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I. SPECIAL REPORTS

INTERNATIONAL WHEAT GENOME SEQUENCING CONSORTIUM.

The first fully annotated reference genome sequence of bread wheat – IWGSC RefSeq v1.0.

On 17 August, 2018, the International Wheat Genome Sequencing Consortium (IWGSC) published in the journal Sci-
ence a detailed description and analyses of the reference sequence of the bread wheat genome. The article, entitled ‘Shift-
ing the limits in wheat research and breeding using a fully annotated reference genome’ (DOI: 10.1126/science.aar7191), 
is the culmination of 13 years of collaborative international research coordinated by the IWGSC. 

Authored by more than 200 scientists from 73 research institutions in 20 countries, the article presents an an-
notated reference genome sequence (IWGSC RefSeq v1.0) of the bread wheat cultivar Chinese Spring. IWGSC RefSeq 
v1.0 represents 94% of the hexaploid wheat genome assembled in 21 chromosome-like pseudomolecules. It is the high-
est quality genome sequence produced to date for wheat and the first fully annotated sequence for bread wheat. 

In addition to the sequence expressed in pseudomolecules of the 21 chromosomes, the Science article reports 
the precise location of 107,891 high confidence genes, along with more than 4.7 x 106 molecular markers. The genes and 
markers are identified in context, i.e., they have been positioned on their specific sub-genomes.  The sequence informa-
tion in between the genes and markers is also described, providing a comprehensive view of the organization of the 
genes and the regions important for their regulation.

The article, and a companion article published in the same issue (DOI: 10.1126/science.aar6089) also presents a 
transcription atlas from 850 RNA-Seq datasets representing all stages of wheat phenological development, which reveals 
novel co-expression networks including some with relevance to flowering time. 

The potential for IWGSC RefSeq 
v1.0 to accelerate the identification of candi-
date genes underlying important agronomic 
traits was illustrated with two examples: the 
mapping of a quantitative trait conferring re-
sistance to drought stress and insect damage, 
and the design of targets for genome editing 
of genes implicated in flowering-time control.

Prepublication access to the IWGSC 
RefSeq v1.0 and associated data has been 
provided to the scientific community since 
January 2017 and the data have been widely 
used since, as exemplified by the number 
of download and BLAST searches at the 
IWGSC data repository (Fig 1). The IW-
GSC’s reference sequence of the bread wheat 
genome is already having a significant impact 
on wheat improvement and research as evi-
denced by the number of articles describing 
studies which used or cited IWGSC RefSeq 
v1.0 and associated resources (Fig 2). In 2018 
alone, IWGSC RefSeq v1.0 was used for 
analyses and cited in more than 265 published 
research articles.
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Vishwakarma G, Yogameenakshi H, Saini A, and and Das BK. 2018. Molecular mapping of early maturity locus in an 

induced mutant of wheat using SSR markers. In: Proc DAE-BRNS Life Sci Symp 2018 2018 (LSS-2018) Frontiers in 
Sustainable Agriculture, 26-28 April, Mumbai. p. 56.

CH. CHARAN SINGH UNIVERSITY, MEERUT
Molecular Biology Laboratory, Department of Genetics and Plant Breeding, CCS 
University, Meerut 250004, India.
http://molbiolabccsumrt.webs.com/founder.htm; http://ccsubiflaboratory-com.webs.
com/

P.K. Gupta, H.S. Balyan, P.K. Sharma, Shailendra Sharma, Sachin Kumar, Kalpana Singh, Ritu Batra, Supriya Kumar, 
Jitendra Kumar, Gautam Saripalli, Tinku Gautam, Rakhi, Sunita Pal, Anuj Kumar, Irfat Jan, Kuldeep Kumar, Manoj 
Kumar, Divya Malik, Sourabh Kumar, Vivudh P Singh, Hemant Sharma, Deepti Chaturvedi, and Parveen Malik.

Genetic and epigenetic regulation of leaf rust resistance.

Rust diseases of wheat are among the oldest diseases and are highly devastating. Leaf rust alone causes severe yield 
losses. Thus, we carried out studies to understand the molecular basis of leaf rust resistance due to Lr28 (a seedling re-
sistance gene, SR) and Lr48 (an adult-plant resistance gene) genes using genetic and epigenetic approaches. The genetic 
studies involved cDNA-AFLP/RNASeq (transcriptomics), and the epigenetic studies involved (i) MSAP/MeDIP-Seq 
for methylation, (ii) ChIP-qPCR/ChIP-Seq for histone modifications, and (iii) smRNA-Seq and degradome analysis for 
miRNAs and their targets, and (iv) analysis of long noncoding RNA (lncRNA). For this purpose, the following plant 
material was used: (i) a pair of NILs differing for Lr28 (susceptible NIL HD2329 and resistant NIL HD2329+Lr28) and 
(ii) the resistant line CSP44 (selected from the Australian cultivar Condor) carrying Lr48. These lines were challenged by 
a virulent pathotype 77-5 of Puccinia triticina.

Transcriptome analysis (cDNA-AFLP and RNA-Seq). Transcriptome analysis using cDNA-AFLP for Lr48 and Lr28 
and high-throughput RNA-Seq for Lr28 allowed us to identify a large number of differentially expressed genes (TFs 
such as WRKYs; and protein kinases such as LRR, WAKs, and S/TPKs; and oxidative stress-response genes such as 
GSTs and peroxidases). Some of these genes were involved in providing resistance due to Lr28/Lr48 genes and oth-
ers contributed to leaf rust susceptibility (Dhariwal et al. 2011, 2015; Sharma et al. 2018). Some of the differentially 
expressed genes also were validated using qRT-PCR.

DNA methylation. In order to understand the role of DNA methylation in SR due to Lr28, two approaches (MSAP and 
MeDIP-Seq) were used. The MSAP analysis involved pairs of isochizomers (EcoRI + MspI and EcoRI+ HpaII) differ-
ing for their sensitivity to methylated cytosines. MeDIP-Seq, on the other hand, is an affinity-based technique involving 
enrichment of methylated cytosines using methylated cytosine specific antibodies followed by high-throughput sequenc-
ing. MSAP identified a number of differentially methylated fragments and also showed abundance of CmG methylation in 
compatible interaction and CmHG methylation in incompatible interaction suggesting change in methylation context. The 
MeDIP-Seq identified differentially methylated regions (DMRs) during compatible and incompatible interactions. These 
DMRs were distributed in different genomic regions, such as introns, exons, promoters, TTS (transcription termination 
sites), and intergenic regions. Some of these DMRs contained disease responsive genes such as genes with leucine rich 
repeat (LRR) containing domains or oxidative stress responsive genes. Transposable elements, such as gypsy and0 LTRs, 
also were identified in the DMRs. About 250 methylated genes also were found to be differentially expressed in RNA-
Seq data providing some evidence of the role of DNA methylation in regulation of gene expression. Whole-genome, 
bisulfite sequencing also is being carried out to identify DMRs with changes in methylation contexts (CG, CHG, and 
CHH) at single-base resolution. 

ChIP-qPCR and ChIP-Seq. The role of epigenetic modifications (histone methylation and acetylation) in leaf rust 
resistance due to Lr28 also was examined using ChIP-qPCR and ChIP-Seq. ChIP-qPCR analysis for six differentially 
expressed defense-response genes (each containing an important disease responsive motifs in their promoter region) was 
carried out, and the results were compared with the RNA-Seq data. The promoter enrichment of H3K4/K9 acetylation 
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Evaluation of advanced bread wheat lines for Karnal bunt resistance in the field during the 2013–14 
crop season.

Guillermo Fuentes-Dávila, Ravi Prakash-Singh (CIMMYT Int, km45 Carret, México–Veracruz, El Batán, Texcoco, Edo. 
de México CP 56103), Ivón Alejandra Rosas-Jáuregui, Carlos Antonio Ayón-Ibarra, María Monserrat Torres-Cruz, Pedro 
Félix-Valencia, José Luis Félix-Fuentes, and Gabriela Chávez-Villalba.

Abstract. We evaluated 1,178 advanced bread wheat lines for resistance to Karnal bunt during the 2013–14 crop season. 
Sowing dates were 21 November and 3 December, 2013, using 8 g of seed for each 0.7-m row on a bed with two rows. 
Inoculations were carried out by injecting 1 mL of an allantoid sporidial suspension (10,000/mL) during the boot stage, 
in five heads/line. Harvesting was done manually, and the percentage of infection was determined by counting healthy 
and infected grains. The range of infection of the advanced lines at the first date was 0.0–84.8%, with an average of 
19.3%, and 0–71.1% at the second, with an average of 17.5%. The range of the average percentage of infection was 
0.0-65.6% with a mean of 18.4%. Lines that did not show infected grains were KACHU/2*MUNAL#1, FRNCLN*2/
BECARD, MON/IMU//ALD/PVN/3/BORL95 /4/OASIS/2*BORL95/5/HUW234+LR34/PRINIA//PBW343*2/KUKU-
NA/3/ROLF07, BECARD*2/PFUNYE#1,  SAAR//INQALAB91*2/KUKUNA/3/KIRITATI/2*TRCH/5/BAV 92//IRE-
NA/KAUZ/3/HUITES/4/DOLL, BABAX/LR42//BABAX/3/ER2000/4/BAVIS, and PFAU/MILAN/3/BABAX/LR42//
BABAX*2/4/NIINI #1. Ninety-one lines fell into the 0.1–2.5% infection category, 88 within 2.6–5.0%, 161 within 
5.1–10.0%, 620 within 10.1–30%, and 211 with more than 30% infection. Lines with the highest percentage of infection 
were BABAX/LR42//BABAX*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ*2/5/BECARD with 84.8%, MELON//FI-
LIN/MILAN/3/FILIN/4/PRINIA/PASTOR//HUITES/3/MILAN/OTUS//ATTILA/3*BCN/5/MELON//FILIN/MILAN/3/
FILIN with 84.5%, and AGT YOUNG/3/1447/PASTOR// KRICHAUFF/4/SOKOLL/3/PASTOR//HXL7573/2*BAU 
with 77.4%, all at the first date. The average of the three highest levels of infection of the susceptible check was 99.02%.

Introduction. Karnal bunt of wheat, caused by Tilletia indica 
occurs, on bread wheat (Mitra 1931), durum wheat, and triticale 
(X Triticosecale) (Agarwal et al. 1977). This disease was first 
identified in India (Mitra 1931), and later in Mexico (Duran 
1972), Pakistan (Munjal 1975), Nepal (Singh et al. 1989), Brazil, 
(Da Luz et al. 1993), the United States of America (APHIS 
1996), Iran (Torarbi et al. 1996), the Republic of South Africa 
(Crous et al. 2001), and apparently in Afghanistan (CIMMYT 
2011). In general, the fungus partially affects some grains in a 
plant (Bedi et al. 1949) (Fig. 11), and in some occasions they are 
totally destroyed. Although the fungus may penetrate the em-
bryo, it does not necessarily cause damage (Chona et al. 1961; 
Mitra 1935). Partially infected grains may give rise to healthy plants, although it has reported that the percentage of ger-
mination decreases depending on the level of seed infection (Bansal et al. 1984; Rai and Singh 1978; Singh 1980), and 
that severely affected seed lose viability or show abnormal germination (Rai and Singh 1978). Another report indicates 
that seed with the greatest infection, but with the embryo intact, produce the highest number of tillers (Fuentes-Dávila et 
al. 2013). Control of this pathogen is difficult, because teliospores are resistant to physical and chemical factors (Krishna 
and Singh 1982; Zhang et al. 1984; Smilanick et al. 1985, 1988). Chemical control can be accomplished by applying 
fungicides during flowering (Fuentes-Dávila et al. 2005, 2016; Salazar-Huerta et al. 1997), however, this measure is not 
feasible when quarantines do not allow tolerance levels for seed production (SARH 1987). The use of resistant wheat 
cultivars is the best control method and also would reduce the possibilities of introduction of the disease into Karnal 
bunt-free areas. Since the 1940s, several species of Triticum have been evaluated for resistance to Karnal bunt (Bedi et 
al. 1949; Singh et al. 1986, 1988). Bread wheat is the species most affected by the disease; under artificial inoculation 
some lines may show more than 50% infected grain (Fuentes-Dávila et al. 1992, 1993); therefore, it is important to keep 
evaluating new advanced lines and wheat cultivars. Our objective was to evaluate the reaction of 1,178 advanced bread 
wheat lines for resistance to T. indica in the field.

Materials and methods. We evaluated 1,178 advanced bread wheat lines for resistance to Karnal bunt during the 2013–
14 autumn–winter crop season at the Norman E. Borlaug Experimental Station in the Yaqui Valley, Sonora, México, 
located in block 910 of the Yaqui Valley, Sonora, México, at 27°22'04.64''N latitude and 109°55'28.26''W longitude, 37 
masl, with a warm climate (BW (h)) and extreme heat according to Koppen’s classification, modified by García (1988). 

Fig. 11. Wheat grains partially infected with Tilletia 
indica.
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Sowing dates were 21 November and 3 December, 2013, us-
ing 8 g of seed for each 0.7-m row in a bed with two rows in 
a clay soil at pH 7.8. For agronomic management, INIFAP›s 
technical recommendations were followed (Figueroa-López 
et al. 2011). Inoculum was prepared by isolating teliospores 
from infected grains, followed by centrifugation in a 0.5% 
sodium hypochlorite solution, and plating on 2% water–agar 
Petri plates. After teliospore germination, fungal colonies 
were transferred and multiplied on potato–dextrose-agar. In-
oculations were carried out by injecting 1 mL of an allantoid 
sporidial suspension (10,000/mL) during the boot stage in 
five heads from each line (Fig. 12). High relative humid-
ity in the experimental area was provided by an automatic 
mist spray-irrigation system (Fig. 13) five times a day for 
20 min each time. To avoid bird damage, an anti-bird net 
system was installed in the area used for evaluation of the 
wheat lines. Harvest was manually, and the counting of 
healthy and infected grains was done visually to determine 
the percentage of infection. Evaluated lines originated from 
the collaborative project between the Global 
Wheat Program of the International Maize 
and Wheat Improvement Center (CIMMYT) 
and the National Institute for Forestry, Ag-
riculture and Livestock Research in Mexico 
(INIFAP).

Results. The percentage range of infection 
of the advanced lines at the first date was 
0.0–84.8%, with an average of 19.3%, and 
0.0–71.1% at the second, with an average 
of 17.5%. The average percentage range of 
infection was 0.0–65.6%, with an average of 
18.4%. Overall (average of the two dates), 
seven lines did not show any infected grain 
(Table 2), 91 were in the 0.1–2.5% infec-

Fig. 12. Karnal bunt teliospore, secondary sporidia, and 
inoculation by injection during the boot stage of the 
wheat plant.

Fig. 13. Mist-irrigation system and anti-bird net system in the area used 
to evaluate advanced bread wheat lines for resistance to Tilletia indica.

Table 2. Advanced bread wheat lines that did not show any infected grains with Tilletia indica at two dates, after 
artificial field inoculation, during the 2013–14 crop season at the Norman E. Borlaug Experimental Station in the Yaqui 
Valley, Sonora, México.

Entry Pedigree and selection history

168
KACHU/2*MUNAL #1
CMSS09Y00817T-099TOPM-099Y-099ZTM-099NJ-099NJ-13WGY-0B

185
FRNCLN*2/BECARD
CMSS09Y00838T-099TOPM-099Y-099M-099Y-17WGY-0B

355
MON/IMU//ALD/PVN/3/BORL95/4/OASIS/2*BORL95/5/HUW234+LR34/PRINIA// PBW343*2/
KUKUNA/3/ROLF07
CMSA09Y00855S-050Y-050ZTM-050Y-3WGY-0B

675
BECARD*2/PFUNYE #1
CMSS09B00804T-099TOPY-099ZTM-099NJ-099NJ-42WGY-0B

698
SAAR//INQALAB 91*2/KUKUNA/3/KIRITATI/2*TRCH/5/BAV92//IRENA/KAUZ/3/HUITES/4/DOLL
CMSS09B00881T-099TOPY-099M-099Y-9M-0WGY

1129
BABAX/LR42//BABAX/3/ER2000/4/BAVIS
CMSA09M00434S-050ZTM-0NJ-099NJ-7RGY-0B

1151
PFAU/MILAN/3/BABAX/LR42//BABAX*2/4/NIINI #1
CMSA09M00198T-050Y-050ZTM-0NJ-099NJ-2RGY-0B
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tion category (four lines had less than 0.5% 
infection in both dates, Table 3), 88 within 
2.6–5.0%, 161 within 5.1–10.0%, 620 within 
10.1–30.0%, and 211 with more than 30% 
infection (Fig. 14). The average of the three 
highest infections of the susceptible check 
(KBSUS 1) was 99.02%. Fifty lines con-
sistently showed a percentage of infection 
below 2.5% at both dates and 67 were below 
5.0%. Lines with less than 5.0% infection 
are considered resistant (Fuentes-Dávila 
and Rajaram 1994). Lines that did not show 
infected grain were KACHU/2*MUNAL#1, 
FRNCLN*2/BECARD, MON/IMU//ALD/
PVN/3/ BORL95/4/OASIS/2*BORL95/5/
HUW234+LR34/PRINIA//PBW343*2/
KUKUNA/3/ROLF07, BECARD*2/
PFUNYE#1, SAAR//INQALAB91*2/
KUKUNA/3/KIRITATI/2*TRCH/5/BAV92 
//IRENA/KAUZ/3/HUITES/4/DOLL, 
BABAX/LR42//BABAX/3/ER2000/4/
BAVIS, and PFAU/ MILAN/3/BABAX/
LR42//BABAX*2/4/NIINI#1; those with the highest were BABAX/ LR42//BABAX*2/4/SNI/TRAP#1/3/KAUZ*2/
TRAP//KAUZ*2/5/BECARD with 84.8%, MELON //FILIN/MILAN/3/FILIN/4/PRINIA/PASTOR//HUITES/3/MI-
LAN/OTUS//ATTILA/3*BCN/5/MELON//FILIN/MILAN/3/FILIN with 84.5%, and AGT YOUNG/3/1447/PASTOR// 
KRICHAUFF/4/SOKOLL/3/PASTOR//HXL7573/2*BAU with 77.4%, all at the first date. In the group of advanced 
bread wheat lines evaluated during the 2013–14 crop season, 186 are worth evaluating in the following crop season in 
order to verify their resistance to T. indica, because they may be prospects for commercial release or at least used as 
parents in breeding programs.

Conclusions. The average range of percentage infection of 1,178 advanced bread wheat lines evaluated for resistance 
to Karnal bunt during the 2013–14 autumn–winter crop season was 0.0–65.6%, with an average of 18.4%. Seven lines 
did not show any infected grain at both dates. Fifty lines consistently showed an average percentage of infection below 
2.5% at both dates and 67 were below 5.0%. Lines with the highest percentage of infection were BABAX/LR42//BA-
BAX*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ*2/5/ BECARD with 84.8%, MELON//FILIN/MILAN/3/FILIN/4/
PRINIA/PASTOR//HUITES/3/ MILAN/OTUS//ATTILA/3*BCN/5/MELON//FILIN/MILAN/3/FILIN with 84.5%, and 
AGT YOUNG/3/1447/PASTOR//KRICHAUFF/4/SOKOLL/3/PASTOR//HXL7573/2*BAU with 77.4%, all at the first 
date. The average of the three highest levels of infection of the susceptible check was 99.02%.

Table 3. Advanced bread wheat lines with less than 0.5% infection with Tilletia indica at two dates, after artificial 
field inoculation during the 2013–14 crop season at the Norman E. Borlaug Experimental Station in the Yaqui Valley, 
Sonora, México.

Entry Pedigree and selection history Range of infection Average

354
MON/IMU//ALD/PVN/3/BORL95/4/OASIS/2*BORL95/5/
SOKOLL/3/PASTOR//HXL7573/2*BAU 0.0–0.40 0.20
CMSA09Y00852S-050Y-050ZTM-0NJ-099NJ-11WGY-0B

586
PAURAQ/6/TRAP#1/BOW/3/VEE/PJN//2*TUI/4/BAV92/RAY-
ON/5/KACHU #1 0.0–0.41 0.20
CMSS09B00531S-099ZTM-099NJ-099NJ-3WGY-0B

716
ROLF07/KINGBIRD #1//MUNAL #1

0.38–0.41 0.40
CMSA09M00147T-050Y-050ZTM-050Y-2WGY-0B

1173
MUNAL #1*2/SOLALA

0.38–0.0 0.19
CMSS09B01058T-099TOPY-099M-099Y-1M-0WGY

Fig. 14. Karnal bunt infection categories (%) in 1,178 advanced bread 
wheat lines artificially inoculated in the field at two planting dates 
during the 2013–14 crop season at the Norman E. Borlaug Experimental 
Station in the Yaqui Valley, Sonora, México. The average of the three 
highest infection scores of the susceptible check was 99.02%. 





















52

A n n u a l  W h e a t  N e w s l e t t e r            V o l.  6 5.
Material and methods. Eight diverse wheat accessions from the National Plant Gene Bank of Ukraine belonging to the 
three ploidy groups and of different geographical origin included T. aestivum (2n = 42) subsp. aestivum, represented by 
the standard cultivar (cv) Kharkivska 26 (Ukraine) and two accessions with waxy endosperm, PI619376 and PI619379 
(USA), and subsp. spelta cv. Frankenkorn (Germany); T. turgidum (2n = 28) subsp. durum cv. Spadshchyna (Ukraine), 
and subsp. dicoccum cv. Polba 3 (Russia, Udmurtia); T. monococcum (2n = 14) subsp. monococcum line UA0300439 
(Hungary) and T. sinskajae line UA0300224 (Russia) (Authors note: T. sinskajae is an invalid name, because this line 
was created by an induced mutation. According to van Slageren (1994), it should be considered as a synonym under 
the cultivated taxa T. monococcum subsp. monococcum. However, for clarity in this article, we will refer to it as subsp. 
sinskajae). The hulls were manually removed from the grain in subspecies spelta, dicoccum, and monococcum. In the 
control and each experiment, 100 seeds were analyzed in three replications. The longevity of the seeds was studied in an 
‘accelerated aging’ experiment, which simulates the process of natural aging of seeds during long storage in unregulated 
conditions.

Two methods of accelerated aging were used:
1. Hampton & TeKrony (1995) and TeKrony (2005). Seed samples kept in a water desiccator for three days (72 

hours) in open glass containers at 43°C±2°C and a relative air humidity 100% and
2. Likhachev (1980). Seed samples dried to humidity levels of 5% and 6% were kept in hermetically sealed 

containers at 37°C±2°C for 30 days (720 hours).

In addition, as an experimental variant, seed was stored for 30 days (720 hours) in hermetically sealed glass 
containers in a freezing chamber at –20°С±2°C, which corresponds to the regime for long-term storage in the National 
Plant Genebank of Ukraine. As a control for all experimental variants, seeds were placed in hermetically sealed glass 
containers and stored in a chamber at 4°C.

Seeds of the control and all experimental options were tested for germination energy and germination rate ac-
cording to the international rules for the analysis of seeds (Anonymous 1984) and for the length of the sprout and the 
primary roots on the seventh day after germination.

Antiradical activity was determined using a stable radical of 2,2-diphenyl-1-picrylhydrazyl according to Ar-
abshahi and Urooj (2007) with minor changes. The alcoholic solution of the radical was prepared by dissolving 22 mg 
of DPPH in 400 mL of an 80% aqueous ethanol solution and used during the working day. 0.5 mL of seed extract was 
thoroughly mixed with 3.5 mL of the DPPH solution and, after two hours, the optical density was determined on a SF 
Shimadzu UV-VIS-1800 at a wavelength of 517 nm. The ability of the samples to neutralize the free radical DPPH (anti-
radical activity - AA %) was determined by the formula:

АА(%) = (A − B) / A × 100
where A is the extinction of the control sample (instead of 0.5 mL of the sample extract, 0.5 mL of 80% ethanol 

solution was added to the DPPH solution) and B is the extinction of the experimental sample after a two 
hour reaction with the DPPH solution.

The determination of the equivalent of chlorogenic acid was carried out using a calibration graph (the concentration 
range of the standard 0–300 μM).

The influence of the methods of accelerated aging and freezing on the seeds was estimated by index of indi-
cator’s change under the influence of stress factor (I), which is used to assess the degree of stress resistance of plants 
(Udovenko 1988):

I = (X1 – X2) / (X2) * 100
where І is the index of the indicator’s change. A positive index value means growth of the index, that is, the 

positive effect of the investigated factor; a negative value, a decrease in the index, indicates a negative influ-
ence of the factor; X1 is the average indicator in the experimental variant; and X2 is the average indicator in 
the control variant.

Results and discussion. The main indicators of seed viability are germination energy and germination rate. In the 
control in both years of research, both indicators were relatively high (96% and above) in the seed samples of subsp. 
monococcum, subsp. dicoccum cv. Holykovskaya, and subsp. spelta cv. Frankenkorn, and reduced in subsp. sinskajae 
(<91–93% for germination energy and 95–96% for germination rate) (Table 4, p. 53). In 2014, the lowest rates were in 
seed of subsp. durum cv. Spadshchyna; 82% germination energy and 85% germination rate. Reduced rates also were 
found in subsp. sinskajae, subsp. dicoccum cv. Polba 3, subsp. aestivum PI619376 waxy (90–92% for germination 
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2018 Wheat Production in the Commonwealth of Virginia.

Growing season.  Statewide temperatures and rainfall in autumn 2017 were generally favorable for wheat seeding. By 
mid-October, wheat planting reached 20% of intentions, compared with a five year average of 25% by this date. Contin-
ued favorable weather allowed 41% wheat to be planted by 3 October. By mid-November, planting progress was near 
the five year average for all small grains reported with 60% of wheat acres reported as good or excellent. Dry conditions 
persisted through late November results in a decline in the number of wheat acres rated excellent, though this did allow 
successful late seeding in some areas. Rainfall in early December returned the total season precipitation to near normal, 
followed by mild and wet conditions through much of January. February was unseasonably warm with limited rainfall, 
resulting in soil moisture depletion. Wheat was rated good or excellent on 68% of the acres. March brought mostly mild 
temperatures with a freeze mid-month. Seventy-five percent of the winter wheat crop was rated good or excellent for the 
week ending 26 March. Statewide rains were received in mid-March, but season total rainfall continued below normal. 
By the end of the third week of March, 33% of the wheat crop was reported as headed, up 14% from last year and 23% 
from the five-year average. Dry soil conditions continued through mid-April with temperature above average through the 
last half of the month. At the end of April, 75% of the winter wheat crop was still rated good or excellent. Precipitation 
varied statewide in the first two weeks of May, with 74% of the wheat crop headed, compared with 85% in 2017, but ex-
actly the same as the five-year average for this date. Most areas received significant rainfall in the last half of May result-
ing in a decline in small grain crop quality and increased risk of Fusarium head blight. By 17 June, 30% of winter wheat 
had been harvested. Heavy rains continued in many areas in mid-late June. Fifty-three percent of wheat was harvested 
by 24 June, 10% behind 2017 but 7% ahead of the five-year average for this date. On 1 July, 73% of the wheat crop was 
harvested with many producers reporting slightly lower yields and poor test weights. 

Production.  According to the United States Department of Agriculture’s National Agriculture Statistical Service, 
Virginia farmers planted 230,000 acres (93,150 hectares) of wheat in 2018 of which 155,000 acres (62,775hectares) 
were harvested for grain. Wheat yields averaged around 60 bushels/acre (4,031 kilograms per hectare). In total 9.3 x 106 
bushels (201,810 metric tons) of wheat were produced in Virginia in 2018.

Disease incidence and severity.  Many wheat diseases were prevalent and widespread throughout the Commonwealth in 
2018. Trace amounts of stripe rust (Puccinia striiformis) were found on susceptible varieties in research trials conducted 
in eastern Virginia (Accomack, Richmond, and Westmoreland Counties). Stripe rust samples from these three locations 
were sent to Dr. Xianming Chen at USDA–ARS in Pullman, WA, and race PSTv-37 (virulence for genes Yr6, 7, 8, 9, 17, 
27, 43, 44, Tr1, and Exp2) was identified at all three locations. Only trace amounts of leaf rust (Puccinia triticina) were 
noted in wheat trials in eastern Virginia, whereas moderate levels of leaf rust developed late in the crop season in the 
Official Variety Trial conducted in southwestern Virginia. Leaf rust samples from wheat trials conducted in five counties 
were sent to Dr. James Kolmer at the USDA–ARS Cereal Disease Lab for race identification. Race TCTBB (virulence 
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IV.  CULTIVARS AND GERMPLASM

USDA–ARS NATIONAL SMALL GRAINS GERMPLASM RESEARCH FACILITY
1691 S. 2700 W., Aberdeen, ID  83210, USA.
www.ars-grin.gov/npgs

			 

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

H.E. Bockelman, Agronomist and Curator.

Passport and descriptor data for these new accessions can be found on the Germplasm Resources Information Network 
(GRIN–Global): https://npgsweb.ars-grin.gov/gringlobal/search.aspx?. Certain accessions may not be available from the 
National Small Grains Collection due to intellectual property rights (PVP) or insufficient inventories. Accessions reg-
istered 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.

Table 1. Recent PI assignments in Triticum, X Triticosecale, Aegilops, and Secale (Note: there were no PI assignments 
in Aegilops during this period).

PI number       Taxonomy
Cultivar name or

identiþer Country State/Province
688251 JPR Triticum aestivum subsp. aestivum KS18WGRC65 United States Kansas
688260 Triticum turgidum subsp. durum Kandur 1171 United States Kansas
688261 Triticum turgidum subsp. durum Kandur 2074 United States Kansas
688262 Triticum turgidum subsp. durum Kandur 2258 United States Kansas
688263 Triticum turgidum subsp. durum Kandur 2291 United States Kansas
688264 Triticum turgidum subsp. durum Kandur 2363 United States Kansas
688265 Triticum turgidum subsp. durum Kandur 2371 United States Kansas
688266 Triticum turgidum subsp. durum Kandur 2380 United States Kansas
688267 Triticum turgidum subsp. durum Parental Line 19 United States Kansas
688418 PVP Triticum aestivum subsp. aestivum LCS Fusion AX United States Colorado
688419 PVP Triticum aestivum subsp. aestivum Incline AX United States Colorado
688420 PVP Triticum aestivum subsp. aestivum Breck United States Colorado
688423 PVP Secale cereale KWS Propower United States Illinois
688424 PVP Secale cereale LSR126 United States Illinois
688425 PVP Secale cereale Lo1018-PxLo1017-N United States Illinois
689006 PVP Triticum aestivum subsp. aestivum AM Eastwood United States Colorado
689007 PVP Triticum aestivum subsp. aestivum LCS Avenger United States Colorado
689008 PVP Triticum aestivum subsp. aestivum LCS Yeti United States Colorado
689009 PVP Triticum aestivum subsp. aestivum LCS Revere United States Colorado
689016 PVP Triticum aestivum subsp. aestivum WB9350 United States Minnesota
689017 PVP Triticum aestivum subsp. aestivum LCS Hulk United States Colorado
689018 PVP Triticum aestivum subsp. aestivum LCS Shark United States Colorado
689019 PVP Triticum aestivum subsp. aestivum LCS Sonic United States Colorado
689020 PVP Triticum aestivum subsp. aestivum LCS Rocket United States Colorado
689021 PVP Triticum aestivum subsp. aestivum Thompson United States South Dakota
689043 PVP Triticum aestivum subsp. aestivum SY Legend CL2 United States Iowa
689044 PVP Triticum aestivum subsp. aestivum SY Sienna United States Iowa
689045 PVP Triticum aestivum subsp. aestivum SY Candor United States Iowa
689046 PVP Triticum aestivum subsp. aestivum 122009W United States Iowa
689047 PVP Triticum aestivum subsp. aestivum SY Collins United States Iowa
689115 Triticum aestivum subsp. aestivum KS14U6380R5 United States Kansas
689116 Triticum aestivum subsp. aestivum KS16U6380R10 United States Kansas
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