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Direct seeding of winter wheat into standing stubble has resulted in the 
expansion of winter wheat in the Northern Great Plains. Snow trapped in 
standing stubble provides an: excellent layer of insulation to the crowns 
of winter wheat. Soil temperatures at crown depth lower than -20°C for 
mre than 24 h can result in winterkill. However, a stubble of 15 em or 
mr~ will trap enough snow to prevent the soil temperature from exceeding 
-15 c (Rourke 1983) . 

The level of cold hardiness attained in winter wheat is dependent upon the 
genotype, environmental conditions and cultural practices (Gusta and 
MacHutchon 1988) . 1 Norstar 1 

, the mst cold hardy winter wheat in western 
canada, is only marginally hardy enough to survive Western canadian 
winters. Therefore, arr<f cultural practice that affects hardening can 
result in winterltill. For example, Rourke in Manitoba dem:mstrated that 
1 Norstar 1 winter wheat sown into dense wheat stubble had reduced winter 
survival and reduced spring vigor. 

This study was undertaken to determine if different types of stubble had 
an effect an the cold hardiness and spring vigor of 1 Norstar 1 winter 
wheat. 

MATERIALS AND ME'l'HOIS 

Field Studies 

1 Norstar 1 winter wheat was sown into sununerfallow and into wheat and 
canola stubble on September 7, 1985 and into wheat, canola, barley, flax 
and lentil stubble and sununerfallow on August 29, 1986 and September 5, 
1987. The plots were located at the experimental research farm of the 
University of Saskatchewan, Saskatoon, Saskatchewan. Recommended cultural 
practices for growing winter wheat were followed. Soil tests were 
conducted to determine the fertilization needs each year . In the spring 
of 1987 and 1988, counts of the number of plants per square meter were 
conducted . 

Evaluation of Cold Hardiness 

On October 30, 1985, November 7, 1986 and October 29, 1987, 200 to 300 
winter wheat plants from each treat:nEnt were dug up. In 1985, the plants 
were stored in a 1:1:1 soil:peat:vermiculite mixture in 10 em pots. The 
plants were stored in the same 1 : 1 : 1 mixture in 1 roottrainers 1 (Spencer 
Lemaire Industries, Ec:llwnton, Alberta) in 1986 and 1987. Into each 
1 roottrainer 1 cell was placed five plants from each treatment. The pots 
and trays of 1 root trainers 1 were covered with snow and stored at - 4 °C 
prior to the controlled freeze tests . Controlled freeze tests were 
conducted in late December, early February, early March and early April . 
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&"1 additional test was conducted in May of 1986. In 1985, the freeze 
tests were conduc-.:ecl as per Gusta et al (1918). In 1986 and 19~7, for 
each freeze test the plants were rerroved from the cold room ( -4 C) , 
placed directly into the controlled freezer at -4°C for 12 to 15 h and 
then cooled at a rate of 2°C/ h. Seven test temperatures were used which 
were separated by 2-degree intervals ranging from - 9 to - 27°C. Four 
24-gauge copper-constantan theriJ¥:lCOllPles were .inserted into b«:> 1 : 1 : 1 
nUxture filled 1 roottramers 1 located at each end of the 1 roottrainers 1 to 
nrmi tor the temperature. Upon reaching a desi~ted temperature, the 
samples were rem:JVed and allowed to thraw at 4 c. After thrawing for 
24 h, the plants were transferred to a greenhouse for 3 weeks of 
regrowth. In 1987, the freeze tests were replicated within one di:rf of 
each other . The hardiness of the plants is expressed as LT

50 
(the 

lowest test temperature at which 50% or nx:>re of the plants survived 
freezing, as determined from growth of shoots and roots) . 

Crown M::listure Content 

On the day plants were rem:JVed from the field, fresh weights were 
determined. The basal 3-cm sections of 5 crowns from each treatment, \<~tere 
dried at 45°C for 48 h in a forced-air drying oven. Cra-m misture 
content was expressed as gram water per gram dry weight. The exper .ilrent 
was replicated three times. 

Envirorunental Hardening Conditions 

The environmental conditions during cold hardening of winter wheat plants 
are shown in Table 1 . These observations were made by the Saskatchewan 
Research Council Climatic Station, Saskatoon, Saskatchewan. 

Table 1. Environmental Conditions During the Hardening Period; 
September to October 1985, 1986 and 1987. 

Mean Temperature {C) 
Mean Max. Temperature (C) 
Mean Min. Temperature (c) 
Extreme Max. Temperature (c) 
Extreme Min. Temperature {c) 

Total Precipitation (mm) 
Growing Season Tot. Precip. (mm) 

Soil Temperature - 5 em (C) 
Growing Degree Days 

1985 

6.6 
12 . 1 
1.0 

22.3 
- 7.8 

45.4 
159.1 

7.1 
89 . 5 

1986 1987 

7.6 9.7 
13.3 16.9 
1.8 2.5 

22.3 30.5 
-5.8 -3 .0 

74.4 25.8 
252.2 171.3 

8.1 10.4 
108.5 171 . 3 

Recorded at Saskatchewan Research Council 
Saskatoon, Saskatchewan. 

Climatic Reference Station, 
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RESULTS AND DISCUSSIONS 

Field Studies 

There was no difference in the yield of 'Norstar' winter wheat sown into 
stubble or summerfallow in 1986 and 1987 (Table 2). There were 
significant differences in the number of plants per square meter in 
different stubbles and in SUJDDerfallow in the springs of 1987 and 1988. 
In both years, the lowest number of plants were recorded from the 
sunmerfallow plots which 'l!'ef have had winterkill. The winters of 1987 and 
1988 were 4 to 5°C warmer than normal and there was no evidence of 
winterkill in the stubble plots. In the stubble plots in the spring of 
1987 the least number of plants were in the flax plots. The dry soil 
conditions in the fall of 1987 may have resulted in uneven ~rgence in 
the stubble plots. In the stubble plots in the spring of 1988, the lowest 
number of plants were in the flax stubble, followed by canola stubble and 
then the lentil stubble. The wheat and bar ley stubble had ·the highest 
number of plants. Although there were differences in the number of 
plants, there was no difference in grain yield at harvest for both years. 
Apparently, the plants compensated for the differences in the stand 
density. The growing season of 1987 was very dry resulting in very light 
stubble for all crops, whereas the 1985 growing season produced the 
heaviest stubble. In 1986 the rainfall did not come until July, therefore 
stubble stands were lighter than normal but were intermediate in density 
between 1985 and 1987 . 

Table 2. Yield (kg/ha) and Spring plant ccnmts/ m2 of 'Norstar' 
winter wheat sown into summerfallow and five stubble 
types in 1986-87 and 1987-88. 

Stubble Type 

Barley 
Canola 
Flax 
Lentils 
SUmmer fallow 
Wheat 

Mean 

Barley 
Canola 
Flax 
Lentils 
SUmmer fallow 
Wheat 

Spring 
Plants/ m 

144 a+ 
144 a 
125 b 
138 a 

85 c 
131 a 

128 

135 a 
102 c 

91 d 
120 b 

59 e 
137 a 

1986-87 

1987-88 

Yield 
kg/ ha 

1200 a 
1870 a 
1330 a 
2033 a 
1268 a 
1853 a 

1592 

1541 a 
1273 a 
1621 a 
1495 a 
1242 a 
930 a 

Mean 107 1350 
+ means in the same column followed by the same letter are not 

significantly different at the 5% level. 
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Crown Moisture Cont ent 

Si gnif i cant diff erences were observed between summerfa11ow and stubble 
types and between years for crown fresh and dry weights and crown JlX)isture 
content (Table 3 } . 

Crowns from plants sown in 1987 were approx..imate1y tw:) times the size of 
the crowns in 1986 and four times the gize of the crowns in 1985. Soil 
and air temperatures were on average 2 C warmer in 1987 than in 1986 and 
there were 63 mre degree growing days in 1987 as compared to 1986 . Thus, 
the plants grew until approximately 15 November of 1987 even though the 
fall of 1987 was drier than the fall of 1985 and 1986. '!be total 
precipitation during the hardening period of 1987 was half of the total in 
1985 and one third of the total in 1986. Ninety-five percent of the 
precipitation during the hardening periods of 1985 and 1986 came in 
September , whereas in 1987, one third of the total precipitation occurred 
in October. · 

In all three years, the largest crowns (as determined by both fresh and 
dry weights } were obtained from plants grown on summerfal1ow. In 1985, 
the plants f rom the canola stubble were a..l.Joost twice the size as the 
plants from the wheat stubble. TI1ere was no difference in the crown 
misture content. In 1986, the type of stubble had no effect on either 
the fresh or dry weight of the crowns . '!be crown misture content was 
lowest in plants grown in cano1a, flax and lentil stubble and highest in 
plants grown in bar ley stubble and on summerfallow. 

In the stubble plots in 1987, the smallest crowns, as determined by fresh 
weight, were from plants grown in barley stubble and the largest were 
obtained from plants grown in lentil stubble. Crowns from plants grown on 
bar ley stubble had the lowest water contents. 'Ibere was no differences in 
the crown water content from plants grown in the other types of stubble . 

Table 3. 1 Norstar 1 winter wheat crown fresh and dry wei ghts and crown 
moisture content. 

1985 

r-bisture 
Stubble Type Fresh wt. Drywt. Content 

(g ) (g) (gH20/ g!Mt } 

Canol a .262 b+ .070 b 2.76 b 
SUmmerfallow .480 a .104 a 3.62 a 
Wheat . 148 c .035 c 3.24 ab 

Mean .262 c++ .062 c 3.22 a 
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1986 
---·--·------------------·--·---·----------·--------·-----·----

Moisture 
Stubble Type Freshwt. Drywt. Content 

(g) (g) (gH20/gi:Wt) 

Barley .341 b .078 b 3.34 a 
Canola .455 b .116 b 2.95 d 
Flax .420 b .104 b 3.03 cd 
Lentils .401 b .103 b 2.90 d 
Sl.lmiierfallcw .694 a . 164 a 3.23 ab 
Wheat .454 b .110 b 3.14 be 

Mean .461 b .112 b 3.10 b 

1987 

Barley .466 d .176 d 1.66 c 
Canol a .958 be .315 c 2.05 b 
Flax 1.136 be .382 be 1.97 b 
Lentils 1.240 b .412 b 2.01 b 
SUnmerfallcw 3.313 a .947 a 2.50 a 
Wheat .938 c .321 c 1.92 b 

Mean 1.328 a . 423 a 2.02 c 

+ means in the same column follc::Med by the same letter are not 
significantly different at the 5% level. 

++ means of the means in the same column follc::Med by the same letter 
are not significantly different at the 5% level. 

Cold Hardiness 

In December of 1985, plants grown in cano~a stubble were 1.3°C hardier 
than plants grown on surranerfallcw and 3. 3 C hardier than plants grown on 
wheat stubble . 

On average, neither summerfallcw nor the type of stubble had a dramatic 
effect on the cold hardiness of the crowns in December of 1986 and 1987. 
However, there were large differences in December in the freezing 
tolerance of the crowns between years (Table 4 ) . 
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Table 4. Cold har diness l evels of • Norst ar • wint er wheat p l ant s 
throughout the winters of 1985, 1986 and 1987. 

Stubble Type 

Canola 
SUmmerfallow 
Wheat 

Mean 

Barley 
Canola 
Flax 
Lentils 
SUDmerfallow 
Wheat 

Mean 

Barley 
Canol a 
Flax 
Lentils 
SUmmerfallow 
Wheat 

Mean 

Dec Feb . 

-24 . 0 c+ -23.7 c 
-22 . 7 a -16.0 b 
-20.7 a -14.3 a 

- 22.3 a++ - 18 . 0 a 

- 24 .0 a -21.7 a 
-25.7 ab -23 . 3 b 
-26.3 be -22 . 7 b 
- 25.7 ab - 22 .0 b 
-27 . 7 c -20.0 a 
-25 . 7 ab -22.0 b 

-25 .8 b -22 . 0 b 

- 29.8 a - 25.8 a 
- 30 . 2 a - 29.0 cd 
- 29.2 a - 29.0 cd 
-30 . 0 a -29.2 d 
-30 . 2 a -28.0 b 
-29.3 a - 28.2 be 

-29 . 5 c -28.4 c 

1985 

LT5~ 

-24 . 0 c 
-17 . 7 b 
-13.0 a 

- 17.8 a 

1986 

-19.7 b 
~21.0 b 
- 23.7 c 
- 18.0 a 
-17.3 a 
-20.7 b 

-20.1 b 

1987 

- 23 . 7 a 
-22.8 a 
- 27 . 0 b 
-26.7 b 
-23 . 7 a 
- 25.5 ab 

-24.9 c 

Apr 

-20 . 7 c 
- 16 . 3 b 
-13.7 a 

- 16.9 a 

- 16 . 7 a 
- 20 . 0 c 
-19.7 c 
- 19.7 c 
-17 .7 b 
-19.7 c 

-18 . 9 b 

- 17.7 a 
-19.7 b 
-22.0 c 
-22 . 0 c 
- 22.0 c 
- 20.7 be 

- 20.7 c 

+ means in the same column followed by the same l e tter are not 
significantly differ ent at the 5% level . 

May 

-11.7 a 
- 20.7 d 
- 17.3 c 
- 11.0 a 
- 16.0 b 
- 15.7 b 

-15.4 

-----

++ means of the means in the same column followed by the same letter 
significantly different at the 5% level. 

The ~ CI'CMil hardiness in December of 1985 was - 22.3°C, versus 
- 25. 8 C in 1986 and -29. 5°C in 1987 . Due to the long open fall in 
1987, • Norstar • winter wheat attained a similar hardiness levels as that 
of ' Puma' rye (LT50 -31°C) . The decrease in hardiness levels in 
mid-winter was in part dependent upon the hardening conditions in the 
fall . For example, in 1985, plants grown in wheat stubble were 6 to 7°C 
l ess hardy than plants grown in canola stubble by February. In December 
1986 , She hardiest crowns were from plants grown on summerfallow (LT

50
_ 

- 27 . 7 C) . At this t ime there was no dif ference in the hardiness of the 
crowns of plants grown in the various types of stubble . By February , the 
crowns of the plants grown in bar ley stubble and on 
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summerfallow were 1 to 3°C less hardy than the crowns of plants grcwn in 
the othe!' stubbles. In May, crowns of plants grcwn in canol a stubble 
which were the most cold hardy and those from barley and lentil stubble 
were the least hardy. 

In 1987, the crowns did not deharden to the same extent in February as in 
1985. This W!rf be related to the high cold hardiness levels obtained in 
the fall (mean LT50 - 29.5°C). However, in February the least hardy 
crowns were from giants grCMn in bar ley stubble. In March, the crowns 
dehardened 6 to 8 C as compared to the hardiness levels in December. 

In summary, the type of stubble 'Norstar' winter wheat is SCMn into rray 
have a dramatic effect on the size and water content of the crowns in the 
fall and the cold hardiness of the crowns in the fall and mid winter. 
This appears to be dependent upon the environmental conditions and the 
density of the stubble during hardening. High intensities of light are 
required for winter wheat to cold acclimate to its full potential. If 
emergence is delayed due to a heavy trash cover and if the seedlings are 
shaded during establishment, tall upright plants occur. Normally, during 
hardening ' Norstar' winter wheat has a prostrate growth habit whereas less 
hardy cultivars such as 'Yorkstar 1 and 'Stephens' tend to be upright. The 
upright growth habit of plants in the fall is partly dependent upon the 
accunnllation of sugars which are required for cold hardiness (Willem::>es, 
et al 1988) . It has been noted by the authors that the prostrate growth 
habit of 'Norstar' can be changed to an upright growth ·habit by stubble 
density , seeding density, high levels of nitrogen and by deep seeding . In 
stubble where light can penetrate to the seedling, such as canola and 
flax, higher levels of cold hardiness can be expected. The effect of 
stubble on growth is clearly de!oonstrated by the size of the plants. 

Other factors such as residual soil moisture following a crop undoubtedly 
have an effect on fall establishment and over wintering. An open stubble 
rray dry out at the surface much quicker than dense stubbles, resulting in 
poor germination. This may account for the thin stands of 'Norstar' 
winter wheat in the flax, lentil and eanola stubble in 1988. However, 
this· may be offset by fall precipitation. If the stubble is too thin or 
breaks down readily, snow for insulation will not be trapped to a 
sufficient depth to prevent winterkill. 

Under ideal conditions for hardening, such as the fall of 1987 , 'Norstar' 
winter wheat has the capacity to cold harden to very low levels 
(LT50-29°C ) and also has the capacity to rraintain a high degree of 
col d hardiness through the winter months. 

This study also de!oonstrat~ that 1 Norstar 1 winter wheats deha.rden 
gradua~ly when stored at -4 C. Plants stored at colder temperatures 
(eg.-8 C) deharden quicker than at -4°C (Gusta and O'Connor 
unpublished results). Therefore , if the plants were stored at -8°C the 
difference in dehardening due to stubble types may be more pronounced. 
The effect of sub zero temperatures on dehardening is currently being 
investigated. 
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