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Research Question

Winter wheat is established in the fall, permitting 
vegetative growth and early reproductive develop-
ment during the cool temperatures of fall and early 
spring.  Crop growth under these environmental 
conditions favors the development of more uniformly 
productive tillers and spikes than in spring planted 
cereals.  However, proper management is needed 
in order to realize this higher yield potential in a 
consistent and profitable manner.  The objective of 
this research is to determine which inputs commonly 
used in spring wheat are applicable in winter wheat 
and how these inputs interact with different winter 
wheat cultivars. 

Results

No-till planting occurred on September 1, 14, and 
28 in Fergus Falls, Casselton, and Crookston. The 
trial in Lamberton was planted on September 6, 
21, and October 11.  Nitrogen was top-dressed to 
treatments 1 and 4 after each planting date.  Rain 
followed each planting date and mild temperatures 
resulted in rapid emergence and excellent initial 
stands. Plant population differences were detectable 
and were captured with stand counts.  The mild tem-
peratures in September extended through much of 
October.  Growth and development of three planting 
dates were well ahead of the long-term average as a 
lack of cold temperatures through much of October 
didn’t force dormancy until well into the month of 
November.  Tan spot was prevalent across the sites 
and visually worst in the earliest planting date.  Fer-
gus Falls suffered severe drought stress and is not 
included in this initial analysis.

  The delay in planting did not result in an increase 
in winterkill or delay off maturity for either cultivar in 
Crookston (Table 2).  This indicates that the very mild 
2007 fall in Crookston allowed enough growth that 
not only all planting dates hardened off sufficiently 
but also that all vernalization requirements were met 
across planting dates.  In contrast, a delay in heading 
date was observed in both Lamberton and Prosper 
as planting was delayed (Table 2). This delay in 

maturity as planting is delayed has previously been 
reported by Fowler (1992 ) and signals that the ver-
nalization and/or the winter hardiness were adversely 
impacted by the delay in planting.  Jagalene headed 
approximately 4 days earlier across treatments com-
pared the Jerry at both Prosper and Lamberton, while 
other input combinations did not affect heading date 
for either cultivar (data not shown).

Like heading date, plant height was not affected by 
either planting date or the other input combinations 
for either cultivar in Crookston (Table 2).  In contrast, 
plant height decreased as planting was delayed in 
Prosper and Lamberton (Table 2).  The reduction in 
plant height it likely a result of reduced spring vigor 
of the later seeding dates that slow development in 
early spring.  Consequently more of the development 
of the winter wheat occurs later in the spring when 
temperatures have increased and growing degree 
days accumulate faster resulting in a shorter crop.  

  The lack of disease pressure in combination with 
the lack of response to the delay in planting date ulti-
mately resulted that no differences were detected in 
grain yield, test weight, or grain protein in Crookston 
(Table 3). Jagalene yielded more than Jerry, but no 
differences were detected between input combina-
tions within either cultivar.  The differences in growth 
and development that were observed in Prosper did 
not affect grain yield, test weight, or grain protein as 
planting was delayed (Table 3).  Jerry yielded more 
than Jerry, but no statistically significant differences 
were found between the different input combina-
tions within or across planting dates for each variety 
individually (Table 3).  This is unexpected as differ-
ences were found for the level of leaf rust and/or 
leaf diseases between treatments (data not shown) 
and points to a possible lack of precision resulting 
in a large experimental error. A possible solution is 
to increase the number of replication in the future 
years.  A significant input combination x planting date 
interaction was found in Lamberton (data not shown). 
However, initial interpretation of the data does not 
answer which input was most influential.  Similar to 
Prosper, Jerry yielded more than Jagalene when 
averaged across input combination.  
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Table 2 – Heading date and plant height  of cv Jagalene and Jerry as affected by planting date in Lamberton, 
Prosper, and Crookston in 2008.

Planting Date Heading Date Plant Height
Crookston Prosper Lamberton Crookston Prosper Lamberton

 ----------- (June) --------------------- ---------------- (cm) -------------------
Early 22 15 6 100 94 61
Optimum 22 17 7 96 92 70
Late 23 20 11 97 88 58

LSD(0.05) ns 1 1 ns 3 8

Table 3 – Grain yield of cv Jagalane and Jerry across planting dates in Lamberton, Prosper, and Crookston in 
2008

Treatment Lamberton Prosper Crookston
Jagalene Jerry Jagalene Jerry Jagalene Jerry

------------------------------------------------------ bu/A -------------------------------------------------
1 (Check) 49 63 79 79 127 107
2 62 61 94 106 133 116
3 62 60 99 110 139 117
4 59 68 91 99 140 114
5 55 64 95 97 137 106
6 56 71 91 111 139 128
7 56 60 92 100 132 110
8 61 62 99 113 143 119
LSD(0.05) ns ns ns ns ns ns

Application and Use

Winter wheat can be an important component of 
the cropping systems in Minnesota and North Da-
kota.  The primary constraint to winter wheat produc-
tion in both states has been stand loss and winter 
injury.  Newer varieties and production practices have 
reduced this risk, making winter wheat a more viable 
option.  Winter wheat is very well suited for no-till 

cropping systems in which standing residue traps 
snow and reduces winter kill by insulating the crop 
from lethal temperatures.

   Winter wheat can spread out the demands of 
labor and equipment on the farm as it is planted 
and harvested when there are few management 
activities occurring in other crops.  As a component 
of the cropping system, winter wheat can reduce 
soil losses from wind during the winter months and 
runoff in the spring.  Furthermore, winter wheat can 
be highly productive and profitable as it has higher 
yield potential than spring wheat.  The evaluation of 
crop inputs commonly used in spring wheat in winter 
wheat will help ensure that the full yield potential and 
profitability of winter wheat can be realized.  

Materials and Methods

The trial was established in the fall of 2007 in 
Crookston, Prosper, Fergus Falls, and Lamberton. 
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Table 1.  Overview of the different input combinations applied to cv ‘Jerry’ and ‘Jagalene’ planted at three dif-
ferent planting dates in Crookston, Fergus Falls, Lamberton, MN and Prosper, ND.

Treatment Seeding Seeding Seed N Split Fungicides
Date Rate Treatment Application Early Flag Leaf Flowering

1 (early) - - - - - -
2 - + + + + +
3 + - + + + +
4 + + - + + +
5 + + + - + +
6 + + + + - +
7 + + + + + -
8 + + + + + +
9 (optimum) - - - - - -
10 - + + + + +
11 + - + + + +
12 + + - + + +
13 + + + - + +
14 + + + + - +
15 + + + + + -
16 + + + + + +
17 (late) - - - - - -
18 - + + + + +
19 + - + + + +
20 + + - + + +
21 + + + - + +
22 + + + + - +
23 + + + + + -
24 + + + + + +

Experimental treatments were organized in a split-
plot arrangement with 3 replicates. Planting dates 
was used as the whole plot treatments to facilitate 
the seeding of the individual plot with a tractor mount-
ed plot drill.  The planting dates were approximately 
two weeks apart with the first planting date being two 
weeks prior to the optimum planting date and the 
third seeding date being two weeks past the optimum 
planting date at each of the four locations. 

  The HRWW cultivars ‘Jagalene’ and ‘Jerry’ in 
combination with the eight different combinations of 
inputs were considered the split plot treatments. The 
HRWW cultivars Jerry and Jagalene were chosen 
because of their difference in winter hardiness, leaf 
rust resistance and plant height. The combinations 
of other inputs that were included in this trials were a 

standard versus (23 plants/ft2) an increased seed-
ing rate (28 plants/ft2), the use of a seed treatment 
(Dividend Extra), application of all N requirements 
pre-plant versus a split application of N in the fall and 
following pring, and the use of fungicides at the 4-5 
leaf stage, flag leaf emergence, and to suppress FHB 
at flowering.  

  For the application at Feekes 5, Stratego (Bayer 
CropScience, Alexander Drive, Research Triangle 
Park, NC 27709, USA) - a mixture of 11.4% trifloxys-
trobin and 11.4% propiconazole - was used. Based 
on the recommendations for early season fungicide 
applications in the UK, one half of the labeled rate 
or 366 ml/ha of Stratego was applied (Home Grown 
Cereal Authority, 2000). For the application at Feekes 
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Photo 1.  Stand of winter wheat no-till 
planted September 14, 2007, in standing 
spring wheat stubble near Crookston on 
October 26, 2007.

Photo 2.  Stand of winter wheat no-till 
planted September 28, 2007, in standing 
spring wheat stubble near Crookston on 
October 26, 2007.

9, the labeled rate of 292 ml/ha of Tilt (propiconazole) 
(Syngenta Crop Protection, Inc., P.O. Box 18300, 
Greensboro, NC 27419) was used. For the fungicide 
application at Feekes 10.51, the labeled rate of 440 
ml/ha of Prosaro (12.8% prothioconazole + 12.8% 
tebuconazole) (Bayer CropScience, Alexander Drive, 
Research Triangle Park, NC 27709, USA) was used. 
Fungicide applications were made using a tractor 
mounted sprayer that is equipped with 8002 Twin-
Jet nozzles (Spraying Systems Co., North Avenue, 
Wheaton, IL 60188, USA) delivering 150 L/ha at 275 
kPA or with a backpack sprayer delivering an equiva-
lent spray volume and pressure.  Fungicides were 
applied either in the morning or early evening to re-
duce drift.  The timing of each application was based 
on the growth stage of the individual plots.

  The proposed crop input combinations are sum-
marized in Table 1.  The ‘drop-out’ treatment design 
allowed evaluation of the efficacy of individual crop 
input decisions in a much more efficient manner 
compared to a full or fractional factorial design.  An 
underlying assumption, however, is that all crop 
inputs considered are additive in nature.

  Harvested grain was dried and cleaned.  Grain yield 
and test weight were adjusted to 13.5% moisture and 
expressed as bu/A and lbs/bu, respectively. Grain 
protein content was determined on a 0.5 kg sub-
sample by near infrared transmission using a Tecator 
Infratec 1229 Grain Analyzer (Foss North America, 
Inc., Eden Prairie, MN 55344, USA) following AACC 
method 39-10 (American Association of Cereal 
Chemists 1995). 

92




