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Frequency of Frozen Soil in Northcentral Oregon

J. F. Zuzel, J. L. Pikul Jr., and R. N. Greenwalt1

INTRODUCTION

Occurrence of frozen soils is an extremely important consideration in

understanding runoff and erosion. In northcentral Oregon, the winter
climate is characterized by wide variations in daily air temperatures and a

shallow snow pack subject to several accumulation and melt cycles. Also,

about 70% of the annual precipitation occurs during the November through
April period, coincident with the maximum likelihood of frozen soils. When

soil is frozen, infiltration capacity is severely restricted or nonexistent

(see "Water Infiltration in Frozen Soils" in this report). If a sufficient
amount of rain, snowmelt, or rain on snow occurs while soil is frozen,

flooding, runoff, serious soil erosion, and movement and deposition of large
quantities of topsoil may result.

Association of frozen soils with increased runoff and erosion has been

well documented. It has also been established that the most severe and

widespread floods in the Pacific Northwest, east of the Cascade mountains
and in parts of the intermountain West, have occurred when the soil was

frozen. However, quantitative descriptions of the frequency and severity of
frozen soils are completely lacking. Objectives of the research reported

here were to simulate the presence or absence of frozen soils over a 30-year

period and characterize the temporal distribution of frozen soils from the
simulation model output.

METHODS AND DATA SOURCES

A frozen soil model, developed by J. W. Cary of the ARS Snake River
Conservation Research Center at Kimberly, Idaho, was used in this study.
This simulation model, designed to calculate when the soil was frozen or
thawed, does not produce a quantitative estimate of frost depth. Required
model inputs are daily maximum and minimum air temperatures, snow depth, and
solar radiation. Since solar radiation is not a readily available
meteorological variable, we developed methods to calculate daily radiation

1
Hydrologist, soil scientist, and hydrologic technician, USDA-ARS, Columbia
Plateau Conservation Research Center, Pendleton, Oregcu 97801.
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from potential radiation and daily temperature range and to correct the cal-
culated radiation for slope and aspect. We verified the accuracy and
performance of the simulation model by comparing model results with 5 years
of frozen soil field data collected at erosion monitoring sites near Moro,
Oregon, from 1980 through 1984.

Daily weather data, which included maximum air temperature, minimum air
temperature, snowfall, and snow on the ground, were obtained from National
Weather Service records for Moro, Oregon, for 1948 through 1978. Thirty
years of the November-through-March daily maximum air temperature, minimum
air temperature, and snow on the ground were used as input to the soil frost
simulation model. Simulation model output was used to characterize and
quantify temporal variations in frozen soils at the Moro, Oregon, site.

RESULTS AND DISCUSSION

The model correctly predicted the presence or absence of frozen soil
80% of the time for the 1980 through 1984 verification period. Site charac-
teristics and percentage of correctly simulated days are shown in Table 1.

Table 1. Topographic characteristics and calibration results of soil frost
sites near Moro, Oregon

Slope	 Aspect	 Days correctly simulated
Site	 Winter	 percent	 degrees	 percent

Moro 1	 1979-1980	 14	 S4OW	 83
Moro 2	 1980-1981	 11	 S61W	 82
Shipley 1	 1981-1982	 24	 N65E	 91
Conlie	 1982-1983	 25	 N44E	 63
Shipley 2	 1983-1984	 24	 N65E	 80

Results for the 30-year simulation showed that frozen soils occur every
winter at the Moro site. Distribution of frozen soil by months is shown in
Figure 1 as a ratio of total frozen to total non-frozen days for the 1948-
1978 simulation period. The simulation shows that historically, January has
the highest incidence of frozen soil (67%). The soil was frozen more than
50% of the time in both December and February. Our field data did not show
the presence of frozen soils during March, but mean daily air temperatures
for the 30 year period were less than 32°F, eight percent of the time. This
demonstrates that frozen soils can occur in March although, in general, the
simulation model appears to thaw the soil too slowly during the spring warm-
ing period.

2



Figure 1. Monthly distribution of frozen soil expressed as a ratio of days
with frozen soil to number of days in the month for 1948-1978.

A freeze-thaw cycle is defined as a day when the water in the soil
changes from the unfrozen to the frozen state. The number of freeze-thaw
cycles is an important factor in increasing the erodibility of the soil sur-
face, especially in tilled soils with little vegetative cover. The number
of freeze-thaw cycles per year is shown in Figure 2 as a percent chance of
occurrence. This indicates that in about half of the simulated ye ars at
least three freeze-thaw cycles o( curred.

3



NUMBER OF FREEZE THAW CYCLES PER YEAR

Figure 2. Percent chance of occurrence of the number of freeze-thaw cycles
per year for 1948-1978.

The cumulative frequency distribution derived from the simulation and a
fitted theoretical distribution of the number of frozen soil days per year
are shown in Figure 3. Return period as shown in Figure 3 is defined as the
average number of years when a given event will be equalled or exceeded.
For example, the 5-year return period (Figure 3) is interpreted as: On the
average, the soil will be frozen 86 or more days during one winter season
once in five years.

4
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Figure 3. Frequency distribution of recurrence intervals and exceedance
probabilities versus days per year of frozen soil for 1948-1978.

SUMMARY AND CONCLUSIONS

Frozen soils at Moro, Oregon, were simulated using 30 years (1948-1978)
of weather station data as input to a frozen soil simulation model.
November through March simulation results for this period showed that frozen
soils occur every year. The number of freeze-thaw cycles varied from one to
seven, with an average of three per year. The number of days the soil was
frozen ranged from 6 to 116, with a mean of 57 days per year. The research
reported here provides a quantitative description of the temporal charac-
teristics of frozen soils. We made no attempt to interpret simulation model
results in terms of absolute frost depth. Nevertheless, a knowledge of the
distribution of the number of days per year of frozen soil and the monthly
distribution of frozen soil will be very useful not only in runoff and ero-
sion prediction, but also as a general planning tool for any activity which
cannot be accomplished when the ground is frozen. The number of freeze-thaw
cycles is important because it is a major factor in reduc ng the strength of
the soil surface and increasing soil erodibility.

1
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Water Infiltration in Frozen Soil

J. L. Pikul, Jr., J. F. Zuzel, and R. N. Greenwalt1

Frozen soil is a major factor in contributing to high soil erosion in
the Pacific Northwest. Soil losses can be especially high during heavy
rainfall or rapid snow melt when subsurface soil layers are frozen.
Serious erosion has occurred on soils that were frozen only 3 inches deep.
A frozen soil layer, much like a severely compacted soil layer, greatly
reduces internal water movement. Poor internal drainage impairs water
movement into the soil, thereby increasing water runoff and, possibly, soil
erosion.

Water infiltration in frozen soil largely depends on the type of soil
frost. Various descriptive terms have been coined to describe the struc-
ture of soil frost: granular, honeycomb, stalactite, concrete, and
discontinuous concrete. Concrete frost has a very low permeability. In
contrast, the loose, porous structure of granular frost allows water to
infiltrate readily. Concrete frost characteristically forms in bare
agricultural soils while granular frost often forms in woodland soils.

Soil frost does not invariably result in an impermeable layer. The
moisture content of the soil at the time of freezing affects the per-
meability of the frozen layer. Frozen Soils with low moisture content may
become granulated. Wet soils often freeze in a massive, concrete state
that is nearly impermeable to water movement. A poor internal drainage
condition, such as a tillage pan, may perch water near the surface,
predisposing the soil to the formation of concrete frost during freezing
weather.

Frequent freezing and thawing of silt loam soils may also seriously
degrade soil structure. Repeated wetting and drying of the soil surface,
which occurs during diurnal freeze-and-thaw cycles, may accelerate break-
down of soil aggregates, increase surface crusting, and decrease
infiltration. Laboratory studies reveal a six-fold decrease in erosion
resistance of a silt loam soil with repeated freezing and thawing (Formanek
et al., 1983).

1
Soil scientist, hydrologist, and hydrologic technician, USDA-ARS,
Columbia Plateau Conservation Research Center, Pendleton, Oregon 97801.
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Tillage and residue management can have significant effects on frost
formation, frost structure, and water infiltration. Pikul (1982) and
Greenwalt et al. (1983) showed that surface residue reduces the incidence
and severity of soil frost. Surface residue management practices that
decrease the severity of the nocturnal soil freeze and daytime thaw also
increase infiltration and decrease soil erosion. In addition, Pikul et al.
(1983) showed that the tillage pan is the most restrictive soil layer
governing water flow into the profile. The objectives of this research
were to: 1) evaluate the effectiveness of deep chiseling to improve water
infiltration, and 2) measure water infiltration, when the soil was frozen,
in different tillage and residue managements.

METHODS

Water infiltration studies were conducted on a Walla Walla silt loam
soil in a field 9 miles northeast of Pendleton, OR. Historically, this
field has been in a winter wheat-summerfallow rotation. Primary tillage
has been with th moldboard plow. Water infiltration, using a Palouse
Rainfall Simulator'', was measured in three treatments: 1) fall planted
winter wheat (FP), 2) standing stubble (SS), and 3) chiseled standing
stubble (CS). There were no appreciable differences in slope or aspect
between treatments. Soil bulk density measurements (Figure 1) identified
compacted soil layers. The soil was chiseled 10 inches deep to fracture
the compacted surface layer and improve soil water drainage in one set of
stubble plots. Water infiltration was measured three times during 1984-

1985: 1) in the fall after seeding winter wheat and chiseling the standing
stubble, 2) in the winter when the soil was frozen, and 3) in the spring.

RESULTS AND DISCUSSION

Bulk density measurements determine where zones of restricted water
flow are likely to occur. The soil bulk density profile before fall
chiseling is shown in Figure 1. A maximum soil bulk density of 79.8 lb/ft3
was measured at the 7 inch depth (approximately the depth of moldboard
plowing). At soil depths greater than 10 inches, soil compaction was not
evident. The rationale for chiseling 10 inches deep was to fracture the
tillage pan and create zones of high water flow through the slowly perme-
able compacted layer of soil.

2
Appreciation is given to the McCormmach Ranches for donation of land and
coordination of field operations.

3 Appreciation is given to the Soil Conservation Service for loaning a
Palouss Rainfall Simulator.
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Figure 1. Soil bulk density at the infiltration site before chiseling.
The depth of chiseling necessary to fracture the high density
tillage layer is indicated.

Frost penetration in the three treatments was sensitive to surface
residue cover (Figure 2). Generally, frost penetrated twice as deep in the
FP and CS compared to the SS. Pikul (1982) and Greenwalt et al. (1983)
have reported similar findings. Unreported field observations during the

1983-1984 winter also indicated that surface residue cover consistently
reduced the depth of frost penetration.
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Tillage treatment had a significant effect on the infiltration rates
of water into frozen soil on January 4 and 5 when the soil was frozen in a
massive, concrete state to a depth of about 5.0 inches (Figures 2 and 3).
Frost penetration depth was uniform in the FP and SS treatments; demarca-
tion between frozen and unfrozen soil was nearly a straight line. However,
in the CS treatment, frost penetration was not uniform. Residue mats on
the surface, large clods, and chisel marks all influenced the depth of
frost penetration.

Figure 2. Depth of soil frost penetration at the infiltration site. Fall
planted wheat (FP) infiltration measurements were conducted on
January 4. Chiseled stubble (CS) and standing stubble (SS)
infiltration measurements were conducted on January 5.
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WATER INFILTRATION IN

FROZEN SOIL

McCormmach Site

January 4 & 5, 1985

High infiltration rates during the first 30 minutes (Figure 3) are a
result of filling surface depressions with water. When a rainfall
simulator is used as a sprinkler infiltrometer, the infiltration rate is
found as the difference between rainfall rate and runoff rate.
Consequently, the early infiltration rates should be interpreted as filling
the available surface storage and not as water movement into the soil.
After the surface storage is filled, runoff rate increases and infiltration
rate decreases. The CS had the greatest surface water storage capacity of
the three treatments. Final infiltration rates were also greatest on the
CS treatment. This is evident in Figure 3 after 160 minutes of rainfall.
Final infiltration rates were 3.4, 1.2, and 0 inches per day for the CS,
SS, and FP, respectively. By comparison, final infiltration rates during
the fall of the year when the soil was not frozen were 8, 5, and 2 inches
per day for the CS, SS, and FP, respectively.

40	 80
	

120
	

160
TIME (minutes)

Figure 3. Water infiltration when the soil was frozen 5.5, 5.0, and 4.0
inches deep in the fall planted wheat, chiseled stubble, and
standing stubble, respectively.
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Simulated rain did not appreciably thaw the frozen soil. The 160
minutes of 48°F simulated rain provided only a fraction of the heat neces-
sary to thaw the frozen layer. In the SS and FP treatments, the surface
soil thawed about 0.25 inches deep. In the CS, the soil was thawed only in
a narrow vertical band in the chisel mark. Continued high infiltration
rates in the chiseled stubble are mainly the result of a surface configura-
tion that ponds water in the vicinity of large, continuous, and vertical
pores. Straw bundles and large voids in the chisel groove provided path-
ways for water flow into the unfrozen subsoil.

CONCLUSIONS

During an extended period of freezing weather, frost penetrated nearly
twice as deep in the fall planted wheat and chiseled stubble treatments
compared to standing stubble. Water infiltration rates in frozen soil were
measured when frost depth was approximately 5.0 inches. The final in-
filtration rates were 0.0, 3.4, and 1.2 inches per day for FP, CS, and SS,
respectively. By comparison, final infiltration rates in the fall of the
year when the soil was not frozen, were 2, 8, and 5 inches per day for
these treatments. The higher infiltration rates in the chiseled stubble
were mainly the result of a surface configuration that channels and ponds
water in the vicinity of large, continuous, and vertical pores. Straw
bundles and large voids in the chisel groove provide pathways for water
flow through the frozen layer.
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Rill Erosion Effect on Wheat Yield

C. L. Douglas Jr. and P. E. Rasmussen
1

Soil losses up to 100 tons per acre have been documented in the Pacific
Northwest and much has been written about the effect of soil erosion on
long-term productivity. Very little, however, has been reported about rill
erosion effects on yield of the current crop.

METHODS AND MATERIALS

Four sites where rill erosion ran parallel to drill rows were used.
Yield samples were collected at harvest in rilled and nonrilled areas at
different landscape positions. The rill sample consisted of a 24- by 48-
inch area centered over a single rill; the nonrill sample was taken at a
nonrilled area within four feet of the rill sample. The same rill was
sampled at each site, therefore, rill size increased with down-slope
position. Grain yield and tiller density were determined from bundle
samples.

RESULTS AND DISCUSSION

There were no simple relationships between slope position or steepness
and grain yield or tiller density (Table 1). There was a trend for both
yield and tiller density to decrease with down-slope position (or increased
slope steepness). This holds true for every position but the toeslope.
Even though it lost the largest amount of soil, yield and tiller density
were greater than on upslope positions. It could be that growing conditions
were more favorable on toeslopes and plant recovery from erosion more
extensive. Most of the yield reduction in the rilled area appeared to be
related to a decrease in tiller density. Tiller reduction, in turn, was
most likely related to a loss of stand in or adjacent to the rill.

Mean yields and tiller densities for four sites on two aspects (Table
2) indicate that aspect had no effect on yield loss because of rill erosion.
Over a range of slopes from 7 to 13%, there was no difference in yields or
tiller densities except between rilled and nonrilled areas.

1 Soil scientists, USDA-ARS, Columbia Plateau Conservation Research Center,
Pendleton, Oregon 97801.
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CONCLUSIONS

Rill erosion does have a detrimental effect on grain yield when it oc-
curs within the growing crop. Even small rills appear to cause a yield
loss, apparently because of decreased plant survival. The estimated yield
loss, if a rill occurred every 10 feet across a slope, would be 7 bushels of
grain per acre.

Table 1. Effect of aspect and slope steepness on grain yield and tiller density

Slope	 Soil lost from 	 Grain yield 	 Tiller density
position Slope	 sample area	 rill area nonrill area rill area nonrill area

	

( % )
	

(ft 3 /8ft 2 )	 (bu/ac)
	

(hds/ft2)

Summit	 1	 0	 109	 109	 51	 51
Shoulder	 6	 0.73	 94	 108	 38	 57
Upper back	 8	 1.14	 73	 113	 34	 54

	

Lower back 10	 1.92	 63	 117	 27	 51
Toeslope	 6	 2.33	 85	 113	 32	 58

' Sample area was 2 ft wide by 4 ft long.

Table 2. Winter wheat yields and tiller density in rill and nonrill areas

Mean	 Grain yield	 Tiller density 
Site	 Aspect	 slope	 rill	 nonrill	 rill	 nonrill

(%)	 (bu/ac) ----	 ---- (hds/ft 2 ) ----

1	 East	 7	 79	 106	 35	 48
2	 East	 13	 89	 108	 38	 46
3	 West	 8	 76	 108	 33	 52
4	 West	 10	 82	 120	 36	 56
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New Grain Drill Opener for Placement of Seed and Fertilizer

D. E. Wilkins, P. E. Rasmussen, W. Warn and D. A. Haasch
1

INTRODUCTION

Placement of fertilizer has been shown to be critical for cereal
production in conservation tillage systems in the Pacific Northwest (Klepper
et al., 1983; Dowding et al., 1984; Hyde et al., 1981; and Wilkins et al.,
1982). Wilkins (1984) developed the USDA modified deep furrow grain drill
opener to simultaneously place seed and fertilizer with the fertilizer in a
band two inches below the seed. One of the disadvantages of this modified
opener was that it created deep furrows because of the large volume of soil
disturbed, and deep furrows caused excessive soil erosion in the bottom of
the furrows on steep slopes.

This research evaluated the performance of a new opener designed to
place fertilizer below seed with less soil disturbance than the USDA
modified opener.

MATERIALS AND METHODS

Figure 1 shows the new point for hoe type openers designed to place
liquid fertilizer below seed. The point is mounted on a John Deere HZ deep
furrow opener shank. There is a slot-forming knife, sharpened on the lead-
ing edge. This knife cuts a slot approximately 0.25 inch wide and 3.5
inches deep in the soil. Above the slot, the opener point is 1.25 inches
wide to allow for moving dry surface soil away from the seed row.

This opener was field tested to evaluate placement of fertilizer below
seed with a minimum of soil disturbance and to evaluate its influence on
stand establishment of winter wheat. Wheat was seeded on November 7 in a
Walla Walla silt loam with seedbed soil water content of 24 percent. The
wet soil was expected to provide poor conditions because this opener, to
provide adequate separation between seed and fertilizer, relies on soil to
flow over the fertilizer before seed is dropped into the furrow. Eighty
pounds of nitrogen as urea ammonium nitrate (32-0-0) and 80 pounds of
Stephens wheat per acre were placed with this opener at two planting speeds
(3.3 and 2.2 mph) and two seed placement depths (1.2 and 2.0 inches).

1 Agricultural engineer, soil scientist, macninist, and engineering tech-
nician, USDA-ARS, Columbia Plateau Conservation Research Center, Pendleton,
Oregon 97801.
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Figure 1. Diagram of new opener for placement of seed and fertilizer.

15



Incremental soil samples were taken in the row at time of emergence and
analyzed for NH 4 nitrogen to determine the location of fertilizer. Depth of
seed placement was measured by cutting plants off at the soil surface, ex-
cavating the subsurface portion of the plant and measuring the distance from
the seed to the point where the plant was cut. Stand counts were taken from
6.5 feet of row after emergence in each plot. Depth of furrows were
measured after seeding.

RESULTS

Separation between seed and fertilizer decreased as opener operating
depth increased (Table 1). Decreased separation with increased seeding
depth was caused by less soil flowing over the fertilizer before the seed
was dropped. The shallower planting depth had better soil flow probably
because the soil was drier near the surface and less compacted. Increasing
speed from 2.2 to 3.3 mph did not significantly (95 percent confidence
level) influence separation between seed and fertilizer.

Depth of furrows created by the new point was 2.5 inches compared to
4.5 inch furrows created by the USDA modified opener. The shallower furrows
are acceptable for seeding on steep slopes and also the smoother soil sur-
face would allow grain harvesting at higher speeds with new combines.

Table 1. Effect of depth and speed of planting on seed and fertilizer

(N
4

-N) placement

Planting speed 
3.3 mph	 2.2 mph 	 Mean

Planting Seed NH 4 -N Separation	 Seed	 NH 4 -N	 Separation	 separation
depth	 depth depth	 distance	 depth	 depth	 distance	 distance

inches

2.0 1.3 2.8 1.5 1.1 2.7 1.6 1.55 B
1.2 1.9 3.2 1.3 2.0 2.9 .9 1.10	 A*

Mean 1.37 A 1.25 A

*Within a column or row the same letter indicates no significant differences (p=0.05).
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Stand counts taken in March (Table 2) showed a significantly lower
stand for the 2.0-inch than the 1.2-inch planting depth. This was a result
of deep planting late in the season and less separation between seed and
fertilizer at the deeper planting depth.

Table 2	 Effect of depth and speed of planting on stand establishment

Planting speed
Planting
depth
	

3.3 mph
	

2.2 mph	 Mean

(inches)
	

Plants/fe - -

2.0
	

8.7	 6.5
	

8.55 B
1.2
	

8.2	 8.4
	

7.35 A*

Mean
	

8.45 A	 7.45 A

* Within a column or row the same letter indicates no significant difference
(p = 0.05).
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Nitrogen Fertilization for Protein Enhancement

of Hard Red Spring Wheat

R. Karow, J. Brog, J. Leffel, B. Simko, M. Zimmerman and S. Broich1

INTRODUCTION

Hard red spring (HRS) wheat is an alternate market class of wheat that
can be grown in Oregon. It is an attractive alternative because of its
higher dollar value. Yields of better HRS varieties can be equivalent to

those of soft white spring wheats; however, protein levels, the factor which
determines market value in HRS wheats, can be quite variable. HRS grain is
marketed on the basis of protein, with discounts for grain below 14% protein
and premiums sometimes offered for that above. If HRS wheats are to be a
viable alternative for Oregon cereal growers, high protein grain must be
consistently produced. Work in other states and work with hard red winter
(HRW) wheat in Oregon have shown that late applications of nitrogen can in-
crease grain protein content. The objective of this study was to determine
the effect of nitrogen fertilization during later stages of plant growth on
the protein content of HRS wheat.

MATERIALS AND METHODS

Trials were established in grower-planted HRS wheat fields in Malheur,
Jefferson, and Washington counties. All 3 fields were planted with the
variety 'Westbred 906R.' Growers pre-plant incorporated and/or banded the
major portion of fertilizer at planting. Spring wheat nitrogen rates were
between 100 and 170 pounds per acre.

Four replications, each containing eleven 10 x 10 foot plots were
measured and flagged in growers' fields. Fertilizer treatments were applied
as urea (46-0-0 or 40-0-0-6) by hand at jointing (Feekes growth stage 6-7)
and/or heading (Feekes growth stage 10.1 - 10.5). At harvest, 16 feet of
row from each plot was hand harvested, and height and general agronomic ob-
servations recorded. Harvested material was bagged and then threshed in a
stationary plot combine. Threshed grain weights were used to determine
yields. Grain samples were cleaned, ground, and analyzed for protein by in-
frared analysis,

1
Extension cereals specialist, Oregon State University, Corvallis, Oregon;
OSU Extension agents in Umatilla, Washington, Malheur, and Jefferson
counties, respectively; and cereal project research associate, Crop Science
Department, Oregon State University, Corvallis, Oregon 97331•
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13.4
14.3
15.1
15.2
14.6
15.2
15.7
14.1
15.1
15.3
16.1

11.8
12.8
13.2
13.6
13.0
13.4
13.6
12.8
14.0
13.7
14.2

15.8
17.3
18.6
17.8
17.2
17.0
19.0
16.3
17.3
18.0
18.3

(lbs/acre)

0- 0
25- 0
50- 0
75- 0
0- 25
0- 50
0- 75

12- 12
25- 25
37- 37 1/

S7S-37S-

% protein

12.5
12.7
13.5
14.2
13.7
15.3
14.4
13.4
13.9
14.3
15.7

RESULTS AND DISCUSSION

Protein data are shown in Table 1. Statistically significant dif-
ferences in protein content were not found at the Jefferson site. Nitrogen
application increased protein content above the level of the check plot in
all cases, but there was no consistent relationship between the amount of
nitrogen applied and protein content. Jefferson County plots were quite
variable and harvested grain was shriveled, indicating crop stress.

Differences in protein content at the Malheur and Washington county
sites were significant at the 10% and 1% probability levels, respectively
(Table 1). At these sites, protein content was increased through nitrogen
application. Higher levels of nitrogen (50 to 75 pounds per acre) tended to
produce higher protein with no statistical difference between the 50 and 75
pounds rates. This suggests that an additional 50 pounds of nitrogen per
acre optimized protein content at these two sites. Timing of nitrogen ap-
plication had no significant effect on protein concentration. This is in
contrast to the work with HRW wheats which showed optimal application time
to be near flowering.

Table 1. Nitrogen effect on the protein content of hard red spring wheat
grown at three locations

County Sites
Nitrogen applied

jointing-flowering	 Jefferson	 Malheur	 Washington	 Average

Average 2/	17.5	 13.9	 13.3	 14.9
PLSD (5%)-	 NS	 2.1	 0.9	 NS

1/ .
- Nitrogen-sulfur treatment (applied as 40-0-0-6).

/
Protected least significant difference. LSD values are reported only
where treatments were significantly different in the original statistical
analysis. NS = not significant.
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Differences among treatments were not statistically significant for
yield (Table 2), plant height, or kernel weight (Table 3). This suggests
that crop yields were optimized under the existing fertility conditions and
that added nitrogen was used for additional protein production. This obser-
vation is in general agreement with results from similar studies conducted
on HRW wheats.

Table 2. Grain yield of hard red spring wheat grown at three locations

Nitrogen applied
jointing-flowering

County Sites

AverageJefferson	 Malheur Washington

(lbs/acre) 	  bu/acre - -

0-	 0 57.6 89.2 71.3 72.7
25-	 0 58.5 92.5 72.0 74.3
50-	 0 43.4 88.1 82.2 71.2
75-	 0 64.4 82.3 75.5 74.1
0- 25 45.0 85.0 77.1 69.0
0- 50 56.8 83.4 77.1 72.4
0- 75 46.0 79.5 86.8 70.8

12-	 12 52.2 85.5 74.6 70.8
25- 25 56.4 86.2 80.8 74.5

37- 37 1/
37S-37S-

52.2

52.9
84.5

72.7

82.2

79.6

73.0
68.4

Average 53.2 84.4 78.1 71.9
PLSD (5%

)2/
NS NS NS NS

I/Nitrogen-sulfur treatment (applied as 40-0-0-6).

1/Protected least significant difference. LSD values are reported only
where treatments were significantly different in the original statistical
analysis. NS = not significant.
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Table 3.	 Agronomic data for hard red spring wheat grown at three locations

Component
Jefferson

average
Malheur
average

Washington
average

Plant height (inches)
Kernel weight (mg/kernel)

29.8
30.8

34.7
34.5

33.8

39.3

All treatment effects were not statistically different at a 10% probability
level for these characteristics.

SUMMARY

Hard red spring wheat acreage in Oregon is expected to increase three-
to-fourfold in the coming year. Where there is concern about low protein
content, 50 pounds per acre of nitrogen applied between jointing and flower-
ing may increase protein content as much as 2%. Late applications are
likely to be most successful where irrigation water can be used to apply
nitrogen or to move nitrogen to plant roots. Data at 2 of the 3 sites sug-
gest a positive benefit to including sulfur with nitrogen. Further testing
of nitrogen and sulfur applied at late growth stages is needed to verify
preliminary results.
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Winter Wheat Response to Rate and Placement of Nitrogen
in Two Wheat/Fallow Tillage Systems

Robert E. Ramig and Leslie G. Ekin1

Above-average rainfall, higher-yielding varieties, and improved tillage
methods may require different fertilization practices for optimum dryland
winter wheat yield. Most fertilizer trials with winter wheat have used dry
ammonium nitrate or ammonium sulphate fertilizers surface broadcast before or
after seeding. New drills permit placement of both seed and fertilizer (dry
or liquid) in tilled or non-tilled seedbeds. The objectives of this experi-
ment were to determine the effects of rates and placement of nitrogen
fertilizer on winter wheat production in no-till and conservation tillage
systems.

METHODS AND MATERIALS

Two methods of tillage for fallow, no-till, and conservation tillage,
were compared on a deep Ritzville silt loam soil on the Leon Reese farm, 12
miles west of Pendleton, Oregon. Conservation tillage leaves not less than
30% of the soil covered by plant residues after seeding. The 7,700 pounds of
wheat stubble residue per acre from the previous harvest was reduced to ap-
proximately 2,200 pounds by the conservation tillage fallow and 3,100 pounds
by the no-till fallow after seeding. Both systems had more than 30% ground
cover after seeding. Analyses of soil samples taken from the conservation
tillage fallow before seeding disclosed nitrate-nitrogen distribution in the
6-foot profile by foot depths as follows: 25, 5, 4, 8, 10, and 21 pounds per
acre. Unfortunately, the no-till fallow was not sampled. However, other
information indicates the available nitrates would have been similar to 20%
greater in the first foot only.

Two methods of fertilizer placement, broadcasting dry ammonium nitrate
just before seeding and banding Solution 32 two inches below the seed at
seeding, were established for conservation tillage fallow. Banding only was
used on no-till fallow. Dry ammonium nitrate was broadcast instead of spray-
ing Solution 32 on the surface to prevent possible nitrogen loss.

1
Soil scientist and agricultural research technician, USDA-ARS, Columbia
Plateau Conservation Research Center, Pendleton, Oregon 97801.
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Four rates of nitrogen (0, 40, 60, 80 pounds per acre) were compared on
the conservation and no-till fallow in a randomized complete block design with
four replications. Five rates of nitrogen (0, 20, 40, 60, and 80 pounds per
acre) were compared on conservation tilled fallow in a randomized complete
block design with 12 replications.

Crop year precipitation during the 1981-82 fallow year was 13.37 inches
and during the 1982-83 crop year to harvest was 15.91 inches, or 26 and 50%
above average, respectively (Table 1). Chronological sequence of field opera-
tions is presented in Table 2.

Table 1. Crop year precipitation for 1981-82 and 1982-83 at Leon Reese site

and 30-year(1953-1983) average at Deane Friedly farmli , Echo, Oregon

/Crop yr2
-	 Sept Oct Nov Dec Jan Feb Mar Apr May June July Aug Total

1981-82 1.00 .55 2.06 2.40 1.64 .37 1.11 .95 .27 2.18 .56 .28 13.37
1982-83 1.81 1.89 .47 1.86 .99 1.81 2.76 1.27 1.19 .92 .94 .50 16.41

30-year
Ave.

(1953-83) .55 .84 1.28 1.48 1.49 .91 .98 .83 .98 .60 .25 .42 10.61

1/ Deane Friedly farm is 1.6 miles northeast of Leon Reese site.

2/
- Crop year is September 1 through August 31.

Table 2. Chronological sequence of field operations

Date	 Operation

July 14, 1981	 Previous crop harvested. Stubble left standing.

March 17, 1982

May 13, 1982

July 12, 1982

Sept 21, 1982

Spray all plots with 16 oz Roundup + 4 oz.
Banvel D per acre in 25 gallons solution per
acre.

Sweep-rod conservation tillage plots. Depth of
sweep -- 5 inches; depth of rod -- 3 inches.

Chisel rod conservation tillage plots. Depth of
operation -- 3 to 4 inches.

Soil samples taken for nitrogen level.

Oct 7, 1982	 Broadcast dry ammonium nitrate.

Oct 8, 1982 Seeded 60 pounds of Stephens Winter wheat per
acre using John Deere HZ drill with 16-inch row
spacing and modified openers to band fertilizer.

July 18, 1983
	

Harvest plots with plot combine.
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RESULTS AND DISCUSSION

Tillage method or fertilizer placement did not significantly affect
yield of Stephens winter wheat in 1983, a year when precipitation was 50%
above average (Table 3). There was a trend toward lower yields when the
ammonium nitrate was surface broadcast compared to banding Solution 32 below
the seed. Banding Solution 32 below the seed produced similar yields in
both the conservation tillage and no-till fallow. Test weight and grain
protein were highest on the no-till fallow. There were no differences
between fertilizer placements in conservation tillage. Increasing rates of
nitrogen increased yield, test weight, and grain protein on both methods of
tillage and for both placements.

In the second study on conservation tillage, the broadcast and banded
nitrogen was applied at five rates with 12 replications. Banding the fer-
tilizer two inches below the seed increased the yield of Stephens winter
wheat 3.4 bushels per acre over broadcasting (Table 4). The yield increase
from banding increased from 2.6 bushels at the 40-pound per acre nitrogen
rate to 5.2 bushels at the 80-pound per acre rate. Nitrogen placement had
no effect on test weight or grain protein.

Each increment of 20 pounds of nitrogen per acre gave a significant
increase in yield in this wetter than normal year (Table 4). Increasing
rates of nitrogen also increased the test weight and grain protein.



7.8a/8.3ab

9.1	 c

8.8 be

Table 3. Tillage, nitrogen rate, and nitrogen placement effects on grain yield,
test weight, and protein content of Stephens Winter Wheat after fallow.
L. Reese site, Echo, Oregon, 1983

Tillage-

	

Conservation Tillage	 No-till 
Nitrogen	 Am. Nitrate	 Solution 32	 Solution 32	 Nitrogen
lbs/acre	 broadcast	 banded	 banded	 means

	
 Yield, bushels/acre

	

49.31
/	 1/

	

43.91
/	 a2/

	

0	 50.0-	 47.7

	

40	 54.8	 58.6	 59.5	 57.6 
17)

	60	 58.4	 63.2	 61.4	 61.0 be

	

80	 60.8	 64.6	 62.2	 62.6 c

Tillage-
placement means	 55.8 59.1	 56.8

	
 Test Weight, lbs/bushel

/1

	

59.71
/	 1/

	

0	 59.8-	 60.0-	 59.8a2/

	

40	 60.2	 60.0	 60.7	 60 . 3 b

	

60	 60.4	 60.1	 60.9	 60.4

	

80	 60.6	 60.2	 61.0	 60.6 b

placement means	 60.2
ab.2/

60.0a	 60.6 
b

	  Grain Protein, %1/ 	

	

0	 7.61/ 8.0-
1/

7.91
/

	40	 8.2	 8.1	 8.7

	

60	 8.5	 8.6	 9.4

	

80	 8.7	 8.7	 8.4

Tillage-
placement means   8.2 al/ 8.3a 9.0

1/	 .
- Figures are the average of four replications.

2/ 
Means within a box followed by the same letter are not different at P =
0.01 according to Duncan's Multiple Range Test.

2 Calculated on the basis of 14% grain moisture.
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3/

7.9a2/

8 lab
8.4

•	 b
8.9 c

9.0 b

Table 4. Influence of placement and rates of nitrogen fertilizer on yield,
test weight, and grain protein of Stephens Winter Wheat on
conservation-tilled fallow. L. Reese site, Echo, Oregon, 1983

Am. Nitrate broadcast	 Solution 32
Nitrogen	 on surface	 banded	 Nitrogen
lbs/acre	 before seeding	 2" below seed	 means

Yield, bushels per acre

	

0	 149.0/-	 50.11/
	

49.5a2/ T

	

20	 52.6	 56.1	 54.3 '

	

40	 54.7	 57.3	 56.0 be

	

60	 57.8	 62.4	 60.1

	

80	 59.4	 64.6	 62.0	
e

Placement mean	 54.7
a2/
	58.1

Test weight, lbs/bushel

	

0	 59.7-1/

	

59.81
/	 59.7a2/

	

20	 59.9	 59.8	 59'9:b

	

40	 60.2	 .	 59.9	 60.0

	

80	 60.14
60.2

	

60.2	 60.3 
b

60.3 
b

	60	 60.4

lacement meanP 60.1	 0.0

	 Grain Protein, %

1/
7 . 91/

20
0

	

8.2	 8.0
40	 8.5	 8.3
60	 9.0	 8.7
80	 9.2	 8.9

Placement mean	 8.6
	

8.4

1
/ 

Figures are the average of 12 replications.

2/ 
Means within a box followed by the same letter are not different at P =
0.01 according to Duncan's Multiple Range Test.

3 / Calculated on the basis of 14% grain moisture.
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Fertilizer Response in 1984:
No-till Annual Cropping of Small Grains

Robert E. Ramig and Leslie G. Ekin1

Fertilizer experiments with no-till annual cropped small grains were
conducted in 1983-84 at the Newtson farm near Pilot Rock, Oregon, and the (
Bill Todd farm near Kent, Oregon. The objectives were:

1. Determine the fertilizer needs and optimum rates, if
possible, for no-till annual cropping.

2. Calibrate fertilizer response with soil test values.

3. Compare band versus broadcast fertilizer application.

4. Evaluate herbicides for no-till annual cropping systems.

MATERIALS AND METHODS

Previous cropping history: The Newtson site, cropped to winter wheat
after fallow, yielded 70 bushels/acre in 1983 with a residue of ap-
proximately 7000 pounds/acre. The stubble was flailed on October 18, 1983,
fall herbicides (Roundup) applied on November 3, and Stephens winter wheat
seeded November 8 at 85 pounds per acre. On April 21, 1984, broadleaf weeds
were sprayed with a tank mixture of Glean, Bronate, and Banvel D. For
spring grain, herbicides were applied April 21, 1984. Steptoe barley (90
pounds/acre) and Dirkwin wheat (75 pounds/acre) were seeded on April 24,
1984.

Mean annual precipitation is 20 inches and elevation is 1840 feet at
the Newtson site. For the 1983-84 winter wheat crop, the precipitation
before seeding was 5.3 inches, and from seeding to harvest 16.3 inches, for
a total of 21.6 inches. For the spring cereals, precipitation before seed-
ing was 15.1 inches and from seeding to harvest 5.7 inches, for a total of
20.8 inches.

The previous crop at the Todd site, Kamiak winter barley, yielded 2000
pounds/acre and left a residue of about 4000 pounds/acre. The spring wheat
plots were originally planted as winter wheat trials (seeded November 21,
1983, to Stephens wheat) which winter-killed. The entire field was sprayed
with Roundup on March 30, 1984, and reseeded without additional fertiliza-
tion to Dirkwin spring wheat on April 12, 1984. The spring barley trials
were located on barley stubble which had not been disturbed (no-till) and on

1
Soil scientist and agricultural research technician, USDA-ARS, Columbia
Plateau Conservation Research Center, Pendleton, Oregon, 97801.

27



land which had been chiselled in the fall and cultivated in the spring
(minimum-tilled). Both no-till and minimum-tilled were sprayed with Roundup
on March 30, 1984, and seeded to Steptoe barley (90 pounds/acre) on April
14, 1984. Crop-year precipitation before seeding was 8.3 inches and from
seeding to harvest 3.2 inches, for a total of 11.5 inches. Mean annual
precipitation at the Todd site is 11 inches and elevation is 2500 feet.

Soil information: Table 1 gives the soil test data in both parts per
million and pounds per acre with depth for both sites. These test data were
obtained from Oregon State University Soil Testing Laboratory. Standard
techniques for eastern Oregon soils were used. The soil depth at Newtson's
is 3.5 feet and at Todd's is 3 feet or less.

Plot installation: Plots were eight 10-inch rows, 60 feet long, seeded
with a Noble DK5 hoe drill modified with USDA openers that permitted banding
liquid fertilizer 2 inches below the seed. Liquid fertilizers were mixed
from Solution 32 (32-0-0), Polyphosphate (10-34-0), and Thiosul (12-0-0-
26S). The broadcast fertilizer was a mixture of dry ammonium nitrate (33.5-
0-0) and dry ammonium phosphate-sulfate (16-9-0-14S). All fertilizer
treatments were applied on the day of seeding except for the reseeded spring
wheat at the Todd farm. The experimental design was a randomized complete
block with 4 replications except for spring wheat (8 replications) and fall-
chiselled spring barley (2 replications) at the Todd site.

Table 1. Soil test data for McKay silt loam (Newtson farm) and Condon silt
loam (Todd farm)

Depth	 pH1/	 NO
3

-N	 P	 SO 4-S	 NO -N	 P	 SO 4 -S
3

(feet)	 -parts per million- -	 - - -pounds/acre - - -

McKay silt loam

0-1 7.5 3.2 8 5 11 27 17

1-2 8.8 1.4 8 41 5 26 133

2-3 9.1 1.2 14 23 4 47 77

3-3.5 9.1 1.4 22 24 5 74 80

Condon silt loam

0-1 7.0 2.0 12 1 8 45 3

1-2 8.1 0.3 6 2 1 21 6

2-3 8.8 0.3 3 1 1 11 5

/
pH measured in supernatant solution of 1:2 soil-distilled water.
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RESULTS AND DISCUSSION

On the Newtson farm, no-till annual cropped Stephens winter wheat
responded to nitrogen fertilization (Table 2). Maximum yield, 55 bushels
per acre, was obtained with 120 pounds of N per acre. Mr. Newtson's annual
cropped Stephens, seeded October 18, 1983, on adjacent wheat stubble land
that had been disked twice, fertilized with 60 and 10 pounds per acre of N
and S before seeding, and topdressed in the spring with 30 pounds of N per
acre, yielded 46 bushels per acre. Another adjacent plot, sprayed with
Roundup, was no-till seeded October 28, 1983, to Stephens winter wheat with
a Yielder drill in paired rows. It was fertilized with 75, 7, and 15 pounds
per acre of N, P, and S, respectively, between the paired rows and yielded
49 bushels per acre.

One quart per acre of Chem-Hoe (non-registered use) applied before fall
seeding of Stephens wheat failed to control weeds, damaged stands, and
reduced yield of the wheat (data not presented). A broad spectrum soil ac-
tive herbicide that would not damage the crop is needed for successful no-
till seeding of fall cereal small grains.

Dirkwin spring wheat at Newtson's was severely infested with Hessian
fly. A strong wind on August 1, 1984, resulted in 60 to 70% lodging of the
wheat; therefore, it was not harvested.

Steptoe barley responded to nitrogen fertilizer (Table 3). Yields were
low because the barley was seeded 4 to 6 weeks later than normal because of
the wet weather. Most of the response came with the first 40 pounds per
acre of applied nitrogen.

Phosphorus at 9 pounds (20 pounds of phosphate) per acre increased bar-
ley yield 544 pounds per acre (Table 4). There was no response to sulfur
nor any interaction between phosphorus and sulfur. There was no yield
response to fertilizer placement. Probably, the 5.7 inches of precipitation
received after seeding leached broadcast fertilizer into the root zone.

At the Todd farm, total crop year rainfall was near normal, with plant
drouth stress increasing toward maturity. Yield and test weight, conse-
quently, were lower than expected. Dirkwin spring wheat responded only to
nitrogen fertilizer (Table 5). A yield decrease for the highest nitrogen
rate, compared to the intermediate rates, was caused by increased water use
too early in the season.

No-till Steptoe spring barley yields responded to nitrogen fertilizer
only, with the greatest yield response occurring with 40 pounds of nitrogen
per acre (Table 6). Increasing rates of nitrogen fertilizer decreased the
test weight per bushel. Yield with minimum-tillage was similar to the yield
for no-till. A significant response to sulfur was predicted from the soil
test data and early growth response. However, none occurred, probably be-
cause of late seeding and increased water stress with maturity.

Low rainfall (3.21 inches) after seeding was insufficient to leach
broadcast fertilizer into the root zone. There was a yield increase of 330
pounds per acre from banding rather than broadcasting fertilizer on the no-
till and 500 pounds on the minimum-till (data not presented).
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Table 2. No-till annual cropped Stephens winter wheat response to rates of
nitrogen fertilizer in 1984 on a McKay silt loam (Newtson farm)

1
Nitrogen applied/ Yield Test weight Plant height

(pounds/acre) (bushels/acre) (pounds/bushel) (inches)

0 a161	
2/ 

58.3	 ,j-./ 29 aE/

40 24 ab 59.2 b 31	 ab

80 34 b 59.8 b 33 be

120 55 c 59.2 b 35 c

1 /
 Banded as liquid fertilizer 2 inches below seed with 9 pounds of P and 14

pounds of S per acre.

/ 
Values within a column followed by the same letter are not different at P
= 0.01 according to Duncan's Multiple Range Test.

Table 3. No-till annual cropped Steptoe spring barley response in 1984 to
rates of nitrogen fertilizer on McKay silt loam soil (Newtson
farm)

1Nitrogen applied!

(pounds/acre)

0

40

80

120

Grain yield	 Test weight

1671 b
	

46.6 a

1966 b
	

45.4 a

2287 b
	

45.0 a

(pounds/acre)

513 a 
2/

(pounds/bushel)

2/
45.7 a —

1/
Banded as liquid fertilizer 2 inches below seed with 9 pounds of P and 14
pounds of S per acre.

2/
Values in a column followed by the same letter are not different at P =
0.01 according to Duncan's Multiple Range Test.
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Table 4. No-till annual cropped Steptoe spring barley response in 1984 to
phosphorus and sulfur fertilizer' on a McKay silt loam (Newtson
farm)

1
Phosphorus applied–

/	Sulfur applied (pounds/acre)	 Phosphorus
0	 14	 means

(pounds/acre)	 	 Grain yield (pounds/acre)

1232	 1373	 1303 a
/

2–

1728	 1966	 1847 b

Sulfur means
	

1480	 1669

1/Banded as liquid fertilizer 2 inches below the seed with 80 pounds of N
per acre.

1/Phosphorus mean values are significantly different. All other comparisons
are not significantly different from each other according to Duncan's
Multiple Range Test.

Table 5. No-till annual cropped Dirkwin spring wheat yield response to
rates of nitrogen fertilizer on a Condon silt loam (Todd farm)

Nitrogen applied/	Yield	 Test weight

(pounds/acre)
	

(bushels/acre)	 (pounds/bushel)

0
2/

1 14 a– 55.3 a

	

40	 23 c	 52.6 b

	

80	 22 c	 50.0 c

	

120	 18 b	 48.5 c

1/Banded as liquid fertilizer 2 inches below seed with 9 pounds of P and 14

pounds of S per acre.

/Means in a column followed by the same letter are not different at P =
0.01 according to Duncan's Multiple Range Test.

0

9
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Table 6. Annual cropped Steptoe spring barley yield response to rate3 of
nitrogen fertilizer in 1984 on Condon silt loam (Todd farm)

Nitrogen applied 1/ No-till Minimum-till
Yield Test weight Yield

(pounds/acre) (pounds/acre) (pounds/bushel) (pounds/acre)

0 2—1178	 a
/

47.7 al
/

1418	 al/

40 2083 b 47.1	 a 2252 be

80 2198 b 44.6 b 2503 c

120 2304 b 43.6	 b 2088 b

1/Banded as liquid fertilizer 2 inches below seed with 9 pounds of P and 14
pounds of S per acre.

/
Means in a column followed by the same letter are not different at P =
0.01 according to Duncan's Multiple Range Test.

SUMMARY AND RECOMMENDATIONS

1. No-till annual cropping is feasible and should be encouraged
on shallow (< 36-inch deep) soils that usually fill with
water the first winter after grain harvest. A high level of
timely management is required for comparable yields but adop
tion greatly reduces soil erosion.

2. Uniform distribution of chaff and straw when harvesting is
important. Best drill operation occurs when seeding in dry
standing stubble with uniformly spread chaff and straw.

3. Proper herbicides are needed to control volunteer crop and
weeds. Consult your county agent or chemical consultant.

4. Use a drill capable of seeding through standing crop residue,
banding fertilizer 2 - 3 inches below the seed, and placing
the seed in good contact with the soil.

5. Cereals which are annually cropped nearly always respond to
nitrogen fertilizer. The optimum rate is usually 150% of the
optimum rate for grain after fallow.

6. Banding fertilizer 2 or 3 inches below the seed is usually
superior to surface broadcasting or placing fertilizer with
the seed.

7. Spring-seeded small grains usually respond to phosphorus or
sulfur fertilizer when soil tests are low. Spring-seeded
varieties are seeded in a cold, wet seedbed which slows root
growth. Fall-seeded varieties have a much longer growing
season and may not respond to P and S as frequently as spring
grains.

8. Germination damage may occur if more than 20 pounds of sulfur
per acre as ammonium thiosulfate is banded 2 inches below the
seed. More than 15 pounds of sulfur per acre is usually not

„,tee	 needed, however.
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Annual-crop Spring Barley Response to Nitrogen, Sulfur

and Phosphorus

Paul E. Rasmussen, D. E. Wilkins, and C. L. Douglas Jr.1

INTRODUCTION

Annual cropping is often possible where annual precipitation exceeds 14
inches. It is recommended on soils less than 4 feet deep since the soil
profile normally is filled by a single winter's rainfall. Rotation of
winter wheat with a spring cereal is often preferred to continuous winter
wheat because weed control is easier and stubble more manageable.'
Fertilizer needs increase sharply under annual cropping because nutrient
buildup by fallowing is eliminated and competition for nutrients by residue-
decomposing organisms is more intense. In this study, nitrogen (N),
phosphorus (P), and sulfur (S) response by spring barley was determined for
annual-crop conventional and minimum tillage.

MATERIALS AND METHODS

Conventionally tilled plots (CT) were fall plowed and cultivated twice
in the spring, whereas minimum tilled plots (MT) were fall swept (12-inch
sweep) and skew treaded in the spring. Advance spring barley was seeded on
April 3, 1984, on replicated plots cropped the previous year to winter
wheat. Barley was seeded at 115 pounds seed/acre in 10-inch rows.
Fertility treatments included no-fertilizer, N only, N plus S, and N plus S
plus P. All fertilizers were banded 1 inch to the side and 2 inches below
the seed at seeding.

1
Soil scientist, agricultural engineer, and soil scientist, USDA-ARS,
Columbia Plateau Conservation Research Center, Pendleton, Oregon 97801.
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RESULTS AND DISCUSSION

Unfertilized spring barley yielded considerably less per acre under
minimum tillage, 1070 pounds, than under conventional tillage, 2580 pounds
(Table 1). Barley in both tillage systems responded to N, P, and S
application. The response to N in MT was greater than in CT (1500 vs. 300
pounds), primarily because of lower soil-N availability in MT. Both tillage
systems responded equally to S (1500 pound per acre yield increase) and P
(400 pound per acre yield increase). At the highest rate of fertilizer ap-
plication (115 pound N - 15 pound P - 23 pound S), minimum tillage yield
equalled the conventional tillage yield, 4700 pounds barley/acre.

The yield response pattern indicates that annual cropping to cereal
grains requires a substantial input of fertilizer nutrients to obtain op-
timum yield. More N may be required, at least in the first years, if the
spring cereal grain is grown with minimum tillage because of delayed residue
decomposition. With proper placement of adequate amounts of needed
nutrients, the yield of spring cereals under minimum or no-till should equal
that for conventional tillage.

Table 1. Advance spring barley response to nitrogen, sulfur, and phosphorus
under minimum and conventional tillage

Fertilizer	 Grain yield'	 Yield ratio
N-P-S	 MinTill	 ConvTill	 MinTill/ConvTill

(lbs/acre)	 (pounds/acre)

00-00-00 1070 2580 41
90-00-00 2190 2680 82
75-00-15 3550 4070 87

115-00-23 4050 4320 94
75-10-15 3940 4290 92

115-15-23 4700 4700 100

'Probability of significant yield response: Nitrogen = 0.05; Sulfur = 0.01;
Phosphorus = 0.10; Nitrogen rate = 0.05.
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Wallowa County No-till Spring Barley Trials 1984

R. Karow and D. Dickens 1

INTRODUCTION

Wallowa County ranchers are leaders in the move toward no-till cereal
production in Oregon. They have found no-till cropping to be an efficient,
economically successful production system in their environment. Several
different no-till drills are being used, each having different fertilizer
placement capabilities. Both winter and spring grains are being no-till
planted in Wallowa County. Several cereal varieties are being used by
growers with varying results.

Wallowa growers were interested in obtaining local information on
variety performance and on the effect of fertilizer placement. This study
was developed in response to grower interest as a joint effort among re- -
search, Extension, and soil conservation personnel in cooperation with
growers. The specific objectives of this study were to evaluate 4 spring
barley varieties under no-till cropping conditions and to document dif-
ferences, if any, in agronomic characteristics between barley grown using
deep-banded fertilizer and that grown using a broadcast fertilizer
application.

MATERIALS AND METHODS

Wallowa County plots on the Melleville, Wade, and Wolfe ranches are in
the Enterprise-Lostine area. The Wade and Wolfe sites were dryland while
the Melleville site was irrigated. Additional information was also gathered
from a non-replicated trial on the Yost Ranch south of Enterprise.

1
Extension cereal specialist, Crop Science Department, Oregon State
University, Corvallis, Oregon 97331, and Wallowa County Extension agent.
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Four spring barley varieties commonly grown in Wallowa County were
evaluated. They were Advance, Gustoe, Morex, and Vanguard. Superimposed on
varieties was a comparison between banded and broadcast fertilizer
applications. The experiment was conducted as a randomized complete-block
split-plot design with replication over sites. Standard split-plot design
analysis procedures were used.

Each plot consisted of a two-drill width by 300-foot strip planted with
a Yielder drill. Half of each variety plot had 400 pounds of 27-12-0 fer-
tilizer deep banded at seeding, while a similar amount of fertilizer was
broadcast on the other half. Plots were treated uniformly in subsequent
field operations. Plant and tiller counts were taken during the growing
season. Plant height was measured at harvest. Two 16-foot sections of each
plot were hand harvested, threshed, and cleaned. Harvested grain was used
to obtain yield and seed information.

RESULTS AND DISCUSSION

Significant information gained from this study was:

1. The benefit of deep banded fertilizer placement was reaffirmed.
Banded placement (averaged across varieties) yielded 1.40 tons per
acre, whereas broadcast application yielded 1.22 tons per acre
(Table 1). This difference was statistically significant.
Additionally, all varieties responded positively in yield to
banded fertilizer. Plant height, 1000 kernel weights, plant den-
sity, and plant tillering were all unaffected by fertilizer
placement (Table 1).

Table	 1.
applications

Agronomic	 comparisons for broadcast and banded fertilizer

Fertilizer
placement Yield

Plant
height

1000 kernel
weight

Plant	 Plant
density	 tillering

Broadcast
Banded

(tons/A)

1.22
1.40

(inches)

33.0
32.5

(grams)

37.1
37.1

(no/foot of row)	 (no/plant)

7.5	 4.8
7.0	 5.5

PLSD (1%) 1/ 0.14 NS NS NS NS

1/ Protected LSD. Treatments must be significantly different in an analysis
of variance for a PLSD value to be reported. PLSD values are for a 1%
probability level. If two treatment values are not different by more
than the reported PLSD value, then the treatments are not statistically
different.
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2. Advance, Morex, and Vanguard had equivalent yields (averaged
across sites and fertilizer placements); Gustoe yielded ap-
proximately 1000 pounds less - a statistically significant
difference (Table 2). Little disease was noted in the plots and
all varieties showed similar disease reactions. Vanguard and
Morex lodged severely at the irrigated Melleville site while
Advance showed lesser lodging. Lodging was generally not a
problem at the dryland sites. Although statistical analysis is
not possible within sites, these data suggest that variety choice
will be site specific. Gustoe did not perform well at any of the
sites; however, each of the other varieties was top yielder at a
site.

3. Differences did exist among varieties for plant height and 1000
kernel weight (Table 3). There were no statistically significant
differences among varieties for tillers per plant.

4. Yield (weight) is determined by the following components:
(plants/area) x (tillers/plant) x (kernels/tiller) x (weight). As
there was a significant difference between banded and broadcast
fertilizer placement, one or more of these components must have
been higher for banded fertilizer. None of the three Components
measured (plant density, tillers per plant, and kernel weight)
were statistically significantly higher for banded placement
(Table 1). Tillers per plant, however, were nearly one tiller per
plant higher for banded placement. The difference also may be
caused by more kernels per tiller; unfortunately, this component
was not measured.

5. Trends in the non-replicated trial on the Yost Ranch (data not
shown) indicated a definite yield response to additional nitrogen.

In general, these results are in agreement with no-till research data
from other locations. Further work needs to be done to evaluate varieties
in other years and to fine tune fertilizer recommendations.
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Table 2. 1984 Wallowa County Spring Barley Trials - Yields (T/A)

Treatment
(variety/fertilizer)

Melv
site

Wade
site

Wolfe
site

Treatment
average

Variety
average

- -	 - - - - T/A

1.	 Advance/broadcast 2.22 1.03 0.82 1.36
2.	 Advance/banded 2.37 1.14 1.06 1.52 1.44
3. Gustoe/broadcast 1.13 0.72 0.69 0.85
4. Gustoe/banded 1.20 0.93 0.62 0.92 0.38
5. Morex/broadcast 1.61 1.36 1.02 1.33
6. Morex/banded 1.87 1.82 1.17 1.62 1.48
7. Vanguard/broadcast 1.77 1.07 1.19 1.34
8. Vanguard/banded 1.95 1.36 1.33 1.54 1.44

Average 1.77 1.18 0.99 1.31 1 .31

PLSD (10%)1
/ 0.42

1
/
 Protected LSD. Treatments must be significantly different in an analysis

of variance for a PLSD value to be reported. PLSD values are for a 1%
probability level. If two treatment values are not different by more
than the reported PLSD value, then the treatments are not statistically
different.

Table 3. Agronomic comparisons among spring barley varieties

Plant 1000 Kernel
Variety height weight Tillers/plant

(inches) (grams) (no./plant)

Advance 34.0 39.1 5.6
Gustoe 21.8 31.7 5.2
Morex 38.7 40.4 5.6
Vanguard 34.5 40.4 5.6

Average	 32.3 37.1 5.2

I
/
 Protected LSD. Treatments must be significantly different in an analysis

of variance for a PLSD value to be reported. PLSD values are for a 1%
probability level. If two treatment values are not different by more
than the reported PLSD value, then the treatments are not statistically
different.

PLSD (5%)1/ 6.7	 4.7	 NS

38



Shoot and Root Development in Five Legumes

Betty Klepper, Tami R. Toil, and F. V. Pumphrey1

INTRODUCTION

Green peas (both freezers and canners) are used in Washington and
Oregon areas with sufficient rainfall to support rotation of a short-season,
shallow-rooted crop with wheat. In earlier years, green peas generally
served well in this rotation, but recent decreases in price and increases in
diseases have led to a search for an alternate legume. This work is part of
a larger IPM (Integrated Pest Management) study designed to find alternate
soil management and cropping practices to increase yields of green peas and
to study possible alternative crops to peas. The work was undertaken to
compare the vigor and growth habits of several candidate legumes under con-
ventional tillage over a two-year period (1983, 1984).

MATERIALS AND METHODS

Seed of garbanzo bean (Cicer arietinum L. 'CP8' in 1983 and 'PI273879'
in 1984), dry peas (Pisum sativum L. 'Latch'), processing pea (Pisum sativum
L. 'Dark-skinned Perfection'), lentils (Lens cunicularis L. 'Brewer') and
fababean (Vicia faba L. 'Diana') were planted on April 7, 1983, in 10-inch
rows and on April 3, 1984, in 6-inch rows. Plots were fertilized with 24
pounds N, 13 pounds P, 22 pounds S per acre before planting.

Plants were removed from the field weekly in both 1983 and 1984 to ob-
serve main stem leaf development, shoot branching habit, flowering, pod
production, senescence (yellowing) of lower leaves, root branching, nodula-
tion, and relative nodule activity on a scale of 1-10. Measurements of air
temperature from the weather station at the location were used to calculate
the cumulative degree days from planting. The number of degree days for
each day is calculated by taking the high and low temperature for the day,
averaging them, and converting the average value to centigrade degree (if
necessary). This value is added for each day since planting to obtain
cumulative degree days. Negative values (below freezing) are entered as
zero.

1
Plantphysiolgist and biological technician, USDA-ARS, Columbia Plateau
Conservation Research Center, Pendleton, Oregon; agronomist, Columbia
Basin Agricultural Research Center, Oregon State University, Pendleton,
Oregon 97801.
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Figure 1. Total leaf number and yellowed leaves for five legumes over 2
years. A. 'DSP' peas, B. 'Latah' peas, C. 'Brewer' lentils, D.
'Diana' fababean, and E. 'PI273379' garbanzo.
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RESULTS AND DISCUSSION

Patterns of production of green leaves and senescent lower leaves for
the 5 crops are shown in Figure 1 (A-E). In all species the rate of senes-
cence of lower leaves appears to parallel the rate of production of new
leaves when plotted against degree days. The total number of leaves
produced on the main stem varies from about 20 for both species of pea to
more than 30 for garbanzo. All these legumes are indeterminant plants, that
is, they can continue to produce leaf primordia throughout the life of the
plant and do not have the terminal meristem converted into an inflorescence
as wheat does. However, although they are capable of leaf production,
plants cease to develop new leaves after pod set, presumably because the
leaf primordia are starved for food materials which are diverted to the
developing pods.

Branching habits of the five legumes were different. All had the
ability to develop three buds in the axil of each leaf (as opposed to wheat ,
which has only one bud per leaf). Potential for development of these three
buds into branches occurred at three times separated from one another by
about 4 leaf-development periods. Fababeans, both pea species, and lentils
tended to produce branches at the lower nodes and garbanzo beans produced
branches at the higher nodes. In all of these crops, the flower7bearing
branches were at the upper nodes. The earliest node at which flowers appear
is a varietal characteristic; for example, node 10-11 in 'Latch' and node
14-15 in 'Dark-Skinned Perfection' ('DSP') (Table 1). The relative
"earliness" of the crop depends on the node which begins to flower.

Table 1. Date and node of first open flower

Variety	 Year	 Date	 Degree Days	 Node Number

'Dark Skinned 1983 June 7 768 14
Perfection'	 peas 1984 June 18 854 15

'Latah'	 peas 1983 May 29 615 10
1984 June 2 630 11

'Brewer'	 lentils 1983 June 1 674 13
1984 June 11 743 13

'Diana' Fababeans 1983 June 3 706 8
1984 June 11 743 8

'CP8'	 Garbanzos 1983 June 3 706 16

'P1273879'	 Garbanzos 1984 June 14 791 17
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All these species developed leaves linearly with growing degree days
(Table 2). The rates are similar for all but garbanzo, which produced
leaves at a rate about 40% higher than the other species.

The seasonal average numbers of lateral roots on the tap root at 0-2
inches and 2-4 inches are shown in Table 3 for the five varieties. These

numbers were relatively constant over the growing season. The relative
abundance of nodules on both taproots and laterals increased until mid-May
and then remained relatively constant for the rest of the season.

Table 2. Rates of leaf development for 5 legumes derived from linear
regression of leaf number against degree days

Linear regression

Variety	 Year	 Rate	 R2

'Dark-Skinned Perfection'
Peas

'Latah' Peas

'Brewer' Lentils

'Diana' Fababeans

'CP8' Garbanzos

'P1273879' Garbanzos

1 9 83
	

0.021
	

0.992
1984
	

0.021
	

0.993

1983
	

0. 023
	

0.988

1984
	

0.022
	

0.969

1983	 0.020	 0.989

1984	 0.022	 0.951

1983	 0.024	 0.977
1984	 0.024	 0.995

1983	 0.030	 0.982

1984	 0.033	 0.998

Table 3. Seasonal average numbers of lateral roots on the tap root and
relative abundances of nodules for five legumes in 1984

Variety

Tap root segment (in)	 Tap  root segment (in) 

0-2	 2-4	 0-2	 2-4  

(no. of lateral roots)	 (no. of nodules)  

'Dark Skinned Perfection' peas
'Latah' peas
'Brewer' lentils
'Diana' fababeans
'P1273879' Garbanzo

24.9
30.4
14.0
35.5
18.3

14.8
15.2
7.5

16.2
5.9

15.0
17.8
17.7
17.5
11.0

6.7
5.2
2.8
3.6
0.7
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'Latah' Peas - 1984
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Figure 2 shows the relative activity of the nodules over time for 'Latah'
peas. The dotted lines bracket the time when the nodules were apparently ac-
tive in nitrogen fixation (red in color). This time is only 1-2 weeks for
garbanzo beans and about 3-4 weeks for the other legumes. A decline in ac-
tivity (score over 6) occurred before flowering in both years on all varieties
and was not readily related to any phenological event in the shoot.

CONCLUSIONS

This study indicates that green peas, dry peas, fababean, and lentils
develop about 0.02 leaves per degree day while garbanzos develop 0.03 leaves
per degree day. Branching patterns are individual characteristics of each
variety. Root branching patterns show considerably more lateral roots on the
taproot on the upper 2 inches than on the next 2 inches below it for all
varieties on all sample dates. Nodules are relatively short-lived and appear
to be adversely affected before flowering in the top 4 inches of the root
system.
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Figure 2. Nodule condition in upper 10 cm of root system over time on taproots
and on laterals for 'Latah' peas in 1984.
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Edible Legume Seed Yield and Water Use

F. V. Pumphrey, T. R. Toll, and B. L. Klepper 
1

Legume production in north central and northeast Oregon may be in-
creased if there is greater awareness of the growth characteristics,
adaptations, yields, and economic returns. Attempts to produce non-
profitable legumes should be reduced by this increased awareness. General
growth characteristics, seed yields, and water use of four edible legumes
grown at the Pendleton Station are reported as part of the new crops
investigations.

MATERIALS AND METHODS

Seed of 'Latah' peas; 'Brewer', and 'Chilean 78' lentils; 'UC 5', 'CP
8', and 'Pi 273879' garbanzo; and 'Diana' fababean were obtained from Glen
Murray, University of Idaho, and Fred Muelbauer, USDA-ARS, Pullman,
Washington. One hundred fifty pounds per acre of 16-20-0 fertilizer was
broadcast before seedbed preparation. Replicated trials were planted April
7, 1983, and April 3, 1984, on Walla Walla silt loam. The seed was inocu-
lated with the correct strain of rhizobia immediately before planting.
Seeding rates in pounds per acre were: peas--120, lentils--50, garbanzo--
200, and fababeans--180. Dry pea yields of Latah were used as a standard
for estimating the productivity of the other edible legumes.

RESULTS AND DISCUSSION

Precipitation in April, May, and June was more favorable than usual for
early maturing legume production in 1983 and 1984 (Table 1). Precipitation
during these months was 40 and 80 percent, respectively, above the long-time
average. April and May temperatures, which were below the long-time
averages, delayed growth, causing the reproductive growth stages to occur
later in the warmer temperatures of June and July. However, no extremely
adverse hot weather occurred in late June and July either year.

Latah peas initiated flowers and matured slightly earlier than 'Brewer'
and 'Chilean 78' lentils (Table 2). The reproductive growth stages of the
peas and lentils occurred earlier and were of shorter duration than garbanzo

1 Agronomist, Columbia Basin Agricultural Research Center, Oregon State
University; biological technician and plant physiologist, USDA-ARS,
Columbia Plateau Conservation Research Center, Pendleton, Oregon, 97801.
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Table 1 Precipitation and temperatures for the 1983 and 1984 growing
seasons, Columbia Basin Agricultural Research Center, Pendleton,
Oregon

Month

Precipitation Temperature

1983
Long-time

1984	 average 1983
Long-time

1984	 average

inches °F

April 1.23 2.37 1.53 48.0 47.7 49.3
May 2.08 2.11 1.14 57.1 53.6 56.3
June 1.92 2.05 1.01 61.5 59.7 62.5
July 1.00 0.05 0.43 66.9 70.4 70.3

Table 2. Flowering, maturity and seed yield of early maturing edible
legumes, Columbia Basin Agricultural Research Center, Pendleton,
Oregon

Initial	 Maturity	 Seed
Legume Year	 flowering Mature	 Harvest	 yield

pounds
per acre

'Latah'	 peas 1983 May	 29 July 10 July 18 1470
1984 June	 2 July 21 Aug	 2 2690

'Brewer'	 lentils 1983 June	 1 July 15 July 24 1410
1984 June 11 July 21 Aug	 2 1520

'Chilean 78'	 lentils 1983 May	 31 July 15 July 24 1250
1984 June	 6 July 21 Aug	 2 1710

UC 5 garbanzo
1

1983 June	 2 Aug	 7 Aug	 18 2310
1984 June 11 Aug	 9 Aug	 14 1670

CP 8 garbanzol 1983 June	 3 Aug	 7 Aug	 18 1420
1984 June 11 ----3

PI 273879 garbanzo
2

1983 June	 2 July 30 Aug	 10 1930
1984 June 14 Aug	 2 Aug	 14 1930

'Diana'	 fababean 1983 June	 3 Aug	 10 Aug	 20 1490
1984 June 11 Aug	 10 Aug	 14 1630

Kabuli type (seeds larger than 26 grams per 100 seeds and pale cream in
color)

2
Desi type (seeds less than 26 grams per 100 seeds and of various colors)

3
Poor stand, not harvested
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beans and fababeans. Lateness of the reproductive stages of growth and
sensitivity of pod set to climatic conditions of Diana fababean do not ap-
pear to be compatible with average dryland growing conditions in the
Columbia Basin of Oregon.

Dry pea yield of Latah peas was unexplainably low in 1983 when the

apparently favorable precipitation and temperatures (Table 2) are
considered. Pea yield in 1984 was within the expected yield range for the

growing season. Lentils yielded the same as or less than dry peas. The
milder late spring and early summer temperatures and higher humidity of
eastern Washington and northern Idaho are more favorable to lentil growth
than are temperatures and humidity in the Pendleton area.

The garbanzo bean selections were slower to emerge, had less seedling
vigor, and had a much lower ratio of plants established to seeds planted
than did the peas and lentils. An adequate stand of 'CP 8' garbanzo was not
established in 1984. Garbanzo yields were comparable to dry pea yields even
though the garbanzo matured much later than dry peas (Table 2). Pods were
tough and dried slowly. Swathing to increase drying before combining may be
necessary. Observation indicated harvesting would occur during the normally
warm, dry, low humidity weather of early and mid-August. No shattering of
mature pods occurred. Pea leaf weevil and pea weevil were not a problem
with garbanzo. The yield, seed size, and seed color of UC 5 and CP 8 were
sufficient to encourage additional testing as a new crop for this area.

Diana fababeans had a stout, upright growth habit, initiated bloom
slightly later than Latah peas, but matured much later (Table 2). Flowering
was abundant, but many flowers aborted. Seed yields were the same as or
less than dry peas. Shattering of pods may be a problem if harvesting is
delayed beyond the ideal time to harvest.

Peas, lentils, garbanzo and fababeans used 9.3, 9.7, 9.8 and 10.7
inches of water, respectively, from planting to maturity. Peas did not use
all the available water in the 3- to 4-foot soil depth and used little water
below four feet. The later maturing garbanzo and fababeans used more water
stored in the 3- to 5-foot soil depth than did peas and lentils. Each
species used water progressively from the upper to the lower soil depths
(Figure 1). This water use pattern is characteristic of soil water use by
most plants; the closest, most available water is used first. Little water
was used by peas after the first week in July; in contrast, fababeans were
still withdrawing water from the 3- to 5-foot soil depth in mid-July.

The water use pattern was generally the same for each species (Figure
2). Average daily water use, less than 0.10 inch per day during plant es-
tablishment, increased with plant growth and warmer temperatures. Average
maximum daily water use of 0.15 inch per day occurred during flowering and
pod filling. Water use declined rapidly with the approach of maturity.
Maturity of these indeterminate type growth habit species is a response of
the plant to warmer temperatures and declining moisture.
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Figure 1. Average weekly water use from 1-2, 2-3, and 3-4 foot soil
depths for Latah peas, Brewer lentil, garbanzo, and Diana
fababsan, Columbia Basin Agricultural Research Center,
Pendleton, Oregon, 1983-1984.
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Peas, which had the earliest growth habit, had the highest average
daily water use in May, reached maximum water use earlier, and declined in
water use earlier than lentils, garbanzo and fababeans (Figure 2).
Information of this type continues to emphasize the greater adaptation of
moderately early maturing varieties and species to the local climate com-
pared to later maturing varieties and species.

CONCLUSIONS

Brewer and Chilean 78 lentils are not as adapted to this climate as are
Latah peas. Garbanzo produced yields, seed size, and seed color which would
warrant further testing of this species. Production of Diana fababean was
not encouraging because of its growth habit and productivity.

Water use increased as the lateness of maturity of the species
increased. Peas used the least water and fababean the most water. Maximum
water used per day for each species was approximately 0.15 inch per day and
occurred during flowering and early pod-filling growth stages. Each species
used water progressively from the upper to the lower soil depths.
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Integrated Pest Management Research for Pea Production

D. E. Wilkins, L. L. Baarstad, and J. M. Kraft
1

INTRODUCTION

In the nonirrigated region east of the Cascade mountains, pea yields
per acre have not increased in the last 35 years. One of the most important
yield constraints is root disease, caused by Fusarium solani f. sp. pisi,
Pythium ultimum, and Rhizoctonia solani. Yield reductions from root disease
alone commonly range from 10 to 50%. In 1984, an Integrated Pest Management
(IPM) Systems research project was initiated to develop knowledge and find
solutions to the pea root rot problem. This is a cooperative project among
state and federal researchers stationed at Prosser and Pullman, Washington,
Pendleton, Oregon, and Moscow, Idaho.

Soilborne disease control is the primary thrust, but weed control is
critical because herbicidal control methods in this green-pea producing area
are provisional at best. Soil compaction and wheat plant residue are two
factors that will be evaluated for their influence on production of healthy
pea plants. These factors can potentially be controlled through tillage and
tillage systems.

OBJECTIVES

Objectives of the IPM research project:

1) Develop an IPM system for peas which includes soil manage-
ment, and control strategies for soilborne disease, weeds,
and insects, which reduces stress.

2) Determine the effect of altered pea production systems, using
IPM strategies and procedures, on succeeding cereal grain
productivity and pest activity on wheat.

3) Determine the effect of production, harvest, and pest manage-
ment practices on postharvest quality of processed product
and seed.

1 Agricultural engineer, USDA-ARS, Columbia Plateau Conservation Research
Center, Pendleton, Oregon; acting research assistant, Columbia Basin
Agricultural Research Center, Oregon State University, Pendleton, Oregon
97801; and plant pathologist, USDA-ARS, Irrigated Agriculture and Extension
Center, Prosser, Washington 99350.
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4) Determine the impact of IPM systems on the Pacific Northwest
agricultural economy; and develop a system for disseminating
IPM recommendations to growers.

Three field locations were selected from the pea-growing region in
Umatilla County, Oregon, and Walla Walla County, Washington (Figure 1).
These locations were chosen because they represent Palouse, Walla Walla, and
Athena silt loam soils and annual precipitation of 22, 19, and 16 inches
(Table 1). At each location there are approximately 10 acres in wheat and
10 acres in peas each year.

Figure 1. Location of IPM sites.
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Table 1.	 IPM sites

Grower
Site

Elevation
Annual
precip.

Soil
mapping
unitCounty State

(ft) (inches)

Don Meiners Walla Walla WA 2100 22 Palouse silt
loam

Don Ferrel Walla Walla WA 1300 16 Walla Walla
silt loam

Frank Tubbs Umatilla OR 2000 19 Athena silt
loam

Sheldon Kirk Umatilla OR 2000 19 Athena silt
loam

EXPERIMENTAL DESIGN

Table 2 shows the eight main plot treatments that are designed to
provide different wheat residue distributions in the soil profile, different
soil strength profiles (tillage pan and no tillage pan), and different weed
control systems. The tillage pan in the top 12 inches will be ruptured by
tillage with a paraplow operating 13 inches deep. These eight main plot
treatments may be subdivided to study such variables as pea varieties,
biological materials for control of root disease, and planting equipment.
The experimental design is a randomized complete block with the main plots
45 by 70 feet, 40-foot borders between blocks, and 30 feet between adjacent
plots to allow for turn of large tillage equipment. Figure 2 shows a typi-
cal plot layout for the eight main treatments.

Table 2. Tillage and weed control treatments for IPM plots

Wheat to peas 	 Peas to wheat 
Weed control option 

Treatment	 Primary	 secondary	 Alleviating

number	 tillage	 tillage	 chemical	 compaction

1	 moldboard	 limited	 no incorporated	 paraplow

2	 moldboard	 standard*	 no incorporated	 paraplow

3	 moldboard	 limited	 no incorporated	 no

4	 moldboard	 standard	 no incorporated	 no

5	 moldboard	 limited	 hand weed	 no

6	 moldboard	 limited	 hand weed	 no

7	 chisel plow	 limited	 no incorporated	 paraplow

8	 chisel plow	 limited	 no incorporated	 no

* Standard secondary tillage consists of two or more spring tine cultiva-
tions to prepare a fine, smooth, well-tilled seecbed.
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MEASUREMENTS

Microclimate, plant development, fresh pea yield, soil water status,
pathogen inoculum density and distribution, soil physical properties, soil
and plant nutrient status, weed infestation, and insect populations will be
measured for the pea crop. In addition to these measurements, soil water
status and yield components will be measured in the wheat crop.

At each location a weather station will be maintained year round to
measure precipitation, pan evaporation, solar radiation, air temperature,
relative humidity, wind travel, and soil temperature. These measurements
will be used to relate climatic factors to root disease and plant

development.

Soil water status will be monitored with neutron probes during the grow-
ing season to provide information about where the plants are extracting
water in the soil profile. Physical measurements will include wheat plant
residue distribution, soil bulk density, soil resistance to cone
penetrometer penetration, and soil surface roughness.

Depth distribution, at preplant and near bloom stage for peas, will be
determined for propagules of Pythium ultimum and Fusarium solani f. sp.
pisi. Pea root disease damage will be assessed at bloom stage and harvest

using an index method.

ANTICIPATED RESULTS

This research should result in the development of a system or components
of a system which permits maximum economic return without adverse environ-
mental impact. The basic assumption is that a vigorous pea plant tolerates
root disease and competes with pests more effectively than a stressed plant.
The IPM system will integrate the effects of biological control, climate,
resistant/tolerant varieties, cultural practices, and judicious use of pes-
ticides to provide conditions for the development of vigorous pea plants.
This research will help maintain peas as a viable alternative crop in rota-
tion with cereal grain for the Pacific Northwest.

4-0,-4-0,0-0-4-÷y4-0+0-41-4-*11,10-nnnn40-4-4-4,4-4,4-h41-4-44-41-0-e
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Development of Ground Cover by a Winter Wheat Crop

R. W. Rickman and Paul E. Rasmussen
1

An overwinter 50% ground cover is sought as a minimum for reducing ero-
sion in winter wheat fields. Amount of cover created before December 1 by
wheat seedlings is used by the USDA-Soil Conservation Service to judge the
adequacy of fall management practices. Latest possible planting dates to
establish minimal cover are listed for different areas but these dates are,
of necessity, for relatively large areas. Using the relationship between
plant leaf development and degree-days from planting, cover on December 1
can be estimated for any planting date for a specific area where long-term
average daily temperatures are available. The purpose of this investigation
was to determine the effect of row spacing, seeding rate, and planting date
on the development of plant cover in any winter wheat field.

MATERIALS AND METHODS

Historical air temperature records from four locations, Pendleton
Experiment Station, Pendleton Airport, Hermiston, and La Grande, were used
to compute the expected accumulation of growing degree-days (GDD) from
various planting dates (Figure 1).

Amount of shading of soil by overlapping plants was computed by using
the geometry of row spacing, plant spacing, and plant overlap (Rickman and
Rasmussen, 1985). Figure 2 illustrates the way overlapping plants were
mathematically represented to estimate ground cover. The linear relation-
ship between GDD from planting and leaf number was used to calculate the
number of leaves on plants (Rickman and Klepper, 1983). Individual leaf
lengths calculated from leaf number (Figure 3) were used for determining the
radii of the circles representing plants in Figure 2. Measurements of plant
cover from a variety of field plots with different row spacing and seeding
rates over three different years were used as reference data.

1
Soil scientists, USDA-ARS, Columbia Plateau Conservation Research Center,
Pendleton, Oregon 97801.
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Figure 2. Overlapping areas of possible shading by adjacent wheat plants.

Figure 3. Leaf length vs leaf number for fertilizer timing treatments on
Stephens winter wheat near Pendleton, OR in 1982. Dashed line
represents a hypothetical linear increase in leaf length with
leaf number.
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RESULTS AND DISCUSSION

Comparison of measured and computed cover as affected by row spacing,
plant stage, and plant growth stage is shown in Table 1. The linear regres-
sion between measured and computed cover had an r 2 of .94 and a slope equal
to 1.0, indicating that computed values are good estimates of actual cover.

Row spacing and seeding rate effect on cover are illustrated in Figures
41, 4B, and 5. A seeding rate of 60 lb/A, 40 milligram seed size (11350
seeds/pound), 90% emergence, 120 GDD for emergence, and 90 GDD per leaf was
used in Figures 4A and 4B. Row spacing appears to have little effect on
total percent cover (Figure 4A). However, a better perspective of the ef-
fect of changing row spacing with seeding rate held constant is shown in
Figure 4B. In 14-inch rows, plants are crowded together and provide rela-
tively heavy cover in the rows but leave much of the soil surface between
the rows without shading. In the 7-inch rows, the interrow closes in much
faster, although the percent cover within a plant row will be considerably
less than in the wider row spacing. Figure 5 is for 10-inch row spacing .
with everything else except seeding rate the same as in Figures 4A and 4B.
These figures could be used to estimate ground cover for different planting
dates at a location. For example, an October 1 planting date at the
Pendleton Airport accumulates 450 degree days by December 1 (Figure 1B).
Calculated cover for December 1 for a 60 lb/A seeding in 10-inch rows would
be 20 to 25% (solid line, Figure 5). Increasing the seeding rate to 80 lb/A
would increase expected cover 25 to 30% (dashed line, Figure 5). A row
spacing change would not change total cover (Figure 4A) but a 7-inch row
spacing would leave only 10% of the area between rows without plant cover
compared to 60% for the 14 inch row spacing (Figure 4B).

The calculations depend on specific leaf sizes for the variety grown.
The computations developed are for Stephens. When projecting for varieties
with different leaf sizes, such as the Hyslop, the calculations do not match
as well. Further data on leaf sizes for specific varieties at different
locations are being collected this year with more field cover observations.
The computations are being incorporated into a computer program that will be
available through OSU Extension.

REFERENCES

Rickman, R. W. and Paul E. Rasmussen. 1985. Estimates of ground cover
produced by cereal crops. Agronomy Journal (In press).

Rickman, R. W. and B. L. Klepper. 1983. Using air temperature to an-
ticipate wheat crop development. OSU Special Report 680, pp 28-36.
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Table 1. Observed and calculated ground cover for Hyslop (1977) and
Stephens (1981, 1984) winter wheat as affected by stand density,
row spacing, and growth stage

Main stem Total ground cover
Stand
	

Row spacing	 growth stage	 observed	 calculated

plants/yard	 inches	 no. of leaves

- 1977 -

	

59	 14	 4.2	 18	 10

	

59	 14	 5.8	 23	 19

	

59	 14	 6.9	 23	 37

	

25	 14	 4.3	 8	 5

	

25	 14	 6.0	 13	 9

	

25	 14	 7.0	 19	 18

- - 1981

	

7	 7	 3.3	 3	 4

	

15	 7	 3.4	 6	 9

	

30	 114	 3.4	 5	 4

	

7	 7	 4.5	 9	 6

	

15	 7	 4.5	 14	 12

	

30	 14	 4.6	 13	 6

1984

	23	 10	 1.5	 3	 1

	

23	 10	 3.1	 8	 6

	

23	 10	 4.9	 12	 10

	

23	 10	 6.9	 32	 30

	

23	 10	 10.5	 60	 51
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Variety Leaf Development Response to Growing Degree Days

C. R. Crampton, R. W. Rickman, and Betty Klepper '

INTRODUCTION

A leaf and tiller identification system, created at Pendleton for
monitoring winter wheat development, has been described by Klepper et al.,
1982, Rickman and Klepper, 1983, and Klepper et al., 1984. Applications of
this system included seedbed evaluations (Wilkins et al., 1982) and site
climatic comparison (Crampton et al., 1983). It is being refined to permit
better scheduling of cultural practices sensitive to stage of wheat develop-
ment (such as herbicides for weed control or growth regulators to prevent
lodging). The objective of this paper is to compare plant development of 6
cultivars of winter wheat at 3 climatically-different locations utilizing
leaf number (Haun stage) and growing degree-days (GDD).

MATERIALS AND METHODS

Hermiston, Holdman, and Weston were three of 17 on-going variety test-
ing sites selected for this study because they represent diverse
environmental conditions in close proximity to the Columbia Basin
Agricultural Research Center. Cultural and climatic features of these sites
are outlined in Table 1.

Six winter wheat cultivars were selected from the nurseries' 36 entries
to represent those widely used and also included wheat types with different
genetic parentage (Table 2).

Weather information was collected at the nursery sites at Holdman and
Weston. Weather data were collected at the Hermiston site until we were
able to confirm a close correlation with the data collected at the Hermiston
Experiment Station, several miles away. Air and soil temperatures were
collected for all sites. The data were then reduced to GDD using the steps
as outlined by Rickman and Klepper, 1984. Daily temperatures and the base
temperature of zero were in degrees Celcius resulting in metric units of
GDD,

1 Research assistant, Department of Crop Science, Oregon State University,
Corvallis, Oregon 97331; soil scientist and plant physiologist, USDA-ARS,
Columbia Plateau Conservation Research Center, Pendleton, Oregon 97801.
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Experimental design for the nurseries was a completely randomized block
with four replications. Plant development was determined at approximately
200, 500, and 900 GDD from emergence. One-half meter row samples were
collected from each replication of the six cultivars at all sampling times.
Plant samples were kept on ice, and evaluated within 32 hours of sampling.

Plant development evaluation consisted of: 1) main stem and tiller
identification, and 2) determination of Haun stage of main stem and tillers.
Grain yields were determined from small combine harvest of four 10-foot rows
in each plot.

Table 1. Climatic and cultural characteristics of Nursery Sites

Average
Precipitation

Planting
Date

(inches)

irrigated 19 Oct. 1983
16 28 Sept. 1983
20 17 Oct. 1983.

Previous
Site	 Elevation	 Crop

(feet)

Hermiston	 550'	 potatoes
Holdman	 1500'	 fallow
Weston	 2100'	 peas

Table 2. Head type and class of winter wheat cultivars

Cultivar
	

Head Type	 Class

Stephens	 common	 soft white
Daws	 common	 soft white
Hill 81	 common	 soft white
ORCW8113	 common	 soft white
Faro	 club	 soft white
SWM 754651	 common	 hard red winter

RESULTS AND DISCUSSION

Main stem leaf development obtained from the three sampling periods was
plotted against GDD for each cultivar. Figure 1 shows ORCW8113 main stem
leaf development response to cumulative degree days averaged over the three
locations.

As has been marked on Figure 1, 5 leaves required 550 or 110 GDO per
leaf. Table 3 shows the yield and number of GDD per leaf for each of the
cultivars for all locations. The common soft white wheats did not have
significantly different leaf development rates at the 5% level of probabil-
ity. The hard red common, SWM 754651, and the soft white club, Faro, had a
faster development rate than Stephens. Grain yield did not correlate with
the leaf development rate.
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Table 3.	 Growing Degree Days (GDD) required for leaf development and grain
yield of six wheat cultivars at three locations

Location Grain

Cultivar Hermiston Holdman	 Weston Average yield

- - -	 - GD15/1ei;f - -	 - -	 - bu/acre

Stephens 120 107	 117 114	 a 98

Daws 116 103	 114 111	 ab 81

ORCW8113 115 102	 114 110	 ab 94

Hill 81 110 102	 110 107	 ab 92

SWM 754651 114 96	 109 105	 b 90

Faro 113 99	 106 105	 b 82

SUMMARY

The common soft white wheats required an average of 110 GDD per leaf;
the hard red common, SWM 754651, and the soft white club, Faro, required
only 105. This 5 GDD per leaf difference resulted in one more leaf on some
plants of Faro and SWM 754651 when compared to the soft white common wheats.
With the production of one more leaf, we might expect more tillers being
produced. Since yield did not relate to leaf development rate and the
expected higher tiller number, the other yield components (kernel size,
kernel number) need to be analyzed in terms of rate of development, initia-
tion and termination times. This year spike development will be monitored
at five northeastern Oregon locations.

A better understanding of yield component formation time will provide a
better basis for predicting cultivar performance at climatically different
locations.

REFERENCES

Klepper, Betty, R. W. Rickman and C. M. Peterson. 1982. Quantitative
characterization of vegetative development in small cereal grains.
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Rickman, R. w. and Betty Klepper. 1983. Tiller, leaf and root appearance
in winter wheat: Unstressed and stressed development patterns. Oregon
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Crampton, G. R., B. L. Klepper, and R. W. Rickman. 1983. Winter wheat
trials, a case study using degree days. Oregon State University Special
Report 680: pp 37-42.

Wilkins, D. E., B. Klepper, and R. W. Rickman. 1982. Effect of tillage on
wheat tillering. American Society Agricultural Engineers Paper No. 82-
1512. Chicago, Ill.
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Cereal Variety Testing

C. R. Crampton, C. R. Rohde, and Kathleen Van Wagoner
1

Winter wheat and barley variety trials are conducted at 14 sites in
northeastern Oregon to give producers an estimate of yield potential at
specific climatic locations. Established varieties as well as promising new
breeding selections are evaluated in both high- and low-yielding areas. As
new strains of diseases begin to attack varieties, it is imperative that new
selections with different genetic resistance are continually being
developed.

Grain yield and other agronomic characteristics of winter wheat and
barley are summarized in Tables 1 through 4. Yields are the average of
three consecutive years' data. Winter wheats include the most common estab-
lished varieties, Stephens, Hill 81, Lewjain, and Daws, plus two promising
breeding selections. These common soft white winter wheat selections,
OR7996 and ORCW8113, have shown yield potential equal to or higher than that
of Stephens at all locations. These selections are from the OSU cereal
breeding programs of C. R. Rohde and W. E. Kronstad, respectively.

1
Research assistant, Department of Crop Sc:ence, Oregon State University,
Corvallis, Oregon, 97331, and professor and research assistant, Oregon
State University, Columbia Basin Agricultural Research Center, Pendleton,
Oregon, 97801.
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Table 1.	 Three-year (1982-1984) 	 summary of grain yield and other agronomic data of	 common winter

wheat varieties tested in the lower yielding areas of northeastern Oregon

Variety and component Location

Arlington Condon Echo Heppner Lexington Moro Pilot Rock Ave.

Stephens
yield	 (bu/ac) 46.2 35.1 45.4 54.2 55.0 71.6 46.5 50.6

test weight	 (lbs/bu) 60.0 57.5 59.2 60.8 59.2 59.5 59.3 59.4

stem height	 (inches) 25.9 25.4 26.0 26.8 29.9 31.2 27.4 27.5

protein	 (percent) 9.8 5.0 10.9 8.0 6.5 9.4 9.6 8.4

Daws
yield	 (bu/ac) 46.8 3/.6 39.0 44.7 48.0 68.0 41.2 45.5

test weight	 (lbs/bu) 60.2 58.9 60.0 61.3 59.3 59.8 60.0 59.9

stem height	 (inches) 26.2 23.9 26.8 26.1 29.5 30.6 25.4 26.9

protein	 (percent) 10.3 5.6 11.0 7.1 6.3 9.1 8.9 8.3

Hill	 81
yield	 (bu/ac) 45.0 31.7 41.2 41.3 48.4 63.5 42.4 44.8

test weight	 (lbs/bu) 60.6 58.5 59.6 61.2 59.2 60.3 59.0 59.8

stem height	 (inches) 28.2 25.6 29.1 28.5 30.2 33.0 28.8 29.0

protein (percent) 8.4 5.5 12.2 7.9 6.1 8.3 9.3 8.2

Lewjain
yield	 (bu/ac) 47.5 33.4 39.0 45.1 53.2 60.7 46.6 46.5

test weight	 (lbs/bu) 61.4 59.3 59.7 61.4 60.5 60.1 59.9 60.3

stem height	 (inches) 25.8 23.3 26.4 24.7 29.0 30.3 26.1 26.5

protein	 (percent) 7.3 5.3 13.1 9.0 6.6 6.4 10.2 8.3

OR7996
yield	 (bu/ac) 44.4 30.0 42.8 47.4 51.2 62.1 47.1 46.4

test weight	 (lbs/bu) 60.0 57.9 59.8 60.4 58.3 59.4 59.2 59.3

stem height	 (inches) 28.3 26.7 28.7 27.5 31.7 32.5 29.11 29.2

protein	 (percent 9.4 5.1 11.9 7.3 6.2 8.7 9.1 8.2

ORCW81131
yield	 (bu/ac) 46.1 37.0 49.6 53.4 52.2 73.1 44.4 50.8

test weight	 (lbs/bu) 60.7 59.4 60.0 60.0 60.3 59.6 59.7 60.0

stem height	 (inches) 28.4 26.0 29.7 28.8 32.5 32.6 30.6 29.8

Average
yield	 (bu/ac) 46.0 33.1 42.8 47.7 51.3 66.5 44.7 47.4

test weight	 (lbs/bu) 60.5 58.6 59.7 60.8 59.5 59.8 59.5 59.8

stem height (inches) 27.1 25.2 27.8 27.1 30.5 31.7 28.0 28.2

protein	 (percent) 9.0 5.3 11.8 7.9 6.3 8.4 9.4 8.3

1	 Tested in 1983 and 1984 only;	 adjusted for 3-year average.
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Table 2.	 Three-year	 (1982-1984)	 summary of grain yield and other agronomic data of 	 common winter
wheat varieties tested in the higher yielling areas of northeastern Oregon

Variety and component Location
Summerville LaGrande Weston	 Flora Pendleton Hermiston Holdman Ave.

Stephens
yield	 (bu/ac) 62.6 81.7 102.6	 54.5 121.9 98.5 63.9 83.7test weight	 (lbs/bu) 57.8 56.7 59.7	 57.5 58.0 59.1 60.9 58.5stem height	 (inches) 27.1 30.4 35.2	 27.8 35.8 33.7 31.5 31.6protein	 (percent) 8.5 10.4 8.6	 10.8 8.2 10.7 8.7 9.4

Daws
yield	 (bu/ac) 63.1 79.7 90.3	 59.0 118.1 85.2 60.1 79.4test weight	 (lbs/bu) 60.0 58.5 60.8	 58.1 58.7 57.7 60.4 59.2stem height	 (inches) 28.1 30.0 33.8	 28.1 35.7 35.0 30.9 31.6
protein	 (percent) 8.4 10.3 9.4	 11.2 8.2 10.6 7.7 9.4

Hill	 81
yield	 (bu/ac) 65.3 83.7 96.8	 62.5 126.4 95.4 59.7 84.2
test weight	 (lbs/bu) 59.0 59.2 60.7	 58.9 58.7 60.0 61.0 59.6stem height	 (inches) 30.1 32.9 37.3	 30.0 39.6 35.3 33.2 34.0
protein (percent 8.3 10.2 8.6	 11.6 9.9 10.8 8.4 9.7

Lewjain
yield	 (bu/ac) 56.8 80.7 97.2	 60.6 116.2 87.1 63.6 80.3test weight	 (lbs/bu) 60.1 58.1 61.4	 58.2 60.0 58.8 61.1 59.7
stem height	 (inches) 26.1 31.2 34.9	 27.8 35.0 33.0 31.1 31.4
protein (percent) 8.1 10.6 9.1	 10.3 9.2 10.4 8.8 9.5

OR7996
yield	 (bu/ac) 65.5 88.2 99.6	 63,5 130.6 103.8 63.9 87.9test weight	 (lbs/bu) 58.8 59.0 60.9	 59.4 59.4 57.9 60.7 59.4stem height	 (inches) 30.1 33.3 36.6	 29.6 39.2 33.7 32.2 33.5protein	 (percent) 7.9 10.0 8.0	 10.8 8.0 10.5 8.3 9.1

ORCW8113'
yield	 (bu/ac) 66.9 91.4 107.7	 58.8 123.5 96.6 66.7 87.4test weight	 (lbs/bu) 58.8 57.6 60.2	 55.2 57.1 57.7 60.2 58.1stem height	 (inches) 30.2 30.0 34.7	 29.3 36.3 31.8 33.5 32.3

Average
yield	 (bu/ac) 63.4 84.2 99.0	 59.8 122.8 94.4 63.0 83.8test weight	 (lbs/bu) 59.1 58.2 60.6	 57.9 58.6 58.5 60.7 59.1stem height	 (inches) 28.6 31.3 35.4	 28.8 37.0 33.8 32.1 32.4
protein (percent) 8.2 10.3 8.7	 10.9 8.7 10.6 8.4 9.4

2	 Tested in 1983 and 1984 only;	 adjusted for 3-year average.
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Arlington Condon Echo Heppner Lexington Moro Pilot Rock Ave.

3740 2680 2440 3100 3350 4840 2970 3300

48.5 46.8 44.0 49.2 48.0 50.0 45.8 47.5

29.7 27.0 24.7 27.1 31.1 32.6 30.2 28.9

3180 2520 2520 2800 3070 4030 2640 2960

51.8 52.0 48.2 52.2 52.0 52.9 49.0 51.2

35.6 34.3 31.7 35.3 38.4 37.5 37.5 35.8

3070 2090 2710 2930 3390 3720 2530 2920

51.7 50.8 49.2 51.4 50.5 51.3 48.6 50.5

33.6 31.2 30.8 33.2 34.4 35.5 35.2 33.4

3300 2510 2490 3520 3390 4460 2960 3230

47.9 45.8 44.4 49.2 48.4 50.0 47.0 47.5

28.7 24.4 25.9 27.5 31.7 32.2 30.9 28.8

3320 2450 2540 3090 3300 4260 2780 3100

50.0 48.8 46.5 50.5 49.7 51.0 47.5 49.2

31.9 29.2 23.3 30.8 33.9 34.4 33.4 31.7

Variety and component	 Location

Hesk
yield (lbs/ac)
test weight (lbs/bu)
stem height (inches)

Kamiak
yield (lbs/ac)
test weight (lbs/bu)
stem height (inches)

Wintermalt
yield (lbs/ac)
test weight (lbs/bu)
stem height (inches)

Scio
yield (lbs/ac)
test weight (lbs/bu)
stem height (inches)

Average
yield (lbs/ac)
test weight (lbs/bu)
stem height (inches)

Table 3. Three-year (1981-1983) summary of grain yield and other agronomic data of winter barley
varieties tested in the lower yielding areas of northeastern Oregon

Table 4. Three-year (1982-1984) summary of grain yield and other agronomic data of winter barley
varieties tested in the higher yielding areas of northeastern Oregon

Variety and component Location

Summerville LaGrande Weston Flora Pendleton Hermiston Holdman Ave.

HesX'
yield	 (lbs/ac) 4580 5100 5580 2500 5390 5220 4580 4710

test weight	 (lbs/bu) 48.0 49.9 49.5 46.1 47.5 48.4 45.4 47.8

stem height	 (inches) 31.6 31.6 35.9 34.8 39.7 34.9 32.6 34.4

Mal
yield	 (lbs/ac) 4690 5220 5840 2630 5250 5260 4580 4780

test weight	 (lbs/bu) 47.8 49.8 49.2 44.7 47.7 49.2 48.4 48.1

stem height	 (inches) 31.9 31.8 37.7 36.6 38.8 34.6 32.1 34.8

Wintermalt
yield	 (lbs/ac) 4030 4450 4370 2390 4510 4880 3490 4020

test weight	 (lbs/bu) 49.4 50.0 51.0 47.3 51.1 49.6 49.0 49.6

stem height	 (inches) 32.9 33.3 36.6 38.8 43.9 38.3 35.5 37.0

Scio
yield (lbs/ac) 5240 5250 5990 3128 5710 5550 4540 5060

test weight	 (lbs/bu) 47.2 50.3 50.9 46.7 48.3 49.0 50.0 48.9

stem height	 (inches) 31.5 31.7 37.3 38.5 40.2 34.0 32.8 35.4

Average
yield (lbs/ac) 4640 5000 5440 2660 5220 5230 4300 4640

test weight	 (lbs/bu) 48.1 50.0 50.2 46.2 48.6 49.0 48.2 48.6

stem height	 (inches) 32.0 32.1 36.9 37.2 40.6 35.4 33.2 35.4

' Data for 1981-1983
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Precipitation Summary

CBARC - Pendleton Station - Pendleton, Oregon
(Crop year basis, ie; September 1 through August 31 of following year.)

Crop Yr. Sept Oct
	

Nov Dec Jan Feb
	

Mar
	 A r	 Ma
	

Jun Jul
	

Au
	

Total
56 Year
Average .75 1.38 1.91 2.19 1.92 1.51 1.68 1.49 1.36 1.31 .34 .46 16.32

1965-66 .20 .51 2.28 .45 2.35 .71 1.72 .51 .43 .99 1.14 .17 11.46

1966-67 .46 1.10 2.30 2.86 2.80 .32 1.51 1.60 .95 .55 .04 0 14.49

1967-68 .56 1.17 1.30 .76 .74 2.39 1.04 .21 .65 1.11 .34 .77 11.04

1968-69 .83 1.36 2.71 2.65 2.62 .78 .43 2.31 1.26 .75 .06 0 15.76

1969-70 .65 1.41 .44 2.39 5.23 1.50 1.87 1.05 .62 .85 .11 .05 16.17

1970-71 1.02 1.40 2.22 1.02 1.44 .77 1.28 1.65 1.66 3.14 .63 .33 16.56

1971-72 1.42 1.72 3.14 3.93 1.15 1.70 2.11 1.35 1.50 .91 .76 .35 20.04

1972-73 .49 .66 1.14 2.47 .89 .89 1.27 .58 1.03 .12 0 .09 9.63

1973-74 1.77 1.24 5.86 4.40 1.29 2.00 1.50 3.64 .38 .33 1.30 0 23.71

1974-75 .02 .35 1.56 1.76 3.73 1.68 .97 1.72 .68 .69 .05 1.38 14.59

1975-76 0 2.16 1.47 3.40 2.13 1.09 1.69 1.65 1.21 .58 .04 2.58 18.00

1976-77 .44 .53 .47 .59 .90 .57 1.72 .46 1.70 .31 .12 2.21 10.02

1977-78 1.54 .69 1.79 3.19 2.27 1.71 1.40 3.50 .81 1.27 .59 1.37 20.13

1978-79 1.61 0 1.68 2.28 1.31 1.54 1.74 1.82 1.15 .18 .12 2.08 15.51

1979-80 .17 2.56 2.31 1.05 2.85 1.55 2.12 1.20 2.45 1.42 .23 .18 18.09

1980-81 1.24 2.96 1.81 1.99 1.26 2.31 2.30 1.29 2.30 2.12 .40 .02 20.00

1981-82 1.51 1.62 2.41 3.27 2.61 1.86 1.99 1.54 .48 1.12 1.02 .50 19.93

1982-83 1.68 2.68 1.46 2.69 1.63 2.97 3.90 1.23 2.08 1.92 1.00 .68 23.92

1983-84 .82 .91 2.79 3.44 .99 2.56 3.23 2.37 2.11 2.05 .05 1.25 22.57

*1984-85 .98 1.18 3.43 1.96 .69 1.49 1.33 .65

19 Year
Average .86 1.32 2.06 2.35 2.01 1.52 :1.78 1.56 1.23 1..)7 .42 .74 16.93

*Not included in 19 year average figures_
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Precipitation Summary

CBARC - Sherman Station - Moro, Oregon
(Crop year basis, ie; September 1 through August 31 of following year.)

Jul
	

Au
	

Total
crop	 Ir.	 sep-c,	 UCT,	 viov	 ue,_;	 ,,,,,	 L,„,	 ",, r __, -

73 Year
Average	 .47 .77	 1.63 1.74 1.83 1.04	 1.01 .73 .85 .65 .24 .42 11.38

.36 2.07 .51 2.45 .54 .78 .06 .02 .13	 1.31 0 8.31
1965-66	 .08

1966-67	 .47 .74 3.14	 1.84 .91 .03 .55 1.47 .39 .32 0 0 9.86

1967-68	 .26 .74 .84 .54 .97 1.04 .16 .10 .74 .10 .15 1.52 7.16

1968-69	 .33 1.04 2.67 2.09 1.93 .44 .63 .84 .84 1.99 0 0 12.80

1969-70	 .52 .76 .53 2.00 3.96 1.27 .88 .38 .33 .22 0 0 10.85

1970-71	 .13 .68 2.36 1.21 1.63 .12 1.28 .84 .93 .81 .20 .09 10.28

1971-72	 1.36 .45 1.50	 . 1.03 2.25 .26 1.44 .40 .45 1.70 .07 .55 11.46

1972-73	 .57 .43 .83 1.62 1.09 .34 .40 .21 .34 .25 0 .07 6.15

1973-74	 .90 .85 3.70 3.99 1.29 .97 1.30 1.18 .38 .02 .41 0 14.99

1974-75	 0 .37 1.02 1.39 2.01 1.47 1.25 .46 .53 .84 .40 1.26 11.00

1975-76	 0 1.17 1.34 1.26 1.25 .93 .95 1.06 .14 .06 .79 1.17 10.12

1976-77	 .04 .10 .43 .20 .18 .63 .50 .08 2.70 .28 .37 .90 6.41

1977-78	 .88 .22 2.00 3.22 2.80 1.31 .74 1.42 .43 .44 .59 1.32 15.37

1978-79	 .33 .01 .79 .69 1.59 1.54 .99 1.06 .28 .10 .07 1.05 8.50

1979-80	 .53 2.59 2.23 .65 3.41 1.83 .94 .89 1.27 1.37 .16 .11 15.98

1980-81	 .42 .79 1.73 2.95 1.52 1.22 .65 .41 1.06 1.15 .20 0 12.10

1981-82	 .92 .82 1.99 4.73 1.10 .72 .55 1.45 .37 1.15 .21 .40 14.41

1982-83	 1.42 1.96 1.08 1.89 1.40 2.43 2.74 .61 1.96 .39 .80 .60 17.28

1983-84	 .52 .62 2.45 2.31 .17 1.07 2.34 1.32 .97 1.09 .17 0 13.03

*1984-85	 .53 .86 3.18 .41 .27 .97 .44 .14

mommommommm
19 Year
Average

*Not included in 19 year average figures.

.51	 .77
	

1.72
	

1 80
	

1.68	 .96
	

1 .0 0 	.75
	 .74	 .65	 .31

	 .48
	

11.37
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