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THE EVALUATION OF CEREAL GRAINS, LEGUMES AND SELECTED 

WINTER ANNUALS AS COVER CROPS FOR THE WILLAMETTE VALLEY 

INTRODUCTION 

The use of cover crops is not new to our present 

agriculture. Early records indicate that cover crops were 

used extensively by the Egyptians on their farm land along 

the Nile River for erosion control. The Chinese as early 

as 247 B.C. were known to have used beans as cover crops 

which were turned under before maturity. 

The practice of cover cropping was brought to the 

United States by the early colonizers from England and 

Europe. However, not until the nineteenth century did 

interest in the processes involving plant material turned 

under and its effect on subsequent crops interest 

experimenters. 

Annual cover crops have been widely used in the 

Willamette Valley of Oregon on open land and in the 

various orchards of walnuts, filberts, small fruit and 

berries, and overflow river bottom land. The range of 

crops grown has been the winter cereal grains such as rye, 

oats, barley, and wheat, members of the Brassica family, 

namely, rape and turnips, and those annual legumes like 

common and hairy vetch, crimson clover, and subterranean 

clover. 
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The ground cover furnished by the plants for erosion 

control and the amount of plant material produced prior 

to spring plowing time are the criteria by which cover 

crops are evaluated. 

Since no one crop has been clearly defined as the 

best for most cover cropping purposes in the Wilamette 

Valley, the objectives of this study were to determine 

the crops that would be most suitable as cover crops in 

the Willamette Valley as measured by their green and dry 

matter production at different times during the early 

spring. 

' 
o 
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REVIEW OF LITERATURE 

The use of cover crops in soil management has been 

reported by many workers in both the fields of horti- 

culture and agronomy. Some workers have chosen to use 

the terms cover crop and green manure crop as being 

synonymous. Rogers and Giddens (16, p. 252) used the 

term "green manure ", which includes all annual crops, 

either legumes or grasses, used as cover crops. However, 

Pieters (13, p. 131) pointed out that the terms "cover 

crop" and "green manure" crop have come to be nearly 

synonymous; a cover crop may be used for some purpose 

other than that of green manuring. As an example, 

crimson clover or hairy vetch may be cut for hay or a 

cover crop of rye may be allowed to mature and be 

harvested for grain. In orchards a cover crop may be 

one that is killed by cold and is merely intended to 

form a cover of dead plants to protect the tree roots. 

Cover crops have a field of usefulness of their own, but 

when a cover crop is also used for the purpose of soil 

improvement, it becomes a green manure crop after it has 

served its function as a winter cover. 
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Function of Cover Crops 

Cover crops when utilized as green manure have 

several functional advantages attributed to them. Rogers 

and Giddens (16, p. 252) listed them as addition of 

nitrogen to the soil for use by the following crops; 

increases in the general level of fertility by mobiliza- 

tion of minerals and increase of organic matter and the 

nitrogen level; reduced losses from erosion; improvement 

of the physical condition of the soil, and more efficient 

use of plant nutrients; cover plants conserve nutrients 

by cutting down the losses from leaching. McVickar, 

Batten, Shulkum, Pendleton, and Skinner (9, p. 49) did 

not agree in total with Rogers and Giddens. After four 

years of cover crop production, using winter peas, vetch, 

ryegrass, and crimson clover in experiments, no signifi- 

cant difference in total soil nitrogen was observed over 

that of the fallow treatment. Organic matter content was 

not increased enough by the different cover crops to be 

considered significant. The water holding capacity of 

the soil was not influenced by the different cover crops 

and percolation in situ was apparently associated with 

the type of root growth of the crop. 

Patrick, Haddon, and Hendrix (12, p. 367) found 

that hairy and common vetches gave better values to the 
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soil as to the aggregation, bulk density, and non - 

capillary porosity. They summarized their work by stat- 

ing that the physical condition of the soil was best after 

hairy vetch, intermediate after common vetch, and poorest 

on the no cover crop plots and on the no cover crop plus 

forty pounds of nitrogen plots. 

Rogers and Giddens (16, p. 253) stated that the 

primary purpose of a cover crop is to prevent erosion. 

Good ground cover slows down the beating action of rain 

on soil particles and so lowers the runoff and erosion. 

Cover crops increase the rate at which water filters into 

soils. 

Methods of Conducting Cover Crop Experiments 

Results of cover crop experiments have been evalu- 

ated by basically two different methods; measurements of 

the plant growth, both green and dry weights, produced 

by the cover crop, and second, the response of the fol- 

lowing crop to the previous cover crop practices. 

Williams, Ririe, Hall, and Hill, (23, p, 90) combined 

both methods, measuring the green matter produced by the 

cover crops used in their study and measuring the yield 

of sugar beets in tons per acre and the sugar content 

which were compared with fallow plots planted to sugar 

beets. Britt and Slater (2, p. 351) in trials with 
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tobacco following selected cover crops related the yield 

and quality of the tobacco cash crop to the individual 

cover crops and the time of plowing, Van Keuren (21, 

p. B -19) made comparisons among Abruzzi rye, Common rye, 

Tetra- Petkus rye, White Soviet rye, and Omar wheat by 

comparing their yielding ability of green and dry matter 

at three stages of growth, A rotation experiment study- 

ing the effects of various cover crop plants on the yield 

of sugar beets, barley, and potatoes was conducted by 

Tanner (20, p. 86) Cost analysis studies were utilized 

to determine which cover crop in rotation produced great- 

est yields with lower overall costs in the subsequent crop, 

Crops That Have Been Used In Cover -Crop Experiments 

Hibbard (6, p. 7), in his work with cover crops in 

orchards, considered rye to be a desirable plant for 

cover crop purposes where wind or water erosion is ser- 

ious. McClintock (8, p. 136) observed that rye was noted 

for its rapid growth in the fall and that its relative 

winter hardiness makes it a good winter ground cover 

providing it can be planted early enough to become well 

rooted before the ground freezes. Other workers are in 

agreement with these observations, (10, p. 5); (7, p. 5). 

Larson, Viets, and Learner (7, p. 5) state that the 

disadvantages of using rye as a winter cover crop are as 



follows: (1) it is a non -legume and does not fix nitro- 

gen from the air; (2) if not turned under at the correct 

time, it produces an excessively high amount of straw 

and may cause plowing problems. Similar findings were 

reported by Wilson and others (21, p. 13). 

Van Keuren (21, p. B -19), in tests to evaluate 

winter cereals for use as cover crops and early spring 

pasture, found that Omar winter wheat produced larger 

amounts of green matter at early stages of growth than 

other cereals tested. This was also supported by the 

work of Morrison (10, p. 6) and McClintock (8, p, 137) 

using different varieties of wheat. 

Nelson (11, p. 24) reported that when oats were 

grown alone they produced as much organic matter as rye 

when grown alone. However, crops grown on the soil after 

oats and rye did not yield as much as those on legume 

cover -cropped land. Hibbard (6, p. 8), in orchard cover 

crop tests, concluded that oats were desirable in that 

they provided early soil protection in the fall, did not 

grow as rank, and matured earlier than rye in the spring. 

Hibbard also reported barley was similar to oats and rye 

when used as a cover crop. 

Britt and Slater (2, p. 357) reported the use of 

annual ryegrass as a cover crop used in fields planted 

to tobacco as the cash crop. Their experimental results 

7 
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indicated that rye grass produced adequate amounts of 

green matter but the resulting yields of tobacco were 

lower; however, the quality was higher than on the legume 

or fallow plots. 

Rogers and Raptopoulos (17, p. 94) used rape as a 

cover crop and found it satisfactory in de- energizing 

rain drops, thus reducing compaction of the soil. Cham- 

bers (4, p. 119) observed that rape and turnips should be 

turned under before flowering to utilize the greatest 

amounts of nitrogen in the plants. The flowering process 

in rape, as in most plants, uses proteinaceous material 

stored in the leaves at a very rapid rate. Rawlings and 

Jackman (15, p. 5) observed the use of turnips as cover 

crops in the milder climates of Oregon's Willamette 

Valley, on non -irrigated orchards or open land. 

Patrick, Haddon, and Hendrix (12, p. 368) studied 

the change in soil properties after winter cover crops of 

common and hairy vetch had been grown. Improved aggrega- 

tion and increased bulk density were reported. Nelson 

(11, p. 14), working with hairy vetch, found that it gave 

consistently better yields of organic matter and added 

large amounts of nitrogen to the soil. Henson and Schoth 

(5, p. 10) and Williams, Finfrock, Davis, and Mikkelsen 

(22, p. 414) observed that vetch contributed approximately 

forty pounds of nitrogen to the soil as measured by the 

. 

/ \ 



yield of the succeeding crop. Williams, Ririe, Hall, and 

Hill (23, p. 91) have shown in field trials that sugar 

beets following a vetch cover crop yielded significantly 

higher yields than sugar beets following a vetch -barley 

mixture or the clean fallow plots. 

Hairy vetch is the most winter hardy of the culti- 

vated vetches and the only one recommended for fall 

planting in the Northern latitudes of the United States. 

All vetches are fall -sown in the South and in the Pacific 

Coast states (5, p. 3). 

Rampton (14, p. 3 and 4) reported that the growth of 

Subterranean clover plants in western Oregon was slow 

after fall seeding. Growth during the spring is rapid 

and by midsummer the seeds are mature and the plant dies. 

Austrian winter peas have been utilized as cover 

crop material by several workers. Morrison and others 

(10, p. 5) and Larson, Viets, and Learner (7, p. 4) were 

in agreement that, after observations of field trials, 

Austrian winter peas were not winter hardy and did not 

produce as much top growth as vetch. Nelson (11, p. 8), 

working with Austrian winter peas in a mild climate, 

found that they did not give consistently good yields of 

green matter. Rawlings, Jackman, and King (15, p. 6) 

state that Austrian winter peas make an excellent winter 

hardy cover crop for either eastern or western Oregon 

Q 
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and can be used in place of vetch or in a mixture with 

vetch. 

Nelson (11, p. 14) observed the growth of crimson 

clover in cover crop trials. Crimson clover gave con- 

sistent yields of larger amounts of organic matter than 

other species and added nitrogen to the soil in ample 

amounts. Crimson clover is a cover crop for well drained 

soils, high in fertility (15, p. 7). 

Rye -vetch, wheat- vetch, oats -vetch, and barley -vetch 

combinations have been discussed by several workers, 

Wilson and others (24, p. 14) found that oat -vetch com- 

binations were not suitable for extreme cold and that the 

oats were quite susceptible to frost injury. However, 

rye -vetch combinations worked very well providing the 

rye was plowed under prior to heading, Rawlings, Jackman, 

and King (15, p. 7) observed that the cereal and vetch 

mixtures were beneficial in that the cereal provided 

support for the growing vetch which in return supplies 

part of the nitrogen needed by the cereal for optimum 

growth. This is in agreement with Henson and Schoth 

(5, p. 9) . 

Williams, Ririe, Hall, and Hill (23, p. 93) found 

that the yield of sugar beets was less when following 

barley -vetch than when following vetch alone. Morrison 

and others (10, p. 5) compared the yield of cereal -vetch 
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mixtures with cereal and vetch seeded alone. Mixtures of 

the legumes with cereals for cover crops were better than 

either alone, but little net gain in total organic matter 

was observed in the use of such mixtures. 

Agronomic Practices In Cover Cropping 

The seeding rates for the winter cereal grains 

planted for cover crop purposes as discussed by Rawlings, 

Jackman, and King (15, p, 6) are sixty to one- hundred 

pounds in the low rainfall areas and ninety to one- hundred- 

twenty pounds per acre in the areas of high rainfall, 

Seeding rates of the common vetch and winter cereal 

mixture are forty to fifty pounds of vetch to ninety to 

one -hundred -twenty pounds of the cereal per acre. The 

hairy vetch and cereal grains are seeded at a rate of 

twenty to twenty -five pounds of hairy vetch to ninety to 

one- hundred -twenty pounds of the cereal grains per acre. 

The seeding rates for hairy vetch should be from 

twenty to thirty pounds per acre, and for common vetch 

forty to sixty pounds per acre (5, p. 7, 15, p. 6). 

Rogers and Raptopoulos (17, p. 100) found that rape 

or turnips should be sown on top of the soil at a rate of 

four to five pounds of seed per acre, or drilled at the 

rate of two to three pounds per acre, with the time of 

seeding in the late summer or early fall. 
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Seeding of Austrian winter peas should be made at 

a rate of seventy -five to ninety pounds per acre accord- 

ing to Rawlings, Jackman, and King (15, p. 7). 

Chambers (4, p, 119) stated that mustard or turnips 

when used for cover crops should be turned under early, 

preferably before flowering to utilize the greatest 

amounts of nitrogen in the plants which would be used 

in the flowering process. Wilson and others (24, p. 3) 

felt that it was advantageous to turn under winter rye 

before it headed in the spring. 
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MATERIAL AND METHODS 

In the fall of 1958 twelve crop species were seeded 

alone and in combinations to measure their plant heights 

and production of green and dry matter in order to 

evaluate them as possible cover crops. Seeding rates 

were based upon the recommended rates for use in the 

Willamette Valley and adjusted in accordance with the 

germination percentages determined for the seed lots used 

in the trials. 

The crops used in these trials were; 

1. Redmond winter wheat Triticum aestivum L. em. Thell.. 

2. Crater winter oats Avena sativa L. 

3. Cascade winter barley Hordeum vulgate L. 

4. Annual ryegrass Lolium multiflorum Lam. 

5. Crimson clover Trifolium incarnatum L. 

6. Hairy vetch Vicia villosa Roth 

7. Willamette common vetch Vicia sativa L, 

8, Austrian winter peas Pisum sativa arvense L. 

9. Annual brome Bromus arvense L. 

10. Subterranean clover Trifolium subterraneum L. 

11. Abruzzi winter rye Secale cereale L. 

12. Purple top turnips Brassica rapa L. 

Winter wheat, oats, barley, and rye were seeded in 

combination with hairy and common vetch. Winter oats 

were seeded in combination with crimson clover. The 

germination percentages and rates of seeding are listed 

in Table 1. 
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The trials were conducted daring the fall, winter, 

and spring months of 1958 -1959 at two locations. The 

locations were the Oregon State University East Farm 

and the Hyslop Agronomy Farm. The cover crop trial on 

the East Farm site was on a soil of the Chehalis sandy - 

loam series, which had been previously cropped for a 

number of years to ladino clover. Soil on the Hyslop 

Agronomy Farm is Woodburn silty clay loam and had been 

cropped to small grains for two years, followed by a year 

of fallow previous to establishment of the cover crop 

trials. 

The plots were seeded with a four row V -belt seeder 

fitted with disc furrow openers spaced to plant rows 

twelve inches apart. Seeding of the trial on the Hyslop 

Agronomy Farm was September 19, 1958, and on the East 

Farm September 22, 1958. 

Difficulty was encountered in planting the annual 

brome at the Hyslop Farm location. Because of the un- 

even stand obtained in two of the replications it was 

deleted from the trial for that location. 

The plots at both locations were twenty -one feet 

long and four feet wide, covering eighty -four square 

feet. The experimental design for both locations was a 

split plot, with three replications. 

Periodic cultivations were necessary to control the 



TABLE 1. The percentage of germination of the seed lots used; the seeding 
rates in pounds per acre and the grams of seed planted per plot 
at both locations. 

Germination Seeding Rate Grams of Seed 
Percentage in lbs. /acre per plot 

1. Winter wheat 98 100 83,4 
2. Winter oats 96 100 85.5 
3, Winter barley 94 100 86.7 
4. Annual rye grass 86 25 23.3 
5. Crimson clover 94 15 13.0 
6. Hairy vetch 92 30 27.0 
7. Common vetch 97 60 51.5 
8. Austrian winter field peas 79 100 103.5 
9. Annual brome 88 25 23.2 

10. Subterranean clover 77 12 12.9 
11. Winter rye 96 100 85.5 
12. Turnips 89 5 4.2 

Seedings of hairy vetch in combination with the winter cereals were made 
at the rate of 30 pounds and 60 pounds per acre respectively. The 
seedings of common vetch and the winter cereals were 60 pounds per acre 
for both. The oats and crimson clover seeded together were planted at 
the rate of 60 and 15 pounds per acre respectively. 
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weeds between the rows and some hand weeding was needed 

for weed control within the rows at the earlier growth 

stages, 

Plant heights were taken at six different times 

throughout the growing period including the time of each 

harvest. 

Since the time of plowing down a cover crop is of 

primary importance in relation to plant growth, harvests 

were made at three dates which were considered to be com- 

parable to early, average, and late plowing dates in the 

Willamette Valley. The first date of cutting was March 

18, 1959 when most of the crops were in a vegetative 

stage of growth. The second harvest was taken April 11, 

1959 to coincide with normal plowing time for most years. 

The third cutting date was taken May 2, 1959 to be com- 

pared with the late plowing date. At the last harvest 

date all crops were flowering. 

At each date of harvest twenty square feet of each 

plot was cut by hand. The plants were cut as close to 

ground level as possible with a hand sickle and placed 

in burlap bags for weighing. After weighing, the total 

green material was chopped by a corn silage chopper into 

one -inch lengths. From the chopped material of each plot 

a sample of 1000 grams was taken and placed in a burlap 

bag suitable for use in a forced air dryer. 
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The samples were allowed to dry for one week, or 

until after repeated periods of drying and weighing, 

no more moisture loss could be detected. Drying was 

accomplished with a forced air forage dryer, holding the 

air temperature at a constant 150° Fahrenheit throughout 

the drying process. 

The analysis of variance was calculated for both the 

green weight and dry weight results, Duncan's multiple 

range test, at the five percent significance level, was 

computed for the crop yields for each of the harvest 

dates. 

Visual observations were made during the growing 

season as to the percentage of ground covered by the 

various crops. Also, the percentages of winter kill 

were recorded. 
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EXPERIMENTAL RESULTS 

A difference in yield of green matter and dry 

matter, as well as plant growth throughout the growing 

season, was noted between the two planting locations. 

However, with the exception of a few of the crops, the 

species maintained a similar rank in production at both 

locations. 

Weeds were eliminated as a factor in this study so 

that yields represent only the material produced by the 

planted cover crops. 

The variation between locations for the factors 

studied emphasizes the influence of the soil type on the 

cover crops used. Cold weather and snow, plus the 

moisture holding capacity of the soil were contributing 

factors to the winter killing of Austrian winter field 

peas in pure stand at both locations, and common vetch 

in pure stand on the Hyslop Farm. 

The presentation of results includes total green 

matter produced in tons per acre, total dry matter pro- 

duced in tons per acre, and plant heights at six 

different stages of growth. 
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Green Matter Yields In Tons Per Acre 

The yields of green matter in tons per acre for the 

three dates of harvest on the Hyslop Farm are summarized 

in Table 2, and for the East Farm location in Table 3, 

The analyses of variance for these yields are presented 

in Table 4. 

On the Hyslop Farm the first cutting shows the 

mixture of common vetch and rye, and annual ryegrass to 

be in the top group, not significantly different from 

each other in yield of green matter. At the second date 

annual ryegrass, rye, hairy vetch and rye, turnips, and 

common vetch and rye yielded significantly larger amounts 

of green matter than the other crops used. By the third 

date annual ryegrass yielded significantly larger amounts 

as compared with the other crops in the trial, 

At the first harvest date on the East Farm, Abruzzi 

rye and Abruzzi rye in mixture with common vetch and 

hairy vetch yielded significantly more in tons of green 

matter per acre than the other species or mixtures. At 

the second harvest date, common vetch and Abruzzi rye, 

Abruzzi rye, and hairy vetch and Abruzzi rye were not 

significantly different in the top range in tons of green 

matter produced per acre. For the third date of harvest 

grey winter oats, hairy vetch and oats, crimson clover 
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and oats, and common vetch and oats were in the top 

range, not significantly different in tons of green 

matter produced per acre, 

The analyses of variance show a significant varia- 

tion for crops and harvest dates and for the crops x 

dates interaction at both locations. 



TABLE 2. The average green weights in 
grown on the Hyslop Farm harvested 

Crop or Mixture 

tons per acre of the cover crops 
at each of three dates. 

Harvest Dates 

March 18 April 11 May 2 

1. Common vetch and Abruzzi rye 11.76 a1 13.48 a 15.84 b,c 
2. Annual rye grass 10.19 a,b 15.79 a 22.60 a 
3. Turnips 9.34 b,c 13.80 a 16.80 b 
4. Abruzzi rye 9.33 b,c 15.67 a 1528 c,d 
5. Hairy vetch and Abruzzi rye 8.53 b,c,d 11.10 a 12.36 e,f 
6. Grey winter oats 7.68 c,d,e 9.30 b 12.01 e,f,g 
7. Hairy vetch and Grey winter oats 7.48 c,d,e,f 8.61 b,c 11.13 f,g,h 
8. Crimson clover and Grey winter oats 7.24 c,d,e,f 9.33 b 12,55 e,f 
9. Hairy vetch and Cascade barley 6.90 d,e,f,g 9.95 b 9.79 h,i,j 

10. Common vetch and Cascade barley 6.69 d,e,f,g 8.51 b,c 10.10 g,h,i 
11. Common vetch and Grey winter oats 5.87 e,f,g,h 7.79 b,c 11,36 e,f,g,h 
12. Hairy vetch and Redmond wheat 5.49 f,g,h 8.46 b,c 13.54 d,e 
13. Cascade barley 4.88 g,h,i 7.82 b,c 8.49 i,j 
14. Redmond wheat 4.36 h,i 7.05 b,c 10.97 f,g,h 
15. Hairy vetch 4,31 h,i 8.52 b,c 18.07 b,c 
16. Common vetch and Redmond wheat 4.26 h,i 5.92 c,d 8.07 j 

17. Crimson clover 3.00 i,j 7.23 b,c 15.46 c,d 
18. Subterranean clover 1.31 j 4.15 d 11.71 e,f,g,h 

1 Duncan's multiple range, 5% significance level. Yield figures followed 
by the same letter do not differ significantly. 

- 



TABLE 3. The average green weight yields in tons per acre of the cover 
crops grown on the East Farm harvested at each of three dates. 

Harvest Dates 
Crop or Mixture March 18 

1. Abruzzi rye 9.51 a 
2. Hairy vetch and Abruzzi rye 9.21 a 
3. Common vetch and Abruzzi rye 9.01 a 
4. Crimson clover and Grey winter oats7.14 b 
5. Grey winter oats 6.82 b 
6. Hairy vetch and Grey winter oats 6.68 b 
7. Common vetch and Grey winter oats 6.35 b 
8. Common vetch and Cascade barley 6.28 b 
9. Hairy vetch and Cascade barley 6.22 b,c 

10. Common vetch and Redmond wheat 5.01 c,d 
11. Cascade barley 4.70 d,e 
12. Hairy vetch and Redmond wheat 4.65 d,e 
13. Common vetch 4.36 d,e 
14. Hairy vetch 3.69 e,f 
15. Redmond wheat 3.57 e,f 
16. Turnips 3.18 f,g 
17. Annual ryegrass 2.82 f,g,h 
18. Subterranean clover 2.16 g,h 
19. Annual brome 1.75 h 
20. Crimson clover 1.74 h 

April 11 May 2 

10.53 a,b 11.71 c,d 
9.88 a,b,c 11.75 c,d 

11.16 a 12.84 b,c 
9.47 b,c,d 14.49 a 
9.05 c,d,e 15.10 a 
8.86 c,d,e 14.51 a 
6.84 g,h,i 14.05 a,b 
8.37 d,e,f 10.45 d,e 
7.92 e,f,g 9.71 e,f 
6.83 g,h,i 11.38 c,d 
5.95 h,i,j 8.57 f,g 
5.46 j 9.14 e,f 
7.04 f,g,h 9.68 e,f 
3.77 k 7.33 g 
5.27 j 9.63 e,f 
5.66 i,j 7.49 g 
3.66 k 5.13 h 
2.62 k,l 3.60 i 

2.15 1 3.49 i 

3.70 k 7.58 g 

1 Duncan's multiple range, 5% significance level. Yield figures followed 
by the same letter do not differ significantly. 

' 



ANALYSES 

Source of 
Variation 

OF VARIANCE 

TABLE 4 

FOR THE GREEN WEIGHT YIELDS 

HYSLOP FARM EAST FARM 

Degrees of 
Freedom 

Mean 
Square 

Degrees of 
Freedom 

Mean 
Square 

Replications 2 21.16* 2 13.31* 
Crops 17 72.72 ** 19 66.57 ** 
Replications X Crops Error (a) 34 5.79 38 2,83 

Dates 2 575.27 ** 2 337.36 ** 
Replications X Dates Error (b) 4 0.48 4 9.21 

Crops X Dates 34 12.61 ** 38 4.22** 
Error (c) 68 2.23 76 0.74 

*Significant at 5% level 

* *Significant at 1% level 

- 
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DRY MATTER YIELDS IN TONS PER ACRE 

The average dry matter weights in tons per acre for 

the three harvest dates on the Hyslop Farm and East Farm 

locations are presented in Tables 5 and 6 respectively. 

The analyses of variance for the combined dates at each 

location are presented in Table 7. 

For the first date on the Hyslop Farm, Common vetch 

and Abruzzi rye, Abruzzi rye and annual ryegrass were in 

the top group; the differences among them were not sig- 

nificant. At the second harvest date, Common vetch and 

Abruzzi rye, Abruzzi rye, annual ryegrass, and Hairy 

vetch and Abruzzi rye produced the largest yields of dry 

matter and were significantly different from the other 

crops in the trial. By the third harvest date, Common 

vetch and Abruzzi rye, Abruzzi rye, and annual ryegrass 

yielded the largest amounts of dry matter per acre. The 

variation between the yields of these three crops in the 

top range were not significantly different. 

On the East Farm location, at the first harvest, 

Hairy vetch and Abruzzi rye, Abruzzi rye, Crimson clover 

and Grey Winter oats, and common vetch and Abruzzi rye 

yielded the largest amounts of dry matter per acre. The 

variation between these crops and mixtures was not sig- 

nificant. Relative yields at the second harvest were 
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similar to those at the first harvest. On the third 

harvest date Hairy vetch and Abruzzi rye, Abruzzi rye, 

and Common vetch and Abruzzi rye were not significantly 

different from each other, and were the highest yielding 

species or mixtures. 

The analyses of variance of the combined dry weights 

for each of the two locations show a significant varia- 

tion for crops, dates, and crops x dates interaction. 



TABLE 5. The average dry weights in tons per acre of the cover crops 
grown on the Hyslop Farm harvested at each of three dates. 

Crop or Mixture 
Harvest Dates 

March 18 April 11 May 2 

1. Common vetch and Abruzzi rye 1.80 1 
a 2.94 a 4.81 a 

2. Abruzzi rye 1.63 a,b 3.29 a 4.69 a 
3. Annual rye grass 1.58 a,b,c 3.16 a 4.61 a,b 
4. Hairy vetch and Grey winter oats 1.35 b,c,d 1.98 b,c 2.29 c,d,e 
5. Hairy vetch and Abruzzi rye 1.33 b,c,d 3.28 E. 3.89 b 
6. Crimson clover and Grey winter oats 1.32 b,c,d 2.18 b 2.84 c 

7. Grey winter oats 1.30 b,c,d,e 2.11 b 2.75 c 
8. Common vetch and Grey winter oats 1.25 c,d,e,f 1.77 c,d 2.75 c 

9. Hairy vetch and Cascade barley 1.12 d,e,f,g 2.14 b 2.79 c 

10. Common vetch and Cascade barley 1.09 d,e,f,g 1.71 c,d 2.86 c 

11. Turnips 0.96 e,f,g 1.48 d,e 1.97 d,e 
12. Hairy vetch and Redmond wheat 0.91 f,g 1.48 d,e 2.18 c,d,e 
13. Cascade barley 0.84 g 1.68 c,d 2.48 c,d 
14. Redmond wheat 0.82 g,h 1.57 d 2.50 c,d 
15. Common vetch and Redmond wheat 0.74 h,i 1.19 e,f 1.85 d,e,f 
16. Hairy vetch 0.49 h,i,j 1.11 f 1.82 d,e,f 
17. Crimson clover 0.42 i,j 0.85 f,g 1.58 e,f 
18. Subterranean clover 0.35 j 0.68 g 1.28 f 

1 Duncan's multiple range 5% significance level. 



TABLE 6. The average dry weights in tons per acre of the cover crops 
grown on the East Farm harvested at each of three dates. 

Harvest Dates 
Crop or Mixture March 18 

1. Hairy vetch and Abruzzi rye 
2. Abruzzi rye 
3. Crimson clover and Grey winter oats 
4. Common vetch and Abruzzi rye 
5. Grey winter oats 
6. Common vetch and Grey winter oats 
7. Hairy vetch and Grey winter oats 
8. Hairy vetch and Redmond wheat 
9. Common vetch and Cascade barley 

10. Hairy vetch and Cascade barley 
11. Hairy vetch 
12. Common vetch and Redmond wheat 
13. Cascade barley 
14. Redmond wheat 
15. Common vetch 
16. Annual rye grass 
17. Subterranean clover 
18. Turnips 
19. Annual brome 
20. Crimson clover 

April 11 May 2 

1.73 a 2.36 a,b 3.49 a,b 
1.69 a,b 2.53 a 3.73 a 
1.52 a,b,c 2.16 a,b 2,98 c,d 
1.50 a,b,c 2.59 a 3.69 a 
1,40 b,c,d 2.12 b,c 3.24 b,c 
1,34 b,c,d 1.58 d 2.88 d 
1.28 c,d,e,f 2.02 c 3.06 c,d 
1-12 d,e,f 1.17 e 1.86 g 
1.12 d,e,f 1.68 d 2,49 e 
1.05 e,f,g 1.76 d 2,25 e 
1.04 f,g 0.78 f,g 1.18 h 
0.82 g,h 1.11 e 2.13 f,g 
0.81 g,h 1.29 e 2,23 e,f 
0.66 h,i 1.19 e 2.11 f,g 
0.63 h,i,j 1.31 e 1.46 h 
0,55 h,i,j,k 0.99 f 1.20 h 
0.49 i,j,k 0.64 g 0.71 i 

0.42 i,j,k 0.82 f,g 1.14 h 
0.38 j,k 0.62 g 0.76 i 

0.36 k 0,68 g 1.27 h 

1 Duncan's multiple range, 5% significance level, 



ANALYSES OF 

TABLE 7 

VARIANCE FOR DRY WEIGHT YIELD 

HYSLOP FARM EAST FARM 
Source of Degrees of Mean Degrees of Mean 
Variation Freedom Square Freedom Square 

Replications 2 0.39 2 0.53* 
Crops 17 5.02 ** 19 4013** 
Replications X Crops Error (a) 34 0.23 38 0,12 

Dates 2 39.34 ** 2 21.92 ** 
Replications X Dates Error (b) 4 0,08 4 0.16 

Crops X Dates 34 0.44 ** 38 0.30* 
Error (c) 68 0.09 76 0.19 

*Significant at 5% level 
** Significant at 1% level 
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PLANT HEIGHTS 

The average plant heights of the various crops are 

given at six dates to show the rate and time of growth. 

Plant height is used in this study as an indication of 

the amount of cover a particular plant will provide the 

soil. 

The plant heights for the crops grown on the Hyslop 

Farm are in Table 8 and for the East. Farm in Table 9. 

The cereal grains and grasses grew quite rapidly 

after seeding. Stems and leaves of these crops were very 

thick, providing a very desirable prostrate ground cover. 

Turnips grew rapidly and the broad -leafed prostrate 

plant provided good ground cover at the Hyslop Farm 

location but did not produce as much growth on the East 

Farm. 

The legumes were slow in growth and did not provide 

the ground cover comparable with the cereal grain or 

grass species. However, in the early spring the legumes 

provided excellent cover judged by a visual comparison 

between the grasses and legumes. 



TABLE 8. The average height in inches of 
Hyslop Farm in 1959. 

the cover crops planted on the 

DATES 
Nov. Jan. March March April May 

CROPS 10 15 8 18 11 2 

1. Redmond wheat 7 11 15 16 21 30 
2. Abruzzi rye 10 17 29 30 56 76 
3. Grey Winter oats 8 13 13 16 19 27 
4. Cascade barley 9 14 14 18 26 42 
5. Annual rye grass 8 13 23 24 32 40 
6. Crimson clover 2 3 4 6 13 25 
7. Hairy vetch 2 3 5 10 24 41 
8. Hairy vetch and Cascade barley 9 14 18 20 31 39 
9. Hairy vetch and Grey winter oats 8 12 15 17 18 29 

10. Hairy vetch and Abruzzi rye 11 15 29 35 61 82 
11. Hairy vetch and Redmond wheat 5 8 15 16 25 29 
12. Common vetch and Abruzzi rye 11 17 28 35 60 84 
13. Common vetch and Grey winter oats 8 13 15 16 22 29 
14. Common vetch and Cascade barley 9 14 16 19 33 43 
15. Common vetch and Redmond wheat 6 10 14 16 20 27 
16. Turnips 6 10 10 12 34 51 
17. Subterranean clover 1 1 2 3 6 8 
18. Crimson clover and Grey winter oats 8 13 17 17 21 30 

o 



TABLE 9. The average plant height in inches of the cover crops planted 
on the East Farm in 1959. 

CROPS 

1. Redmond wheat 
2. Abruzzi rye 
3. Grey winter oats 
4. Cascade barley 
5. Annual rye grass 
6. Crimson clover 
7. Hairy vetch 
8. Common vetch 
9. Hairy vetch and Cascade barley 

10. Hairy vetch and Grey winter oats 
11. Hairy vetch and Abruzzi rye 
12. Hairy vetch and Redmond wheat 
13. Common vetch and Abruzzi rye 
14. Common vetch and Grey winter oats 
15. Common vetch and Cascade barley 
16. Common vetch and Redmond wheat 
17. Turnips 
18. Annual brome 
19. Subterranean clover 
20. Crimson clover and Grey winter oats 

DATES 

Nov. Jan. March March April May 
10 15 8 18 11 2 

5 10 12 13 19 27 
11 17 25 29 46 68 
7 10 11 11 23 36 
6 10 12 13 24 39 
6 10 10 11 13 19 
1 2 4 4 11 20 
1 2 5 7 16 31 
3 6 7 8 17 26 
5 9 11 11 23 36 
8 11 13 15 20 32 
8 14 25 27 48 74 
5 7 10 12 15 26 
9 18 28 29 52 74 
7 9 11 12 16 28 
8 14 15 17 26 40 
4 5 13 15 25 33 
5 6 7 7 15 42 
4 6 6 7 12 15 
1 1 2 2 4 5 

8 12 14 16 18 28 
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DISCUSSION 

The consistent establishment of cover crops for the 

control of erosion and green manuring has been widely 

tested by several agronomists. Since environmental con- 

ditions vary from one area to another, agreement has 

certainly not been conclusive as to which crop or crops 

provide the requirements of: (a) rapidity in establish- 

ment, for early protection from erosion and, (b) a crop 

that will not be detrimental to the nutrient supply of 

the soil or subsequent crops. 

A very important point in the selection of a cover 

crop is its inherent ability to produce a large amount of 

vegetation early in the fall and become well established 

before the commencement of winter rains and low 

temperatures. 

Other workers have shown, as do the results from this 

experiment in the Willamette Valley, that the winter 

cereals, rye, wheat, barley, and oats, judged from a 

basis of measured plant heights and plant material pro- 

duced, offer more protection to the soil than do legumes. 

Abruzzi rye grew rapidly after seeding, providing the 

most plant growth as evidenced by plant height and tons 

of green matter. The dry matter produced by rye was con- 

siderably larger on the Woodburn soil. However, on the 
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Woodburn soil the rye was only as good as annual ryegrass. 

Rye is a most desirable cover crop for early winter wind 

and rain erosion control. This is in agreement with the 

work of Morrison and co- workers (10), Larson, Viets, 

and Learner (7), and McClintock (8). However, turnips 

and annual ryegrass were possibly comparable to the 

winter grains in this respect even though plant growth 

was not as great. The broad leaves of the turnips offer 

a large amount of soil protection with its prostrate 

growth habits. Annual ryegrass with its dense leafiness 

offers good resistance to the beating action of rain 

drops. The annual ryegrass and turnips were not adapted 

to the Chehalis soil as well as the cereal grains and 

could possibly be undesirable as cover crops on many of 

the Chehalis soils in the Willamette Valley. 

Of the legumes tested, subterranean clover and crim- 

son clover offered more soil protection throughout most 

of the growing season due in part to prostrate growth 

habits and early seedling vigor. However, these two 

legumes are slow in stand establishment and do not pro- 

vide the early fall protection offered by rye, wheat, 

oats, and barley. Austrian winter peas in pure stand 

were considerably damaged by the freezing weather and 

snow during the late fall at both planting locations. At 

least 80 percent of the plants were killed leaving the 
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soil exposed. With this in mind, from the results of 

this one -year's data, Austrian winter peas in a pure 

stand would be a very poor choice as a winter cover crop 

in the Willamette Valley if planted as a pure stand. 

Several investigators have reached this same conclusion 

(10), (7), (11), disputing Rawlings, Jackman and King (15) 

who observed that Austrian winter peas made an excellent 

winter hardy cover crop for either eastern or western 

Oregon. 

Common vetch was also winter killed on the Woodburn 

soil, providing no cover during the rainy season. How- 

ever, on the Chehalis soil the common vetch was comparable 

to the other legume crops. Frost heaving on the finer 

Woodburn soil was responsible for the loss of stand, 

more so than actual frost damage or snow, and during 

mild winters which generally prevail in the area the 

common vetch would be satisfactory. Since weather con- 

ditions cannot be predetermined with any great amount of 

accuracy it would not be advisable to use common vetch 

on the finer soils subject to considerable frost heaving. 

The stage of maturity of the cover crops at plowing 

time is of concern since weather conditions often do not 

permit early cultivation of the soil. Consequently, 

some of the cover plants flower and produce seed which 

would be detrimental in the production and quality of 
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succeeding cash crops. Also, most of the winter cereal 

grains become quite rank in growth, making it difficult 

to work them into the soil in time to seed the next crop. 

Rye, turnips, oats, wheat, barley, and both common and 

hairy vetch flower and produce seed quite early. Of this 

group, rye and turnips are the earliest, In seasons of 

late rainfall these two crops could produce enough seed 

to cause serious weed problems. 

The dry weight of the crops or mixture of crops 

necessitates careful consideration as it affects the 

addition of nitrogen for decomposition, as well as 

problems of incorporation into the soil. If the cover 

crop is to be used for physical improvement of the soil 

structure, a high amount of dry matter would be desirable. 

The desirability of using a crop with a lower dry /green 

weight ratio and high production would then depend on the 

physical condition of the soil. 

Abruzzi rye and annual ryegrass, early in March, 

had a ratio of 5.7:1 green matter to dry matter and were 

no different from the vetch -rye combinations or the other 

cereal -legume combinations in this respect. As the 

growing season progressed the ratio narrowed for these 

crops, with the legume -cereal mixtures no different from 

the pure stands of cereals. Indications from this test 

are that the legume -cereal mixture has no decided 
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advantage over the pure stands of cereal grains in 

changing the amount of dry matter produced. The only 

effect that could be of advantage in using the mixtures 

would be the addition of nitrogen, if any, to the soil by 

the legumes, The nitrogen gain from the legumes was not 

studied in this particular trial. Morrison and others 

(10) compared the cereal - legume mixtures to pure stands 

of cereals and legumes. They concluded that mixtures of 

legumes and cereals for cover crops is better than either 

alone. 

Turnips, hairy vetch, and crimson clover on the 

Woodburn soil had much higher green /dry ratios than did 

other crops tested and would be more useful when rapid 

decomposition of the added green manure is desirable. 

As the growing season progressed the green weight to dry 

weight ratio narrowed, but was considerably less for the 

cereals in pure stand or the cereal legume mixtures. 

However, on Chehalis soil these crops were slow in 

establishment and the green weight to dry weight ratio 

was low in comparison with the same materials grown on a 

Woodburn soil. 

It has been demonstrated in this and other experi- 

ments that rye, either alone or in a mixture with common 

or hairy vetch would produce the largest amounts of 

organic matter to be incorporated into the soil 
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throughout the normal plowing season on the two locations 

tested. Annual ryegrass would be comparable to the 

Abruzzi rye or the rye -legume mixtures on the Woodburn 

soil, but on the Chehalis soil it would be replaced by 

Grey winter oats and the combinations of Grey winter oats 

and legumes. 

The wheat, barley, and oats were, for all practical 

purposes, equal in production of green matter and dry 

matter. 

Hairy vetch, common vetch, crimson clover, and sub- 

terranean clover were very low in the return of organic 

matter to the soil as indicated by the dry weights. 

Where rapid decomposition of organic matter is a factor 

these legumes could be used to advantage. The low carbon/ 

nitrogen ratio would speed up the decomposition process. 

In years of extremely late spring rainfall, cover 

crops could not be worked until late and it might be 

impractical to plant another crop as a cash crop. The 

cereals could be grazed or allowed to mature and be 

harvested as the cash crop. However, years of recorded 

late rainfall are few and do not have a great influence 

on the selection of cover crops. 
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SUMMARY AND CONCLUSION 

Experimental trials were conducted during the winter 

of 1958 -1959 at two locations to evaluate the effective- 

ness of several winter annuals as to yielding ability of 

total green matter produced per acre and dry matter pro- 

duced per acre as winter cover crops for the Willamette 

Valley. Species used were wheat, oats, rye, barley, 

annual brome, turnips, common vetch, hairy vetch, crimson 

clover, annual rye, subterranean clover, and Austrian 

winter peas. 

The winter cereal grains provided the largest amount 

of ground cover for both locations tested in these trials. 

The cereal grain- legume combinations were not signifi- 

cantly different from the pure stands of grain. 

Austrian winter peas, from the results of one year's 

data, were subject to loss of stand from weather condi- 

tions. It would not be advisable to use this specie 

under freezing conditions. Common vetch was also 

winter killed on the Woodburn soil but not affected on 

the Chehalis soil. 

Turnips and annual rye grass provided adequate 

amounts of early ground cover on the Woodburn soil but 

grew poorly on the Chehalis soil, providing little or no 

cover at this location. 
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The dry weight of the cover crop is of importance to 

a farmer in selection for a specific soil. The grasses 

produced a large amount of dry matter early in the plowing 

season, which increased along with green weights as the 

crop matured. The legumes and turnips produced rather 

small amounts of dry matter early in the season which 

remained fairly constant with plant growth throughout the 

growing season. 

Production and soil protection, based on this one - 

year's data, placed Abruzzi rye and the combinations of 

Abruzzi rye and legumes used in these trials as the most 

favorable crops to use for both locations. However, on 

the Woodburn soil, annual ryegrass was comparable in 

yield to Abruzzi rye and could certainly be used. 

The effects of the cover crops on the soil's physical 

condition and fertility and on the following crops were not 

studied in these trials. Further evaluations of cover 

crops should include influences on soil and succeeding 

cash crops. 
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