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Identifying High HRSW Cultivars with High Yield 
Potential to Meet Special End-uses

 Mohamed Mergoum,  Department of Plant Sciences, NDSU
Research Objectives

1) To evaluate and identify elite HRSW lines with 
high yield potential

2) To initiate breeding efforts to select high yielding 
cultivars by screening HRSW germplasm based on 
yield potential at early breeding stages.

Introduction

There has been no specific research to look at 
the longer term advancement yield potential in the 
HRSW breeding program.  The yield data currently 
available reflects the overall performance of these 
cultivars, including the quality and environmental ef-
fects. Elsewhere, yield potential research on varieties 
developed in Mexico for an irrigated environment 
found that breeders had achieved gains in yield 
potential of about 1.1% per year during the period 
1950 to 1982 with little evidence that yield potential 
had reached a plateau (Waddington et al., 1986).  
Improvements in grain yield were associated with 
increases in grain number per unit area and grains 
per spike, but not in kernel weight. Biomass increas-
es and greater grain survival were the main factors 
contributing to increased yield in the most recently 
released cultivars of those evaluated in this study. 

 Periodic evaluation of genetic improvement in hard 
red spring wheat is essential for understanding yield-
limiting factors for major economic traits, illustrating 
the importance of plant breeding to stakeholders and 
the public, and identifying traits or target environ-
ments that might require additional research (Cox 
et al., 1988).  Evaluation of wheat germplasm for a 
given traits such as yield potential is necessary to 
allow us to detect genetic variation in traits associ-
ated with advances in crop productivity. Determin-
ing where genetic gain has been made or lacking in 
the past can lead researchers to new strategies for 
future improvements in crop productivity (Donmez 
et al., 2001). In 2006, an initiative was launched by 
the HRSW wheat breeding programs in the spring 
wheat area (MN, SD, and ND) with the support of the 
Minnesota Wheat Research and Promotion Coun-
cil to identify high yielding HRSW elite lines among 
existing wheat germplasm. The results from 2007 
and preliminary data from 2008 trials are promising. 
Many wheat lines which yielded significantly higher 
than commonly grown cultivars could be identified 

among the NDSU, SDSU, and the U of MN wheat 
germplasm.

Results

Part 1: Field evaluation and identification of elite 
HRSW lines with high yield potential: 2007 and 
2008
 The 2008 data are still being collected and ana-

lyzed. So far, agronomic data from two locations, 
Prosper and Grand Forks only, have been analyzed 
and are reported in this report in Tables 1 and 2 (Ap-
pendix). We will still have to do quality analysis on 
these samples from the two locations.
In 2008, the climatic conditions were erratic across 

ND. While dry conditions prevailed in the Western 
parts of ND, leading to one of the worst harvest in 
small grains crops; the high rainfall in the Eastern 
parts have resulted in general, in record yields. 
Excess of rain in some parts of the Eastern parts has 
also caused many problems such as difficulties to ac-
cess the fields and harvest wheat on time. This was 
the case of our trial at Grand Forks location. The pre-
liminary data shows that grain yield potentials were 
in general high, particularly at Prosper (Table 1) and 
Carrington (data not reported) given the relatively 
good conditions that prevailed in The Eastern parts of 
ND and in Western MN. However, the yield at Grand 
Forks (Table 2) were relatively, low since harvest was 
done very late (due to wet conditions) causing yield 
losses due to many factors including lodging, shatter-
ing,…etc.  
At Prosper, the yields in general were relatively, 

average compared to the yield obtained by the grow-
ers in the region and given the good conditions that 
prevailed in these parts of the Sate. However, com-
pared to 2007, the 2008 yields were high. The aver-
age yield score varied between a high of 83.1 bu/ac 
registered by the SDSU line SD3623 and a low of 
26.7 bu/ac scored by MN03075, a line from the U of 
MN program. The average yield trial was 61.5 bu/ac 
compared to 43.2 bu/ac of 2007.  Many lines showed 
high yields levels and did not differ significantly from 
SD3623. Among these lines, we can emphasize 
particularly, SD4059 (82.4 bu/ac) from the SDSU 
breeding program, ND05-14-323(75.7 bu/ac) and 
ND05-13-64 (74.2 bu/ac) lines from NDSU HRSW 
breeding program. The ND 805 NDSU HRSW line 
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released as Faller was also among the high yield-
ing genotypes with 70.8 bu/ac. Faller is becoming 
a very popular wheat cultivar in the the Eastern ND 
and Western MN region. The performance of Faller 
in 2008 has confirmed its high yield obtained in 2007 
50.8 bu/ac) compared to the highest yielding cultivar 
Knudson (54.4 bu/ac).

At the Grand Forks trial, the growing conditions 
were excellent in general. However, excess rains 
at maturity and harvest time have delayed harvest 
causing severe damage to the crop and yield were 
relatively low. They ranged from 59.2 to 39.2 bu/ac 
scored on the NDSU durum cultivar Grenora and 
the Trigen line 05MSP6, respectively. The highest 
yielding spring wheat cultivar was ND 805  (Faller) 
from NDSU with 57.7 bu/ac. In 2007, Grenora yield 
(54.5 bu/ac) was relatively similar to 2008, except 
that it was the lowest cultivar in the trial. This shows 
the high yielding HRSW cultivars suffered severe 
yield losses (caused by lodging and shattering) while 
Grenora did not. Other genotypes that showed high 
yielding performance included Trical 118 (53.9 bu/ac), 
a triticale line from Great Lakes followed by Hyland 
cultivar Hoffman with similar yield and   the MN line 
MN03148-3 (53.0 bu/ac). 

The data from Carrington, where irrigation was 
available to supplement the normal rainfall, are not 
reported in this report since they were not available 
when this report was elaborated. 

Test weights were very variable as in the case of 
yield. While test weights registered at Prosper were 
in the normal range with an average of 59.5 lb/bu, 
at Grand  Forks, they were relatively low, in general, 
with an average of 58 lb/bu. At both locations, as 
excepted Glenn registered the highest test weight 
with 61.6 and 63.6 lb/bu at Grand Forks and Prosper, 
respectively. At Grand Forks, test weight of all geno-
types - except Glenn, ND05-13-64 and Trooper (60.4 
lb/bu)- were lower than 60lb/bu.

Part 2. Breeding high yielding spring wheat  
cultivars 

The long term objective of our breeding program 
supported by this project is to develop high yielding 
cultivars. This can achieved by emphasizing crosses 
involving high yielding genotypes in order to incor-
porate or pyramid genes for high yield. Grain yield 
is one of the –if not the – most genetically complex 
traits that breeders have to face. In addition to its ge-
netic complexity, it is very much influenced by other 
genetic traits such as biotic and abiotic stresses, 
environmental factors including the climatic condi-
tions, soil type, and most importantly, the interactions 
between grain yield and these factors. 

Starting in spring 2007 and continuing in 2008, many 
crosses involving the highest yielding cultivars such 
as Faller, Knudson, Traverse and many of our NDSU 
elite lines and lines from SDSU and MN have been 
accomplished. The F1 generation of these crosses 
are usually, grown in the greenhouse in the  Fall or 
Spring. The following segregating generations (F2 
populations, F3, F4, F5,… families) will be grown in 
the  in the field here in ND in summer, or advanced 
in winter nurseries conducted at Arizona or New 
Zealand.. Selection in the segregation generations 
will be based on the phenotypic appearances of the 
plant such as vigor, height, lodging, and diseases re-
actions.  By using winter nurseries, we hope to start 
doing early generation testing for yield in the summer 
of 2010.

Application/Use

Our success as breeding programs rely on the in-
formation on the performances of the elite wheat and 
cultivars and germplasm in our region. Future gains 
in genetic is crucial for the future breeding activities 
on grain yield. The genetic variability for grain yield in 
our elite adapted wheat germplasm will provide vital 
information/resources to the breeders in the spring 
wheat region to develop high yielding wheat cultivars 
adapted to ND and MN, in particular. This ongoing 
project will determine the potential wheat cultivars 
possessing high yields or potential adapted parent 
that will be used in the development of high yielding 
spring wheat varieties. Consequently, this will provide 
improvements in the economy of the wheat growers 
and industry.

Materials and Methods

The experiments were conducted in 2007 and 
2008 at the Carrington Research Center where ir-
rigation is available; and Prosper and Grand Forks, 
two ND eastern locations where high rainfall usually 
prevails.  Approximately 40 genotypes developed 
by the NDSU, SDSU, the U of MN, and other breed-
ing programs in the region were evaluated.  The 
experiment was laid out in a randomized complete 
bloc design (RCBD) with four replicates. The plots 
size was 6 rows 30 cm apart and 5 m long, similar 
to our elite and advanced yield trials. In order to al-
low these genotypes to express their yield potential, 
prior to seeding, fertilizer were applied.  An additional 
amount of N will be applied during tillering based on 
crop requirements to achieve maximum yields.  At 
Carrington, the experiment was irrigated when there 
is 30% depletion of the available moisture from the 
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top 60 cm of the soil.  A full weed and some disease 
and insect control program was employed so that no 
known manageable factor will constrain yield.  Yield, 
yield components, and other agronomic and quality 
traits were measured.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

Highly productive cultivars with resistance to the 
main pests in the region, in conjunction with ad-
equate fertilization and crop rotation, will provide an 
effective and environmentally sound way to increase 
the farmers’ income in MN and ND and will also 
benefit the wheat industry and end-users in general. 
With recent favorable prices for wheat worldwide, 
if maintained, the grain yield will certainly become 
the driving force in the breeding programs. We have 
seen in2008 crop season, that high yielding wheat 
cultivars such as Faller is well accepted by growers. 
Demand for Faller seed is growing substantially. By 
focusing on grain yield, the MNRPC has shown that 
its vision to the future of wheat industry was on the 
right path as the competition for the grain product 
between the traditional end-users and the ‘new’ end 
users such as ‘Bio-fuel’ sector is just in the beginning. 
Therefore, developing high yielding cultivars in wheat 
will be paramount for our spring wheat growers.

Related Research

The yield data currently available reflects the over-
all performance of these cultivars, including the qual-
ity and environmental effects. In our recent studies 
in ND, data shows, that genetic progress has been 
made in many agronomic traits, including grain yield 
in NDSU HRSW germplasm since 1986 (Underdahl 
et al., 2007). Most importantly, the progress in grain 
yield was made while maintaining high quality stan-
dards and increasing resistance into newly released 
NDSU HRSW cultivars. Elsewhere, yield potential 
research on varieties developed in Mexico for an irri-
gated environment found that breeders had achieved 
gains in yield potential of about 1.1% per year during 
the period 1950 to 1982 with little evidence that yield 
potential had reached a plateau (Waddington et al., 
1986).  Improvements in grain yield were associated 
with increases in grain number per unit area and 
grains per spike, but not in kernel weight. Biomass 
increases and greater grain survival were the main 
factors contributing to increased yield in the most 
recently released cultivars of those evaluated in this 
study. Periodic evaluation of genetic improvement in 
hard red spring wheat is essential for understanding 

yield-limiting factors for major economic traits, il-
lustrating the importance of plant breeding to stake-
holders and the public, and identifying traits or target 
environments that might require additional research 
(Cox et al., 1988).  Evaluation of wheat germplasm 
for given traits, such as yield potential, is necessary 
to allow us to detect genetic variation in traits associ-
ated with advances in crop productivity. Determin-
ing where genetic gain has been made or lacking in 
the past can lead researchers to new strategies for 
future improvements in crop productivity (Donmez et 
al., 2001). Since 2006, the initiative launched by the 
HRSW wheat breeding programs in the spring wheat 
area (MN, SD, and ND) with the support of the MN 
Wheat Research and Promotion Council to identify 
high yielding HRSW elite lines among existing wheat 
germplasm is bearing fruits. Results from 2007 and 
2008 trials are promising. Wheat lines which yielded 
significantly higher than commonly grown cultivars 
could be identified among the NDSU, SDSU, and the 
MN wheat germplasm.

Recommended Future Research
1. Development of additional genetic population 

and advance of the existing population.
2. Screening of the segregating population in order 

to determine the genetics progress in grain yield 
3. Evaluation of advanced material as a part of 

varietal development program.
Regional Linkages to Other Research Activities: 
This is rather a regional research activity that may 
lead to further collaboration and strengthen the 
strong ties between the breeding programs in the 
region.  This research initiative is credited to the 
Minnesota Wheat Research and Promotion Council 
(MNWRPC) group who launched this effort in 2006. 
The venture included the states of MN, SD, and ND 
HRSW, and other major breeding programs in the 
region.  This initiative has allowed our breeding pro-
grams to emphasize yield as the main driving force to 
release cultivars.
Additional Sources of Funding: Obviously, this is 
a relatively long term goal and will require constant 
funding. This project is just a small component of 
the Spring Wheat Breeding Program, Dep. of Plant 
Sciences, NDSU, Fargo.  It is well understood that 
developing cultivars is a long term objective and re-
quires substantial infrastructure, financial, and human 
resources. These assets are available and are being 
provided by the HRSW breeding program with the 
objective to develop high yielding wheat cultivars that 
meet ND and MN wheat growers. Continuous funds 
from all the parties concerned such as the MNRPC 
will be needed and requested in the future.
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Appendix
Table 1. Means of yield  and agronomic traits of wheat and triticale entries included in 2007 yield potential 
grown in Grand Forks, ND in 2008.
Entry Name Institution DH Height TW Yield

1 Glenn* NDSU 56.0 30.7 61.6 46.0

2 ND 803 NDSU 56.0 31.7 59.1 50.2

3 ND 805 NDSU 57.0 28.7 59.2 57.7

4 ND05-13-119 NDSU 57.0 29.3 59.1 52.8

5 ND05-13-129 NDSU 56.0 30.0 59.1 48.6

6 ND05-13-145 NDSU 59.0 31.3 59.5 51.2

7 ND05-13-28 NDSU 57.3 31.0 59.0 44.9

8 ND05-13-64 NDSU 56.0 30.3 60.4 45.9

9 ND05-14-323 NDSU 57.3 29.7 59.1 51.6

10 ND06-13-46 NDSU 61.3 31.7 58.0 50.5

11 ND06-14-205 NDSU 56.0 30.7 58.2 44.7

12 ND06-14-243 NDSU 59.7 33.0 58.1 46.5

13 ND06-14-279 NDSU 56.0 29.7 59.8 51.8

14 SD3623 SDSU 56.0 32.7 58.2 49.9

15 SD3868 SDSU 56.0 32.7 54.3 49.3

16 SD3870 SDSU 56.0 31.0 54.1 51.7

17 SD4023 SDSU 58.7 27.7 59.2 51.1

18 SD4029 SDSU 56.0 29.3 57.7 48.7

19 SD4037 SDSU 58.7 25.3 57.3 46.7

20 SD4059 SDSU 56.0 28.3 56.9 40.6

21 SD4073 SDSU 58.0 30.7 57.6 51.3

22 MN03075 UMN 57.3 26.3 56.8 51.6

23 MN03098 UMN 58.0 29.0 59.3 49.6

24 MN03018 UMN 59.0 28.0 57.0 51.2

25 MN03244 UMN 56.0 30.0 58.1 45.3

26 MN03148-3 UMN 57.0 30.3 59.1 53.0

27 MN05084 UMN 56.3 28.3 56.4 48.0

28 MN05209 UMN 56.7 28.7 57.8 49.9

29 MN06113 UMN 57.3 25.3 58.3 50.7

30 HY 977-B AGRIPRO 58.3 28.0 54.3 46.3

31 01S0202-2S AGRIPRO 57.3 24.3 56.2 49.9

32 Knudson* AGRIPRO 56.0 27.0 57.7 49.1

33 Trooper* WESTBRED 63.0 26.0 60.4 46.5

34 Granite* WESTBRED 56.0 25.3 59.9 50.7

35 Banton* TRIGEN 56.0 27.7 59.8 48.4

36 05MSP6 TRIGEN 56.0 25.0 57.7 39.2

37 Trical 118 GREAT LAKES 57.0 26.0 51.5 55.9

38 Hoffman HYLAND 62.3 33.7 58.4 53.9

39 Mountrail NDSU 63.7 28.3 56.8 50.4

40 Grenora NDSU 63.3 28.7 56.9 59.2

Maximum 63.7 33.7 61.6 59.2

Minimum 56 24.3 51.5 39.2

Mean 57.7 29 58 49.5

CV 2.5 4.78 1.21 12.84

LSD 2.35 2.26 1.14 10.33
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Table 2. Means of yield  and agronomic traits of wheat and triticale entries included in 2007 yield potential 
grown in Prosper, ND in 2008.

Entry Name Institution DH Height TW Yield

1 Glenn* NDSU 57.0 36.0 63.6 53.9

2 ND 803 NDSU 57.0 34.3 59.7 54.0

3 ND 805 NDSU 59.7 35.0 61.0 70.8

4 ND05-13-119 NDSU 59.7 34.7 60.2 71.0

5 ND05-13-129 NDSU 57.7 36.0 61.3 55.4

6 ND05-13-145 NDSU 59.0 35.3 61.2 59.5

7 ND05-13-28 NDSU 59.0 38.0 59.9 56.3

8 ND05-13-64 NDSU 57.0 37.0 62.6 74.2

9 ND05-14-323 NDSU 59.3 34.3 62.3 75.7

10 ND06-13-46 NDSU 61.0 38.3 58.4 50.3

11 ND06-14-205 NDSU 57.3 36.7 61.3 55.0

12 ND06-14-243 NDSU 60.0 36.7 58.9 60.0

13 ND06-14-279 NDSU 57.3 37.0 63.6 68.2

14 SD3623 SDSU 56.3 40.3 61.6 83.1

15 SD3868 SDSU 57.3 39.3 59.6 65.6

16 SD3870 SDSU 57.7 39.0 59.7 72.3

17 SD4023 SDSU 59.3 32.7 61.3 52.7

18 SD4029 SDSU 57.7 35.3 56.3 69.1

19 SD4037 SDSU 56.3 29.3 56.3 63.8

20 SD4059 SDSU 57.0 37.0 61.8 82.4

21 SD4073 SDSU 58.7 36.7 57.7 60.6

22 MN03075 UMN 59.7 34.3 55.9 36.7

23 MN03098 UMN 57.7 33.3 60.3 69.3

24 MN03018 UMN 60.3 34.7 57.9 64.2

25 MN03244 UMN 57.3 34.3 61.4 70.7

26 MN03148-3 UMN 58.0 35.0 60.2 64.6

27 MN05084 UMN 59.3 35.3 59.3 66.4

28 MN05209 UMN 59.0 34.0 60.3 57.9

29 MN06113 UMN 57.3 31.7 59.5 67.6

30 HY 977-B AGRIPRO 59.3 36.0 54.0 50.1

31 01S0202-2S AGRIPRO 57.0 29.0 59.0 68.9

32 Knudson* AGRIPRO 59.7 32.7 59.7 52.4

33 Trooper* WESTBRED 61.0 32.7 61.4 63.7

34 Granite* WESTBRED 57.7 29.7 57.5 39.8

35 Banton* TRIGEN 58.0 34.7 61.5 64.4

36 05MSP6 TRIGEN 57.0 31.0 58.1 54.4

37 Trical 118 GREAT LAKES 57.0 29.0 51.6 40.9

38 Hoffman HYLAND 64.0 44.3 57.4 60.3

39 Mountrail NDSU 62.0 37.7 58.2 55.4

40 Grenora NDSU 61.3 34.7 59.0 57.1

Maximum 64 44.3 63.6 83.1

Minimum 56.3 29 51.6 36.7

Mean 58.6 35.1 59.5 61.5

CV 1.19 3.67 2.14 14.7

LSD 1.13 2.09 2.07 14.69




