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Two winter wheat (Triticum aestivum L. em Thell) and two

winter barley (Hordeum vulgare L. em Thell) cultivars were grown

with and without straw mulch utilizing six different planting dates.

Soil temperature was recorded continuously at seeding depth from

planting date through March of the crop year. A series of thermo-

couples connected to a point recorder were used for the soil temper-

ature measurements.

Soil temperature data were condensed through the use of a

computer to obtain monthly averages for fallow treatments (bare

and straw mulch) and diurnal variations. Plant growth in terms of

days to emergence and days to tillering was noted for each planting

date and related to the average soil temperature.



Soil temperature differences between the bare and mulch

(2400 kg/ha wheat straw) fallow treatments were small. Slightly

higher soil temperatures were recorded in the mulched plots but

the differences had no significant effects on emergence and tiller-

ing. Average soil temperatures decreased gradually at each sub-

jecent planting date but differences in the time interval between

planting, emergence and tillering for the first four dates were

slight. When considering the first four dates of planting the time

interval between planting and emergence ranged from 9 to 11 days,

while between emergence to tillering time interval ranged from 17

to 29 days. For the fifth and sixth planting date the interval between

planting and emergence and emergence and tillering increased

sharply ranging between 14 and 20 days and 51 and 125 days,

respectively. These increases in time intervals between plant

growth stages corresponded with relatively rapid decreases in

average soil temperatures during the same period.

Significantly lower grain yields were observed for the early

(14 August) and late (1 November) planting dates when compared to

the other four planting dates. The early planting date produced

excessive vegetative growth and many tillers early in the season

and may have used much of the stored moisture in the soil in the

fall. There was also severe lodging in these plots. The first

two planting dates also showed heavy infestation of barley yellow



dwarf virus. The plants from the late planting lacked sufficient

growth to efficiently use the moisture that was available. Within

the second to fifth planting dates all four cultivars exhibited a

differential response in yield and for some agronomic traits indica-

ting distinctly different types of adaptation. Higher yields were

noted for the barley cultivars, Hudson and Schuyler, at the second

and third planting dates while the yield levels of the wheat cultivars,

McDermid and Moro, were higher at the fourth and fifth planting

dates. Differential responses in plants per square meter and

tillers per plant at the same planting dates showed opposite trends,

e. , as the former increased the latter decreased. Neither of these

two traits appeared to contribute to grain yield.

The fallow treatments, bare and straw mulch had no signifi-

cant effect on grain yield in the cultivars studied. However, a

significantly higher 1000 kernel weight was observed with the straw

mulch treatment. Number of plants per square meter was signifi-

cantly higher under bare fallow than under mulch fallow treatment.

All cultivars showed differential response to fallow systems

in tillers per plant but not in yield and other agronomic traits.

McDermid and Hudson responded to the mulch fallow while Moro

had good response to the bare fallow in tillers per plant. Schuyler

responded almost the same to the both mulch and bare systems in

tillers per plant.
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EFFECT OF SOIL TEMPERATURE, SEEDING DATE,
AND STRAW MULCH ON PLANT DEVELOPMENT

AND GRAIN YIELD OF TWO WINTER WHEAT
AND TWO WINTER BARLEY CULTIVARS

INTRODUCTION

Cereals are the primary source of energy in most parts of

the world. As the world population increases, demand for cereals

must also increase. If more moisture can be conserved on the vast

dryland areas new in cereal production, a significant increase in

food production could be realized. Therefore, it is important that

a management system or systems be developed to conserve the

moisture thereby allowing cultivars of cereal grains to express

their full genetic potential.

Several experiments have been conducted on wheat and barley

to determine those factors which influence stand establishment and

subsequent yield including the proper planting date, the effect of

temperature on plant growth and the effect of different mulching

systems.

Soil temperature has been identified as an important factor

influencing growth, although temperature effect has not been studied

extensively under field conditions. One reason has been the limita-

tions in experimental techniques. Furthermore, in the field the

interaction of soil temperature, soil water, and nutrients which act

to limit or enhance crop yield are difficult to evaluate.
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Mulching is a cultural practice that affects soil temperature

and protects the soil from wind and water erosion. However little

attention has been given to the influence of a straw mulch or soil

temperature during the growing season.

The objective of this study was to determine the effect of

straw mulch, soil temperature, and planting date on the growth and

development of two winter wheat and two winter barley cultivars.
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LITERATURE REVIEW

Temperature Effect on Plant Development

Soil temperature is one of the most important factors in plant

growth. It effects germination of seed, root development, nutrient

uptake, and many other plant growth processes. Soil temperature

shows considerable variation throughout the year as well as through-

out a day. Shul'gin (1965) showed that in the summer, soil tempera-

ture decreases with depth, in winter it increases. In autumn, how-

ever there is a layer at a certain depth where the temperature is

highest. It decreases both upward and downward. Conversely, in

spring there is a cooler layer between upper and lower layers which

i s warmer. In daylight the soil surface directly absorbs solar

energy and therefore warms up strongly, but the extent of the warm-

ing decreases with depth. At night, when cooling is strongest at the

surface it also decreases with depth.

Mulch-temperature relationship has been studied by several

workers. Wijik and Derksen (1961) showed that a straw mulch is

often applied in warm climates to prevent the occurrence of exces-

sive soil temperatures during the day. Smika and Ellis (1971)

demonstrated that when daily air temperatures increase very rapidly

during the spring growth period, the mulched soil was as much as
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5
oC cooler than the bare soil at a depth of 2. 5 cm. Kohnke and

Werkhoven (1963) revealed that temperature maxima will reach the

favorable level for corn germination about two weeks sooner in the

bare soil than in the mulched soil. Temperature at germination

time is very important for the growth of corn and in the northern

states soil temperature at corn planting time is a critical factor.

Mulch associated with temperature was considered by Allmaras

et al. (1973) in their tillage management studies. Tillage and

residue management treatments have a predictable effect on soil

temperature and moisture at the time of root development in annual

crop species. The number of moist days was increased by surface

residues (and soil temperatures were lower), yields from all residue

placements ( row interrow, overall) and non-zero rates exceeded

the bare check.

When analyzing root growth responses to environmental fac-

tors in row crops, the soil environmental differences between the

row interrow must be recognized. The same consideration should

be given for close seeded crops such as wheat or peas.

The effect of temperature on the germination of range plants

was studied by Tadwor et al. (1969). They used 0, 0. 1, 0. 3, 1. 0,

4. 0, and 15. 0 atm. osmotic concentration and temperatures of 4,

10, 15, 20, and 25°C. The rate of germination was greatly affected
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by temperature at all osmotic potentials in all species, while the

effect of osmotic potentials was greatly dependent on temperature.

Wheat and barley were almost independent of osmotic potential x

temperature effects, except at the highest osmotic potential (15 atm. )

at the lowest temperature. On the other hand, the dependence of the

rate of germination on osmotic potential is markedly affected by

temperature at 4o
C. The rate of germination was very low for all

species, from 10oC to 20 o
C. The rate of germination increased

with temperature.

Read and Beaton (1963) used three temperature levels of 5. 5,

16.2, and 26. 8°C and found that the rate of germination was slower

at 5. 5 oC than at the other temperatures. Percent germination was

slightly less at 26. 8°C than at the two lower temperatures.

Varietal differences in seeding emergence of winter wheats

were influenced by temperature and depth of plants grown under

growth chamber conditions (Burleigh et al. 1965). The temperature

levels were 10. 1 oC and 32. 5 o
C. Soil temperatures (one inch below

the soil surface) were recorded for a two-week period in August at

Pullman, Washington. Average maximum temperatures were com-

puted to substantiate the use of an experimental temperature similar

to those occurring in the field. The influence of temperature upon

coleoptile elongation was studied. The higher temperature caused
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suboptimal coleoptile elongation in all wheat varieties and selections

tested, and this condition was directly applicable to poor seedling

emergence.

In another study of temperature effects on seedlings of corn

(Cal and Obendorf, 1972), root zone temperatures of 120, 160, and

20 0C were selected in mid-May, early June, and early July, respec-

tively to differentiate growth rates of corn. Seedlings emerged after

approximately 21, 15, and 5 days at germination temperatures of

120, 160, and 20 0C, respectively. Lower temperatures did not

reduce percent survival but delayed germination. Approximately

two more weeks were required to reach a comparable leaf number

after seeding at each 4°C decrease in temperature. The number of

leaves increased with sequential increase in root zone temperature.

The effect of temperature on radicle emergence of cotton seed

was reported by Wanjura and Buxton (1972). Temperature had a

greater effect than soil moisture tension. The number of days till

radicle emergence increased four-fold by lowering temperature

from 25. 7 0C (optimal) to 15. 6°C. Increased temperature had a

greater effect on radicle emergence rate than water uptake (Black law,

1972). Seedlings of corn grown in wet, freely drained vermiculite

were approximated by a linear function of time. The rates of elonga-

tion were greatest at approximately 30 C and effectively ceased at
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9
oC and 40o

C. For a given temperature the rate of shoot elongation

was smaller than the rate of radicle elongation. Optimal for elonga-

tion of both axes was approximately 30o
C. There was negligible

elongation below 9°C and a constant temperature of 40oC was lethal.

The effect of temperature on nutrient availability to plants has

been studied by several workers. Beaton et al. (1965) showed a

relatively constant effect of temperature on the reduction of concen-

tration of water-soluble phosphorous (P) and percentage of fertilizer

P dissolved in water as the temperature was increased from 5 oC
to

20
oC and from 20 o C to 35o

C. He suggested that the velocity of

reactions involving reversion of P into less soluble forms had been

reduced.

Another study was conducted by Gingrich (1965) on P availability

as affected by temperature. He concluded that even on a soil low in

available P early growth of winter wheat could not be increased

greatly by P fertilization if soil temperatures are too low. Even

though the percentage of P in the tops is not affected by soil temper-

ature, the total amount of P absorbed and metabolized was affected

by temperature in the same general relationship that yields of dry

matter were affected by soil temperature.

Stewart and Whitfield (1965) reported that in three water baths

with 12.9o, 15. 70, and 18. 5
oC temperature had practically no effect
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without fertilizer, but when NSP was added the 18. 5 oC treatment

yields of winter wheats were more than double the yields of the

12. 9°C pots. When only N and P were added, the influence of tern-

perature was between those of the other two fertility levels. Number

of culms was influenced by both temperature and fertility levels.

When no fertilizer was added, the culm count decreased as tempera-

ture was increased. However, when fertility was adequate, the

number increased sharply from 12. 9 o C to 15. 7o C with little differ-

ence between 15. 7oC and 18. 5 o
C.

Temperature is known as an effective factor on chemical and

biological processes of plants. Brady (1974) stated that in cold soil

chemical and biological rates are slow. Nitrification does not begin

in the spring until the soil temperature reaches about 5oC, the most

favorable limits being 25-30°C. Also, plant processes such as seed

germination and root growth occur only with certain critical soil

temperatures; likewise the absorption and transport of water and

nutrients by higher plants is adversely affected by low temperature.

Canny (1972) stated that in most plants a temperature of 5o or

6
oC constitutes an effective block to the inhibition action of the chief

growing tip for several days, but these temperatures are near the

upper limit of effectiveness for Phaseolus and Saxifrage, and

adjustment or acclimation of the cooled zone gradually occurs to such
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a degree that the buds, which were at first physiologically isolated,

are again inhibited and ceased to grow even before the low tempera-

ture is removed. When lower temperatures are used such acclima-

tion may occur to some extent, but is less rapid.

Soil temperatures of 20.20- 24. 10C to 14. 00 17.90C are

required for plant development, while water requirements are

reduced by reduced soil temperature. However, efficiency of water

use is obtained at those soil temperatures most nearly optimum for

plant growth of barley (Power et al. , 1964). Similar results were

obtained in (Power et al. ) a study in 1963.

In a field experiment, yield of barley was lower, regardless of

moisture, when the mean soil temperature was near 27 0C than near

90 or 180C. The highest yields were obtained at 18 0C. Yield of

barley straw and grain were markedly reduced by high soil tempera-

tures (270 C) even under field capacity moisture conditions. Root

growth was lowest at 270C and highest at 9 0C regardless of moisture.

During the early part of the season, root growth was less at the

lower temperatures and during the latter part of the season it was

greater at the lower temperature than at the higher temperature.
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Effect of Mulch on Plant Development and Grain Yield
of Wheat and Barley Cultivars

Stubble mulching, the retainment of crop residues mixed in

the surface soil has proven to be an important management practice

for small grain production. Although the presence of a crop residue

affects plant growth, in many cases the predominant effect is on

soil moisture and temperature.

Horning and Ovenson (1962) showed the presence of a crop

residue on the surface of a soil or mixed with the surface soil at

planting time reduced the impact of raindrops on the soil surface

and impedes the flow of water erosion. The presence of residues

on or near the immediate soil surface increases the rate of infiltra-

tion of water, and thereby reduces the quantity of water that runs off.

Residues on the surface also prevent close contact between wind and

soil, and are therefore particularly effective in preventing wind

erosion.

The study of Greb (1966) also showed that soil surface applica-

tion of 1120, 2240, and 3360 kg/ha of wheat straw, equivalent to 30,

60, and 90 percent soil surface coverage,respectively, reduced

water losses from a wet soil surface. For the entire 20 days straw

reduced water losses by 16, 33, and 49 percent,respectively, for

the increasing rates tested compared with no straw.
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Papendick et al. (1973) reported that surface-applied straw

(4000 kg/ha) decreased seed-zone temperatures under the shallow

mulch (6 cm) as compared to deep mulch (11 cm). Stands established

in late summer or early fall protect soil against erosion during the

winter, and also increases the crop production as compared with

stands from late fall emergence. Climatic differences are undoubt-

edly an important aspect in water conservation with soil mulches.

They observed that emergence eight days after planting was 18 and

57 percent for the shallow (6 cm) and deep (11 cm) mulch treatment,

respectively. By late fall, emergence was relatively uniform on all

plots, but the plants that emerged late were smaller in size and had

fewer tillers than the plants that emerged early.

Kohnke and Werkhoven (1963) studied the effect of mulching

system on plots covered with 1. 5 tons of wheat straw per acre, while

the other plots were left bare. They observed that temperatures in

mulched soil were higher than in bare soil only during the winter

whereas in the spring, summer, and fall the mulched soil was colder.

The differences at any given depth, however were small. The

o
mulched soil was about 1. 1 C, 1. 6 C, and 2.2C lower in May, July,

and September, respectively. It is rather remarkable that these

differences hold essentially true for the three depths studied, i. e.,

1, 4, and 10 inches.
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Allmaras et al. (1973) reported that when the number of moist

soil days was increased by surface residues (and soil temperatures

were lower), yields from all residue placement and non-zero rates

exceeded the bare check. "Straw residue rates in the order of 1600

kg/ha and also interrow placement of even higher residue rates can

be expected to maximize the number of moist soil days and minimize

soil temperature reductions. "

The study of Petroleum mulch by Kowsar et al. (1969) showed

that the maximum temperature difference at a depth of 1 cm decreased

from the first to the fourth day. The maximum temperature under

the mulch remained nearly constant and ranged from 39. 2oC to

39. 8oC during the course of the experiment. While the bare soil

lost water rapidly during the first day and gradually for the rest of

the experiment, below the mulched surface the water content remained

almost constant for the duration of the experiment.

There was a positive association of corn grain yield and the

growth of roots at shallow depths between rows early in the season

(Allmaras and Nelson, 1971). When soil water storage at planting

time is moderate to low, interrow surface placement of straw

mulches can be beneficial for corn growth even where soil tempera-

tures are below the 26°C optimum for corn.
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Smika and Ellis, Jr. (1971) reported that all agronomic mea-

surements, except weight per head of hard red winter wheat, were

slightly higher with mulch than without. When soil temperature and

water of bare and mulched soil are the same, the physical presence

of mulch had no effect on plant growth and development. When

Nitrogen (N) was applied, the number of tillers producing heads was

10 to 15 percent greater on plants grown in mulched than on plants

in nonmulched soil, and the total weight of plants grown in mulched

soil was significantly greater than weight of plants grown in bare

soil. Six percent more tillers produced heads on plants growing in

mulched than in bare soil.

Black (1970) found that grain yields of winter wheat were

generally higher when wheat straw was applied at the same rate over

the row in bands than when randomly applied regardless of row

spacing. Mean maximum soil temperatures were 20 to 4oC warmer

on the row in bands at the 5 cm. soil depth when the straw was

banded compared to random distribution of straw at the same rate.

Yield responses to wheat straw mulches were positive when there

was an increase in the number of days that the soil was moist near

the plant crown, and negative if the period of moist soil days was

not influenced appreciably by mulching.
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When no NPS were added, mixed straw treatments caused a

large decrease in yield, as compared to the no-straw treatment

(Stewart and Whitfield, 1965). Yield of the surface straw treatments

of the other fertility levels was not less than those of the no-straw

and mixed-straw treatments at comparable fertility levels. They

suggested that nutrient limitations were great enough that any effect

of a temperature difference caused by surface straw was not signi-

ficant.

Grewal and Singh (1974) summarized the possibilities of mani-

pulating hydrothermal regime of soil with different organic mulches

and their effect on the growth of potatoes. Mulches like Pennisitum

stalks lowered the soil temperature maxima at a depth of 10 cm. by

1. 5
o C during autumn and by 3. 5oC during spring as compared with

control plots. During the night, the covers acted as a mechanical

barrier to the release of soil heat, thereby maintaining the soil at

a higher temperature.

Barley and/or wheat grown on mulched soil occasionally yields

less than wheat and/or barley grown on bare soil. A considerable

amount of literature indicates that reduced yields and lower soil

temperature correlate positively, and suggests that the N concen-

tration in plants declines as soil temperature is reduced.



15

Effect of Seeding Date on Plant Development and
Grain Yield of Wheat and Barley Cultivars

Some varieties of winter wheats that are planted early enough

in the fall or late summer to obtain good cover during the winter

produce excess straw in the spring, resulting in lodging and reduction

of grain yield. Beutler and Foote (1963) reported that early seeding

of the standard wheat varieties increased the total dry matter, but

most of this increase was straw. The standard varieties did not

produce any increase in grain yield when seeded prior to mid-October,

while the selections gave their highest grain yields when seeded

earlier. This differential variety response to dates of seeding was

most pronounced when the straw-grain ratio was calculated.

A wheat-fallow rotation is practiced on the Anatolian plateau

in Turkey. Satisfactory yields can be obtained when winter wheat is

seeded in September if stands can be established early (Bolton, 1973).

However, if the residual moisture from the previous fallow is not

adequate for early and rapid emergence, the best alternative is to

seed in early October, rather than in November.

With September, October, November, and December planting

dates, Day and Thompson (1970) found that the October planting date

produced more heads per unit area and fewer seeds per heads in

wheat than other dates. Each delay in planting date resulted in
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shorter plants and less lodging, and resulted in a lower yield. The

lower grain yield from the high seeding rates was due to more lodg-

ing and fewer seeds per head. Similar results were reported by

Larter et al. (1971).

Crown and shoot development is greatly influenced by environ-

mental conditions in the fall (Janssen, 1929). In addition spring

environmental conditions may greatly alter or influence the spring

development of the plant. The spring recovery of the plant is of

fundamental importance to its proper development.

Stickler and Pauli (1964) showed that winter barley planted

either October 1 or October 15 exhibited considerably greater survi-

val than when planted either earlier or later. Maximum yield was

attained with October 1 planting with a rather drastic yield decrease

at the October 15 date. Seed per head varied only slightly among

dates of planting, and seed weight showed a slight but constant

decrease with delayed seeding.

Yield was reduced when wheat was summer planted (Dewey

and Nielson, 1969). By the end of what ordinarily would be the

fallow summer, the early plantings (June, early July) had largely

utilized the available soil moisture and nitrates for the production of

top growth. In contrast, the later seedings (September, October)

had most of this fallow year moisture and nitrate reserves available

for growth during the spring and summer of the harvest year.
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MATERIALS AND METHODS

Two winter wheat cultivars, McDermid and Moro, and two

winter barley cultivars, Hudson and Schuyler (see Appendix Table

1 for description of cultivars) were grown without and with straw

mulch mixed into the surface of the soil. The cultivars were

selected to represent new (McDermid, Schuyler) and old (Moro,

Hudson) types which are grown widely in dryland areas in Oregon,

except Schuyler which is an introduced cultivar.

Normal seedbed preparation was made during the fallow

period; molboard plowing in the early spring, sweep as a second

cultivation, and using rodweeder in the summer for weed control.

The experiment was conducted at the Sherman Experiment

Station, Moro, Oregon. The amount of rainfall was 363. 0 mm for

the 1973-74 fallow period and 218. 1 mm during the growing season.

The distribution of the rainfall throughout the year and the average

for 30 years are presented in Appendix Table 2.

The soil was walla-walla silt-loam. Nutrient levels are

listed in Table 1. The wheat straw was applied on the soil on

July 19, 1974, about one month before the first planting date. The

straw mulch was applied on the soil surface at 2400 kg/ha and mixed

to a depth of 10 cm using a rodweeder.
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TABLE 1. THE NUTRIENT LEVELS AND pH OF THE FIELD
TRIAL AREA ON THE SHERMAN EXPERIMENT STATION,

MORO, OREGON.

Depth of P 0. M. NO -N Total N
Soil pH pmrn ppm

0-30 6.7 42.2 1.56 18.4 0.071
30-60 7.2 14.7 1.26 9.4 0.059
60-90 8.4 12.0 0.95 16.4 0.049
90-120 8.8 0.75 28.3 0.033

120-150 9. 0 0.20 32.9 0.024

Plots were seeded on the following dates: 1) 14 August 1974;

2) 30 August 1974; 3) 13 September 1974; 4) 28 September 1974; 5)

11 October 1974 and 1 November 1974.

A seeding rate of 85 kg/ha was used for both the wheat and

barley cultivars. Seven rows with 30 cm row spacing were planted
2

with a deep furrow drill. Plot size was 20.0 m at planting time.

To eliminate any border effect, 0.5 m were trimmed from the end

of each plot. Plot size at harvest was 9.8 m2. To insure uniform

germination, the plots were sprinkler irrigated only once (to about

8 cm in depth) immediately after each planting date.

Sixty kg/ha of Nitrogen (N) in the form of NI-T NO (34 percent)

was broadcast uniformly on the soil surface and worked in about 8

to 10 cm depth with a rodweeder just prior to the initial planting

date.
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Seed was treated with Hexachlorobenzene 40 (312. 0 gm/ 100kg)

before planting for control of disease and insects. Bronate (1. 78

It/ha) was applied to the experiment for control of weeds in the

middle of March. In addition, weeds were removed from the field

by hand.

The barley cultivars were harvested on 17 July 1975 and the

wheat cultivars on 4 August 1975 using a Hege combine.

The experiment was strip-plot design (Peterson, personal

communication) with the main plots the fallow treatment, sub-plots

planting date, and sub-sub-plot cultivars with four replications.

The data were subjected to analysis of variance.

Soil temperature was recorded using thermocouples at the

seeding depth (about 10 cm). Soil temperatures were recorded

from planting time 14 August 1974 through 1 April 1975.

A multiple point recorder was used to take soil and air tem-

peratures. Thermocouples were positioned in the soil between the

rows at a depth of 13-14 cm and in the row at 9-10 cm (Figure 1

and 2).

In the main plots there were 96 thermocouples in each replica-

tion to record differences between mulched and unmulched plots. In

each sub-plot eight thermocouples were used; four in the row and

four between the row. Average temperature readings from eight
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thermocouples were used for each plot to evaluate the temperature

effect on plant development. Temperature readings were averaged

because there was no difference between inrow and row tempera-

tures. Thermocouples were placed in two of the four replications in

the experiment. Temperatures were recorded continuously; however,

readings from every two hours were used in the analysis of the data,

as daytime 0:600 - 16:00, night 18:00 04:00.

The following agronomic traits were measured:

1. Plants per m2 were counted after plants were completely

emerged. Emergence data was also recorded to interpret tempera-

ture effect on stand establishment.

2. Spikes per m2 were recorded by counting the number of

spikes in one square meter prior to harvest.

3. Tillers per plant were obtained by dividing the number of

spikes per m2 into the number of plants per m2. Tillering date was

also recorded when plants had 2-4 tillers.

4. Kernel samples were taken from each plot after harvest

and 1000 kernel weight was calculated.

5. Heading date was recorded as the number of days from

January 1. When approximately 50 percent of the culms had the

entire spike extend beyond the auricle of the flag leaf the plot was

recorded as headed.



6. Grain yield from 9. 8 m2 per plot were recorded as

kg/ha.

22
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RESULTS AND DISCUSSION

Most previous studies involving the effect of straw mulches

versus bare soil on plant growth and development were not designed

to continuously record soil temperature. Soil temperature measure-

ments may have been recorded on a periodic basis such as daily,

weekly or monthly at various times throughout the day. Under highly

variable climatic conditions this type of measurements may not

adequately reflect the true situation over time. In accumulating soil

temperature data on a continuous recording basis a tremendous vol-

ume of information is gathered. It is virtually impossible to report

these data on a daily basis. Therefore, the present soil tempera-

ture data are presented as monthly averages along with diurnal

variations and maximum and minimum values. These measurements

are on accurate reflection of actual field conditions existing during

the trial period.

Averaged bare and mulched soil temperatures were recorded

from the date of planting until 1 April 1975 for each planting date.

Day and night average temperatures were recorded to determine

diurnal variations. Maximum and minimum soil temperatures were

measured for each month in the bare and mulch treatments as well

as atmospheric temperature at 1 m above ground.
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oThe maximum air temperature recorded was 32.5 C in August

while the minimum air temperature for that month was 7. 5°C.

August was the warmest month during the period of temperature

recording. January was the coldest month with air temperatures

ranging from 13 oC to 10. 5oC. Average air temperatures during the

day were about 3oC higher than the average night temperature for

August, September, October, and March. The air temperatures in

the winter months (November, December, January, and February)

were 1 o to 2°C higher in the day than during the night (Figure 3).

Average air temperatures were lower than soil temperatures in

August, October, January, and March but higher in September,

November, and December (Figure 4).

The Effect of Fallow Treatments on Yield

In general studies have shown that mulches reduce soil temper-

ature, wind velocity at the soil interface, and impede vapor diffusion,

thus reducing soil water losses in terms of evaporation. However,

in many cases mulches have no effect on plant growth. "When the

soil temperature and amount of water of bare and mulched soil are

the same, the physical presence of mulch has no effect on plant

growth and development" (Smika and Ellis, 1971).



35

30

25.

20

Max.

Daytime ay.
ay.

15 _

10

Night ay.

Min.
5-

0

-5

-10

Q

Aug . Sept. Oct. Nov. Dec. Jan. Feb.

Figure 3. Monthly minimum, maximum and average night and daytime air tempera-
tures at the Sherman Experiment Station, Moro, Oregon, in 1974-75.



27
32

25 _

20

Bare max.
Mulch max.

Mulch ay.

Bare ay.

Air ay.

15 - min.

Bare min

10 .

5

0

-5

-.x

Aug. Sept. Oct. Nov. Dec. Jan. Fcz:b Mar.

Figure 4. Average monthly bare, mulched soil and air and minimum and maximum temperatures
at the Sherman Experiment Station, Moro, Oregon, in 1974-75.



2?

There were no significant differences between mulch and bare

treatments in grain yield (Table 2 and 3) although yield was slightly

higher under the mulch treatment than under the bare treatment.

Grain yields averaged 285 kg/ha more from the mulch versus the

bare treatment. This may be attribut ed to slightly higher tempera-

ture observed in mulched plots than bare plots during the colder

months. For example the average soil temperature was 1. 42°C for

bare and 1. 55oC for mulched soil in February. The minimum soil

temperature was -4.2o C for bare and -2. 4oC for mulched soil with

the minimum air temperature recorded at -10. 5°C. In general soil

temperature fluctuations were less under the mulch treatment than

under the bare treatment (Figure 4).

Maximum temperature was 32 o
iC in mulched soil and 30°C in

bare soil while minimum temperature was 15. 8 o
iC in mulched soil

and was 15. 5
o

iC in bare soil in August.

There was little difference between bare and mulched soil in

day and night average temperatures. Daytime average temperatures

were slightly lower in August, September, October, and March but

were slightly higher in November, December, January, and February

which were the colder months during the observed period. Daytime

average air temperatures were higher than average night tempera-

tures during the months of observations (Figure 5).



TABLE Z. MEAN SQUARES FROM AN ANALYSIS OF VARIANCE FOR YIELD AND
FIVE AGRONOMIC TRIALS OF TWO WHEAT AND TWO BARLEY CULTIVARS
GROWN AT SHERMAN EXPERIMENT STATION, MORO, OREGON IN 1974-75

Source of
Variation

Degrees of
Freedom Yield

1000 Kernel
Weight

Spikes

Per m2

Tillers
Per Plant

Heading Date
Prom Jan. 1.

Plante
Per m2

Reps 3 22290700 266.65 14381.3 4.78 60.47 1086.76

Tallow 1 3906780 NS 56.33 *A 16744.0 NS 34.93 NS 23.38 NS 3996.75 **

R x P (Error a) 3 1209610 1.53 12304.5 5.56 47.92 70.76

Planting Data 5 8472500 ** 25.75 NS 424505.0 ** 163.25 ** 145.29 * 23189.70 AA

R x P. D (Error b) . 15 955710 10.61 21031.4 6.10 49.61 847.65

P. D x p 3 226879 NS 8.17 NS 13296.1 NS 2.18 NS 39.04 NS 292.51 NS

R x P. Dx (Error.C) 15 547585. 5.85 11149.4 7.91 35.92 443.09

Cultivate 3 45670400 " 402.42 ** 241193.0 "A 74.64 AA 283.99 AA 9894.68 A*

C x P. D 15 2788600 ** 14.15 NS 14973.8 NS 15.63 ** 56.79 NS 2560.10 **

& x C
'54RxCxP. D (Error d) 950158 4.41 10401.2 4.78 58.30 510.88

C x r 3 824599 NS 6.53 NS 15335.8 NS 6.65 * 66.09 NS 177.35 NS

C x 7 x P. D 13 277867 NS 5.72 ** 13758.8 NS 4.87 ** 57.42 NS 243.18 NS

Rx7xC.
Rx?xCxP. D (Error a) 54 574834 .3.32 10610.0 1.82 52.33 260.52

TOTAL 191

. .

MEAN 4968.72 30.66 587.85 6.18 148.0 108.71

* Significant difference at the 5% probability level
** II II II II 11



TABLE 3. MEANS FOR YIELD AND FIVE AGRONOMIC TRIALS OF TWO
WHEAT AND TWO BARLEY CULTIVARS GROWN AT SHERMAN

EXPERIMENT STATION, MORO, OREGON IN 1974-75

Treatments Yield kg/ha
1000 Kernel

Weight
Spikes
Per m2

Tillers
Per Plant

Heading date
From Jan. 1

Plana
Per m2

Fallow

(1)
1. Mulch 5111 31.20 a 597.2 6.60 148.3 104 b

2. Bare 4826 30.12 b 578.5 5.75 147.5 113 a

Planting Dates

1. 14 August 4232 c 30.24 627.1 b 9.11 a 146.5 72 c

2. 30 August 5045 ab 30.45 750.1 a 5.49 be 147.5 140 a

3. 13 September 5139 ab 30.82 641.1 a 8.71 a 147.0 82 c

4. 28 September 5410 a 29.27 589.5 be 5.83 b 148.0 107 b

5. 11 October 5518 a 31.81 496.7 cd 4.16 be 150.5 124 a

6. 1 November 4468 be 31.38 . 422.6 d 3.76 c 152.0 126 a

Cultivars

1. MoDermid 4949 b 3Q50 b 676.8 a, 8.00 a 152.5 a 99 b

2. Moro - 3696 c 26.63 c 503.8 c 5.64 b 154.8 a 95 b

3. Hudson 5168 b 3251 a 578.6 b 5.87 b 137.5 c 115ab

4. Schuyler 6061 a 33.00 a 591.9 b 5.20 b 146.9 b 125 a

(1) Student-Newman-Keuls Test (1960) Means in the column followed by the same
letters are not significantly different at the 5% probability level.
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Mulched soil temperatures were generally slightly higher than

bare soil at all planting dates except for the 14 August planting

(Figure 6 and Table 4).

The Effect of Fallow Treatment on
Five Agronomic Traits

One thousand kernel weight was significantly higher in both the

barley and wheat cultivars under mulch fallow than under bare fallow

treatment (Table 2 and 3). Black (1970) reported that kernel weight

of winter wheat was not significantly influenced by 1680 kg/ha or

3360 kg/ha of wheat straw within years, but relatively large differ-

ences occurred among years.
2Even though there were more spikes per m in the mulch

treatment, there was no significant differences between two treat-

ments (Table 2 and 3).

Bare and mulched plots did not differ significantly in tillers

per plant. Similar results were found by Smika and Ellis (1971) in

hard red winter wheat when bare and mulched soil temperatures

were equal in the field.

Stands in the mulched plots were significantly lower in number

of plants than the bare plots. In other words, plants per m2 (stands)

were greater under the bare fallow than under the straw mulch

treatment.
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TABLE 4. AVERAGE TEMPERATURES OF BARE AND MULCHED SOIL AT EACH PLANTING
DATE AT SHERMAN EXPERIMENT STATION, MORO, OREGON, IN 1974-75.

Date 1 Date 2 Date 3 Date 4 Date 5 Date 6

Months Bare Mulch Bare Mulch Bare Mulch Bare Mulch Bare Mulch Bare Mulch

Aug. 21.76 22.13

Sept. 19.45 19.50 19.59 19.60 16.37 16.26

Oct. 10.28 10.52 11.00 10.78 10.94 10.74 10.19 10.51 9.83 9.78

Nov. 5.29 5.25 5.29 5.25 5.12 5.13 4.97 5.02 4.78 4.83 4.73 4.88

Dec. 2.50 2.50 2.48 2.45 2.32 2.34 2.21 2.28 2.09 2.13 1.90 1.98

Jan. 2.97 2.96 1.95 1.93 1.82 1.85 1.78 1.83 1.60 1.70 1.54 1.62

Feb. 1.75 1.75 1.73 1.66 1.50 1.98 1.36 1.47 1.12 1.31 1.40 1.32

Mar. 4.50 4.50 4.49 4.33 4.34 4.37 4.35 4.35 4.41 4.37 4.35 4.32
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The days to emergence were slightly longer under mulch than

bare treatment. Averaged days from planting to emergence over

planting date were 12. 7 for mulched plots and 12. 1 for bare plots.

Days from emergence to tillcring were 45.3 for mulched soil and

46. 0 for bare soil (Table 5). However, the heading date of wheat

and barley cultivars were almost the same in mulched and bare plots

(Table 3),

The only significant yield component that may have contributed

to the slightly higher yield under the straw mulch treatment is 1000

kernel weight. This may be a reflection of slightly better moisture

conditions due to the insulating effect of the mulch treatment during

the latter period of growth. However, the yield differences were not

significant. None of the first order interactions involving mulch

treatment versus 1000 kernel weight were significant indicating the

differences were solely due to the straw mulch applied to the plots.

Effect of Planting Date on Yield

Highly significant differences were observed in grain yield as

affected by planting date. The highest grain yield was obtained from

the 11 October planting date. This is similar to the results of max-

imum yield of two winter wheat and two winter barley cultivars

obtained with 1 October planting which was reported by Stickler and

Pauli (1964).



TABLE 5. DAYS TO EMERGENCE AND TILLERING IN MULCHED
AND BARE TREATMENTS AT THE SHERMAN EXPERIMENT

STATION, MORO, OREGON, IN 1974-75

Fallow Planting Date of Days to Date of Days to
Treatment Date- 1974 Emergence Emergence Tillering Tillering

14 August 25 August 11 12 September 18
30 August 8 September 9 3 October 25

Mulch 13 September 24 September 11 19 October 25
28 September 9 October 11 6 November 28
11 October 25 October 14 15 December 51
1 November 2 1 November 20 26 March, 75 125

76/6 = 12.7 272/6=45.3

14 August 24 August 10 12 September 19
30 August 7 September 8 3 October 26

Bare 13 September 24 September 11 19 October 25
28 September 9 October 11 7 November 29
11 October 24 October 13 15 December 51

1 November 21 November 20 26 March, 75 125
73/6 = 12. 1 276/6=46. 0



36

However, there were no significant differences among 30 August,

13 September, 28 September, and 11 October planting dates. Lowest

grain yields were recorded from the 14 August and 1 November plant-

ing dates (Table 2 and 3). Yield reduction from these two planting

dates was probably the result of different factors. Excessive vegeta-

tive growth and many tillers early in the season resulted from the

early planting date. Undoubtedly much of the stored moisture in the

fallow was used. There was insufficient growth and development from

the late planting date to efficiently use the moisture that was available.

BYDV disease and lodging caused a reduction in yield in early planting

date and this may have affected overall analysis. Dewey and Nielson

(1969) reported that in winter wheat BYDV was a major factor in

limiting the yield of early seeded winter wheat. Day and Thompson

(1970) also reported that the relatively low yield from early plantings

were attributed to BYDV and lodging.

The amount of soil cover decreased as the planting date was

delayed. The earlier the planting date, the greater the amount of

soil cover.

Soil temperatures were adequate for plant growth and develop-

ment early in the season (average soil temperatures were 21. 7
oC

in August, 19. 5°C in September, and 16. 4°C in October). However,

after the sixth planting date in November, the average soil tempera-
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ture was 4. 7°C. This low soil temperature apparently had the effect

of delaying tillcring until spring when the soil. had warmed up again to

a suitable level (Figure 6 and Table 4).

Soil temperatures during the night were higher in the early

planted plots than in those plots seeded later in the fall because of

the extensive plant cover produced by the early seedings. This plant

cover produced a blanket that served to insulate the soils during the

night. In general night soil temperatures decreased as the planting

date was extended. The reverse was true for daytime soil tempera-

tures. Soil temperatures during the day were higher in the late

planted plots because more of the soil surface was exposed to the

sun's radiations.

The Effect of Planting Date on Five Agronomic Traits

There were no significant differences among planting dates in

1000 kernel weight. However, the highest 1000 kernel weight was

produced by the 11 October planting date while the lowest was produced

by the 28 September planting.

There were highly significant differences in spikes per m2

among planting dates. 30 August and 13 September plantings pro-

duced a higher number of spikes per m2 and was significantly differ-

ent from the other planting dates. 14 August and 28 September
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plantings produced a higher number of spikes per m2 than 11 October

and 1 November plantings. The 1 November planting produced the

lowest number of spikes per m but was not significantly different

from the 11 October planting (Table 2 and 3).

Highly significant differences were observed among planting

dates in tillers per plant and plants per rnz (Table 2). 14 August

and 13 September planting dates produced significantly lower plants

per m2 than the other planting dates but had significantly higher

tillers per plant (Table 3). The second planting (30 August) produced

a higher number of plants per m but lower tillers per plant. Begin-

ning with the third planting date (13 September) plants per m2 were

increased in number with each delay in planting date while tillers per

plant were decreased.

The average number of days to emergence and to tillering

increased with decreasing temperature when the planting date was

delayed to late fall (Figure 6 and Table 4). Decreasing temperatures

delayed date of emergence and date of tillering. Earlier plantings

tillered earlier than the later two plantings. The last planting

(1 November) tillered in the spring of 1975 about 125 days after

emergence as compared to 51 days after emergence for the next to

last (11 October) planting date (Table 5).
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All planting dates headed within a period of six days even though

the planting dates were as much as 70 days apart. This was very

similar to the result of a winter wheat date of seeding experiment

conducted by Beutler and Foote (1963). The wheat plants all headed

within a period of 8 to 10 days even though the seeding dates were

two months apart.

TABLE 6. AVERAGE DAYS TO EMERGENCE AND TILLERING
IN PLANTING DATE EXPERIMENT AT SHERMAN

EXPERIMENT STATION, MORO, OREGON,
IN 1974-75

Planting
Date

Number of days
to emergence

Number of days
from emergence

to tillering.

14 August, 1974 11 17

30 August, 1974 9 26
13 September, 1974 11 26
28 September, 1974 11 29
11 October, 1974 14 51
1 November, 1974 20 125

Yield and Five Agronomic Traits Affected by Cultivars

Because of their different type of adaptation, wheat and barley

cultivars exhibited a differential response to yield and yield compon-

ents. Schuyler produced a significantly higher grain yield than Hudson

and the two wheat cultivars. Moro exhibited the least response among
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the cultivars with respect to yield and yield components. Moro

produced the lowest yield, 1000 kernel weight, spikes per m
2

and

plants per tri2 (Table 3).

The barley cultivars produced more plants per m2 than the

wheat cultivars. Barley cultivars had fewer days to heading date

than the wheat cultivars; however, Hudson had significantly fewer

days to heading than Schuyler. There were no differences between

Moro and two barley cultivars in tillers per plant. McDermid pro-

duced a higher number of tillers per plant than the other cultivars.

Barley cultivars had a higher 1000 kernel weight than the wheat

cultivars. However Moro produced significantly a lower 1000 kernel

weight than McDermid.

All cultivars responded similarly to each planting date. Days

to emergence were similar for all cultivars in the first four planting

dates. All cultivars had a greater number of days to emergence in

the last planting date (Table 7)
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TABLE 7. AVERAGE NUMBER OF DAYS TO EMERGENCE
OF TWO WINTER WHEAT (MCDERMID, MORO) AND

TWO WINTER BARLEY (HUDSON, SCHUYLER)
CULTIVARS GROWN AT THE SHERMAN

EXPERIMENT STATION, MORO,
OREGON, IN 1974-75

Planting Date Days from Planting to Emergence
McDermid Moro Hudson Schuyler

14 August 1974 10 10 10 13

30 August 1974 10 8 9 11

13 September 1974 12 10 10 12

28 September 1974 10 12 12 11

11 October 1974 14 14 13 12

1 November 1974 20 21 20 20

Interactions

There were no significant interactions between planting date

and fallow system in grain yield, 1000 kernel weight, spikes per m2,

tillers per plant, heading date and plants per m2 (Table 2).

The cultivar x planting date interaction was highly significant

in grain yield, tillers per plant, and plants per m2 but was not signi-

ficant in 1000 kernel weight, spikes per m2, heading date (Table 2

and Figures 7, 8, 9). McDermid decreased in grain yield while Moro

and two barley cultivars (Hudson, Schuyler) increased at the second

planting date. McDermid and Hudson decreased in grain yield
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Dl D2 D3
Planting Dates

D4. D5 D6

Figure 7. Planting date versus yield averaged over fallow treatment
for two winter wheat (o McDermid, A Moro) and two winter
barley (o Hudson, I:1 Schuyler) cultivars grown at Sherman
Experiment Station, Moro, Oregon, in 1974-75: DI-Aug.
14; D2-Aug. 30; D3-Sept. 13; D4-Sept. 28; D5-Oct. 11;
D6-Nov. 1 (Cultivar x planting date significant at p=. 01.
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Figure 8. Planting date versus tillers per plant of two winter wheat
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averaged over fallow treatments)grown at Sherman Experiment
Station, Moro, Oregon, in 1974-75: DI-Aug. 14; D2-Aug. 30;
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planting date and cultivar x fallow significant at p=. 01.



170 T

150

130
.1

E 110

a.
cps

90

70

50

A

44

D1 D2 D3 D4 D5 D6 D1 D2 D3 D4 D5 D6

175

150 .

50

Mulch

B

CxD *-*

Bare

t

D1 D2 D3 D4 D5 D6

Planting dates

Figure-9. Planting date versus plants per rn2 of two winter wheat.
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a Schuyler) culti.vars (A, in mulched and bare plots, B

averaged over fallow treatments) grown at Sherman

Experiment Station, Moro, Oregon, in 1974-75: D1-
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Oct. 11; D6- Nov. 1 (cultivar x planting date significant

at p=. 01.
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while Moro and Schuyler increased at the third planting date. All

cultivars responded the same at the last two planting dates.

All cultivars responded the same in tillers per plant at the first,

second, third, and fifth planting date. Moro increased in tillers per

plant while McDermid, Hudson, and Schuyler decreased at the fourth

and sixth planting dates.

In plants per m2 all cultivars responded the same at the first,

second, and third planting dates. Moro maintained its level while

other cultivars increased at the fourth planting dates. Moro decreased

in plant per m2 while the other cultivars increased at the last planting

date.

The cultivar x fallow interaction was significant at p = . 05 only

in tillers per plant (Figures 10). McDermid produced more tillers

per plant while Schuyler produced fewer tillers per plant in both bare

and mulched soil. Moro produced fewer tillers per plant in mulched

soil than Hudson but more tillers per plant in bare soil.

Stubble mulching is practiced by many farmers in this summer

fallow region of Oregon. Soil erosion by wind and water is a major

problem in this dryland area. Stubble mulching may be of benefit in

areas where soil erosion has become a problem.

In this study the type of fallow management, stubble or soil

mulch, had no effect on yield or agronomic traits in the wheat or
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Figure 10. Fallow systems versus tillers per plant of two winter
wheat and two winter barley cultivars grown at the
Sherman Experiment Station, Moro, Oregon, in 1974-75
(cultivar x fallow significant at p=. 05.
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barley cultivars studied with the exception of the 1000 kernel weight

which was higher under the mulch treatment.

Because of the severe disease incidence observed in the early

planting dates, the maximum yield potential of the cultivars could not

be determined. However, even if BYDV were controlled, some

available soil moisture was used early in the season because of exces-

sive plant growth. Then available moisture may become the limiting

factor in yield expression. In addition to moisture and disease, lodg-

ing also was more prevalent in the early seedings.

The present study indicates that the optimum planting date range

for maximum yield expression probably lies between 15 September to

1 October. Alternative choices of seeding date would be 1 September

to 15 September or 1 October to 15 October.

Moisture conditions at the time of planting would probably

dictate when planting would be most desirable.

In general the barley cultivars responded more favorably to

early planting than did the wheat cultivars.

If information regarding the influence of the management system

on erosion control is to be obtained, a similar study to this investiga-

tion should be correlated over a number of years.
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SUMMARY

The effects of two fallow systems, bare and straw mulch, and

six planting dates on yield and yield components of two winter wheat

and two winter barley cultivars were studied. The experiment was

planted in a strip-plot design at the Sherman Experiment Station,

Moro, Oregon, a typical dryland area of Oregon.

Treatment effects were evaluated using grain yield (kg/ha),

number of plants per m2, number of tillers per plant, spikes per m2,

1000 kernel weight, heading date, days to emergence and days to

tillering.

The straw mulch treatment showed little effect on the grain

yield of wheat and barley cultivars although the straw mulch treatment

produced 285 kg/ha more grain yield than the bare treatment. Under

the mulch fallow there was a higher 1000 kernel weight than the bare

fallow. However number of plants per m2 was higher in bare plots

than mulched plots. Number of tillers per m2, number of spikes per

m2, and heading date were not affected by fallow treatments.

Soil temperatures were recorded continuously in two of the four

replications from date of planting to April 1, 1975.

Temperature differences were small between mulch and bare

treatments. However, temperature fluctuations were smaller under
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mulch than under bare treatment. This perhaps provided better

environmental conditions for plant growth and development.

The early (14 August) and late (1 November) planting dates

produced significantly lower grain yield than the other four planting

dates. Low yield from the early planting may be attributed to a high

incidence of barley yellow dwarf virus and severe lodging. Similar

results were observed in a planting date trial at Lind Dry land Research

Unit, Washington (1975). The late planting produced plants with

insufficient growth and development.

Date of planting had no significant effect on 1000 kernel weight

and heading date. Planting date significantly affected number of

plants per m2, number of tillers per plant and spikes per m

Temperature had little differential effect on early planting

dates. In the later planting dates low temperature delayed the days

to emergence and tillering. In general at night soil temperatures

decreased as the planting date was delayed because of different plant

covers. The reverse was true for daytime soil temperatures. How-

ever, in the earlier plantings (14 August and 30 August) temperatures

were almost the same. Probably the excessive plant growth in those

two planting dates moderated temperature differences.

Both the wheat and barley cultivars showed differential response

to planting date in yield and yield components indicating distinctly
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different types of adaptation. McDermid was superior to Moro in

grain yield and yield components. Schuyler was superior to Hudson

in grain yield but not in yield components except for the heading date.

In this study mulch had little effect on yield and yield compon-

ents. The optimum planting date appears to be in the range between

the second (30 August) to fifth date (11 October).
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APPENDIX TABLE 1. Description of Cultivars:

Wheat Cultivars:

1. McDermid: soft, white awned high yielding commong winter
wheat cultivar. It has weaker straw than Hyslop.
McDermid is adapted to the dryland winter wheat growing
areas of the Pacific Northwest. It is moderately resistant
to stripe rust Puccinia striiformis and powdery mildew,
Erysiphe graminis tritici. It was developed by Oregon
Agricultural Experiment Station.

2. Moro: Brown chaffed club wheat with soft white kernels.
Moro is a fast emerging cultivar and yields well under
moderate rainfall. It is resistant to stripe rust but suscep-
tible to leaf and stem rust. P. recondita and P. graminis
f. sp. tritici, respectively. Moro was developed by the
Oregon Agricultural Experiment Station and the Crop
Research Division of the United States Department of
Agriculture.

Barley Cultivars:

1. Hudson: Medium early, hardy, high yielding heavy test
weight winter barley. Plant type is short and vigorous,
producing short compact heads on strong straw. It has six
rows with rough awns. Kernels are blue. It is powdery
mildew resistant but moderately susceptible to loose smut
Ustilage nuda. It was developed by the Agricultural Exper-
iment Station, Cornell University.

2. Schuyler: Six-rowed, rough awned, feed type hardy winter
barley. Short, strong straw and has mid-late maturity.
It is resistant to powdery mildew and scald Rhyncosporum
secalis. The spike is large, compact, hexagonal in shape.
Bushel weight is good but not as high as Hudson.
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APPENDIX TABLE 2. Distribution of Rainfall at the Sherman
Experiment Station, Moro, Oregon, During
the Fallow Period and Growing Season.

Month 1974 30 Years
Average

Difference
mm

January 32.8 45. 5 -12. 7
February 24. 6 31. 7 -7. 1
March 33. 0 27. 4 +5. 6
April 30. 0 19. 3 +10. 7
May 9. 7 2 1. 3 -11. 6
June 0. 5 22. 4 -21. 9
July 10. 4 4. 3 +6. 1
August trace 4. 3 -4. 3
September trace 12. 7 -12. 7
October 9. 4 28. 2 -18. 8

Cl)

0

November 25. 9 41. 1 -15.2
December 35. 3 41. 7 -6.4

bn

Total 1974 211. 6 299.9 -88. 3
0

1975

January 51. 1 45. 5 +5.6

February 37.3 3 1. 8 +5. 5
March 31. 8 27. 4 +4.4
April 11. 7 19. 3 -7.6 3. 2

May 13. 5 21. 3 -7.8
June 2. 1 2. 2 -0.1_

Total 1975
till July 147. 5 147.5 0. 0


