina

Waines, Giles %

giles.waines@ucr.edu

University of California, Riverside

Walker-Simmons, MK

ksimmons@wsu.edu

USDA-ARS, Pullman, WA

Wanschura, Lucy A 3

Lucy.Wanschura@ARS.USDA.GOV

USDA-ARS-CDL, St. Paul, MN

Wang, Daowen

dwwang@genetics.ac.cn

Chinese Academy of Science, Beijing

Wang, Richard RC

rrewang@cc.usu.edu

USDA-ARS, Logan, Utah

Ward, Richard

wardri@msu.edu

Michigan State University, East Lansing

Watanabe, Nobuyoshi %

watnb@mzx.ibaraki.ac.jp

Ibaraki University, Japan

Webster, James A

jwebster@pswecrl.ars.usda.gov

USDA-ARS, Stillwater, OK

Wesley, Annie

awesley@rm.agr.ca

AAFC—Winnipeg, Manitoba

Wicker, thomas '°

wicker@botinst.unizh.ch

University of Zurich, Switzerland

Wildermuth, Graham

wilderg@prose.dpi.gld.gov.au

Leslie Research Centre, Australia

Williams, Christie

cwilliams @purdue.edu

USDA-ARS, West Lafayette, IN

Wilson, Dean

trio@feist.com

Trio Research, Wichita, KS

Wilson, Duane L !

dlwil @k-state.edu

Kansas State University, Manhattan

Wilson, James A

trio@feist.com

Trio Research, Wichita, KS

Wilson, Jeff D

jdw@gmprc .ksu.edu

USDA-ARS-GMPRC, Manhattan, KS

Wilson, Paul

wilsonp@phibred.com

Pioneer Hi-bred, Northants, UK
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Wilson, Peter

hwaust@mpx.com.au

Hybrid Wheat Australia, Tamworth

Wise, Kiersten A ©

kawise@purdue.edu

Purdue University, West Lafayette, IN

Worrall, David

agripro@chipshot.net

AgriPro Seeds, Berthoud, CO

Wu, Shuangye '3

swu4455 @k-state.edu

Kansas State University, Manhattan

Xia, Xian Chun '°

xiaxianchun@caas.cn

Chinese Acad Sci, Beijing, PR China

Yamazaki, Yukiko '

yvamazak@lab.nig.ac.jp

Japan

Yau, Sui-Kwong

sy00@aub.edu.lb

American University Beruit, Lebanon

Yen, Yang

yeny @ur.sdstate.edu

South Dakota State Univ, Brookings

Zeller, Frederich

zeller@mm .pbz.agrar.tu-muenchen.de

Technical University Munich, Germany

Zemetra, Robert %

rzemetra@uidaho.edu

University of Idaho, Moscow

Zhanabekova, EH

zhanabek @mail.ru

Agric Res Inst SE Reg, Saratov, Russia

Zhang, Peng %

peng.zhang@usyd.edu.au

University of Sydney, Australia

Zhu, Yu Cheng zhuyc@ag.gov USDA-ARS, Stillwater, OK
Zhmurko, VV toshinho@rambler.ru Kharkov National University, Ukraine
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VIII. VOLUME 63 MANUSCRIPT GUIDELINES.

The required format for Volume 63 of the Annual Wheat Newsletter will be similar to previous editions edited from Kan-
sas State University.

CONTRIBUTIONS MAY INCLUDE:
—Current activities on your projects.
—New cultivars and germ plasm released.
—Special reports of particular interest, new ideas, etc., normally not acceptable for scientific journals.
— A list of recent publications.
—News: new positions, advancements, retirements, necrology.
— Wheat stocks; lines for distribution, special equipment, computer software, breeding procedures,
techniques, etc.

FORMATTING & SUBMITTING MANUSCRIPTS:

Follow the format in volume 44-62 of the Newsletter in codrdinating and preparing your contribution, particularly for
state, station, contributor names, and headings. Use Microsoft Word™ or send an RTF file that can be converted. Please
include a separate jpg, gif, or equivalent file of any graphic in the contribution. Submit by E-mail to jraupp@k-state.edu.

DISTRIBUTION:

The only method of distribution of Volume 63 will be electronic PDF either by email or through download from the
Kansas State University Research Exchange (K-REx) (https://krex k-state.edu/dspace/browse?value=Raupp%2C+W.+].
&type=author).

The Annual Wheat Newsletter also will continue to be available (Vol. 37-62) through the Internet on Grain-
Genes, the USDA—-ARS Wheat Database at http://wheat.pw.usda.gov/ggpages/awn/.
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