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Discussion 
Cultivated barley with low temperature tolerance offers many advantages 

to farmers and the malting industry. A pre-requisite to breeding an LTT 

barley is identifying sufficient sources of LTT. In this study we identified 

three QTL in the Wild Barley Diversity Collection conferring LTT. 

These QTL were associated with field observations of frost damage to 

above ground plant tissue. QTL identified on 7H is likely an effect of 

VRN-H3, which confers vernalization sensitivity and maturation time. 

QTL on 4H may also be an effect of VRN-H2. QTL on 3H may be an 

effect of DENSO, a gene that affects plant height, growth habit and 

maturation time (Comadran et al., 2012). These results are expected as 

they are domestication-related traits. Although QTL mapped in this study 

may be effects of known genes, it may be possible that the WBDC 

contains diverse alleles of these genes because it represents the ancestral 

state of barley prior to domestication. Additional markers or more 

refined analysis methods may be required to identify additional QTL.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Further investigations will be required to reduce variation in the 

controlled freezing method. During freezing at -7°C, the growth 

chambers used were required to cycle up to 6°C each hour to maintain a 

subzero temperature.  This likely shocked the plants, resulting in the low 

survival observed in the one and two week treatments as well as the high 

variability of the survival of the controls, particularly Norstar, which was 

expected to have high survival. Although controlled freezing 

experiments can be problematic, they present an opportunity to conduct 

multiple experiments in one season, which warrants continued 

development. Additional investigations should identify a method that 

provides an expected percent survival differential among controls. 

 

 

 

Fig. 1. A: Growth in growth chamber for 3 weeks at 22°/16°C. B: Vernalization 

for 6 weeks at 22°C. C: Freeze treatment in growth chamber at -7°C for 

1day/1week/2weeks. D: Re-acclimation for 2 days at 3°C prior to regrowth. 

 

Introduction 
Barley (Hordeum vulgare L.) is cultivated throughout the world, and the 

majority is utilized in the malting and brewing industry. The development 

of an agronomically competitive variety of low temperature tolerant (LTT) 

barley that could be sown in autumn and harvested in early July would be 

beneficial to farmers in Minnesota because it opens up the possibility of 

double cropping with peas and beans. Additionally, fall-sown barley 

provides certain advantages over spring cultivars, including increased yield 

and quality, as well as avoidance of high temperature, water stress, and 

diseases such as stem rust and Fusarium head blight (Muñoz-Amatriaín et 

al., 2009). To increase the diversity of LTT in cultivated barley, this study 

evaluated the survival rates of accessions from the Wild Barley Diversity 

Collection (WBDC) following a freeze chamber treatment and a field trial.  

Association mapping was utilized to identify and map loci conferring LTT.   
 

Materials and Methods 
The Wild Barley Diversity Collection consists of 318 wild barley 

(Hordeum vulgare subsp. spontaneum) accessions (Steffenson et al., 2007). 

Ten seeds of 307 accessions were sown in flats and cold treated at 3°C for 

1 week to break dormancy. Plants were then grown in a growth chamber 

for 3 weeks with 16 hr day length at day/night temperatures of 22°/16°C at 

250 µmol/m2s PAR. Plants were cold hardened at 3°C for 6 weeks with 8 

hr day length.  In week 11, plants were trimmed and exposed to a 

freeze/thaw hardening phase in a growth chamber set at +3/-3°C with 8 hr 

day length at 100 µmol/m2s PAR. Three replications were frozen in a 

growth chamber set at -7°C with an 8 hr day length for 1 day/1 week/2 

weeks. Plants were re-acclimated in a vernalization chamber for 2 days 

prior to regrowth in a growth chamber. Stand counts were taken prior to 

the freeze/thaw hardening phase and following regrowth. The collection 

was planted in Saint Paul and frost damage was scored this fall prior to 

snow cover. Association mapping was used to identify markers linked to 

LTT using the rrBLUP software package (Endelman, 2011). Marker data 

was generated as described by Roy et al. 
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Fig. 5. P + K model QQ and Manhattan plot of frost damage generated using 

association mapping software rrBLUP.   
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 Results 
In the one and two week treatments, apparent re-growth died during the 

second week after freezing. In the one week treatment, only one wild barley 

plant survived. In the two week treatment, notes were taken on re-growth 

prior to dieback and used in association mapping.  In the one day treatment, 

many accessions did not die above the soil, however, in all three replications, 

significant unexpected variation was observed. Each replication contained 

multiple controls, including multiple plantings of Norstar, a cold hardy 

winter wheat variety expected to survive in all replications. In the one and 

two week treatments, Norstar experienced less than 10% survival. High 

variability of Norstar survival was observed in the one day treatment, ranging 

from 0 to 100% survival among plantings (Fig. 3). Despite variation, survival 

data was used in association mapping, however it did not yield significant 

associations (Fig. 4). Field-associated frost damage data revealed three QTL 

on chromosomes 3H, 4H, and 7H (Fig. 5).        

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

Fig. 2. E: Comparison of spring re-growth of Rasmussen, a spring barley 

cultivar, and a wild parent. F: 2012 spring re-growth of the WBDC in St. Paul.   
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Fig. 4. P + K model QQ and Manhattan plots of each freeze treatment replication 

generated by association mapping software package rrBLUP. 

Fig. 3. G: Single flat from replication 

frozen for one week with only one 

surviving Norstar plant. F: All three 

replications in re-growth at 22°/16°C.  
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