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INTRODUCTION 

Winter wheat production has occurr~d in s.w. Saskatchewan for a longer 
period than in the more northerly areas of the province. This is likely due 
to the high incidence of Chinook winds in the south which moderate winter 
temperatures and reduce the chance of winter killing (Fowler et al. 1976). 
In the southwest, as in the adjacent area in -southeastern Alberta, a large 
proportion of the winter wheat is grown on summerfallow because moisture is a 
major limiting factor restricting crop production. Furthermore, if winter 
killing of winter wheat does occur the producer still has the option of 
replacing this crop with spring wheat. 

Based on a 2-year study carried out in the early 1970's throughout 
Saskatchewan, Fowler et al. (1976) concluded that growing winter wheat on 
fallow in the Brown soil zone was too risky. They suggested that there was a 
greater likelihood of receiving more snow and it was more likely to remain in 
place in the Dark Brown, Black and Gray soil zones, thus winter wheat on 
fal·low would be more feasible for these regions. It was further suggested 
that stubble-in winter wheat was a more feasible alternative for the Brown 
soil zone. 

The survival of winter wheat under Canadian pra~r~e conditions depends 
on the severity and consistency of low temperatures from fall to spring as 
demonstrated effectively by Fowler et al. ( 1983). However, several manage
ment techniques can be used to increase the chances of winter wheat survival. 
These include seeding at or near an optimum date (Fowler 1982); seeding 
shallow (Loeppky et al. 1987); ensuring proper seed-soil contact; having good 
moisture at seeding time; and providing proper N and P fertilization (Fowler 
and Gusta 1981; Fowler 1983). 

In the Brown soil zone snow cover cannot be guaranteed because not only 
is it likely to be low in most years, but it might not coincide with the cold 
spells and further, the incidence of high winds to blow it off fallow fields 
is high. Thus seeding winter wheat on bare fallow is indeed a risky practice 
here. None.theless, if we stubble-crop, the incidence of receiving sufficient 
late summer and early fall precipitation can also be quite uncertain in this 
region. This can therefore lead to very poor plant stands, especially when 
fertilizer is deep banded with hoe-type implements prior to seeding (Campbell 
et al. 1984). The presence of good soil moisture in fallow removes the 
latter problem and guarantees a good strong seedling entering the winter. 
Furthermore, farmers growing both spring and winter wheat will not be as hard 
pressed to seed early if the harvest is late in some years. 
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The objective of this study was twofold: (a) to determine if there were 
any management techniques that could be used to increase the chances of 
winter wheat survival over winter when it is seeded in bare fallow in the 
Brown soil zone, and (b) to demonstrate to producers in this region the cisk 
involved in growing winter wheat on fallow, especially when management is not 
optimized. 

Rationale for Choosing Treatments 

1984-85 

The three techniques tested in the first year of this study were seeding 
depth and date, and phosphorus rates. We reasoned that since low temperature 
is . one of the main problems, and since temperature increases with depth, 
perhaps by seeding deeper than the recommended 2.5 em more seedlings may 
escape the excessive cold at the soil surface. However, recognizing that too 
deep may result in weakened seedlings, a range of depths was tested. Second
ly, since winter wheat is hardiest before it germinates, but it can be verna
lized even during winter or early sprrng, it was reasoned that a late date of 
seeding may allow the crop to survive even very cold winters then make an 
early start in April. Of course, this may delay development; but by how 
much, and will it be worth the trade off? Thirdly, it is known that P tends 
to encourage hardening of plants, thus a range of fertilizer P treatments was 
used to see what effect this would have on rate of survival while also pro
viding the P fertility usually required by crops grown on fallow. 

1985-87 

Although the application of P may increase fertility or assist in hard
ening of the plant, it is difficult to differentiate between these effects. 
Consequently, in the second and third years we optimized P rates and replaced 
P treatments with a rate of seeding treatment on the premise that (a) good 
soil moisture in fallow may allow support of a higher plant density, and~(b) 

since plant stand may be thinned in severe winters, the greater the initial 
stand the greater may be the chance of having a reasonable plant population 
left even after sacrificing some to winter kill. 

MATERIALS AND METHODS 

1984-85 

Winter wheat (Triticum aestivum L. cv. Norstar) was seeded on conven
tional (bare) fallow land using a split plot design with four replications. 
Main plots were three dates of seeding and the subplots were the combination 
of three seeding depths x three rates of phosphorus. Subplots were complete
ly randomized within each main plot. Plots were 2 x 6 m. Patl.ways of 5 .'tl 

were left between the blocks; the pathways were seeded to winter wheat in the 
spring so as to reduce edge effects. 

Three dates (Sept. 17, Oct. 2 and Oct. 15), three depths (2.5, 5.0 and 
7.5 em) and three phosphorus rates (0, 30 and 60 kg/ha P2o5 ) were the treat
ments used. Norstar winter wheat was seeded at a rate of 60 kgjha using a 
small zero till drill which seeds 4 rows spaced 22.5 em; it made two passes 
per plot (i.e., 8 rows). The P source was 11-51-0. For the zero Prate the 
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soil was disturbed though no fertilizer P was applied; the 30 P2o5 
applied with the seed, and the 60 P 2o~ rate had half seed-place<f 
banded mid-row at 5 em depth. All treaiffients received 45 kg Njha as 
nitrate (34-0-0), which was broadcast in the spring (19 April 1985). 

rate was 
and hal£ 
ammonium 

Soil samples to a depth of 120 em (soil segments 0-15, 15-30, 30-60, 
60-90 and 90-1 20 em) were taken before seeding ( 1 7 October 1984), in the 
early spring (18 April 1985) and after harvest (3 September 1985), by means 
of a Giddings soil sampling truck. Soil samples to as deep as possible 
(60-90 em) were also taken by hand coring at heading (25 June 1985). Soil 
moisture was determined gravimetrically on all soil segments. Chemical 
analyses (No 3..:. and exchangeable NH4-N and bicarbonate-P) were carried out 
only on samples taken before seeding. 

Plant emergence and survival were assessed in the spring (10 May 1985) 
at about 3-leaf stage, by counting the number of plants in eight 1-m sections 
of row in each plot. Heading date (days after 1 April) was determined based 
on when approximately 50% of the plants in each row had headed. Grain yield 
was obtained by harvesting the central 1.5 x 6 ~area of each plot. Thou
sand-kernel weight and grain protein content were determined from the har
vested seed. 

Analysis of variance was done for each parameter and standard errors 
were calculated. 

1985-86 

Three changes to the experiment were made: (a) all plots received 45 
kgjha P2o5 seed-placed; (b) the P rates were· replaced by 3 seeding rates, 
viz., 30', 60 and 120 kg/ha; and (c) the dates of seeding were expanded ·to 5 
dates initially, viz., Sept. 11, 20 and 30, and Oct. 16 and 25, and then one 
unplanned date (Nov. 4) treatment was added just outside the test plots 
because the weather remained good longer than expected. 

1986-87 

The experiment and analyses were the same as for 1985-86 with five 
seeding dates being Aug. 30, Sept. 12, Oct. 13, 21 and 27. 

RESULTS AND DISCUSSION 

1984-85 

II 

Soil Conditions and Weather 

Available water in the soil was hiqh in fall 1984 and spring 1985 (Table 
1), thus soil moisture was not a problem at seeding nor for the early part of 
the growing season. The winter was extremely cold for extended periods (Fig. 
1) and, together with the later than optimal seeding time, this likely ac
counts for the complete winter kill of plants from the two earliest date-of
seeding treatments; these plants had emerged before freeze-up. The only 
surviving plants were those from the treatment seeded on October 15 (two days 
before freeze-up) which presumably germinated, emerged and. vernalized in 
early spring 1985. Growing season precipitation (May-June-July) was very 
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low, being 73 mrn compared to the long-term average of 167 mrn and it '.Vas 
poorly distributed (Fig. 2). 

Table 1. Soil moisture+, mineral Nand available Pin soil 
in three years of study 

Year and 
date sampled 

1 984-85 
(Fall=Sept. 1 7 
Spring=April 18) 

1985-86 
(Fall=Aug. 20 
Spring=April 2) 

1986-87 
(Fall=Oct. 28 
Spring=April 14) 

Soil 
depth 
(ern) 

0-15 
t15-30 

30-60 
60-90 
90-120 

Total 

0-15 
15-30 
30-60 
60-90 
90-120 

Total 

0-15 
15-30 
30-60 
60-90 
90-120 

Total 

Soil H20 (rnrn) 
Fall Spring 

59 
46 
49 
64 

218 

35 
35 
54 
55 
63 

242 

34 
38 
66 
65 
76 

279 

70 
50 
54 
64 

238 

32 
34 
56 
56 
61 

239 

35 
37 
75 
65 
65 

277 

Soil chemical analysis 
in fall 

N0 3-N NH4-N NaHC03P 
------ (kg/ha) ------

1 6. 7 
9.9 

11.8 
14.2 
43.3 

95.9 

23.7 
11.9 
13.4 
11.1 
1 2.1 

72.0 

10.6 
13.0 
25.9 
22.3 
22.6 

94.4 

1 6. 3 
21.8 
45.4 
42.7 
58.6 

184.8 

1 2. 5 
1 3. 9 
25.2 
31.9 
38.8 

122.3 

1 7. 1· 
18.4 
31.0 
39.4 
46.2 

1 52. 1 

1 2. 8 
8.0 
8.8 
7. 1 

12.7 

49.4 

1 9. 9 
1 8. 1 
15.0 
9.8 

11.5 

74.3 

30.8 
13.7 
1 9. 3 
14.8 
1 7. 4 

96.0 

+ 
The lower limit of available moisture in the 0-30, 30-60, 60-90 and 90-120 
em depths is 24.4, 26.6, 31.7 and 56 mrn, respectively, for a total 138.7 
mm/120 ern. 

+ This moisture is for the 0-30 ern depth in this case. 

Plant Density 

Plant counts made on May 10, 1985 were significantly affected (P < 0.05) 
by depth of seeding. In this instance there was greater emergence from a 
depth of 5 ern (Fig. 3), which is deeper than the recommended 2.5 em depth for 
winter wheat. 
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Figure 1. Soil temperatures, fall to spring for 1984-85, 1985-86 
and 1986-87. 

199 

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan



30 

E 
E 
c: 
.2 20 
~ 
:§. 
u .. 
cl: .. 
0 

0 

e 
E 
Q. 
·u 
Ql 

a: 
""' 
0 
0 

E 
E 

10 

0 

50 

40 

30 

20 

10 

0 

50 

40 

c:i. 30 
u 
Ql ... 

a.. 20 
>. 

0 
0 

10 

1985 

GS PRECIP. • 73 mm 

APR MAY MAY JUNE JUNE JULY JULY AUG AUG SEPT SEPT OCT 
15 I 15 I 15 I 15 I 15 I 15 I 

1986 

1200 
GS PRECIP. = 204.8 mm 

1000 E 
E 

800 c::i. 
0 
> 

UJ 
600 c: 

& 
400 -a 

Ql 

:2 
200 ~ 

E 
~ 
u 

0 u 
<X 

MAY I JULY I 

1987 
1400 

GS PRECIP '"129 mm 
1200 

(<D···· .. ·® =Maturity dates for earliest to latest seeding 
dqtes, respectively) 1000 

800 

600 

{ HEADING 

H 400 

a ........ 1... ..... 1 •... 1... ..••.•.•.•.•••.•. l... ... ..iiJ..I.~ ............. ..lut...I.I. ............ .JI.~...~. ..... !... ......... lt ...... I . .~~. ... LJ...I ................ . 

200 

0 
0 20 I 40 sr 80 I 100 ll12r~~o rso 180 

I MAY I JUNE I JULY I AUG I SEPT 

1300 

1100 

'E 
900 E 

c: 
.2 
0 
0 

700 ~ 
.... 
c: 
0 a.. 

500 ~ 
0 
:; 
E 
:::1 
u 
u 

300<( 

100 

0 

E 
E 

c:i. 
0 
> 

I.IJ 
c: 
0 
a.. 
E 
:I 
u 
u 
<t 

Figure 2. Growing season precipitation and accumulated pan evaporation 
for 1985, 1986 and 1987. 
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Figure 3. Plant density, grain yield, seed weight and days to head 
in 1985 (only the third date of seeding survived the winter). 

Maturity 

Days required to head were significantly reduced (P < 0.05) by seeding 
at the 5.0 em depth compared to the 2.5 em depth (Fig. 3) and P also signifi
cantly (P < 0.01) reduced days to head (Fig. 3). However, in both cases time 
saved was only about one day. 

Grain Yields 

Due to the drought, plant population was not reflected in final yield 
differences (Fig. 3) although yields of the deep-seeded treatment tended to 
be lower than yields of the 2.5 and 5.0 em depth treaments. Phosphorus had 
no significant effect on yield (dat~ not shown). 

Grain Protein 

Grain protein was unaffected by treatments, the average grain protein 
being 13.6%. 
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Seed 'iJeight 

Both depth of seeding and P fertilizer significan-tly (P < 0.01) affected 
seed weight (Fig. 3). Average-seed weight was 29.2 mg. Seed weight response 
to treatments was the opposite to grain yield response as far as seeding 
depth was concerned indicating a possible compensating effect in a system of 
limited soil moisture. 

1985-86 

Soil Conditions and Weatl1er 

Soil moisture at seealng time was very good (Table 1) being well above 
the lower limit of available raoisture. Ni tra·te-N in the top 50 em was only 
moderate considering this was fallow (Table 1 ). This reflects the dry summer 
of 1985. Bicarbonate soluble P was also moderate in the top 15 em depth of 
soil. 

Soi 1 temperatures at the SOll, surface dipped to below ~18"C for a few 
days in late November, for a couple days in early December, and approached 
~18"C again in late February (Fig. 1 )" However, it vvas generally a mild 
winter for this region. 

In the early fall, growing season precipitation was good 43 mm in 
September and 21 mm in October) and it was above average for ~~e May~June
July period (205 mm) (Table 2), although ~~ere was a fairly dry 3-week period 
from the last \.veek of May to the middle of June (about 5-leaf ·to shot blade 
stage of growth) (Fig. 2). The latter dry spell contributed to the crop not 
reaching its full yield potential. All plants of the first five seeding 
dates had germinated and most had emerged before >>~inter set in. The sixth 
seeding date (Novo 4) did not germinate until early spring. 

b + . . . 3 Ta le 2o Precap~tat~on received during previous Aug. 1- Oct. 1 and 
during growing season for various seeding date treatments 

in 1985~86 and !986=87 

1986 1 987 
Precip. received Precipo received 

Seeding Maturity April 'I ~maturity Seeding I1aturi ty April 1 ~maturity 
Date Date (mm Date Date (mm) 

Sept. 11 Aug. 5 219 Aug. 30 ,July 17 92 
Sept. 20 Aug. 9 236 Sept. 12 July 22 '11 7 
Sept. 30 .Aug. 14 236 Oct. 1 3 Aug. 2 142 
Oct. 16 Aug. 14 236 Oct. 21 Aug. 5 147 
Oct. 25 Aug. 1 5 236 ()etc 27 Aug. 8 147 
Nov. 4 Aug. 17 236 

+ 
Precipitation during April 1~July 31, 1986 "' 219 mm and 1987 ""' 142 mm; 
precipitation during May ·1 ~July 31, 1986 = 205 mm and 1987 "" 1 29 mm; pre
cipitation during Aug., Sept., and Oct., 1985 = 39, 43 and 21 mm, respec
tively; precipitation during Aug., Sept., and Oct., 1986 ~ 16, 81 and 26 
mm, respectively. Long-term avg. precipitation for Aug., Sept., and Oct" = 
42, 31 and 19 mm, respectively. 
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Plant Density 

Plant counts in early May (Fig. 4) showed good plant survival, with the 
early September-seeded treatment having as good a plant population as obtain
ed for comparable stubble-seeded crops (data not shown). Plant population 
decreased linearly with delayed seeding from September 11 to September 30, 
then levelled off to October 15 and increased slightly for 5 and 7.5 em 
seeding depths of October 16 seeding. This type of response follows that 
outlined by Fowler and others. Plant population increased with seeding rate 
and decreased with seeding depth below 5 em when the crop was seeded prior to 
October 26, but it increased with depth when seeded very late. The turn
around with late seeding may be due to the deeper seeded material germinating 
later which reduces their chance of being winterkilled (M.B. McLelland, Alta. 
Agri., Field Crops Branch, Lacombe, Agdex 112/20-3). 

Grain Yield 

Grain yield was significantly affected by time, rate and depth of seed
ing and the interaction of time and depth of seeding. Yields were highest 
for wheat seeded on September 11 (average 2250 kgjha), decreased by 17% when 
seeded on September 20, and by 62% (847 kg/ha) when seeded on September 30 
(Fig. 4). Yields then levelled off when wheat was seeded on October 15 and 
then increased when seeded later at depths of 5.0 or 7.5 em; at a depth of 
2.5 em, yields were constant for the final 3 dates of seeding. This suggests 
that if the producer is seeding late, it may be to his advantage to seed very 
late rather than mid-late; however, he has the problem of deciding how _late 
is very late. If seeding late on fallow it may be advantageous to seed a 
little deeper than the generally recommended 11 as shallow as possible 11 • In 
fallow, a seeding depth of 5 em produced as good or better yields than 2.5 
em. The 7. 5 em seeding depth was as good as the other two depths at the 
earliest seeding date, but from September 20 to october 15 the 7.5 em depth 
gave the poorest yields. Generally, the yield responses mimicked the plant 
population results. Yields increased, though not linearly, with seeding rate 
(Fig. 4). These results might be less positive in a dry year, while after a 
very cold winter the relative yields might favour the higher seeding rates 
more (this remains to be determined) •. 

Grain Protein 

In contrast to 1985, protein was very low (i.e., < the desirable 11%) in 
spite of the application of 45 kg N/ha on fallow. Protein was only affected 
in this experiment by seeding rate, averaging 9.4, 9.3 and 9.2% for seeding 
rates of 60, 90 and 120 kgfha, respectively. 

Seed Weight 

Seed weight responded to the three treatments in a manner generally 
similar to yield (Fig. 4 and Fig. 5). Rust played a significant role in 
reducing the seed weight of the later-seeded plants (Fig. 6). Later-seeded 
plants looked as robust and the heads as big as earlier-seeded plants, but 
rust infestation greatly affected the later-seeded plants while hardly af
fecting early-seeded plants. As with yield, seed size increased with rate of 
seeding (Fig. 5), but only slightly compared to effect of seeding date. 
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87); Bottom: grain yields (1986 & 87) (data for the 2 years pooled and 

analysed). 
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FigureS. Effect of date, depth and rate of seeding on seed weight (1986). 
(sx1 is standard err~r used to compare depth of seeding means at a given 

date of seeding; sx2 is for comparing date of seeding means at the 
same dep~h or at different depths of seeding). · 
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Figure 6. Effect of seeding date on rust damage to grain in 1986. 
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Maturation was delayed as seea~ng was delayed (Table 2). Thus, maturity 
was reached on August 5, 9, 14, 14, 15 and 17 for plants seeded on September 
11, 20, 30, October 16, 25 and November 4, respectively (maturity was not 
assessed for the various subtreatrnents). 

1986-87 and Combined 1985-87 

Soil Conditions and Weather (1986-87) 

Precipi t.a tion between August 1 , ·1 986 and end of October, 1 986 was 1 2 4 rnrn 
which was well above the long-term average of 86 mm for this period a Swift 
Current (Table 2). This precipitation '#as well distribu·ted (data not sho,.m) 
;vhich played havoc with our attempt to establish dates of seeding tests on 
predetermined dates, but provided excellen-t moisture for the germinating 
seedlings (Table 1). Winter precipitation (data not shown) '•Jas low, thus 
soil moisture was not changed over winter (Table 1 ). 

Temperatures between fall and spring \<l'ere the mildest experienced on a 
contimxous basis during the 3 yea.rs (Fig. I). Minimum soil temperatures at 5 
em depth v'lere never lower t:han ~·1 5 "C. Thus, there was little likelihood of 
winter killing and this was reflected in the best plant stands obtained in 
the 3 years as shown in Figure 4. 

Dates of seeding were quite haphazard in fall, 1986 (Aug. 30, Sept. 12, 
Oct. 13, 21 and 27) compared to the previous year and 'che two later-seeded 
treatments had not emerged when the soil froze, nor did they emerge till 
mid-April; 1987. Consequently, when run-off water eroded a low lying area 
t.h.at runs across these plo·ts c one of the benefits of early seeding was demon
strated {Fig. 7) by the effective erosion control provided by the well rooted 
early=seeded winter wheat (Aug. 30). 

Soil moisture in fall, 1986 and spring, 1987 was 278 mm/120 em depth 
(Table 1 ), This moisture was about 40 mm greater than was found in the same 
treatment the previous spring. Soil tests NO'i~N was 49.5 kg/ha (the same as 
in 1986) and soil test P \>Jas 30.8 kg/ha, 10 kg]ha more than in 1986. 

Plant Density 

Since spring soil moisture was ideal (Table 1 ) and winter temperatures 
were very moderate (Fig. 1) the plant density even for the late~seeded treat~ 
ments were quite good in -1987 (Fig. 4). When the plant density data for 1986 
and 987 experimen-ts were pooled and analysed, each years' results showed the 
same general response to seeding ra-te (i.e., density increasing with rate of 
seeding), and an interaction between date and depth of seeding (Fig. 4). 
Generally P density decreased sharply wi-th dates after mid-September and 
remained low to mid~October then increased at later dat:es, but not nearly to 
the level of the early-seeded wheat. Though significant, seeding depth, like 
seeding rate had only a. moderate influence on plant density. Generally, 
density was highest when seeding was at 2.5 em depths and lowest for the 7.5 
em depth (as reported by Fowler and others), though for very late seeding 
there was li tt.le to choose between the 2. 5 and 5. 0 em depths in mast cases o 

Finally, plant densities were much higher in 1987 than in 1986 at all dates 
and at late dates population was about 3 times higher (Figo 4), no doubt due 
to the consistently milder winter weather of 1987. 
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Figure 7. Rill erosion on summerfallow controlled by early-seeded 
winter wheat but not by late-seeded wheat in 1986-87. 
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Table 3. Effect of seeding date, rate and depth on yield components and 
days to mature in 1986-87 

1000 No. 
Plant kernel heads/ No. No. Yield/ No. days No. days 
height wt. plant kernel/ kernels/ plant to head to maturity 

(em) (g) at harvest head plant (g) (days from April 1 ) 

Seeding Aug. 30 63.9 28.7 1. 76 20.9. 36.8 1.06 72 109 
Date Sept. 12 62.6 27.7 1.56 22.6 35.3 0.98 73 114 

Oct. 13 70.1 33.4 2.89 32.1 93.8 3.15 77 124 
Oct. 21 67.5 31.2 2.34 30.4 71.9 2.25 78 127 
Oct. 27 68.9 30.9 2 0 21 28.4 62.7 1. 95 81 130 
Signif. ** ** ** * . ** ** ND ND 

Seeding 60 67.7 30.7 2.48 28.6 73.0 2 0 31 
Rate 90 66.2 30.3 2.10 26.9 57.5 1. 79 
(kg/ha) 120 65.8 30.1 1. 92 25.1 49.8 1. 53 

Signif. ** ** ** ** ** ** 

Seeding 2.5 65.6 30.1 2.11 25.1 54.5 1.68 
Depth 5.0 66.5 30.2 2.09 26.6 57.4 1. 78 
(em) 7.5 67.6 30.9 2.26 28.9 68.5 2.17 

Signif. ** ** NS ** ** ** 
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Although the plant density of later-seeded wheat in 1987 was initially 
much more sparse than the earlier-seeded wheat, by mid-June the late-seeded 
plants were tillering more and by mid-July they were just as "bushy" and were 
now taller (Table 3). This was because the later-seeded wheat developed more 
slowly, used water more frugally initially (Fig. 4, top), and, while the 
earlier-seeded wheat had depleted most of its available water supply and the 
plants had dried up by July 15 (data not shown), the slower growing, late
seeded wheat was fortunte to obtain and use the late rains in July and early 
August to advantage (Fig. 2 and Table 2). 

Grain Yields 
) 

When yields were pooled for 1986 and 1987 and analysed, the interaction 
of year x seeding depth x seeding date, and also the interaction of seeding 
rate x year were significant (P < 0.01) (Fig. 4, bottom). In contrast to 
results in 1986 which showed generally an inverse relationship of yield to 
date of seeding, in 1987 there was generally a direct relationship between 
seeding date and yield. The response for the two years emphasize two points: 
(a) the great uncertainty in yield expectations that can result when winter 
wheat is grown on conventional fallow and (b) that the overall best yields 
and least uncertainty in yield will likely be obtained when seeding is done 
as recommended, i.e., in early September. In 19·86, yields of the later
seeded wheat had been decimated by rust; in 1987 there was no rust. Because 
of the rainfall distribution in 1987, later-seeded plants received more 
moisture (Table 2) and consequently produced more yield; the correlation 
between yield and precipitation for the different seeding dates being r = 
0. 94**. The components of yield showed that the greater yields for later 
seeding dates in 1 987 .were due to more tillers surviving to maturity and 
greater seed weight for the later-seeded, longer growing wheat (Table 3). 
Yields increased with seeding rate in 1986 when rainfall was good and well 
distributed. However, in 1987, higher seeding rates exacerbated the drought 
effects, consequently there was no difference in yields due to seeding rate. 
In 1986 yields were generally higher for the 2.5 and 5.0 em seeding depths, 
but in 1987 there was no consistent effect of depth on yield. 

Maturity 

There was a 3-week difference in days to reach maturity between the 
earliest and latest seeded wheat and herein lies another shortcoming of 
late-seeding (i.e., apart from not knowing when freeze up is going to arrive 
each year). 

SUMMARY 

In 1985, only the latest seeded treatment of 3 dates (the one that had 
not germinated in fall) survived the harsh winter of 1984-85. However, i11 
that first year, even the first-seeded treatment was seeded later (Sept. 17) 
than ideal (Sept. 1-9). Yields of the surviving treatment averaged almost 
1000 kg/ha and was lowest for the 7.5 em depth of seeding and highest for the 
5.0 em depth. 

In 1986 and 1 987, winter temperatures being more conducive to winter 
wheat survival on fallow, plant densities and grain yields were more accept
able for summerfallow. Response of plant density to the treatments were 
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similar in these two years: density decreased with delayed seeding till 
mid-October then increased slightly if seeds were ungerminated in fall. 
Plant density also increased with seeding rate and was generally equal for 
2.5 and 5.0 em depth and lowest for 7.5 em depth. ·Plant density was greater 
in 1987 than in 1986 because 1987 had a prolonged mild winter. 

Yields in 1986 averaged 1405 kg/ha and in 1987 (a drier year) it aver
aged 2389 kg/ha. Yields were mainly affected by seeding date and year 
(weather). In 1986, a year of good rainfall but rust invasion, yields were 
highest for early seeding and decreased sharply with later seeding since 
later seeding delayed maturation and exposed these treatments to rust infest
ation. But, in 1987 there was an early drought .and the same delay in matura
tion proved to be an advantage to late-seeded wheat since these plants were 
able to use late rains and thus produced the highest yields. Based on 2 
years' data, the safest treatment with the least uncertainty appears to be 
the early-seeded wheat. Rate and depth of seeding affected yields, but only 
slightly compared to dates of seeding. 

Erosion may be a problem on fallow soil; it was demonstrated that it is 
particularly important to seed early on such soils so the well rooted wheat 
can help protect the soil. 
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