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INTRODUCTICK

Arizona farmers seeded 300,000 acres of small grains in 1956. '

Twenty-three percent of this acreage was used for winter pasture, green 

chopped feed, and hay. The remainder was produced solely for grain.

Small grains can be included in either a livestock or a 

cropping program. They can be used in one of three ways: for forage, 

for grain, or for forage and grain.

The mild winters of southern Arizona are conducive to the 

growth of oats. Spring varieties seeded in the fall have been superior 

to winter oats for forage and grain. Winter oats make a slow prostrate 

early growth. The rapid, more erect growth of spring oats during the 

early stages of vegetative development increase their desirability for 

livestock grazing and contribute to their usefulness as winter pasture.

Timeliness of grazing is essential for maximum returns from oat 

winter pastures. Excessively close grazing will result in retarded 

plant growth. Also, the digestibility of pasture is lowered as plants 

mature under high temperatures. Hence, it is desirable to maintain oats 

in a vegetative condition for efficient grazing. Information is needed 

as to when grazing should begin and cease to insure vigorous and 

continous vegetative growth.

The study reported herein was made to determine the effect of 

clipping at different stages of growth on the subsequent regrowth of

1



2
oats. An evaluation was made of the forage potential of four spring oat 

varieties currently grown for forage and grain production in the 

irrigated areas of southern Arizona,



In recent years small grains have become recognized as an 

economical winter feed source. Small grains are a means of extending 

the grazing season and reducing cash outlay for high priced protein 

supplements. Fall seeded grains are grown at a time when a source of 

succulent, high protein feed is most needed in livestock rations.

Several workers have pointed out the value of small grain 

winter pastures as a source of high yielding nutritive forage 

(171 22, 28, 30). After a five year clipping study simulating pasture 

conditions, Staten and Seller (32) reported that the pasture value 

of winter small grains was so high that livestock farmers could 

profitably use them entirely for pasture without taking a grain crop, 

A similar study by Crowder (?) indicated that complete utilization of 

oats as pasture could be economical.

Beef gains of up to U99 pounds per acre were received from 

small grains pasture in southern Mississippi (U). Oats were the most 

reliable winter grazing crop for finishing yearling steers.

In many small grain pasture studies, mechanical methods of 

harvesting have been used to simulate conditions. Some workers 

are doubtful of the accuracy and consistency of results from clipping 

experiments (1, 9). However, simulated conditions in pasture studies 

are generally accepted by research workers because of their ease of

REVIEW OF LITERATURE
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execution, economy, and adaptability to smaller experimental areas,

Wallace and Chapman (3U) conducted a series of tests to 

determine the accuracy of certain simulated methods. Hand harvesting 

with a knife was the most successful clipping operation. Four or five 

replications were needed to give a suitable degree of accuracy in 

clipping oats.

Although the yields obtained by clipping permanent pasture 

plots showed a successive decrease from year to year in relation to 

yields obtained by grazing, there was a high correlation in any given 

year between the yields obtained from clipping and the yields obtained 

by grazing (20).

Small grains are often used for grain production following 

grazing. There is evidence that this practice could be recommended 

under certain conditions. Grain yields in Oklahoma were not seriously 

effected by grazing before plants reached the jointing stage of growth 

(32). Hubbard and Harper (13) report that moderate clipping until 

March If? normally resulted in as high or higher grain yields than 

undipped plots. Swanson and Anderson (33) utilized wheat pasture in 

times of sufficient moisture without reducing the grain yield.

Reports of increases in grain yields following grazing are 

summarized by Holiday (10) as being associated with two ecological 

conditions; (1) where there is a prolific growth in the vegetative 

state, associated with a limited final yield of grain, and (2) where 

the practice reduces lodging which in itself would limit grain 

production. Associated with these conditions, the type of defoliation, 
whether by grazing or clipping, has been limited in its severity
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and duration.

Each of the small grains used for winter pasture often has 

regional adaptations. In the Northern and Eastern sections of the 

United States, rye is the most successful of the small grains used for 

pasture (23, 26, 35). Wheat is the principle temporary winter pasture 

in the Middle West and West, Swanson and Anderson (33) describe winter 

wheat pasture as an inexpensive and highly nutritive by-product of 

wheat grain production, which produces excellent livestock gains at 

lower cost than any other method. Winter barley and winter oats are the 

most satisfactory small grains for winter pasture, in areas of moderate 

winter temperatures (6, 12, 19, 21, 22),

Spring oats with a distinct erect type of growth habit can be 

grown in the mild winters of the South (29). In a four year clipping 

study at Tucson, Arizona it was found that Markton oats outyielded 

Vaughn barley by 39 percent (3). Morey et al (17) state that oats are 

the best temporary winter pasture crop in the State of Florida,

Burton et al, (6) found that spring oats in Georgia produced 

more early grazing, but less late grazing than winter oats. Sprague 

(26) reports that fall sown spring oats are used in the south to supply 

early fall pasture. Spring sown fall grains provide late spring and 

early summer forage which will remain vegetative longer at this season

than will spring grains,
",

Oats with the least winter hardiness and an upright growth 

habit are the most desirable of the small grains for pasture (16). 

Palatability of oats as compared to other small grains is reported in 

the literature with varying sentiments. Washko (35) reports that oats
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were preferred by sheep to other small grains.

Sprague (26) lists in order of their palatability: oats, wheat, 

rye and barley. Results from palatability trials in Kansas indicated 

that cows had such a dislike for barley that palatability would be an 

important factor in considering its value in comparison with other 

cereals as a pasture crop (2U). In contrast, Staten (31) concludes that 

availability of winter pasture crops is probably more important than 

palatability.

In the past small grains were more often utilized as hay crops. 

Oats are superior for hay because of their palatability, fine stems and 

the high proportion of leaves to stem (26). The total yield of dry 

matter from various small grains, legumes, and grasses is usually less 

when clipped at frequent intervals than when allowed to grow to the 

usual hay stage (18, 19). Ahlgren et al. (2) found that dry matter and 

total protein production reached their ma-Hmnm during the dough stage.

Small grain winter pastures as a source of concentrated protein 

and carotene are much more valuable than their respective hay crops.

The protein content of small grain winter pastures is often 25 to 30 

percent. This is reduced rapidly with repeated grazing and the approach 

of warm weather (21, 23, 28, 32).

A clipping study in Texas revealed small grains pasture as an 

excellent source of vitamin A (28). Staten and Heller (32) found the 

carotene content of small grain pasture to be relatively high, an 

important factor, as winter rations in the Southwest are often 

seriously lacking in carotene. The high content of minerals and 

vitamins of the HBtt group in small grain pasture was also demonstrated.



, The chief objective of pasture management is to keep the plants'

actively growing over a long period so they will provide palatable feed 

of high value. Usually the protein content of pasturage depends more on 

proper management than fertilization (18). A rotation type of grazing 

provides the most mtritive and palatable pasture. One of the reasons 

for keeping pastures grazed or clipped is to maintain an immature stage 

of growth with moisture content and high food value.(15).

Host workers suggest that a regulated or rotational type of 

grazing should be practiced on winter small grains (8, 17, JO). Small 

grains should not be grazed until they are U to 8 inches in height, or 

have tillered and covered the ground. Grazing should not be closer than 

2 inches. Canadian workers (lit) found the largest yields of protein per 

acre were secured from cereals when cuttings were started at 6 to 8 

inches in height.

In a green house test conducted by Hoveland (11), results 

indicated that early clipping or grazing of young oats pasture should 

be avoided in order that plants may develop a sufficient root system.

At heights of 10 to 12 inches, stands were maintained and total yields 

were higher than when clipping was started at 3 to h inches.

Of the small grains, oats and barley have been most success

fully used in Arizona for winter pasture. The common practice in 

southern Arizona is to harvest a grain crop after limited winter 

grazing. Due to the suitability of barley as a cash grain crop, with 

a larger acreage grown, barley has been the grain most often used for 

winter pasture.

There is evidence that both barley and oats are valuable

7
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'pasture crops, eitHer one or both having their place in the pasture 

program (3, 27). Both grains are excellent fall pasture forages after 

early fall seeding. Barley generally produces more pasture during 

December and January and it can be grazed during this period without 

serious effect on grain yields. From February through the spring, oats 

become more valuable than barley as a pasture because of their 

prolonged spring vegetative growth.

In southern Texas, Hoveland (12) presents a similar situation, 

although barley made more early growth than other small grain pasture, 

wheat and barley varieties produced considerably less total forage than 

the better oat varieties.

Even in mild winters where oats are grown for winter pasture, 

periods of low temperatures have a striking effect on plant growth. 

Sandal (22) reported little or no active growth of oats or rye when 

average daily temperatures were below f>0 degrees fahrenheit. Crowder 

et al. (8) correlated the November, December, March, and April dry 

matter yields of small grains with the number of hours per month 

temperatures were above li5 degrees fahrenheit. January and February 

pasture growth was dependent on temperature and solar radiation.

Oat varietal response to winter grazing conditions is variable. 

Staten (32) found that winter forage yields of different varieties of 

the same crop differed, making it worth while to choose a variety 

specifically for pasture.



EXPERIMENTAL PROCEDURE

A .study of oat forage production under irrigated conditions 

was conducted in the winter of 1955-56 at the University Experiment 

Station, Mesa, Arizona. The study consisted of three experiments as 

follows: (1) A clipping test simulating grazing conditions on four 

varieties of oats, (2) A comparison of varieties for green chopping, 

and (3) A comparison of varieties for hay production.

The four varieties of oats used were Markton, California Red, 

Palestine and Colorado White. These varieties were selected for use 

in these experiments because they are spring oats currently grown in 

southern Arizona, and for their diversity of growth characteristics.

Markton is a white oat. Seed was brought into Arizona in 1930 
and approved by the Arizona Crop Improvement Association for certif

ication in 1939. Selections were made at Moro, Oregon, in 19U , from 
an unnamed and unselected variety which came from Turkey. In 1922 it 
was distributed to a limited extent as Carleton, but was renamed 

Markton in 1922. As Markton is a popular variety in Arizona for 
pasture and hay and has a large percent of leaves to stem it was 

included in this experiment. It is a spring oat with an erect growth 

habit,

California Red has proven an important oat variety in California 

for over 50 years. It is of the red, rust proof type. The early history 

of California Red is not definite, but it probably was introduced by
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Spanish padres from the Mediterranean Region. Seed of California Red

oats was received in 1930, and approved for certification by the

Arizona Crop Improvement Association in 1939. As California Red is an 
• . . . 
important variety in Arizona because of its high grain yields and has

a semi-prostrate growth habit in the early stages of development, it

was thought important that it be included in these experiments,

California Red has been grown successfully both as a spring and a

winter oat.

Palestine, was introduced into this country from Melbourne, 

Victoria, Australia in 1926. The Palestine variety resulted from a 

single plant selection received in Australia from Palestine and 

appears to be highly resistant to heat. It was first grown in the 

warmer valley areas of California. In recent years Palestine has made 

high grain yields in Arizona, and was accepted for certification by 

the Arizona Crop Improvement Association in 1952. Palestine matures 

early and has small, short, leafy stems, but no information is

available as to its forage value. Therefore, it was included in this
' '

study. Palestine has an erect spring growth habit.

The Colorado "White seed used in these experiments was purchased 

from a local seed house at Phoenix, Arizona, There is no definite 

information available as to the origin of this oat. The use of 

Colorado White by Salt River Valley farmers and the probability 

that it was a northern introduction, prompted its inclusion in these 

experiments. Colorado White has a leafy, but somewhat coarse growth, 

and the erect growth habit of spring oats.

A pre-planting irrigation for water penetration of the soil of
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four to six feet, was made on November 16, 1955# followed by six 

irrigations as needed during the course of these experiments. A 

fertilizer application of 63 pounds of nitrogen per acre, with 

ammonium sulfate as the carrier was worked into the seed bed prior 

to seeding. This was supplemented by 6? pounds of nitrogen per acre 

with ammonium nitrate as the carrier, applied in the irrigation 

water, March 15, 1956.

The four oat varieties were seeded December 6, 1955# at the 

rate of 100 pounds of seed per acre. Each variety was replicated four 

times in a randomized block design. Plots were 26 feet by 60 feet. A 

five percent Malathion dust at the rate of 15 pounds per acre was 

applied March 27# 1956, to control aphids.

Experiment I was a study using clipping to simulate grazing 

practice. Initial clippings were made at four stages of growth 

representing four grazing treatments. The procedure for each of the 

four treatments was as follows:

Treatment A consisted of a pasture clipping prior to jointing 

and two subsequent clippings at the onset of jointing.

Treatment B comprised a series of three clippings, all of which 

were made when the plants began to joint. . .

Treatment C included a clipping when 50 percent of the plants 

were jointing and two subsequent clippings at the onset of jointing.

Treatment D consisted of an initial clipping when all plants 

were jointing freely and two subsequent clippings at the onset of 

jointing.

Four samples were clipped at random from each plot. The
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sampling quadrat used had an area of It. 356 square feet or . 0001 acre 

(Fig. 1). These clippings were made by hand with a knife at approx

imately one and one-half inches above ground level (Fig. 2). The four 

samples from each plot were combined and the green weight recorded. 

(Fig. 3). The area from which each quadrat was clipped was marked in 

order that subsequent clippings could be secured from the same plants 

(Figures U and 5).

The initial clippings of treatment A in this experiment were 

made February 13, 1956. Since there were differences in the growth 

habits of the four varieties tested, it was necessary to make clippings 

at weekly intervals throughout the growing season.

The yield data from experiment I were analyzed statistically as 

a split-plot design, with varieties as main plots and clipping 

treatments as sub-plots. The basic analysis is given in Appendix A.

At the time the initial cuttings in clipping treatment A were 

made, Palestine had not attained the height desired for cutting. One 

week later Palestine was found to be at the onset of jointing stage 

and the first cutting was made for clipping treatment B. Consequently, 

yield data was not secured for Palestine in clipping treatment A. 

Estimated values were excluded in the calculation of the means for 

significant difference determinations.

Experiment II was designed to compare the value of the four 

oat varieties for green chopping. The sampling methods were the same 

as in Experiment I. Four samples were secured from each plot at the 

early heading stage of growth. Green weights were recorded and 

composite samples of each variety were dried and analyzed for protein



Fig. 1. A quadrat of U.356 square feet or .0001 acre is used to locate 
the clipping samples.

Fig. 2, An illustration of the method of taking quadrat samples. The 
knife used to make cuttings is shown.





Fig. 3. A composite of four green samples were weighed. Weights were 
recorded to the nearest .01 pound.





Fig. It. After cutting, each sampling area -was staked in the center 
of the quadrat to assure subsequent clippings from the same plants. 
Note the clipped area surrounding quadrat to minimize competition 
from nonclipped areas.

Fig. 5>. A sampling area vas left for regrowth as shown in the above 
picture. In the foreground are two marked areas of earlier clipping 
treatments.





and carotene content by the University of Arizona Agricultural 

Biochemistry Department. The yield data were analyzed by the analysis 

of variance method. The basic analysis is given in appendix B.

Experiment H I  was a comparison of four oat varieties harvested 

as hay. Sampling methods were similar to those in Experiments I and II. 

Oats were cut when in medium dough stage and weights were recorded on 

an air dry basis. Nitrogen and carotene determinations were made by the 

University Agricultural Biochemistry Department. An analysis of 

variance computation was made on the yield data. The basic analysis is 

given in appendix B.
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ht X HtRTMRMTAL RESUItTS

Experiment I. Slnalated grazing study.

Green forage yields, cutting dates and plant height for the 

four oat varieties and four clipping treatments utilised are given in 

table 1. Each value represents the mean of four replications. To more 

clearly present the response of the varieties to the clipping treat

ments, the yield data from this table are combined and presented in 

tables 2 to 5, inclusive.

Varietal yields on a relative basis are given for all 

treatments and at each cutting in table 2. The total green weight 

yield of California Red oats was significantly greater, than the next 

highest ranking variety, Markton. There were no significant differences 

between the other three varieties.

The largest yield of each variety was obtained from the first 

cutting and for each succeeding cutting a reduced yield was obtained. 

With the exception of the last cutting, the yield of California Red 

exceeded that of the other varieties. The extremely low yield of 

California Red for the last cutting was completely overshadowed by the 

high yields of the other cuttings.

The forage yields of the four oat varieties for each treatment 

are presented in table 3* In general, the variety means of Colorado 

White, Markton and Palestine were similar for each clipping treatment.

17



table 1.— Green forage yields, catting dates, and plant heights of four spring 
oat varieties and four clipping treatments in a simulated grazing study.

Treatment A Treatment B Treatment C Treatment D

Variety Plant Plot# Plant Plot* Plant Plot* Plant Plot*
Date height yield Date height yield Date height yield Date height yield

In. Lbs. In. Lbs. In. lbs. In* lbs.

Colorado 2-13 11 3.31 2-20 33 U.19 3-1 16 6.06 3-33 19 8.11
White 3-21 11 3.90 3-29 19 9.2U u-u 17 2.U8 U-10 19 U.77

U-19 11 U.39 U-28 1U 2.30 2-8 10 .69 2-21 8 .20
Total 11.16 11.73 12.23 13.08

Markton 2-13 11 3.62 2-20 1U U.68 3-1 18 6.23 3-13 21 8.2U
3-21 11 3.03 3-29 17 9.82 U-U 17 2.38 U-10 19 U.22
k-19 19 U.63 U-28 18 2.22 2-8 33 .79 2-21 8 ;23

Total 11.31 12.79 12.1*0 12.69
California 2-20 9 3.70 3-1 13 9.87 3-33 18 8.1*1 3-21 20 10.9U

Red 3-29 16 7.1i7 U-U 20 8.82 U-10 18 2.30 U-19 20 9.90
U-28 18 2.1*0 9-8 19 .86 2-21 9 .19 9-21 8 .12

Total 13.97 19.99 13.90 16.16

Palestine#* 2-20 12 U.37 3-1 18 7.67 3-13 2U 10.27
3-21 1U 3.97 3-29 39 3.98 U-U 12 1.8UU-io 19 2.22 U-19 1U 1.02 U-28 1U 1.22

Total 10.99 12.30 13.36

* Each plot consisted of .OOOh acre (A composite of four samplings of .0001 acre). H
** No cutting made of Palestine, treatment A, due to small size of plants.
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Table— 2. Relative variety yields of all clipping treatments and 

percent of total green weight obtained from each catting.

Variety
Average 

green weight

Percentage of total yield
First
cutting

Second
cutting

Third
cutting

lbs. % % %

Palestine * 12.08 61.9 29.9 12.6

Colorado "White 12.07 U9.o 39.1* 15.6

Markton 12.2? 1*6.1* 37.6 16.0

California Red lit. 80 1*8.2 1*9.8 6.0

L.S.D. 0.05 1.92

0.01 2.98
* Clipping treatment A was not included for Palestine.

iTable— 3. Forage yields of oat varieties as affected by cutting 
treatment-totals of three cuttings.

Variety
Treatment

A
Treatment

B
Treatment

C
Treatment

D
All

treatments
Lbs. libs* Lbs. Lbs. Lbs.

Palestine * 10.99 12.30 13.36 12.08

Colorado "White 11.16 11.83 12.23 13.07 12.07

Markton 11.31 12.76 12.1*0 12.70 12.29

California Red 13.97 19.56 13.91 16.16 11*. 80

L.S.D. 0.09 .75 .75 .75 .75 1.92

0.01 1.01 1.01 1.01 1.01 2.58

* No cutting was made of Palestine, treatment A, due to small size
of plants.



20

However, total green weight yield for"Palestine in clipping treatment 

B (three clippings at onset of jointing) was significantly higher than 

the green weight yields of the other varieties, California Red green 

weight yields were significantly higher than the green weight yields 

of the other varieties in all clipping treatments.

The relative forage yield from each clipping treatment is given 

in table U. Significantly more green forage was harvested from clipping 

treatment D (first clipping after all plants were jointing and sub

sequent clippings at onset of jointing) than the other treatments..No 

significant differences were found between treatments A, B, and C.

Clipping treatment yields were not consistent from one cutting 

to another. However, there was an indicated trend of increased total 

green yields with delayed clipping. A high yield for the first cutting 

of treatment D accounts for the larger total yield. For this cutting, 

California Red and Palestine had a significantly higher total green 

yield than Markton and Colorado 'White. For the second cutting, 

treatment B yield was significantly higher than the other treatments. 

For the final cutting, clipping treatment A (first clipping prior to 

jointing and subsequent clipping at the onset of jointing) was 

significantly higher than the other treatments.

The forage yields of the four clipping treatments for each 

variety are presented in table £. The total green yield of clipping 

treatment D was significantly larger than that of clipping treatment A 

for all varieties except Markton. The lack of significant differences 

between clipping treatments for Markton indicates a sustained 

vegetative growth for the entire,sampling period.
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Table— U. Relative forage yields from each clipping treatment as 
influenced by time of clipping-means for all four varieties.

Clipping
treatment

Average 
green yield

Percentage of total yield

First
cutting

Second
cutting

Third
cutting

Lbs. % * %

A * 12.01 29.5 38.9 31.6

B 12.68 37.7 U6.9 15. U

C 12.71 55.7 38.9 5.U

D 13.82 67.2 29.5 3.3

L.S.D. 0.05

2#
0.01 1.07

* Palestine yields were not included in clipping treatment A.

Table— 5. Forage yields of clipping treatments as affected by oat
varieties-totals of three cuttings.

Clipping
treatment Palestine

Colorado
White Markton

California
Red

All
varieties

Lbs. Lbs. Lbs. Lbs. Lbs.

A * 11.16 11.31 13.57 12.01

B 10.59 11.83 12.76 15.56 12.68

C 12.30 12.23 12. U0 23.91 12.71
D 13.36 13.07 12.70 16.16 33.82

L.S.D. 0.05 1.62 1.62 1.62 1.62 .81

0.01 2.15 2.15 2.15 2.15 1.07

* No cutting was made of Palestine, treatment A, due to small size
of plants.
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Experiment II. Green chop comparisons.

Green chop yield data and chemical analyses are given in table

6.
The green chop yield of Palestine vas significantly lower than 

the green chop yields of the other three varieties. There were no 

significant differences between the yields of Harkton, Colorado White, 

and California Red.

In contrast to yields, the chemical analyses indicated that 

the dry matter of Palestine oats contained a higher percent of protein 

and a larger carotene content than Markton, California Red and Colorado 

"White, Hie vitamin A values, presented as international units are 

equivalent values calculated from the carotene analyses.

Experiment IU. Hay comparisons.

The chemical analyses and dry hay yield data for the oat 

samples taken at the medium dough stage of kernel development are given 

in table 7.

There were no significant differences found between variety of 

yields. The protein content of Palestine was higher than that of the 

other varieties.
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Table 6.— Green chop yields, protein, carotene, and vitamin A content 
of four oat varieties cut at heading time.

Variety
Harvest
date

Plant
height

Plot*
yield Protein Carotene

Vitamin
A

In. lbs. % ppm Bl/lb.

Palestine 3-29 37 15.56 9 •ho 7k 55,000

Markton U-20 52 25.17 6.55 53 k0,103

California
Red

U-20 51 21.17 5.66 37 27,997

Colorado
White

U-28 51 22.76 5.10 29 22,382*'

l.S.D, 0.05 U.01

0.01 5.77

♦ Plot size .000k acre (A composite of four samplings of .0001 acre).



Table 7•— Hay yields, protein, carotene, and vitamin A content of four 
oat varieties cut at the medium dough stage of kernel development.

Variety
Harvest
date

Plant
height

Plot*
yield Protein Carotene

Vitamin 
A •

In. Lbs. % PPm Iff/Lb.

Palestine 5-3 W. 6.2$ 5.31 3.0 2315

Harkton 5-19 65 7.09 U.38 3.2 2I4.7O

California
Red

5t19 59 6.63 L.12 3.0 2315

Colorado
"White

5-2U 63 6.05 Loo - **

L.S.D. 0.05 NS'

0.01 ..... N5;.

.* Plot size .000U acre (A composite of four samplings of .0001 acre).

** Carotene and vitamin A was not found in enough concentration to 
record. This vas probably due to the exposure of the sample to full 
sunlight in drying.



DISCUSSION

Several criteria should be considered in determining the most 

suitable variety and the stage of growth at which oats should be 

pastured. These include: the time of year when pasture is desired, the 

total yield, and the quality of the pasture.

Since the seeding date in these experiments was Decea&er 6,

1955 and the first clippings were made in mid-February, the results of 

Experiment I are specific for late winter and spring pasture. Bartel 

(3), and Stanley (26), report that more growth was obtained from barley 

than oats during the months of December and January. If a continuous 

pasture program is desired, it is suggested that barley or other 

pasture should be used to supplement oats during the colder months.

The yield data reported herein show that the greater production from 

all oat varieties tested was in the period from late February through 

April.

The data used for the diagram of Fig, 6 was taken from treat

ment B of table 1, and the data used for the diagram of Fig. 7 was taken 

from the yields of Markton, table 1.

As shown in figures 6, and 7, temperature influenced the growth 

of spring oats. The maximum growth rate for varieties and clipping 

treatments was obtained in March and April when monthly temperatures 

were 60° to 65° F.

California Red produced the highest total yield and Palestine
25
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had the lowest total yield in Experiment I. Low February temperatures 

delayed growth for all varieties (there were 12 days with minimum 

temperatures of 32° F. or below in February, 1956). With the advent of 

warmer temperatures, Palestine grew rapidly, attaining its maximum 

growth rate in early March.

The growth of California Red increased at a more uniform rate 

than Palestine and maximum growth was not obtained until early April. 

Markton and Colorado White showed more early growth and maintained 

sustained growth throughout the season. Their total green weights were 

not as high as those for California Red.

The growth rate of all varieties declined rapidly in April.

This can be attributed to factors relative to the normal cessation of 

growth and plant maturity with the advent of warmer temperatures. The 

oat stem passes through two stages of development (5). In the first or 

vegetative stage, the growing points remain short, leaves grow and 

tiller buds develop at the base of short stems. During the vegetative 

stage removal of the primary growing points by clipping or grazing 

results in stimulation of lateral buds which may develop into stems.

In the second or reproductive stage erect growth occurs, the internodes 

of the stems elongate and the flower parts differentiate and develop.

In the reproductive stage the lateral buds at the stem bases lose their 

potential for development even when the main culms are removed.

For the first cuttings of this experiment, during the 

vegetative stage, the plants had the ability for rapid regrowth from 

the growing point when it was not disturbed and a somewhat slower 

growth from the tiller buds. Ivhen cut after the main stems producing



heads passed into the reproductive stage as in the later cuttings of 

this experiment, it vas not long before all stems and tillers followed 

suit and there was little regrowth.

With the exception of clipping treatment D, the last cuttings 

of California Red were made at later dates than Markton and Colorado 

White. However, the actual re growth of any substance was curtailed at 

approximately the same time. This coupled with a delayed first cutting 

resulted in a very short productive period for California Red in this 

experiment.

The total green weight of forage was increased for all 

varieties by delaying the first cutting. In treatment A, (first cutting 

prior to jointing, and later cuttings at the onset of jointing) with the 

lowest overall green yield, the first cutting was made when the plants 

had attained a height of 8 to 10 inches. A slow growth followed this 

cutting for each variety cut (Palestine was not cut at this time due to 

small size of plants). In treatment D, (first cutting after all plants 

were jointing and subsequent cuttings at onset of jointing) with the 

largest overall green weight yield, the first cutting was made when a 

height of 19 to 2U inches was reached. This treatment resulted in a 

shorter period of growth for all varieties. This was particularly true 

for California Red as there was no substantial re growth after the 

second cutting. Treatments B (three cuttings at the onset of jointing) 

and C (first cutting when 5>0 percent of plants were jointing and 

subsequent cuttings at onset of jointing) were first cut at heights of 

12 to lU inches and 16 to 18 inches respectively. A sustained regrowth 

over a longer period was obtained from these treatments. This was

Unhf. of Miizona Libracy
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especially true* for Markton and Colorado "White.

The data suggest that for farmers interested only in total 

green forage yields, clipping treatment D was the most satisfactory. 

However, there are other factors which should be considered. Although 

yields obtained from the other clipping treatments were lower than for 

treatment D, the productive period was lengthened two to four weeks by 

earlier cutting. This was true for Markton and Colorado White and to a 

lesser degree for California Red. In any event the period of sustained 

growth for Palestine was short.

Chemical analyses in both Experiment II and Experiment H I  

indicated that the protein content decreased as the harvest date was 

delayed (tables 6 and 7). A similar condition was reflected in the 

vitamin A and carotene content of varieties for hay in Experiment H. 

Palestine was cut three weeks earlier than any other variety when 

harvested for green chop comparisons and over two weeks earlier than 

any other variety when cut for hay. The higher level of protein from 

Palestine in each instance indicates that the development of the later 

maturing varieties in warmer temperatures 'had: some influence on their 

reduced protein content. Many others have reported a similar decrease 

in protein and carotene content as the grazing season advances and 

the plants develop under high temperatures (7# lU, 20, 21*, 27). It is 

apparent that any decrease in protein and carotene content is likely 

to be accompanied by a decrease in palatability and digestibility.

The results discussed herein indicate considerable variation 

in varietal growth response to conditions 6f this study. From 

experience gained in these experiments, it is suggested that in
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subsequent pasture studies of this type planting should be earlier in 

the fall (late September or early October). Also, dry matter, protein, 

and vitamin A values should be obtained as well as the green weight 

data presented in this thesis.



SUMMARY

The influence of four clipping treatments at various stages of 

growth on the subsequent regrowth of four spring oat varieties was 

studied at Mesa, Arizona in the winter and spring of 1956,

Oats that were clipped for the first time prior to jointing, 

with two subsequent clippings at the onset of jointing, produced the 

lowest total green forage yields but provided the longest grazing 

season. As clipping treatments were deferred, the grazing period became 

shorter, but a greater total green forage yield was obtained.

After a slow early growth, California Red responded to warm 

temperatures in late March and April, and produced the highest total 

green weight. Palestine exhibited a very vigorous growth for a short 

period, but the total green weight was low. Markton and Colorado "White 

produced the most sustained green forage growth throughout the winter 

pasture season.

Considering the economics of pasture production, it is suggest

ed that a sustained growth of green forage over a longer grazing period 

is desirable. An extended pasture program of this type would tend to 

increase the protein and carotene content of the green pasture feed.

Samplings were made at the early heading stage of growth to

compare oat varieties for green chopping. Markton produced the highest

green weight yield, followed by Colorado White and California Red

respectively. Although the protein and carotene content of Palestine
32



was higher than the other varieties, the total green weight was 

relatively low. The protein and carotene content of Markton oats was 

higher than that of Colorado "White and California Red.

There was no significant varietal differences in dry hay 

yields. The protein content of the hay from Palestine oats was higher 

than that for Markton, California Red, and Colorado White. Palestine's 

high level of protein was attributed to its maturing in cooler 

temperatures.

These experiments indicate that California Red oats produces 

the most total green weight under simulated grazing. However, Markton 

oats when grazed near the onset of jointing produces a more sustained 

growth over a longer grazing period and the most satisfactory spring 

oats pasture under the conditions of this study. Markton oats also 

produced the highest yield of green chop feed and high yields of good 

hay.
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APPENDIX A

The .basic analysis of variance for experiment I.

Source of variation 

Replications 

Varieties 

Cuttings

Varieties X cuttings

Degrees of freedom

3

3
2
6

Replications X cuttings 6

Replications X varieties 9 >

Replications X varieties X cuttings 18/
Pooled error A 33 <

Clipping treatments 

Varieties X clipping treatments 

Cuttings X clipping treatments 

Varieties X cutting X clipping treatments 

Error B

3

9

6
18

8U

(excluded for missing plots in clipping treatment A 
and composited replications in the third cutting).

Total

2U
191
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APPENDIX B

The basic analysis of variance for experiments H  and III.

Source of variation

Replications

Varieties

Error

Total

Degrees of freedom 

3 

3 
9

15

38.


