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Variation of Seed Dormancy and After-ripening in Tetraploid 
Wheat (Triticum durum, T. turgidum, T. turanicum,  

T. carthlicum, T. polonicum) 

R. Tavakkol-Afshari1* and P. Hucl2 

ABSTRACT 

In western Canada, durum wheat cultivars (Triticum durum) have low to moderate lev-
els of seed dormancy and are susceptible to pre-harvest sprouting. The aim of this study 
was to evaluate the dormancy level of Canadian durum wheat cultivars and to identify 
tetraploid wheat accessions with elevated levels of seed dormancy. First, the level of seed 
dormancy and length of after-ripening of 17 North American durum wheat cultivars were 
evaluated. The plants were grown under field conditions in 1995 and 1996, harvested at 
maturity (Zadok’s Growth Stage 92, ZGS 92), dried at room temperature for one week, 
and assessed for level of seed dormancy over seven weeks of after-ripening at 20°C. Seed 
dormancy was characterized by the extent of germination at 20°C. The results indicated 
that five durum cultivars exhibited moderate levels of seed dormancy at maturity while 
the remaining cultivars were non-dormant. Likewise, a rapid loss of dormancy (within 2-3 
weeks of after-ripening) was characteristic of all durum cultivars. In a second experiment, 
78 accessions of T. turgidum, T. turanicum, T. carthlicum, T. polonicum, and T. durum 
from the USDA germplasm collection grown under field conditions in 1995 and 1996 were 
evaluated for seed dormancy with the idea of identifying potential sources of increased 
seed dormancy. At ZGS 92, eighteen accessions were classified as dormant. Accession 93-
282 was the only highly dormant genotype in this study. The seven most dormant acces-
sions, identified in two years of field tests, were tested for length of the dormancy period. 
Accession 93-282 was the only genotype that had a longer period of dormancy than the 
durum cultivar, Kyle. The intensity of seed dormancy was quantified at five germination 
temperatures. A dormancy index was calculated from germination data at 10 and 20°C. 
The dormancy indices of tetraploid accessions 93-62 and 93-177 were 37% higher than 
that of the durum cultivar Kyle. 

Keywords: After-ripening, Dormancy index, Seed dormancy, Seed germination, Tempera-
ture, Tetraploid wheat. 
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INTRODUCTION 

Dormancy in wheat caryopses (Triticum 
spp.) is an important agronomic trait. Lack 
of dormancy can result in pre-harvest 
sprouting under wet climatic conditions, 
which adversely affects end-use quality. In 
contrast, excessive dormancy results in poor 
stand establishment (Derera, 1989). 

Primary dormancy in cereal caryopses 
arises during the development of the grain 
on the mother plant. The intensity of dor-
mancy varies greatly, and this variation may 
be genetic in origin, but influenced by the 
environmental conditions occurring during 
grain development (Simpson, 1990). Pri-
mary dormancy in cereals is temperature 
dependent. Primary dormancy is generally 
displayed only above certain critical tem-
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peratures, usually around 17-20°C in the 
germination medium. Freshly harvested 
caryopses may not germinate when placed 
under optimum environmental conditions 
and will only germinate after a period of dry 
storage referred to as after-ripening (Bewley 
and Black, 1994). 

In western Canada, a low level of grain 
dormancy and a short period of after-
ripening are undesirable because, occasion-
ally, untimely rains at harvest cause sprout-
ing of the grains in the spike before the 
wheat can be harvested. Durum wheat culti-
vars (Triticum durum) have low to moderate 
levels of dormancy and are susceptible to 
pre-harvest sprouting. Economic losses re-
sulting from sprouting in wheat (prairie-
wide) are estimated at 5.25% per annum 
(Wahl and O’Rourke, 1993). Based on that 
estimate, losses in the Canada Western Am-
ber Durum crop average $36 million per an-
num. Moreover, millers are reluctant to pur-
chase sprouted durum, and the commercial 
grade standard tolerates only low amounts of 
visible sprouting. In Canada, a maximum of 
0.5% of kernels with visible sprouts is per-
mitted in the top durum grade (Canadian 
Grain Commission, 1991).  

It is generally accepted that the long-term 
solution to the pre-harvest sprouting prob-
lem lies in the development of cultivars that 
resist the damaging effects of rain during the 
period between maturity and the completion 
of harvest. In order to breed new cultivars 
with higher levels of grain dormancy and 
reduced sprouting damage, the levels of 
dormancy in existing cultivars or germplasm 
needs to be identified. 

Reported studies on dormancy and after-
ripening in tetraploid wheat are few in num-
ber and only a limited number of genotypes 
have been investigated (Clarke et al., 1994, 
Hare et al., 1988). The objectives of this 
study were to determine: levels of dormancy 
and length of after-ripening in five tetraploid 
and one hexaploid wheat species and the 
temperature sensitivity or response to tem-
perature of wheat genotypes differing in 
dormancy level. 

MATERIALS AND METHODS 

Length of Seed Dormancy Period in  
Durum Cultivars 

Plant Materials: For this experiment, 17 
durum cultivars (Triticum durum) and three 
common wheat (Triticum aestivum L.) con-
trols were used. This experiment was con-
ducted at two locations, the University of 
Saskatchewan’s Seed Farm (Saskatoon) and 
Kernen Crop Research Farm (6 km east of 
Saskatoon) in 1995 and 1996. The soil types 
at the Seed Farm and Kernen Farm were an 
orthic-dark-brown Bradwell clay-loam and 
Sutherland clay/clay-loam, respectively. At 
each location, a randomized complete block 
design (RCBD) with four replications was 
used. Each plot consisted of four 2.4m long 
rows spaced 30 cm apart and was sown at 
approximately 250 seeds per m2. Sowing 
dates were 4 and 17 May in 1995 and 13 and 
28 May in 1996 for the Seed Farm and 
Kernen Farm, respectively. Fertilizer (11-
51-0) was drilled with the seed at approxi-
mately 50 kg ha-1 and all experiments were 
conducted on fallow land. 

For all experiments, spikes were harvested 
when plants reached Zadok’s growth stage 
(ZGS) 92 (Zadoks et al., 1974). The spikes 
were held at room temperature (23±2°C) for 
7 days, then placed in a freezer at -20°C 
(Mares, 1983). For this particular experi-
ment, 40 and 50 spikes were harvested per 
plot in 1995 and 1996, respectively. 

Laboratory Experiments: At least 15 intact 
spikes per plot (collected from the field) 
were threshed by hand. Seeds were stored in 
sealed paper envelopes at -20°C and re-
moved from the freezer at one-week inter-
vals and kept at room temperature (23±2°C) 
for seven weeks. Germination tests were 
conducted with 50 seeds. Seeds were placed 
in Petri plates (9 cm diameter) lined with a 
double layer of filter paper (Whatman No.1) 
containing 5 m of double distilled water. 
Germination tests were conducted for seven 
days in an incubator at 20°C under dark 
conditions. A RCBD (coincident with the 
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field experimental design) was used in this 
experiment. Each plot within a block con-
sisted of 50 seeds placed on a Petri plate. A 
Hotpack model 352632 illuminated envi-
ronmental chamber (Hotpack Corporation, 
Philadelphia, Pennsylvania) was used. The 
relative humidity inside the chamber was 
45-50%. Germination tests were conducted 
within two months of harvest. After seven 
days, germinated seeds were counted and 
removed. Ungerminated seeds were treated 
with 1 mM of gibberellic acid (GA3) solu-
tion (Hou and Simpson, 1993) to evaluate 
their viability. The treated seeds were 
counted after 3 days at 20°C. In order to 
evaluate seed dormancy, the final percentage 
germination was divided into the number of 
seeds germinated prior to GA3 treatment. A 
seed was considered germinated when the 
radicle pierced the coloeorhiza and was be-
tween 3 and 4 mm in length. 

Screening Tetraploid Wheat Germplasm 
for Seed Dormancy 

Plant Materials: A total of 78 tetraploid 
wheat accessions from four species (Triti-
cum turgidum, T. turanicum, T. carthlicum 
and T. polonicum) from the USDA germ-
plasm collection, five commercial durum 
cultivars, and three common wheat cultivars 
were used. This experiment was conducted 
in 1995 and 1996 at one location, University 
of Saskatchewan’s Seed Farm. A RCBD 
with four replications was used. Each plot 
consisted of a single 2.4 m long row with a 
row spacing of 30cm. The sowing dates 
were 5 and 15 May in 1995 and 1996, re-
spectively. Fifty spikes per plot were har-
vested at ZGS 92. 

Laboratory Experiments: At least 15 intact 
spikes per plot were threshed by hand. Ger-
mination tests were carried out on the hand-
threshed seeds. A RCBD with four replica-
tions was used. The experimental method 
was the same as in Experiment 1. 

Length of Seed Dormancy in Selected 
Tetraploid Accessions  

In this experiment, 10 accessions (six 
tetraploid and four hexaploid) with the high-
est level of seed dormancy, Kyle and Scep-
tre, durum controls, and RL4137 and 
AUS1408 (dormant common wheat con-
trols) were evaluated for the length of seed 
dormancy. Germination tests were con-
ducted using a RCBD with three replications 
of 25 and 50 seeds in 1995 and 1996, re-
spectively. The experimental method was 
the same as in Experiment 1. 

Evaluation of Seed Dormancy in Wheat 
Genotypes at Five Temperatures 

Plant Materials: Nine accessions with a 
high level of seed dormancy along with the 
durum cultivars, Kyle and Sceptre, and 
common wheat cultivars, RL4137, 
AUS1408 and AUS1293 were tested for 
temperature sensitivity. Plants grown in 
1996 and 1997 were used as the seed source 
for this experiment.  

Laboratory Experiments: Fifty hand-
threshed seeds stored at -20°C were placed 
on two filter papers (Whatman No.1) per 
Petri plate (9 cm diameter) containing  
5mL-1 distilled water and incubated for 
seven days at 5, 10, 15, 20, or 25°C in the 
dark. A split plot design with three replica-
tions was used. The temperatures and geno-
types were considered as the main and sub-
plots, respectively. The germinated seeds 
were counted after seven days, and unger-
minated seeds were treated with gibberellic 
acid (1 mM) to test their viability. 

A dormancy index (DI) (Strand, 1989) was 
calculated from the germination test data at 
10°C and at 20°C. The formula is as fol-
lows: 

% dormant seed at 10 °C × 2 %dormant seed at 20 C 
DI = 

3

+ o

Analysis of variance was conducted for 
dormancy index. Genotypes were compared 
with respect to their dormancy indices. 
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Data Analysis 

Analysis of variance (ANOVA) was per-
formed for individual experiments sepa-
rately. Subsequently, combined analyses 
were used over the years and locations. For 
all experiments, years, locations and replica-
tions were considered random. To test the 
homogeneity of variances, the Bartlett’s test 
was used. 

In germination experiments (percentage 
based), a wide range of germination data 
(0% to 100%) results in smaller variances of 
means near 0% and 100% than the variances 
of means near the middle range (30% to 
70%) (Fernandez, 1992). In the present 
study, since the percentages of germination 
ranged from 0% to 100%, an arcsin ( % ) or 
angular transformation is appropriate. 

Least significant differences (LSD) were 
calculated to measure the differences be-
tween cultivars, temperatures, and dormancy 
indices. In a mixed model, for comparing 
two genotype means (averaged over all lev-
els of other factors in the experiment), a spe-
cial procedure for synthesizing F- tests, ap-
proximating degrees of freedom, and calcu-
lating appropriate LSDs is required. The 
procedures of Carmer et al. (1989) were fol-
lowed with some modification to allow for 
environmental variation to be subdivided 
into year, location, and year × location inter-
action (R.J. Baker, personal communica-
tion). 

Estimated variance of a mean and its de-
grees of freedom are used to calculate an 
LSD in the usual way, i.e., LSD 
(α)=tα/2,df√[2 × estimated variance of a 
mean].  

RESULTS 

Length of Seed Dormancy in Durum 
Cultivars 

The cultivars exhibited a gradual loss of 
dormancy with after-ripening (Table 1). 
Among the durum cultivars, Kyle had the 
highest level of seed dormancy, with germi-
nation angles of 57 and 37 at week zero in 
1995 and 1996, respectively (data not 
shown). 

Combined analyses indicated that differ-
ences among cultivars and among lengths of 
after-ripening were statistically significant 
(data not shown). The interaction between 
cultivar and after-ripening period was highly 
significant, suggesting that cultivars differed 
in patterns of dormancy loss.  

A seven-week after-ripening period re-
sulted in a reduction in seed dormancy as 
demonstrated by higher germination (>80%, 
i.e, >63°) in all cultivars except RL4137. 
With the exception of RL4137 and the du-
rum cultivar, Kyle, four weeks of after-
ripening resulted in higher germination 
(90%, i.e., 73°) in the remaining cultivars 
(Table 1). 

In the absence of after-ripening, three 
groups of cultivars can be identified (Table 
1). In the first group, 11 cultivars (Arcola, 
Coulter, Hercules, Macoun, Medora, Ram-
sey, Plenty, Sceptre, Ward, Katepwa, and 
Fielder) showed no signs of seed dormancy 
at ZGS 92 as characterized by high germina-
tion (80%, i.e,>63°). Germination of this 
first group following seven weeks of after-
ripening was similar in 1995 and 1996. 

In the second group, a number of cultivars 
with various germination responses includ-
ing Kyle (47°=53%), Wascana (52°=62%), 
Mindum (55°=67%), Pelissier (56°=69%), 
Lakota (58°=72%), and Stewart (59°=73%), 
exhibited intermediate levels of seed dor-
mancy at week zero (Table 1) and a higher 
germination angle following after-ripening. 
The calculated LSD indicated that, among 
durum cultivars, Kyle exhibited a signifi-
cantly higher level of seed dormancy at all 
after-ripening intervals than the non-
dormant cultivars in the first group. 
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The common wheat control cultivar, 
RL4137, was the only one with a very high 
level of seed dormancy at week zero. A long 
period of after-ripening was required for 
RL4137 to increase caryopsis germination. 
Seven weeks of storage at room temperature 
resulted in a large reduction in dormancy 
(germination angle of 59°=73%) for this cul-
tivar. 

Screening Tetraploid Wheat Germplasm 
for Seed Dormancy 

A combined analysis indicated significant 
differences among wheat genotypes for 
germination at 20°C. The interaction be-
tween year and wheat genotypes was also 

statistically significant (data not shown). 
The wheat genotypes exhibited a wide range 
of germination at 20°C (Table 2). The calcu-
lated LSD indicated significant variation 
among tetraploid accessions. The wheat 
genotypes ranged from 14% (22°) for acces-
sion 93-282 to 100% (90°) in germination 
for accessions 93-22 and 93-37. 

T. polonicum and T. turgidum contained 
dormant genotypes. Based on the calculated 
LSD value (Table 2), a number of wheat 
accessions had significantly higher levels of 
seed dormancy than the best durum control 
cultivar, Kyle. Accessions 93-282 and 93-
951 with 14% (22°) and 21% (26°) germina-
tion, respectively, were in that group. Acces-
sions from T. carthlicum were all non-
dormant. 

Table 1. Germination angle (sin-1 √ transformation) of wheat cultivars with up to seven weeks of af-
ter-ripening at room temperature averaged over years and locations. 

 Length of after-ripening (weeks)  
Genotype 0 1 2 3 4 5 6 7 Average 
Durum          
Arcola 81 80 85 86 89 87 88 88 86 
Coulter 78 82 84 85 86 86 85 89 84 
Hercules 76 80 82 82 85 83 87 86 83 
Kyle 47 54 61 63 72 75 77 81 66 
Lakota 58 65 67 72 75 78 80 83 72 
Macoun 71 75 80 82 84 86 85 88 81 
Medora 72 78 82 87 86 88 89 89 84 
Mindum 55 65 70 72 77 78 85 86 73 
Pelissier 56 64 71 74 78 82 80 86 74 
Plenty 68 71 74 80 83 85 83 87 79 
Ramsey 73 79 84 87 87 87 88 89 84 
Sceptre 77 81 82 84 84 83 84 89 83 
Stewart 59 73 77 83 86 86 89 90 80 
Stewart 63 62 68 75 81 83 85 86 88 79 
Wakooma 63 67 71 76 77 80 83 84 75 
Ward 69 77 81 83 84 86 86 88 82 
Wascana 52 59 65 73 74 83 81 83 71 
Common wheat          
Katepwa 79 88 89 87 89 89 89 88 87 
RL4137 11 13 18 30 37 45 53 59 33 
Fielder 82 84 87 88 89 90 88 89 87 
LSD (0.05) between two genotypes at one level of after-ripening=7a 

asynthetic error term=√[1/128 × (629.8+288.2-523.7+7(39.9)+7(60.8)-7(46.9))]. 
Satterthwaite’s df=5. 
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On average, a higher germination was de-
tected in 1995 than in 1996. However, a 
number of accessions including 93-159, 93-
220, 93-369, and 93-634 did not show such 
a pattern with their germination being higher 

in 1996. 
The back-transformed data in this experi-

ment was used to group genotypes into a 
subjective dormancy grouping (based on 
average germination percentage) namely, 

Table 2. Seed dormancy at ZGS 92 as characterized by the germination angle (sin-1 √ transforma-
tion) and germination (%) after 7 days at 20°C (averaged over years). 

Genotype Germination 
angle 

Germination 
(%) 

Genotype Germination 
angle 

Germination 
(%) 

93-21 (tg) 69 87 93-152 77 95 
93-22 90 100 93-176 50 58 
93-33 65 82 93-177 39 39 
93-37 90 100 93-190A 44 48 
93-40 76 94 93-190B 41 43 
93-44 71 89 93-192 42 45 
93-100 46 51 93-268B 57 70 
93-153 77 95 93-269 40 41 
93-159 61 76 93-271A 48 55 
93-161 74 92 93-342 77 95 
93-164 68 86 93-381 84 99 
93-165A 66 84 93-416 39 40 
93-173 82 98 93-460 46 52 
93-183 63 80 93-461 52 62 
93-197 66 84 93-474 40 42 
93-209 47 53 93-822 68 86 
93-214 55 67 93-976 48 55 
93-218 70 88 93-363 (ca) 69 87 
93-220 66 84 93-419 74 92 
93-222 80 97 93-501 84 99 
93-265 42 45 93-837 84 99 
93-274 66 84 93-369 (po) 31 27 
93-282 22 14 93-933 60 75 
93-374 77 95 93-935 54 65 
93-440 70 88 93-943 54 66 
93-443 32 28 93-951 26 21 
93-468 61 77 93-955 44 48 
93-522 47 54 93-956A 66 84 
93-542 76 94 93-960 36 35 
93-576A 42 45 93-965 82 98 
93-574 46 52 93-967 84 99 
93-577 51 60 Kyle (du) 44 49 
93-580 36 34 Plenty 71 89 
93-583 49 57 Medora 75 93 
93-823 45 50 Sceptre 76 94 
93-824 47 54 Arcola 82 98 
93-826 49 57 RL4137 (as) 6 1 
93-827B 71 89 Aus1293 32 28 
93-909 84 99 Aus1408 25 18 
93-921 60 75 93-480 8 2 
93-922 66 83 93-581 20 12 
93-62 (ta) 37 36 93-619 30 25 
93-143 78 96 93-634 16 8 
LSD (0.05)= 18a   18  

tg=T.turgidum, ta=T. turanicum, ca=T.carthlicum, po=T. polonicum, du=T.durum, as=T.aestivum. 
aLSD=1.99 × √[2 × 312.9/8]. 
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non-dormant (>80%), moderately dormant 
(50%-80%), dormant (20%-49%), and 
highly dormant (<20%). Triticum turgidum 
accession 93-282 with 14% (22°) germina-
tion was the only tetraploid genotype with a 
high level of seed dormancy. Likewise, a 
number of hexaploid genotypes including 
RL4137, 93-634, and 93-480 with 1% (6°), 
8% (16°), and 2% (8°) germination, respec-
tively, were typical of this group. 

Triticum turanicum contained a number of 
dormant genotypes. Accessions 93-62 and 
93-177 with 36% (37°) and 39% (39°) ger-
mination, respectively, were typical of this 
group. The results of this study indicated 
that a large number of genotypes showed 
little or no dormancy. Accessions 93-22 and 
93-37 with 100% (90°) germination were 

typical of the non-dormant group. Of the 
durum control cultivars, Kyle with 49% 
(44°) germination was the only one that 
showed an intermediate level of seed dor-
mancy. 

With the exception of T. carthlicum, each 
species contained dormant and highly dor-
mant genotypes (Table 3). T. polonicum and 
T. turanicum were the most dormant, having 
the lowest average germination level. 

Length of Seed Dormancy in Selected 
Tetraploid Accessions  

Ten accessions with the highest level of 
seed dormancy were selected from Experi-
ment 2 (Table 4). Two durum cultivars 
(Kyle and Sceptre) and two highly dormant 

common wheat cultivars (RL4137 and 
AUS1408) were considered as controls in 
this experiment. 

Significant differences were observed 
among genotypes and lengths of after-
ripening in both years (1995 and 1996) (data 
not shown). Likewise, the interaction be-
tween genotype and after-ripening was sta-
tistically significant. Tetraploid wheat geno-
types expressed varying levels of seed dor-
mancy at week zero in both years and lost 
dormancy following different patterns. At 
week zero, tetraploid genotypes 93-282 and 
93-951 expressed higher levels of dormancy 
than Kyle in 1995 and 1996 (data not 
shown). Likewise, hexaploid accession 93-
480 was more dormant than the control cul-
tivar (RL4137) in 1995, 20% (24°) versus 
40% (38°) germination percent, and ex-

pressed a similar level of dormancy 
(19%=26°) in 1996. Sceptre, with the high-
est level of germination, was considered as 
non-dormant with more than 90% germina-
tion. 

A combined analysis of variance was con-
ducted on transformed data (data not 
shown). Significant differences were de-
tected among genotypes and length of after-
ripening. Accessions displayed a wide range 
of seed dormancy at ZGS 92 (week zero) 
(Table 4). Among tetraploid genotypes, ac-
cessions 93-282 and 93-951 with a germina-
tion percentage of 11% (19°) and 12% (20°) 
were highly dormant. The LSD (Table 4) 
indicated that significant differences existed 
between all tetraploid accessions and Scep-
tre (non-dormant cultivar) at week zero. 
However, only accession 93-282 exhibited a 

Table 3. Average and range of germination (%) for four tetraploid species and five 
durum control cultivars evaluated in 1995 and 1996. 

Species Number of accesions Average Range 
T. carthlicum 4 94 87-99 
T. polonicum 10 61 21-99 
T. turgidum 41 74 14-100 
T. turanicum 19 61 36-99 
T. durum 5 85 49-98 
Total 79  
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significantly higher level of seed dormancy 
than the durum control cultivar Kyle at a 
given level of after-ripening (first week). 
Among hexaploid genotypes, no significant 
differences were detected. All these geno-
types exhibited a high level of seed dor-
mancy at week zero. The level of dormancy 
in the selected hexaploid genotypes was 
higher than that of the selected tetraploid 
genotypes. 

The data suggest different patterns of 
dormancy loss during after-ripening among 
genotypes (Table 4). The first pattern, exhib-
ited by hexaploid genotypes 93-480, 93-634, 
RL4137, and AUS1408, showed no apparent 
changes in the level of seed dormancy after 
four weeks of after-ripening and only a 
moderate change between 4 and 7 weeks. In 
this highly dormant group, genotypes exhib-
ited nearly identical levels of seed dormancy 
at ZGS 92 (week zero). Seven weeks of af-
ter-ripening resulted in moderate increases 
in germination angle of the aforementioned 
genotypes. 

In the second patten characteristic of 
tetraploid accessions 93-960, 93-580, 93-

955, 93-369, and 93-951 and the cultivar 
Kyle, three weeks of after-ripening signifi-
cantly reduced the level of dormancy with 
the germination percentage ranging from 
76% (61°) to 94% (77°). 

The third pattern, characteristic of 93-282, 
93-581 and 93-619 showed a moderate re-
duction in seed dormancy after four weeks, 
with a further decrease between 4 and 7 
weeks. Although accessions 93-581 and 93-
619 exhibited a similar level of seed dor-
mancy to the first group at week zero, in 
contrast to the first group, they reached 77% 
(62°) and 85% (69°) germination , respec-
tively after seven weeks of after-ripening. 
The last pattern, exhibited by durum culti-
var, Sceptre, showed no dormancy at any 
stage of after-ripening. 

Evaluation of Seed Dormancy in Wheat 
Genotypes at Five Temperatures 

A combined analysis of variance detected 
significant differences among years, replica-
tion, genotypes, and temperatures (data not 

Table 4. Germination angle (sin-1√ transformation) of selected tetraploid and hexaploid wheat geno-
types (averaged over years) at ZGS 92 (week 0) and up to seven weeks of after-ripening at room 
temperature. 

 Length of after-ripening (week)  
Genotype 0 1 2 3 4 5 6 7 Average 
Tetraploid          

93-282 19 21 39 51 61 67 70 79 51 
93-369 30 48 59 73 73 79 88 88 67 
93-580 30 45 50 61 70 77 81 85 62 
93-951 20 52 74 77 90 86 90 90 72 
93-955 46 56 69 78 78 85 87 88 73 
93-960 32 55 63 75 81 84 90 86 70 
Kyle 39 44 55 66 68 71 76 77 62 

Sceptre 79 81 84 88 85 86 88 90 85 
Hexaploid          

93-480 5 9 17 20 23 31 34 45 23 
93-581 15 27 35 42 47 54 56 62 42 
93-619 18 26 42 41 53 61 69 69 47 
93-634 9 14 24 25 34 41 45 47 30 
RL4137 10 16 23 26 34 39 44 47 30 

AUS1408 13 22 23 26 30 31 37 34 27 
LSD (0.05) (between two genotypes at one level of after-ripening)= 22a 
a 2.07 × √[2/48 × (2082.3+7(99.0))] where synthetic error is: 
[2/48 × (2082.3+7(99.0))]; df=23. 
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shown).  
Genotypic differences in germination oc-

curred both at low and high temperatures 
(Table 5). In general, a higher percentage of 
seeds germinated at 10°C compared to 20°C. 
However, the magnitude of the change re-
sulting from the temperature shift differed 
from genotype to genotype. 

Among the genotypes that showed no 
level of dormancy at 10°C, a relatively high 
level of dormancy and large genotypic dif-
ferences were observed at 20°C. Except for 
the non-dormant cultivar, Sceptre, which 
had a relatively high germination across 
temperatures (10°C to 25°C), germination of 
other genotypes decreased at higher tem-
peratures (Table 5). 

After seven days of incubation, all culti-
vars showed low germination at 5°C. While 
accession 93-443 exhibited the highest level 
of germination, the calculated LSD did not 
detect any significant differences between 
the durum cultivar Kyle and the best 

tetraploid accession, 93-282. At this tem-
perature, a longer period of time is required 
for germination. According to Bewley and 
Black (1994), lack of high metabolic activity 
(e.g. enzyme activity for respiration) at low 
temperature could result in lower germina-
tion levels. However, this low temperature 
can condition the seeds to germinate at 
higher temperatures. At 10°C, the germina-
tion of all genotypes increased significantly. 
With the exception of 93-62 and 93-177 
with germination percentages 64% (53°) and 
69% (57°), respectively, the other genotypes 
exhibited higher levels of germination. At 
10°C, these two tetraploid accessions exhib-
ited significantly higher levels of seed dor-
mancy than the durum control cultivar, 
Sceptre. At this temperature (10°C), very 
little seed dormancy was detected for the 
highly dormant hexaploid controls, RL4137 
and AUS1293 (84% (67°) and 89% (71°), 
respectively. 

Table 5. Germination angle (arcsin square-root transformation) of wheat genotypes at ZGS 92 conducted 
at five temperatures for seven days over two years (1996 and 1997). 

Temperature 
Genotype 5 °C 10 °C 15 °C 20 °C 25 °C Average 
Tetraploid       
93-282 6 78 63 30 13 38 
93-369 20 79 76 35 20 46 
93-580 7 65 69 42 28 42 
93-951 14 76 79 30 13 43 
93-955 19 78 73 39 15 45 
93-960 20 79 72 33 11 42 
93-443 32 85 82 43 24 53 
93-62 6 53 47 28 20 31 
93-177 6 57 50 23 21 31 
Kyle 4 69 58 40 29 40 
Sceptre 5 79 70 60 65 56 
Hexaploid       
RL4137 3 67 40 11 4 25 
AUS1408 7 53 33 21 7 24 
AUS1293 3 71 48 27 19 34 
LSD (0.05) (between two genotypes at one level of temperature)=23a 
a2.01 × √[2/30 × (744.6+4(290.90))]; where synthetic error is 
1/30 × (744.6+4(290.90)); df=53. 
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Raising the temperature beyond 10°C re-
duced germination thus increasing the ex-
pression of seed dormancy. At 20°C, seeds 
of all genotypes had significantly lower 
germination than at 10°C. 

Among tetraploid wheat genotypes, the 
non-dormant cultivar Sceptre had high levels 
of germination at all temperatures above 
5°C. Except at a very low temperature 
(5°C), accessions 93-62 and 93-177 exhib-
ited higher levels of seed dormancy than 
Sceptre at the other temperatures. The 
hexaploid control cultivars expressed a high 
level of dormancy and did not differ signifi-
cantly from each other. On average, 
tetraploid accessions 93-62 and 93-177 ex-
hibited a higher level of seed dormancy than 
the durum control cultivar, Kyle. Averaged 
over temperatures, hexaploid wheat controls, 
RL4137 and AUS1408, expressed the high-
est level of seed dormancy. 

Germination at 10°C and at 20°C is con-
sidered as a strong test for seed dormancy 
(Strand, 1989). Transformed data were used 
to calculate the dormancy index. The dor-
mancy indices (DI) of wheat genotypes were 
calculated from germination data at 10°C 

and 20°C. Analysis of variance detected sig-
nificant differences among genotypes in 
both 1996 and 1997 (data not shown). On 
average, the dormancy index was 57% 
higher in 1996 than in 1997. Except for 
Sceptre, which had a similar dormancy in-
dex in both years, the dormancy indices of 
all genotypes decreased in 1997.  

A relatively wide range of dormancy indi-
ces was detected among genotypes. Acces-
sions 93-62 and 93-177 with dormancy indi-
ces of 75.3 and 73.1 in 1996 and 25.3 and 
28.0 in 1997, respectively, had stronger 
dormancy levels than the tetraploid durum 
control, Kyle (Table 6). All hexaploid geno-
types exhibited similar dormancy indices in 
1997 based on the calculated LSD. 

DISCUSSION 

Resistance of cereal cultivars to pre-
harvest sprouting is thought to be largely a 
result of seed dormancy (Fujita et al., 1996). 
In the first part of the current study, the ge-
netic variation in dormancy level and length 
of after-ripening in a cross-section of Cana-

Table 6. Dormancy indices of wheat genotypes at two germination temperatures con-
ducted in 1996 and 1997. 

                              Dormancy inde`x  
Genotype                    1996 1997 
Tetraploid   
93-282 41.3 13.6 
93-369 32.4 16.7 
93-580 55.1 12.4 
93-951 46.7 15.1 
93-955 27.3 21.3 
93-960 34.7 20.9 
93-443 32.4 3.8 
93-62 75.3 25.3 
93-177 73.1 28.0 
Kyle 52.0 11.3 
Sceptre 12.0 11.7 
Hexaploid   
RL4137 53.1 34.2 
AUS1408 74.2 28.2 
AUS1293 39.8 19.7 
LSD (0.05)=  14.0a 10.8b 
a1996=2.056×√[2×70/3] 
b1997=2.056×√[2×41.2/3] 
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dian and U.S. durum cultivars were investi-
gated. In this study, dormancy loss in durum 
wheat was characterized by progressive 
changes in germination angles. None of the 
durum cultivars exhibited high levels of dor-
mancy at ZGS 92. The cultivars Kyle, 
Wascana, Mindum, and Pelissier were the 
only cultivars that exhibited moderate levels 
of dormancy at ZGS 92 (Table 1). Different 
cultivar patterns of germination response 
were observed over the seven weeks of af-
ter-ripening. Among durum cultivars, Kyle 
was the only one that required a longer pe-
riod (four weeks) of after-ripening to reach 
high germination angle. The hexaploid con-
trol cultivar RL4137 required the longest 
period of after-ripening.  

In breeding programs, the use of tetraploid 
sources with high levels of seed dormancy 
would be genetically easier (Clarke et al., 
1994). The accessions displayed a wide 
range of seed germination at 20°C (Table 2). 
Based on the calculated LSD (p=0.05), only 
one accession had a significantly lower ger-
mination than the control cultivar Kyle. 
With the exception of T. carthlicum, each 
tetraploid species contained dormant and 
moderately dormant genotypes. T. turgidum 
contained the most dormant accession with 
only 14% germination. Control cultivar, 
RL4137, with a very low germination per-
centage exhibited the highest level of dor-
mancy in this study. However, based on the 
LSD test, there is no significant difference 
between the best tetraploid dormant acces-
sion (93-282) and RL4137.  

Six accessions were advanced for evalua-
tion of the after-ripening requirement. The 
LSD test (p=0.05) detected significant dif-
ferences between the most dormant acces-
sion (93-282) and the durum control, Scep-
tre, at ZGS 92 and for the first four weeks of 
after-ripening (Table 4). The dormancy lev-
els of three accessions (93-282, 93-369, and 
93-580) declined after three weeks while 
those of the other three (93-951, 93-955, and 
93-960) had already broken down. The se-
lected common wheats exhibited greater 
lengths of dormancy compared to the 
tetraploid accessions. The patterns of after-

ripening for two hexaploid wheat accessions 
(93-480, 93-634) and RL4137 seem to be 
greater than seven weeks. 

Several studies were conducted to identify 
sprouting resistant durum wheat (T.turgidum 
L. var durum) (Hare et al., 1988; Clarke et 
al., 1994). However, these studies did not 
directly address the after-ripening require-
ment of tetraploid wheat germplasm. After 
evaluating diverse wheat germplasm, 
Gordon (1983) reported that the durum cul-
tivar Stewart was dormant and exhibited the 
lowest level of α-amylase activity among 43 
white seed coat genotypes. In the current 
study, Stewart was considered non-dormant. 
A collection of durum wheat germplasm 
from ICARDA and Spain was evaluated by 
Clarke et al. (1994) for sprouting resistance. 
In agreement with our results, Kyle (with a 
moderate level of seed dormancy) was con-
sidered a genotype with an intermediate 
level of sprouting resistance. In contrast, 
Stewart 63, reported to be a sprouting resis-
tant cultivar in their study, was considered 
non-dormant in the present study. In a study 
by Mares (1987), 80 wheat accessions from 
eight tetraploid species were evaluated for 
seed dormancy. Similar to our results, two 
tetraploid species, T. durum and T. poloni-
cum, contained promising accessions for 
sprouting resistance.  

There is considerable genetic diversity in 
the expression of dormancy in response to 
germination temperature. Seeds of all geno-
types expressed no seed dormancy at 10°C 
as indicated by high germination (Table 5). 
At this temperature, the LSD test (p=0.05) 
detected no significant difference between 
the non-dormant durum cultivar Sceptre and 
the highly dormant tetraploid accession 93-
282. It has been reported that a large propor-
tion of dormant seeds from different species 
can be released from seed dormancy by ex-
posing imbibed seed to low temperatures, 
normally between 1° and 10°C (Corbineau 
et al., 1993).  

At an intermediate temperature (15°C), a 
slight reduction in germination was observed 
for some dormant genotypes, while others 
still showed high levels of germination. A 
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germination temperature of 20°C resulted in 
the expression of seed dormancy in highly 
dormant genotypes. However, maximum 
genetic variation occurred at the highest 
temperature (25°C). 

According to Simpson (1990), mature 
seeds may: germinate at all temperatures (no 
dormancy); germinate partially at low but 
not at higher temperatures (thermal dor-
mancy); or not germinate at any temperature 
(full dormancy). Using this classification 
and the results presented in Table 5, there is 
only one cultivar that can be categorized as 
non-dormant, namely, Sceptre. The remain-
ing cultivars can be categorized in the ther-
mal dormancy group. For these cultivars, 
reducing the temperature from high (20°C), 
in which thermal dormancy is expressed, to 
a low (10°C) led to normal germination in 
seeds. This indicated shallow dormancy for 
these cultivars. Apparently, there is no culti-
var with full dormancy among the cultivars 
tested. 

The arbitrary division of tetraploid acces-
sions and common wheat genotypes into 
phenotypically distinct dormant and non-
dormant genotypes becomes blurred when 
the genotypes were exposed to different 
germination temperatures. To overcome this 
problem, a dormancy index (DI) was used 
(Strand, 1989). Since seed dormancy is 
manifested more strongly at high germina-
tion temperatures, such temperatures should 
be applied to low dormancy material and 
vice versa. Therefore, germination at 10 °C 
versus 20 °C is considered as a strong test 
for seed dormancy. With respect to dor-
mancy index values (Table 6), the LSD test 
(p=0.05) detected significant differences 
among tetraploid wheat accessions. On av-
erage, the germination indices of tetraploid 
accessions 93-62 and 93-177 were 37% 
higher than those of the durum control culti-
var, Kyle. These accessions (93-62 and 93-
177) showed very similar dormancy indices 
to the dormant common wheats RL4137 and 
AUS140. 

In agreement with our results, Oda and 
Seko (1993) reported that incubation at low 
temperatures resulted in a higher percentage 

of germinated seeds compared to the high 
temperature (20°C). Another study by 
Amano and Tsuchiya (1993) showed that, at 
seed maturity, dormant varieties lost their 
dormancy at a low temperatures (10°C). 

CONCLUSION 

There are at least two important questions 
that are answered by the first and second 
parts of this study. First, what is the level of 
variation in seed dormancy among tetraploid 
wheat cultivars? Secondly, how reliably can 
after-ripening patterns be predicted on the 
basis of seed dormancy at maturity? In other 
words, will genotypes with comparable 
dormancy levels at maturity after-ripen simi-
larly? 

Based on these results, one can conclude, 
with the exception of the cultivar Kyle 
which has a moderate level of seed dor-
mancy at maturity, the Canadian durum cul-
tivars are non-dormant. The accessions with 
a high level of seed dormancy selected in 
this study can provide breeding material for 
the improvement of pre-harvest sprouting 
tolerance. Pre-harvest sprouting caused by a 
lack of dormancy could be reduced or elimi-
nated by breeding for a gradual, not rapid, 
loss of dormancy during after-ripening. 
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 تنوع خواب بذر و دوره پس از رسيدگي در گندم هاي تتراپلوئيد

 هوكل. توكل افشاري و پ. ر

 چكيده

 داراي سطوح پايين تا متوسطي از خواب بذر بوده و به (Triticum durum)هاي گندم دوروم  واريته
م تجاري گندم اهداف اين مطالعه ارزيابي خواب بذر در ارقا. زني قبل از برداشت حساس مي باشند جوانه

 گندم تتراپلوئيد با سطوح باالي (accession)هاي  دوروم در آمريكاي شمالي و همچنين شناسايي نمونه
در اولين مطالعه، ميزان خواب بذر و طول دوره پس . پالسم وزارت كشاورزي آمريكا بودند خواب در ژرم

در اين . ورد ارزيابي قرار گرفت رقم از ارقام تجاري دوروم در آمريكاي شمالي م١٧از رسيدگي در 
 كشت شده، سپس در مرحله رشدي ١٩٩٦ و ١٩٩٥آزمايش، گياهان در شرايط مزرعه در سالهاي 

جهت . ها برداشت شده و به مدت يك هفته در درجه حرارت اتاق خشك گرديدند  خوشه٩٢زيداكس 
. گراد ذخيره شدند نتي درجه سا-٢٠هاي برداشت شده در  حفظ سطوح احتمالي خواب در بذور، خوشه

گراد و به مدت هفت هفته براي ارزيابي خواب بذر و طول دوره آن   درجه سانتي٢٠زني در  آزمون جوانه
براساس نتايج اين مطالعه تنها پنج رقم از ارقام تجاري دوروم سطوح متوسطي از . مورد استفاده قرار گرفت

همچنين طول دوره پس از رسيدگي .  خواب بذر بودندخواب بذر را نشان داده و بقيه ارقام فاقد هرگونه
هاي   نمونه از گندم٧٨در دومين آزمايش تعداد ). حداكثر دو يا سه هفته(در اين پنج رقم بسيار كوتاه بود 

از ژرم پالسم  T. polonicum, T. durum, T. turgidum, T. turanicum, T. carthlicumتتراپلوئيد شامل 
 به منظور شناسايي منابع با سطوح ١٩٩٦ و ١٩٩٥كا در شرايط مزرعه و درسالهاي وزارت كشاورزي آمري

نتايج اين آزمايش . نحوه ارزيابي خواب بذر مشابه آزمايش قبلي بود. باالي خواب بذر كشت گرديدند
  در اين ميان باالترين٩٣-٢٨٢نمونه .  نمونه داراي سطوح بااليي از خواب بودند١٨مشخص نمود كه تعداد 
تر از ارقام شاهد  ها بسيار طوالني همچنين دوره پس از رسيدگي در اين نمونه. ميزان خواب را نشان داد

 ٢٠ و ١٠زني در دو حرارت  در آخرين مرحله ضريب خواب بذر با استفاده از آزمون جوانه. تجاري بود
 ضريب باالتري ٩٣-١٧٧ و ٩٣-٦٢هاي موجود در ژرم پالسم مانند  نمونه. گراد محاسبه گرديد درجه سانتي

تواند در  هاي فوق مي شناسايي نمونه. از خواب را نسبت به ارقام تجاري دوروم از خود نشان دادند
 .زني قبل از برداشت مورد استفاده قرار گيرد هاي اصالح نباتات به منظور كاهش خسارت جوانه برنامه
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