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Evaluation, Screening and Introgression of Pre-Harvest Sprout-
ing into Spring Wheat Adapted for Western MN and Eastern ND

Mohamed Mergoum, Dept. of Plant Sciences, NDSU

Research Question

Most HRSW cultivars have been selected such that 
they exhibit a high level of tolerance to PHS.  Never-
theless, under favorable environmental conditions for 
PHS, damage due to PHS can result in substantial 
losses in ND and MN and in other areas throughout 
the spring wheat growing region.  Although there 
is considerable variability in the level of tolerance 
to PHS in wheat, in striving for tolerance, breeders 
must also be concerned with seed dormancy and 
inhibiting germination, since PHS is closely related to 
dormancy. 

The ultimate goals of the NDSU spring wheat 
breeding program are to develop and release superi-
or adapted cultivars for ND, MN and the spring wheat 
growing region, to maximize the economic returns to 
the producers, and to provide high quality wheat for 
the U.S. wheat industry and the international export 
market. The specific objectives of this project are to 
(1) evaluate and screen elite (red and white) spring 
wheat genotypes to PHS; (2) determine the relation-
ship between seed quality characteristics and PHS; 
and (3) initiate a breeding a breeding program to  in-
trogress PHS resistance into adapted (red and white) 
spring wheat cultivars.

Results

The 2009 crop season was yet another unique and 
unusual season. Prolonged cool wet weather during 
throughout the season has resulted in record yields. 
However, due to lack of adequate fertilization, low 
protein levels are commonly reported. The low night 
temperatures affected several traits beside yield and 
quality. These include very low levels of infestation 
due to scab and PHS. 

 In general, we are still processing samples for 
taking notes on PHS, agronomic and quality data 
for the material harvested this summer 2009. How-
ever, preliminary results indicate that data from field 
observations showed no PHS symptoms among the 
different genotypes included in state trials and elite 
trials even under prolonged wet conditions after ma-
turity, which prevailed in most regions this summer. 
As mentioned above this may been the results of 
interactions between different environmental condi-

tions such temperatures and the genotypes. It well 
documented that temperature and drought conditions 
during grain-fill are believed to contribute to the level 
of seed dormancy at maturity.  Low temperatures 
during seed development and grain-fill can prolong 
dormancy, while low temperatures during germination 
breaks dormancy in freshly harvested seeds (Nyachi-
ro et al., 2002). Other studies (Biddulph et al., 2005) 
have showed that at maturity, irrigated trials grown 
under low temperatures produced a similar level of 
dormancy when compared with high temperature 
drought-induced trials.  However, low-temperature 
drought induced trials showed the greatest level of 
seed dormancy (Biddulph et al., 2005).

Given that we have not seen significant results 
from the field in 2009, this experiment will be repli-
cated in 2009 as planned in our proposal. However, 
in order to generate more data on PHS, most of the 
genotypes included in our crossing bloc includes cul-
tivars/lines from State Variety Trial and Elite trial are 
being grown this Fall and spikes from these entries 
will be subjected to PHS condition as indicated in the 
“Materials and Methods” section and evaluated for 
PHS.  Similarly, seed of these entries will be tested 
for Alfa amylase activity in the lab. In addition a ‘kit’ 
test is now available for testing for Alfa amylase activ-
ity. These kits will be purchased and in collaboration 
with the quality lab, we will use these kits to assess 
PHS of our germplasm. 

Application/Use

The information on the genetics of resistance to 
PHS in spring wheat and the resistant germplasm 
developed is providing vital information/resources to 
breeders in developing PHS resistant varieties. The 
identification of resistant lines/genotypes possess-
ing resistance genes and its use in development of 
broad genetic base resistant wheat cultivars with high 
quality and agronomic characteristics is necessary 
to efficiently and economically manage PHS, thus 
minimizing losses in grain yield and quality which 
will improve the economic return of wheat produc-
ers in the spring wheat region in general, and in MN 
and ND, in particular. PHS environmental conditions 
(Rain during harvest, delayed harvest coupled with 
appropriate temperatures…etc) may prevail in any 
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year in our region. The superior cultivars, in conjunc-
tion with PHS resistance, will provide an effective 
and environmentally safe means of controlling PHS 
problem during years when environmental conditions 
are favorable for sprouting in the field. Improved con-
trol of PHS with resistant varieties should minimize 
losses, particularly in grain quality thereby increasing 
opportunities for high value-added in milling and bak-
ing wheat product.

Materials and Methods

  Materials: About on 100 elite wheat genotypes 
representing a wide range of hard red and white 
spring wheat classes with the potential to be grown 
in the U.S. Spring wheat region will be evaluated in 
this project.  In addition, this study will include most 
wheat cultivars grown in this region. 
   Field experiments: The experiments will consist 
of the Elite/Advanced yield trials as well as the ND 
Spring Wheat Variety trials. These trials are arranged 
as a randomized complete block with four replicates 
and installed in several locations across ND.  How-
ever, for this study, trials from two locations only; 
Prosper/Casselton and Carrington (or Langdon), ND, 
will be considered. The experimental unit consists of 
plots with six-rows, 5m long and 30cm apart. Cas-
selton/Prosper is located in east central ND and has 
a Perella-Bearden silty clay loam (fine-silty, mixed, 
frigid Typic Haplaquolls) soil type.  Carrington is 
located in the central region of ND where the soil is 
a complex of Heimdahl loam (coarse-loamy, mixed 
Udic Haploborolls) and Embrick loam (coarse-loamy, 
mixed Pachic Udic Haploborolls). Rainfall amounts 
and average temperatures will be recorded for the 
months of the growing season.  This is expected 
to help predict the extent of seed dormancy, since 
higher temperatures, approximately 32o C or greater 
combined with high humidity, tend to favor suscep-
tibility to sprouting. Data collected will be evaluated 
and subjected to analysis of variance (ANOVA) using 
SAS software.  
      Data Collection and Sampling
PHS (Mist Chamber Experiments): The same geno-
types included in the field experiments will be evalu-
ated for tolerance to pre-harvest sprouting. Samples 
of harvested spikes from the field experiments will be 
exposed to high moisture in a mist chamber.  At plant 
physiological maturity, 30 spikes will be randomly 
harvested from each experimental unit.  The spikes 
will be immediately stored at 10o C to inhibit addition-
al alpha-amylase activity.  The spikes will be placed 
in a mist chamber and misted for a period of 48h.  

Following the misting, a humidifier will be placed in 
the chamber for 3 days.  Visual observations of the 
spikes will made, and spikes will be rated for germi-
nation using a 1 to 10 scale, 1 (=Resistant) having no 
visual germination and 10 (Very susceptible) hav-
ing nearly 100% of the seed in the spike exhibiting 
germination. 
Grain Quality Characteristsics: Plot seed will be 
harvested by machine and evaluated for test weight, 
color, and falling number.  A 50g subsample of seed 
taken from each experimental unit will be stored at 
-10o C.  A Minolta colorimeter will be used to measure 
kernel color of the 50g subsamples of different geno-
types, and subsamples will be classified as white or 
red according to established criteria (Peterson et al., 
2001).  Colorimeter measurements will be based on a 
standard color space scale (CIE, 1976), where white 
wheat kernels typically measure 50 or above on the 
L* scale and a reading of 100 is equivalent to pure 
white.  Red wheat typically measures less than 50 
on the L* scale where a value of 0 represents pure 
black.  Pearson’s Correlation will be used to deter-
mine if there is a relationship of the seed coat color 
and pre-harvest sprout tolerance.  Falling number 
measurements represent an indirect measurement of 
grain alpha-amylase activity.  Sound grain samples 
will be ground using a Udy grinder.  The technique 
for determining alpha-amylase activity will be in ac-
cordance with the standard American Association of 
Cereal Chemists procedure (AACC, 1999).

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

   The development and release of resistant cul-
tivars with resistance to PHS and with high yield, 
quality and agronomic characteristics is necessary 
to efficiently and economically improve the returns 
of wheat producers in the spring wheat region in 
general, and in MN and ND, in particular. PHS envi-
ronmental conditions (Rain during harvest, delayed 
harvest coupled with appropriate temperatures…etc) 
may prevail in any year in our region. Thus, develop-
ing modern cultivars with superior performance under 
MN and ND conditions, in conjunction with PHS 
and diseases resistances, will provide an effective 
and environmentally safe means of controlling PHS 
problem during years when environmental conditions 
are favorable for sprouting in the field. Improved con-
trol of PHS with resistant varieties should minimize 
losses, particularly in grain quality thereby increasing 
opportunities for high value-added in milling and  
baking wheat product.
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Related Research

     Most hard red spring wheat (HRSW) cultivars 
have been selected such that they exhibit a high level 
of tolerance to PHS.  Nevertheless, PHS damage 
can result in substantial losses in the spring wheat 
growing region and in other areas throughout the 
world (Flintham, 2000).  Although there is consider-
able variability in the level of tolerance to PHS in 
wheat, in striving for tolerance, breeders must also 
be concerned with seed dormancy and inhibiting 
germination, since PHS is closely related to dor-
mancy (Bewely, 1997).  Germination encompasses 
events that commence with the uptake of water by 
the quiescent dry seed and terminate with the elon-
gation of the embryonic axis (Bewely, 1997), while 
seed dormancy is defined by the temporary failure of 
a viable seed to germinate after a specific length of 
time when the seed is exposed to a favorable set of 
environmental conditions (Bewely, 1997).  Dormancy 
is believed to be determined by two different factors, 
ones which are coat-imposed and others which are 
embryo-imposed (Flintham, 2000).  Coat-imposed 
dormancy exists when the embryo fails to germinate 
due to the surrounding seed coat, while embryo-dor-
mancy induces the embryo itself to remain dormant 
(Bewely, 1997).  Embryo dormancy is likely the most 
beneficial type of dormancy.  If dormancy is coat 
imposed, the embryo may still convert endosperm 
starch into sugar during sprouting, thus utilizing seed 
nutrients and affecting end-use product quality. 

     Environmental factors affect the expression of 
PHS and make the selection of resistant cultivars 
difficult.  The main environmental factors that impact 
dormancy are rainfall, high relative humidity, and 
temperature.   Heyne et al. (1987) determined that 
the optimal amount of moisture for germination in 
wheat is 35 to 45% of kernel dry weight, and germi-
nation may occur at temperatures between 4 and 37˚ 
C, with 12 to 25˚ considered an optimum temperature 
range.  There are other factors that contribute to seed 
dormancy.  Temperature and drought conditions dur-
ing grain-fill are believed to contribute to the level of 
seed dormancy at maturity.  Low temperatures during 
seed development and grain-fill can prolong dorman-
cy, while low temperatures during germination breaks 
dormancy in freshly harvested seeds (Nyachiro et al., 
2002).   Wu and Carver. (1999)  noted that differenc-
es in PHS damage are evident between hard red and 
hard white genotypes at harvest maturity.  Damage 
measured as a percentage of sprouted kernels was 

hardly noticeable among the hard red genotypes, 
but easily detected among the hard white geno-
types.  When harvest was delayed, sprout damage 
was more evident among all genotypes, yet the hard 
white showed higher overall PHS damage compared 
with the hard red genotypes.

     There have been numerous studies to identify 
markers and microsatellites associated with PHS 
tolerance and seed dormancy.  Most of the markers 
are closely related to the R genes determining red 
grain color.  These R genes are located to the long 
arms of 3A, 3B, and 3D chromosomes (Bassoi and 
Flintham, 2005).  Red wheat genotypes express a 
wider range of variation for kernel dormancy and an 
elevated level of kernel dormancy/tolerance to PHS 
when compared with white wheat.  This suggests 
that red genotypes carry one or more alleles for 
kernel dormancy that are not present in white wheat 
genotypes.  There are markers for PHS tolerance 
that are not directly related to seed color.  Roy et al. 
(1999) identified a sequence-tagged microsatellite 
(STMS) on chromosome 6B, and a sequence-tagged 
site (STS) on chromosome 7D.  Other potential QTL 
that are related to seed dormancy, but not with the 
R genes have been identified on chromosome 4A 
(Mares et al., 2005).  

     Many morphological spike features may impact 
expression of PHS.  Cultivars with awns absorbed up 
to 30% more water than their awnless counterparts, 
and awnless cultivars showed a higher level of toler-
ance to PHS (King and Richards,1984).  In addition 
to the presence/absence of awns, the pericarp or 
fruit coat thickness may play an important role in the 
tolerance to PHS.  It has been suggested that there 
may be differential water uptake due to the amount 
of nucellar lysate between the nucellar tissue and the 
testa (seed coat) (Evers and Reed, 1988).  The lack 
of the pigment layer in the seed coat of white wheat, 
and the lysate between the nucellar tissue may be a 
primary cause for their general higher level of sus-
ceptibility to PHS.

     Starch is the predominant component of wheat 
grain, and alpha-amylase activity has a direct ef-
fect on starch degradation.  All grain exhibits some 
level of alpha-amylase activity.  Alpha-amylase is an 
enzyme that degrades starch to sugars, so non-
sprouted cereal grain expresses a relatively low level 
of alpha-amylase activity.  However, upon germina-
tion, the level of alpha-amylase activity increases 
significantly (Hoseney, 1998).   Alpha-amylase is an 
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enzyme that breaks glucosidic bonds, which results 
in a decrease in the size of large starch molecules.  
Therefore, elevated alpha-amylase activity de-
creases the viscosity of starch in a solution or slurry 
(Hoseney, 1998).  Elevated alpha-amylase activity 
degrades starch and reduces the baking quality of 
flour.  The result of alpha amylase on starch is a 
reduction in the water holding capacity of the starch.  
This leads to reduced flour water absorption, and 
it reduces the number of loaves of bread produced 
from a given weight of flour (Dexter and Edwards, 
2003). Another consequence is that the flour produc-
es a sticky dough, which causes handling problems 
for bakers (Every and Ross, 1996).  The sticky crumb 
also makes the bread hard to slice, since the crumb 
builds up on slicing blades (Dexter and Edwards, 
2003).
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Recommended Future Research

1.  Continue screening for resistance to PHS in our 
HRSW germplasm.
2.  Additional molecular work is required to identify 
flanking molecular markers closely linked to the PHS 
resistance genes.
3.  Continue making crosses and backcrosses with 
the an objective of developing PHS resistant wheat 
cultivars adapted for Western MN and Eastern ND
4.  Development and evaluation of advanced mate-
rial for agronomic and quality traits as well as PHS 
resistance as part of varietal release.
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