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The objectives of this study were to evaluate the effects of site

potential, season and plant part on percent crude protein, percent

digestibility of dry matter and yield of cereal residues. Three cereal

types, club wheat (Triticum aestivum) tall, bearded wheat (T.

aestivum), and barley Hordeum vulgare) were examined.

Stress conditions more than actual site potential produced

higher crude protein levels. Stress was usually the result of low soil

moisture, though an interaction of soil moisture conditions and ferti-

lization were believed to also be important. When fertilizer treat-

ments were held constant for both high and low potential sites, crude

protein levels in all three cereals were higher on the low potential

sites. Prior to fall rains, crude protein in the leaves of club wheat

and barley on the low potential sites ranged as high as 8 and 9 per-

cent. Club and barley leaves on the high potential sites had only 2.2

and 3.4 percent crude protein, respectively. When only the high



potential site was fertilized, as in barley in 1978 and bearded wheat

in 1977 and 1978, crude protein levels on the high potential site were

equal to or greater than those on the low potential site.

The effect of season on crude protein levels in leaves and culms

was important only when a high initial protein content was observed.

Crude protein levels exceeding 6 percent decreased rapidly with the

onset of fall precipitation.

Crude protein levels were consistently higher in leaves as com-

pared to culms in all cereal types, when averaged across site poten-

tials and sampling dates. Crude protein levels ranged from 1. 2 to

2.1 percent in culms and 3. 0 to 4.1 percent in leaves.

Percent in vitro dry matter digestibility in leaves, culms and

chaff was usually not affected by site potential or plant part. How-

ever, season consistently affected the digestibility of leaves and

culms. In most cases digestibility decreased over time, with the

greatest decrease occurring at the second sampling date. This indi-

cated a rapid loss of soluble carbohydrates once the rains began.

Stubble yield was, except in two instances, significantly affected

by site potential. Leaf, culm and total (leaves + culms) production was

greater on the high potential sites. Yields of standing stubble on high

potential sites averaged 700 kg/ha more than on low potential sites.

Leaf/culm ratios were consistently higher on the low potential sites.



Though not actually sampled, leaf availability was noted to decrease

dramatically over the season.
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EFFECT OF SITE POTENTIAL, SEASON AND PLANT
PART ON THE QUALITY AND YIELD

OF CEREAL AFTERMATH

IN TRODUC TION

The low cost and high production of cereal aftermath make it a

potentially important feed for ruminants. Klopfenstein (1975) sug-

gested there is approximately a 1:1 ratio, by weight, of collectable

residue to grain produced. This amounts to about 1.25 billion tons

of residue produced yearly.

Cereal aftermath is used as a forage around the world. It is

commonly grazed in the Pacific Northwest and Vissac (1976) reported

grazing of cereal residue in Europe as did Tisdale (1967) for the

eastern Mediterranean area and CSIRO (1976) for New Zealand.

Cereal residues have also been studied for use in fattening rations

(Lyons et al., 1970; Kay et al., 1970b; and Lamming et al., 1966).

Efficient integration of this forage resource into livestock pro-

duction systems is difficult to achieve due in part to a lack of infor-

mation on its nutritive value. Farmers in the Columbia Basin

Plateau have observed changes in cereal residue palatability with

site potential, cereal type, year, season of use and weather condi-

tions. This variation in palatability may indicate a nutritional varia-

tion. Specific knowledge of nutrient variability would enable a
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livestock producer to better evaluate the quality of cereal residues.

This information would allow him to adjust supplementation more

accurately, thus providing a balanced diet at minimum cost. The

purpose of this study was to estimate the nutritive value and yield of

wheat (Triticum aestivum) and barley (Hordeum vulgare) residue for

grazing by domestic animals and to evaluate the effect of various

parameters on nutrient variability. The objectives were: 1) deter-

mine percent crude protein and percent digestibility of leaves, culms

and chaff of bearded, soft white winter wheat, club wheat and barley;

2) determine the yield of leaves, culms and total (leaves + culms);

3) determine the leaf/culrn ratio of the three varieties; 4) determine

the effect of grain production potential ("site potential") and season on

nutrient quality and yield of residue components of each cereal.
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LITERATURE REVIEW

Over the years, considerable research has been conducted on

wheat and barley. Major emphasis has been on grain yield and qual-

ity. The importance of cereal residues for animal production has long

been overlooked by research groups. Consequently, only recently has

there been any studies conducted on factors affecting yield and quality

of cereal residue.

General Residue Quality

Cereal residue is considered, at best, a low quality feed. It is

usually deficient in crude protein, carotene and phosphorus. Addi-

tionally, it usually contains a high proportion of lignin and silica

which reduce the digestibility of available nutrients. Schultz and

French (1976) reported a range of 1.0 to 7.2 percent crude protein

for straw and 2.62 to 8.44 percent crude protein for glumes. Aver-

age values were 3.19 for straw and 5.12 percent for glumes. Aver-

age phosphorus values for straw and glumes were 0.05 and 0.1 per-

cent, respectively. Zinn (1977) reported 1.4 to 6.7 percent protein

for wheat stubble and 3.1 to 8.8 percent protein for barley stubble.

Wheat chaff contained 3.1 percent protein. These values agree with

those given by the NAS (1969) for wheat straw. Average crude protein

and phosphorus values for barley straw were 4.1 and 0.09 percent,
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respectively.

During the course of growth and development there is a general

downward trend in nitrogen and dry weight in the leaves and culms

(Knowles and Watkin, 1931; McNeal et al., 1968). Much of the assimi-

late taken up by the grain is produced by the top leaves, especially the

flag leaf (Rawson and Evans, 1971). The assimilate is often trans-

located from the source to various plant parts (upper leaves, rachises

and glumes) before reaching the grain. The lower leaves and culms

contribute only 5 to 10 percent of the assimilate for the grain, but are

important in root and plant maintenance. Under stress conditions the

lower leaves and culms may play a more important role in grain de-

velopment.

Effect of Moisture Stress

It appears that factors which interfere with or promote the

assirnilationitranslocation processes not only affect grain production

and quality but also that of the cereal residue. Various metabolic

changes occur when a plant is stressed. There is a conversion of

starch to sugars, contributing to the overall increase in sugar content

(Smith, 1966; Lamb, 1967). Furthermore, Lamb suggests that mois-

ture stress may decrease growth but not affect photosynthesis. Fac-

tors (heat and/or drought) which inhibit cell metabolism can stop or
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slow assimilate movement through the cells (Salisbury and Ross,

1969). The conditions which might exist under moisture or heat

stress are (1) impaired translocation of assimilates, (2) continued

photosynthesis and (3) conversion of starches to sugars. This would

increase residue quality, decrease yield and negatively affect grain

weight and production.

There have been numerous field and greenhouse studies evaluat-

ing the effects of moisture levels on cereal growth and production.

Fedack and Mack (1977) seeded two barley cultivars (Brock and

Fergus) on four planting dates and maintained them at three moisture

levels [25, 50 (normal rainfall) and 90 percent capacity]. With re-

spect to just the moisture levels, they found a positive correlation

between moisture and straw yields for both varieties at all four dates.

For example, with the first planting date, Fergus produced 3587 kg/

ha under a low moisture regime, but with 90 percent field capacity,

production was 5179 kg/ha. Differences in yields as a result of

increased plant height or tillering were not reported.

Aspinall et al. (1964) studied the effects of short and long

cycles of water stress on tillering and stem elongation of barley.

These treatments were applied at different phenological stages.

Water stress resulted in both increased and decreased tillering,

depending on the number and timing of cycles. When there was
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more than one short cycle of water stress, tillering was suppressed.

However, tillering increased when only one short cycle was applied,

especially during the earlier phenological stages. Plants stressed

late in development produced the longest culrns. They felt this was

due to the suppression of short tillers which are produced late in the

growth cycle, thereby increasing the overall mean tiller length.

Their conclusions followed the hypothesis that soil moisture stress

affects those processes in the plant parts growing fastest at the time

of stress. Campbell (1968) felt the phenological stage at which stress

was applied was not as significant as the total water used. Thus, the

more water available, the greater the yield. His results were still

in general agreement with Aspinall et al. (1964) since their results,

except in one case, showed an increase in yield with increasing

moisture. Day and Thompson (1975) found water stress decreased

plant height but, when applied at jointing stage, promoted tillering.

There was no mention of actual yields.

Spratt and Gasser (1970) reported drought during tillering

resulted in smaller leaves and shorter, thinner stems. However,

when it occurred during stem extension or heading, there was little

effect on leaf, stem or chaff yield. Campbell et al. (1977) found a

decrease in tillering with a general decrease in soil moisture.

Campbell et al. (1969) and Joffe and Small (1964) also noted a nega-

tive correlation between water stress and tillering.
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Excess water has also been shown to be detrimental to straw

production. Watson et al. (1976) noted that both intermittent and con-

tinuous waterlogging reduced straw yields, with the continuous treat-

ment often more severe. This was the result of reduced tillering; no

mention was made of plant height.

Moisture levels also affect a straw nitrogen content. In the

work of Fedack and Mack (1977) the effects of moisture levels on

straw protein were significant but the relationship was not as clear

as yield responses. There was a general inverse relationship be-

tween moisture levels and straw protein. For later planting dates,

grain yields and grain protein content decreased with decreasing

moisture. This indicated reduced translocation of nitrogen and

carbohydrates from the stems and leaves to the grain. Aspinall

(1965) also noted water stress hindered movement of assimilate from

the leaves to the ear.

In summer fallowed areas, planting date can affect moisture

stress. When planted too early, much of the stored soil moisture is

removed during fall growth instead of being used in late spring.

Assuncao (1979) tested wheat planted at three dates: Septem-

ber 1, 30 and October 27. Grain size, weight and yield from the first

date were reduced due to water stress from early moisture depletion.

However, leaf area and water soluble carbohydrates in the leaves,
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culrns, rachises, awns and bracts were highest for the first planting

date. This was attributed to reduced translocation of assimilate from

vegetative parts to the grain. However, Fedack and Mack (1977)

reported an increase in straw protein with delayed planting, but this

was due to excessive delay in planting.

Effect of Season

During the course of time many nutrients are leached from

mature plants (Guilbert et al., 1931; Watkins, 1943). Koelling and

Kucera (1 965) reported a decrease in foliage nitrogen from 1. 99 per-

cent to 0.48 percent over an eight month period. Culms tended to

decay more slowly than leaves, probably due to higher lignin and

lower soluble carbohydrate content in the culm.s. Foliage litter (com-

pared to standing material) increased in nitrogen content. This can

be attributed to soil nitrogen and microbial contamination. Standing

material had less opportunity for contamination. These results agree

with those of Brown and Dickey (1970).

Effect of Cereal Type

Many varieties of wheat and barley have been produced so as

to give the best results under specific conditions. A number of

researchers have reported varietal differences in both straw yield
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and quality. Evans et al.. (1971) used six varieties of winter barley

and reported varietal differences in tillering and yields, though no

specific data were given. McNeal et al.. (1972) also noted a signifi-

cant varietal effect in straw yield. Cultivars also differ in their

response to moisture stress (Day and Thompson, 1975) and in the leaf

area index (Scott et al., 1977). Varietal effects were also noted by

Fedack and Mack (1977).

Effect of Plant Part

Leaves and culms have been shown to differ in crude protein

content. Mowat et al. (1965) studied the protein content of stems and

leaves of timothy Phleum pratense), orchardgrass (Dactylis glomer-

ata) and bromegrass Bromus inermis) at progressive sampling

dates. At all growth stages, leaves had a higher protein content.

Stems, even at early growth stages, never had more than 10.4 per-

cent crude protein. Leaves commonly had 13 to 14 percent crude

protein and bromegrass leaves had up to 17.3 percent. Late in the

season leaf crude protein, averaged across species, was about 8

percent whereas culm protein was only about 4 percent.

Kilcher and Troelsen (1973a) also reported higher crude protein

levels in the leaves but the difference was not as pronounced late in the

season. Approximately mid-way into the growing season oat (Avena

sativa) leaves had about 20 percent crude protein but culms had only
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about 10 percent. At maturity leaf and culm protein levels were 6

and 5 percent, respectively. Kilcher and Troelsen (1973b) reported

similar trends for irrigated bromegrass, as did Kilcher (1975) for

Russian wild ryegrass (Elymus junceus) and Altai wild ryegrass

(Elymus angustus).

Leaves also appear to be more digestible than culrns. Kilcher

(1975) reported that early in the growing season (May 15), leaf and

culm digestible organic matter was approximately 7 0 and 55 percent,

respectively (averaged across two ryegrass species). By October the

respective values were about 50 and 40 percent.

Mowat et al. (1965) also examined leaf and culm digestibility.

However, at early growth stages culm digestibility was greater than

that of leaves for timothy, orchardgrass and bromegrass. Average

culm and leaf digestibility values in early May were about 80 and 75

percent, respectively. Culrn digestibility decreased at a greater

rate than did leaf digestibility. By July 23 leaf digestibility was about

55 percent while culm digestibility was only about 48 percent.

Pritchard et al (1963), Terry and Tilley (1964) and Kilcher and

Troelsen (1973b) also reported greater digestibility in leaves com-

pared to culrns.
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MANUSCRIPT

Effect of Site Potential, Season and Plant Part
on the Quality and. Yield

of Cereal Aftermath
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ABSTRACT

Crude protein contents in cereal residues were found to be

significantly related to moisture stress and fertilization practices.

Cereal residues on low potential sites were higher on low potential

sites when fertilization practices were the same for both site poten-

tials. Those plant components with high initial crude protein levels

were significantly affected by season. Crude protein levels of four

percent or less changed little with season. Leaves and chaff were

consistently higher in crude protein than culm.s. Season was the only

factor which consistently affected percent digestibility. Low potential

sites had lower stubble yields but higher leaf/culm ratios. Availa-

bility of leaf residue decreased notably with the onset of fall precipita-

tion.
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INTRODUC TION

Cereal residue is an important energy source for ruminants

in dry-land farm areas around the world (Tisdale, 1967). It appears

most ideally suited for dry pregnant cows but also has been used in

fattening rations (Anderson, 1976). Residue has been fed as standing

stubble, acid treated straw (Schultz and Ralston, 1974) and from chaff

dumps hauled to a central location. Supplementation varies from

liquid protein to alfalfa or grain.

Despite its widespread use, little research has been conducted

on factors affecting residue yield and quality. Cereal aftermath is

considered low in protein, carotene and phosphorus (NAS, 1969).

Digestibility is usually lower than that of most hays due to a high

proportion of lignin and silica. Zinn (1977) and Schultz and French

(1976) reported considerable variability in straw quality. Addition-

ally, many Northwest farmers have observed increased residue use

by livestock on less productive areas.

The objectives of this study were to: 1) determine percent crud

crude protein and percent in vitro dry matter digestibility of leaves,

culrns and chaff of three cereal types: barley (Hordeum vulgare) and

two types of wheat (Triticum aestivum); 2) determine yield of leaves,

culms and total (leaves +culrns) of the three cereals; 3) determine the

leaficulm ratio of the three cereals; 4) determine the effect of grain
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production potential ("site potential") and season on nutrient quality

and yield of residue components of each cereal.

AREA DESCRIPTION

The study area was located in Sherman County in north central

Oregon. Three major rivers, the Columbia, the Deschutes and the

John Day border the county on the north, west and east sides, respec-

tively. Precipitation falls during the months of October through

March. Average yearly precipitation is 273 mm. In the crop year

1976-77 a 163 mm, and 1977-78 a 391 mm precipitation fell.

Walla Walla silt loam and Condon silt loam associations com-

prise approximately sixty percent of the soils in Sherman County.

These two soils occupy a large central area of the county, while

Wrenthan, Nansene and Ritzville soil associations occur on the outer

edges. The Walla Walla silt loams often reach a depth of 1.2 m or

more, while the Condon silt loams range from 0.76 to 1.2 m in depth.

Available moisture per mm soil depth ranges from 0.17 to 0.21 mm.

The critical factors in determining potential productivity are soil

depth and slope, since precipitation varies little across the county.

In general, these characteristics decrease tcwards the eastern,

southern and western edges of the county (Mayers, 1964).

Cereal production is the main agricultural industry in Sherman
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County. In the northern section soft white winter wheat and, to a

lesser extent, barley are grown. The tall bearded wheats are grown

in the more productive areas while the club wheats (shorter, beardless

wheats) are grown on less productive sites. Barley is generally grown

on the least productive sites. Since precipitation is limited, cereal

growers use the summer fallow system of farming.

METHODS AND MATERIALS

The study was conducted from August 1977 to March 1979.

Cereal residues collected consisted of the standing stubble and chaff.

These residues were from crops harvested in the summers of 1977 and

1978. The selection of each site was based on the type of cereal grown

and past grain yields. Fertilization, stubble and grain yields and soil

associations are shown in Table 1.

The three cereals studied, tall bearded wheat (McDermid

variety), club wheat (Moro and Paha varieties) and barley (Kamiak

variety) were sampled three times each year. The approximate samp-

ling periods were after harvest (August or September), late November

and early March. These times correspond to the beginning, middle

and end of the stubble grazing season. For each cereal a high and low

production potential site (based on grain yield) was selected.

During each sampling period stubble leaves and culrn.s were



Table 1. Stubble yield, grain yield, soil depth, stored soil moisture importance and fertilization practices for the high and low potential sites of
McDermid wheat, club wheat and barley, year 1 and year 2.

Site Potential

McDermid
year 1

High Low

McDermid
year 2

High Low

Club
year 1

High Low

Club
year 2

High Low

Barley
year 1

High Low

Barley
year 2

High Low

Stubble Yield
Kg/ha (Total) 2654 840 1776 814 753 798 1268 581 1008 749 1293 684

Grain Yield
per hectare 118 bu. 47 bu 94 bu 47 bu 42 bu 25 bu 86 bu 32 bu 1426 Kg 898 Kg 1909 Kg 736 Kg

Soil Depth
(Meters) 1.8 . 8 1.8 0.5 1.0 0. 5 . 8 0. 3 1.0 0. 5 1. 2 1.0

Soil Walla Condon Walla Condon Condon Condon Condon Walvan Condon Condon Walla Condon
Association Walla silt Walla silt silt silt silt loam silt silt Walla silt

silt
loam

loam silt
loam

loam loam loam loam loam loam loam loam

N Fertilization yes no yes no yes yes yes yes no no yes no
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collected. Chaff was available for collection only on the first samp-

ling date of each year. For each variety/year/date/site potential/

plant part combination, there were three subsamples. Collection con-

sisted of clipping the standing stubble to ground level in a .45 square

meter circular plot. Five randomly located plots constituted one sub-

sample. Chaff samples were hand gathered from chaff dumps in the

field. Material was randomly gathered from five dumps to constitute

one chaff subsample. After collection, all material was dried at 60°C

for 48 hours. Stubble was separated into leaves and culms, and the

leaves, culms and grain were removed from the chaff. Yield data

(kg/ha) were determined for each subsample of leaves, culms and total

(leaves +culms) on the first sampling date only. Leaf/culm ratios

were calculated at this time.

Cereal residues were analyzed for percent crude protein by the

micro-Kjeldahl method described by Horowitz et al. (1970) as modi-

fied by Bohrer and Pedersen (N.D.). Digestibility was determined

by a modified first stage in vitro analysis as described by Tilley and

Terry (1963). A 24 hour digestion period was used instead of a 48

hour period.

All significant differences were measured at the . 05 probability

level. The effects of site potential and plant part were determined

with a standard T-test. Seasonal effects were analyzed with a one-way

analysis of variance.
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RESULTS AND DISCUSSION

Average crude protein value for wheat (combined over McDermid

and club types and years) was 2.3 percent; average barley crude pro-

tein was 1.8 percent. These values were from the first sampling date

only and account for the different leaficulm ratios. Results here are

similar to those found in the literature (NAS, 1969; Zinn, 1977;

Schultz and French, 1976).

Stubble leaves and culrns of the three cereals consistently dif-

fered in percent crude protein. Leaves were higher in crude protein

than culm.s (averaged across sites and sampling dates)(Table 2).

Leaves contained a minimum of 3. 00 percent crude protein while

culm.s contained a maximum of 2.00 percent. Chaff crude protein

ranged from 4.65 percent to 1.98 percent. Though not statistically

analyzed, it appeared to be similar to leaves in crude protein content.

Season was most important in affecting protein levels only when

a high initial protein content was observed. Prior to the fall rains,

crude protein content in the leaves of club wheat and barley on the

low potential sites ranged as high as 8 and 9 percent Once the fall

rains began, protein levels in the leaves fell to about 2 to 3 percent.

Cu lms did not vary much in protein content over the season. This

was probably due to low culrn solubility. Protein levels occasionally

showed a slight increase over time. Koelling and Kucera (1965)



Table 2. Percent crude protein in leaves, culms and chaff in year 1 and year 2 for the three
cereals, Sherman County, Oregon. Values are averaged across site potentials and
dates.

McDermid
year 1

McDermid
year 2

Club
year 1

Club
year 2

Barley
year 1

Barley
year 2

1
,k * * * * *

Leaves 3. 08 3. 28 3. 03 3.32 4. 05 3.19

Cu lms 1.15 1.21 1 . 7 3 1.71

not

2. 08 1.32

Chaff2 3. 05 n 2. 34 4.65 available 4.65 1. 98

1
Asterisk denotes difference between leaves and culms for each cereal/year is significant at

the 95% level within years for each cereal.
2Percent crude protein for chaff is based on first sampling date only.
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reported both a general decrease in foliage nitrogen over an eight

month period and an increased nitrogen content of foliage litter. It

was felt that foliage litter (on the ground) was subject to soil and

microbial nitrogen contamination, thereby affecting crude protein

analysis.

Season also affected leaf availability. After the first rains,

much of the leaf material became ground litter and decomposed

rapidly. Consequently, leaves were an important part of the available

forage only until mid-November at the latest. This trend was especi-

ally obvious on the club and barley sites in year one. McDermid in

year one retained its leaves as standing residue until after the second

sampling date. However, the low initial leaf production on the

McDermid site made this of little importance.

In general, cereals grown on the less productive sites were

higher in percent crude protein (Tables 3 and 4). This was probably

the result of inadequate soil moisture. Fertilization may have been

an indirect stress factor when sufficient soil moisture was unavailable

for the plant to fully utilize the extra nitrogen. Additionally, ferti-

lizers have been shown to promote increased vegetative growth,

resulting in earlier soil moisture depletion (Sneva et al., 1958).

Stress conditions indicated by shallow soils and/or below normal

precipitation, were exhibited by club wheat in year one and two and



Table 3. Percent crude protein and digestibility of leaves and culms of three cereals on two site potentials, year 1 and year 2, Sherman County,
Oregon. Values are averaged over sampling dates.

McDermid McDermid Club Club Barley Barley
year 1 year 2 year 1 year 2 year 1 year 2

leaves culms leaves culms leaves culms leaves calms leaves culms leaves calms

Percent Crude Protein
*1 * * * * * * * *

High Potential Site 3. 14 1. 14 4. 14 1.43 1. 91 0. 94 2. 74 1.07 2.52 1. 39 3. 43 1. 12

Low Potential Site 3.03 1. 17 2. 43 0.99 3. 82 2. 80 3. 89 2. 36 5.04 2. 68 2. 94 1.53

Percent Digestibility
* * *

High Potential Site 21. 5 19. 3 22. 9 13. 2 14. 5 18. 2 23. 5 21. 1 16. 1 22. 5 31. 8 17. 5

Low Potential Site 21.7 22.9 16.5 14. 8 13.5 18.7 27. 6 23.5 15. 1 19.0 22. 3 20. 3

1
Asterisk denotes difference between site potentials for each cereal/plant part/year is significant at the 95% probability level.



Table 4. Percent crude protein of chaff of three cereals on two site potentials, year 1 and year 2,
Sherman County, Oregon.

Mc De rmid Club Barley
year 1 year 2 year 1 year 2 year 1 year 2

High Potential Site

Low Potential Site

2.21

3.88

1

2.78

1.89

2.33

6.97

not
available

not
available

2.72

6.58

2.17

1.78

1 Asterisk denotes difference between high and low potential sites for each cereal/year is sig-
nificant at the 95% level for each cereal on the first sampling date.

2Club and barley, year 1, had only one subsample on the low potential site.
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barley in year one. In these cases fertilization treatments were the

same for both site potentials. Probably any stress, then, would be

the result of water depletion, indicated by shallow soils and therefore

lower soil moisture storage capacity. In each case both leaves and

culms on the low site were higher in crude protein than those on the

high site. The same was true for club wheat and barley chaff in year

one.

The site potential/protein level relationship changed somewhat

when the high potential site was fertilized and the low site was not.

In these cases (McDermid, year one and two and barley in year two),

protein levels on the high site were, except for barley culms, equiva-

lent to or even greater than those on the low site. This was probably

due to the interaction of fertilizer and insufficient available water.

McDermid in year one showed no significant difference between

high and low potential sites. The high site had been fertilized and

there was a "normal" amount of stored soil moisture. The drought

was fairly severe the first year and the combination of drought and

fertilization could have stressed the wheat. However, the unusually

heavy rains in May and adequate stored moisture from the previous

year enabled the wheat to utilize most of the N fertilizer. Although

actual available water was much lower on the low potential site

(shallower soils), the lack of fertilization probably prevented
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excessive stress. Again, plants appeared to utilize what nitrogen

was available. Thus, wheat residue from neither site had very high

crude protein levels.

In the second year McDermid and barley crude protein levels

were higher on the high potential sites. Again, only the high potential

sites were fertilized. However, neither cereal had sufficient stored

moisture for a normal crop, due to the drought the previous year.

The low potential sites were not dependent on stored moisture so there

was little carryover effect of the 1 977 drought. Consequently, the

interaction of fertilizer and inadequate moisture on the high potential

sites may have created a stress situation resulting in higher crude

protein levels. The low sites were not fertilized and moisture condi-

tions were "normal, " so little stress and lower protein values

resulted.

The results of this study support conclusions of other research-

ers examining the effects of soil moisture stress and site potential.

Fedack and Mack (1977) found a general inverse relationship between

moisture levels and straw protein. Cook (1959) reported increased

protein in wheatgrasses grown on unfavorable sites. Past studies

have indicated that normal assimilation/translocation processes are

broken down during water stress. Salisbury and Ross (1969) reported

that heat and drought can inhibit assimilate movement through cells.

Lamb (1967) suggested that moisture stress may decrease growth but
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not affect photosynthesis. Aspinall (1965) noted that water stress

hindered movement of assimilate from leaves to ear of wheat. Thus,

under moisture stress, there may be impaired assimilate transloca-

tion but continued photosynthesis. This would result in retention of

nutrients in the vegetative parts, particularly the major sites of

photosynthesis, leaves and chaff.

Overall digestibility values (averaged across sites, dates and

plant parts) were comparable to those in the literature when only a

24 hour digestion period was used (McAnally, 1942). Wheat digesti-

bility (averaged over club and McDermid for both years) was 27.2

percent. Barley digestibility was 20.7 percent. Barley digestibility

was 20.7 percent. Values reported in this study were probably some-

what conservative since passage of cereal residues usually takes at

least 2 days, which increases the digestibility.

Season was the only parameter which consistently affected the

digestibility of either leaves and culms (Table 5). Usually digesti-

bility decreased over time. The most notable decrease was at the

second sampling date, indicating a rapid loss of soluble carbohydrates

once the fall rains began. However, some farmers reported cattle eat

the culms more readily after the rainy season had begun. They felt

this was due to the culms softening up and becoming more palatable.

The rapid decomposition of leaves at that time tends to influence

the dietary habits of the animals, since little other vegetation is



Table 5. Percent digestibility of leaves and culms at three sampling dates in year 1 and year 2 for McDermid wheat club wheat and barley,
Sherman County, Oregon. Values are averaged across site potentials.

McDermid
year 1

leaves culms

McDermid
year 2

leaves culms

Club
year 1

leaves culms

Club
year 2

leaves culms

Barley
year 1

leaves culms

Barley
year 2

leaves calms

*1 * * * *
Date 1 29. 6 29. 2 22.8 17. 1 32. 6 30. 6 26.0 20. 9 41. 7 27.2 23. 6 18. 6

Date 2 16. 8 19. 1 20.0 13. 1 11. 8 14. 3 26. 2 21.8 16. 4 19.9 24. 5 16. 9

Date 3 14. 8 14.9 16. 3 11. 8 16. 3 22. 6 24. 5 24. 2 14. 8 21.6 32. 9 21. 2

1
Asterisk denotes difference between sampling dates for each cereal/year is significant at the 95% probability level.
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available.

Only McDermid in year one and barley in year two showed a

significant difference in digestibility between leaves and culms (Table

6). In both cases, leaves were more digestible than culms. Leaves

and culms of the other cereal type/year complexes were similar in

digestibility values.

In only a few examples did site potential significantly affect

leaf and culm residue digestibility (Table 3). Chaff digestibility,

except for McDermid in year 2, showed no significant site potential

effects. No patterns were apparent. Usually, the high and low poten-

tial sites had similar digestibility values. Other research has shown

a positive relationship between water stress and soluble carbohy-

drates. Assuncao (1979) reported an increase in water-soluble

carbohydrates in wheat leaves, culms and chaff grown under water

stress. Cook (1959) found decreased lignin levels in wheatgrasses on

unfavorable sites.

Stubble yield was usually significantly greater on the high poten-

tial sites (Tables 7 and 8). Only club and barley in year one failed

to show significant differences. The increase of total yield compo-

nents (leaves +culms) was mainly a result of the increased. culm

production. No measurements were taken to determine if the

increase was the result of tillering or increased culm height.



Table 6. Percent digestibility in leaves, culms and chaff in year 1 and year 2 for the three
cereals, Sherman County, Oregon. Values are averaged across site potentials and
dates.

McDermid.
year 1

McDermid
year 2

Club
year 1

Club
year 2

Barley
year 1

Barley
year 2

*1 4.

Leaves 20.4 19.8 18.5 25.6 22.3 27.0

Culms 21.1 13.9 21.5 22.3

not

22.3 18.9

Chaff2 29.2 19.9 31.9 available 27.8 18.6

1 Asterisk denotes difference leaves and culms of each cereal/year is significant at the 95%
level within years for each cereal.

2 Percent digestibility for chaff is based on first sampling date only.



Table 7. Yield components of three cereals grown on two site potentials, year 1, Sherman County,
Oregon. Values are from the first sampling date only.

Mc Dermid Club Barley
Site Potential High Low High Low High Low

*1

Leaves 390 215 198 278 220 229

Culms 2264 624 554 520 807 520

Total 2654 840 753 798 1008 749

T`

Leaf/Culrn Ratio .18 .35 .36 .53 .25 .44

'Asterisk denotes difference between high and low potential sites for each cereal/yield
component is significant at the 95% level for each yield component of each cereal.



Table 8. Yield components of three cereals grown on two site potentials, year 2, Sherman County,
Oregon. Values are from the first sampling date only.

McDermid Club Barley

Site Potential High Low High Low High Low

*1 * *

Leaves 336 204 347 209 369 246

* *

Culms 1440 609 920 371 924 438

Total 1776 814 1268 581 1293 684

Leaf/Culm Ratio .23 .34 .38 .57 .40 .57

'Asterisk denotes difference between high and low potential sites for each cereal/yield
component is significant at the 95% level for each yield component of each cereal.
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Values given here should be considered more as an estimate than

absolute figures since yield is affected by the height of the harvester.

These results agreed with those reported by Fedack and Mack (1977)

who used two barley cultivars and three moisture regimes.

Grazing animals tend to select leaves over culm.s. Thus, it is

important to consider factors which affect the relative production of

leaves and culm.s. The results here showed a definite increase in

leaf/culm ratios on low potential sites, especially under severe mois-

ture stress. Most of these increased values were the result of a

greater decrease in culrn production over leaf production (McDermid,

year one and two; club and barley, year two). Leaf production on the

low potential sites decreased by about 33 to 45 percent. Cu lrn pro-

duction decreased by 52 to 72 percent. These results are similar to

those of Cook (1959) who found a distinct increase in leaf/culm ratio

of seeded wheatgrasses on shallow soils.

The effect of cereal type on stubble protein, digestibility and

yield could not be clearly defined due to a strong site potential/

cereal type interaction. Each cereal is grown on a certain site

potential, depending upon average soil moisture conditions, soil

depth, rockiness and salinity. Therefore, it was virtually impos-

sible in this study to separate the cereal type effects from the site

potential effects. However, farmers in Sherman County claim that

barley residue is relished more by cattle than wheat residue, and
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club wheat more than McDermid wheat.

CONCLUSIONS

Water stress usually resulted in decreased straw yields,

increased leaf/culm ratios and increased crude protein levels. The

results of this study indicated that high cereal crude protein values

may indicate stress but not necessarily a low potential site. Specific

growing conditions each year are probably at least as important in

determining residue quality as site potential. There are many factors

which combine to create any specific growing condition. Among the

most important are: 1) adaptability of the variety/species to general

site conditions; 2) fertilization practices; 3) moisture conditions and

timing of water stress. The interaction of these factors affects the

nutrient uptake/translocation process, which in turn influences cereal

residue quality. Each specific situation should be evaluated with this

interaction in mind.

Two major factors significantly changed from the time of cereal

harvest to late winter. Availability of leaf residue decreased with the

onset of fall precipitation. Also only those plant components with

relatively high initial crude protein levels (6 to 9 percent) showed any

decrease in crude protein over time. Tissues with crude protein of

4 percent or less changed little with season. Leaves were usually
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higher in crude protein than culms, but similar to chaff. Only season

showed any effect on percent digestibility, with values decreasing

over time. There was little relationship between site potential. and

percent digestibility.
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Appendix 1. Monthly precipitation (mm) for crop years 1976
through 1978 and a 10 year average at the Moro
Experiment Station, Moro, Oregon.

10 Year Ave. 1976-77 1977-78 1978-79

SEPT 10.4 1.0 22.3 8.4

OCT 19.8 2. 5 5. 6 O. 3

NOV 46.2 10.9 50. 8 20.1

DEC 49.3 5. 1 81.8 17. 5

JAN 36.6 4. 7 71.1 40. 4

FEB 22. 9 16. 0 33. 3 39.1

MAR 20.6 12.7 18.8 25.2

APR 19.1 2.0 36.1 26.9

MAY 16.8 68.6 12. 2 *

JUNE 14.5 7.1 11. 2

JULY 5. 8 9. 4 14. 9

AUG 11.2 22.9 33. 5

TOTAL 273.2 162.9 391. 6

*Sampling of cereal residues was discontinued after March, 1979.



Appendix 2. Monthly average minimum and maximum temperatures for crop-years 1967 -77,
1977-78 and 1978-79 at the Moro Experiment Station, Moro, Oregon.

Month
10 Year Ave.
Min. Max.

1976-77
Min. Max.

1977-78
Min. Max.

1978-79
Min. Max.

SEPT 7.56 24.39 11.17 24.89 6.44 20.00 7.67 20.00

OC T 2.44 16.1 7 3. 28 1 7.89 1.83 16. 33 1.78 1 7. 67

NOV -0.17 8.72 0.44 9.67 -3.39 7.22 -4.78 5.11

DEC -3.28 4.11 -3.89 5.94 -2.33 3.94 -5.40 3.11

JAN -3.94 3.36 -7.67 0.28 -4.00 1.67 -13.5 -5.11

FEB -1.11 7. 89 -1.67 7. 5 -0.22 5. 61 -3.10 4. 83

MAR -0.67 10.61 -6.70 9.61 1.94 11.22 1.00 11.22

APR 1.50 13.56 3.11 1 7. 50 2.89 13.17 3.17 13.33

MAY 5.10 18.44 4.00 15.17 5.05 16.56 * *

JUNE 9.56 23.61 10.83 25.27 9.22 24.22

JULY 11.78 27.94 11.44 25.94 12.22 27.44

AUG 11.44 27.50 14.06 29.94 12.33 25.67

*Sampling of cereal residues was discontinued after March, 1979.



Appendix 3. Percent crude protein and digestibility of three cereals on the first sampling date,
year 1 and year 2, Sherman County, Oregon. Values are averaged over site
potentials and plant parts.

McDermid Club Barley
year 1 year 2 year 1 year 2 year 1 year 2

Percent Crude
Protein 1.26 2.88 3.23 1.85 1.78 1.76

Percent
Digestibility 29.1 31.7 28.6 19. 6 21.1 20.4



Appendix 4. Percent crude protein of leaves and calms of three cereals at three sampling dates, year 1 and year 2, Sherman County, Oregon.

Values are averaged over site potentials.

McDermid McDermid Club Club Barley Barley

year 1 year 2 year 1 year 2 year 1 year 2
*1

leaves
*

culms leaves clams leaves culms leaves calms leaves calms
*

leaves culms

Date 1 3.68 0.94 3. 12 1. 38 5. 20 1. 81 3. 00 1. 68 6.23 2. 76 2. 89 1. 30

Date 2 2. 30 1. 12 3. 58 1. 25 2. 55 1. 62 3. 50 1.78 3.79 2. 11 2. 95 1.26

Date 3 3.27 1. 39 3. 16 1.00 3. 18 2. 11 3.44 1.67 3.77 1.96 3.72 1.41

1Asterisk denotes difference between sampling dates for each cereal/year is significant at the 95% probability level.



Appendix 5. Percent crude protein of leaves and culms of three cereals on two site potentials
on the first sampling date, year 1, Sherman County, Oregon.

McDermid Club Barley
Site Potential High Low High Low High Low

Leaves 2. 98 4. 37 2. 23 8.10 3.47 8. 99

Cu Irns 0. 66 1.22 0. 81 2. 81 1.67 3.84



Appendix 6. Percent digestibility of leaves and culms of three cereals on two site potentials on
the first sampling date, year 1, Sherman County, Oregon.

Site Potential
McDermid

High Low
Club Barley

High Low High Low

Leaves 26.8 32.4 31.1 34.2 43.1 40. 4

Culms 29.1 29.2 31.1 30.2 27.3 27. 2



Appendix 7. Percent crude protein of leaves and cuims of three cereals on two site potentials
on the first sampling date, year 2, Sherman County, Oregon.

McDermid Club Barley
Site Potential High Low High Low High Low

Leaves 3.78 2.45 2.34 3.67 3.16 2.61

Cu lms 1.64 1.11 0.91 2.46 1.06 1.54



Appendix 8. Percent digestibility of leaves and culms of three cereals on two site potentials on
the first sampling date, year 2, Sherman County, Oregon.

McDermid Club Barley
Site Potential High Low High Low High Low

Leaves 31.5 14.0 22.6 29.5 31.5 15.8

Cu lms 19.9 14.2 17.5 24.3 17.5 19.7



Appendix 9. Percent digestibility of chaff of three cereals on two site potentials, year 1 and year 2,
Sherman County, Oregon.

McDermid Club Barley

year 1 year 2 year 12 year 2 year 12 year 2

High Potential Site

Low Potential Site

26.3

32.1

*1

24.4

15.4

26.4

37.5

not
available

not
available

25. 9

29.6

19. 5

17.7

1 Asterisk denotes difference between high and low potential sites for each cereal/year is
significant at the 95% level for each cereal on the first sampling date.

2 Club and barley had only 1 subsample on the low potential site, year 1.


