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A field experiment was conducted to study the influence of cut- 

ting treatments on the yield and quality of non -irrigated alfalfa in 

western Oregon. 

Spring clipping treatments included (1) not clipped, (2) clipped 

when 6 inches high and (3) clipped when 12 inches high. The hay har- 

vest criteria were (1) near full light interception by the vegetative 

canopy, (2) crown bud stage and (3) one -tenth bloom stage. Combina- 

tions of these criteria included first hay harvest based on light inter- 

ception followed by either of the other criteria at subsequent harvests, 

and first harvest based on crown bud development in combination with 

one -tenth bloom criterion for subsequent harvest. 

Two alfalfa varieties, Vernal and Du Puits, were subjected 

to each of the 18 treatments (6 x 3 in all combinations). 

/,,-.-tJL Yd 



Results of one growing season indicated that the influence of 

spring clipping was not reflected in yield of dry matter (hay) except 

at the relatively small third harvest when spring clipping showed a 

deleterious effect. The yields obtained by the spring clipping were 

sufficient to offset the reduction at the third hay harvest. It was 

observed that the total yields for the season did not differ. 

Cutting at the one -tenth bloom stage showed an advantage in 

yield but with a greatly reduced crude protein percentage. Cutting 

on the basis of nearly complete light interception resulted in harvest 

at an immature stage in early May and at a very mature stage in late 

season. Highest yields, with leafiness and crude protein suitable for 

high quality hay, were obtained by cutting at the crown bud stage 

throughout the season, or by taking the first harvest on the basis of 

light interception and subsequent harvests on the basis of either 

crown buds or one -tenth bloom. 

The varieties produced approximately the same total for the 

season. Vernal was slightly leafier than Du Puits at the second and 

third hay harvests. 

A highly significant negative correlation was found between 

yield of dry matter and percentage protein and between yield of dry 

matter and leaf -stem ratio. The correlation between percentage 

protein and leaf -stem ratio was significant and positive. 
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THE INFLUENCE OF CUTTING TREATMENTS ON YIELD AND 

QUALITY OF TWO ALFALFA (MEDICAGO SATIVA L.) VARIETIES 

INTRODUCTION 

Alfalfa (Medicago sativa L.) is a widely grown herbaceous 

perennial legume. It is grown throughout the world and is most pro- 

ductive in those areas with deep, fertile, well- drained soils that are 

not strongly acid. 

In the United States, alfalfa is the most important forage spe- 

cies, with a total acreage of over 30 million acres. It is often 

referred to as the "queen of the forage crops" because of its many 

advantages relative to other forage species. Some of these advan- 

tages include higher mineral and vitamin content, higher total feed 

value, often higher total yield and deeper root system. 

Alfalfa is an important legume crop in western Oregon with 

over 40 thousand acres in production. The acreage is increasing in 

the Willamette Valley. In most cases in western Oregon, relatively 

high production can be obtained, and there apparently are no serious 

production problems. There are problems, however, in regard to 

utilization of the feed produced. The major utilization problem is 

that of conserving the first harvest in May or June with suitable 

nutritional quality. 

Traditionally, on the basis of very much experimentation and 
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experience in the United States and other countries, alfalfa is har- 

vested at the one -tenth or early bloom stage. Western Oregon is 

rather unique in that, because of light and temperature conditions, 

alfalfa does not commence flowering until mid June. At the same 

time, temperatures are suitable for spring growth by late March. 

For the early Flemish type (Du Puits variety) growth commences 

in early March. Thus, by the time of early bloom stage in June, 

there is a heavy production, lodging is usually evident, lower leaves 

are yellowing and the humid dark condition near the soil surface has 

interfered with bud development and promoted diseases. The nutri- 

tional value of the crop is greatly decreased, apparently by leaf loss 

and by the very large size of stems. 

Another criterion often used to indicate the proper time for 

alfalfa harvest is the development of crown buds under the canopy. 

These buds represent the early growth of the succeeding crop, and 

when they are 1 -2 inches high and growing, it is presumed the stand- 

ing crop should be removed. This stage of development in alfalfa in 

the Willamette Valley occurs about mid -May and about four weeks 

before early bloom. Because of unfavorable hay- curing weather, 

harvest in mid -May would necessarily be for silage (either pure 

alfalfa or alfalfa -grass) or by grazing, in which case grass should 

be grown with the alfalfa to help prevent bloat in the grazing animals. 

However, even with the crown bud criterion for harvest in 
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mid -May, there is still considerable leaf yellowing, and leaf drop by 

the time of this stage of development, thus representing a possible 

loss in quality and quantity. This suggests insufficient light intercep- 

tion in the lower canopy, in which case harvest even earlier than 

crown bud development might be advantageous in terms of total yield 

and quality. 

Finally, there is the approach to the problem through utilization 

of the early growth in March, thereby deliberately delaying the first 

hay crop maturity until June when weather is more suitable. This 

idea is already in practice to a limited extent by grazing new - growth 

alfalfa with sheep in March. There is no information available re- 

garding subsequent loss in yield as a result of early grazing. 

A field experiment conducted in the Willamette Valley and 

reported herein was designed to determine effect on quality and quan- 

tity of the harvested crop when three criteria for harvest date were 

used- -near 100 percent light interception by the upper canopy, crown 

bud development, or one -tenth bloom stage. These criteria were 

carried through the entire growing season on respective plot areas. 

In addition, the more drastic or earlier cutting schedule at first 

harvest were followed also by the less drastic treatments to deter- 

mine if, when alfalfa is cut prematurely at first harvest, it recovers 

during the season when allowed to mature to crown bud or one -tenth 

bloom stage in subsequent harvests. 
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The three criteria for cutting date, straight throughout the 

season and in various combinations, were carried out in combination 

with either no early spring clipping or with spring clipping (simulated 

grazing) at two heights (6 and 12 inches) to determine the influence of 

spring clipping in delaying hay harvest for each of the three criteria 

and to study the effect of the early spring clipping on subsequent 

yield for the season. 
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REVIEW OF LITERATURE 

The time of season and frequency of removal of topgrowth of 

alfalfa have been considered very important management factors for 

many years. There is not complete agreement regarding the proper 

stage of maturity for harvest in order to obtain maximum yield 

although there is general agreement that continued cutting at an im- 

mature stage will have a detrimental effect on vigor and stand. 

Influence of spring clipping: Canode (10, p. 10) working with 

irrigated alfalfa in the Snake River Valley of Idaho and with non - 

irrigated alfalfa in northern Idaho, concluded that spring clipping at 

4 -10 inches height could be used to delay the first hay harvest for 

better curing weather. There was no reduction in the subsequent 

seasonal yield. 

Jackobs (30, p. 132 -135) reported that in the Yakima Valley, 

Washington, under irrigation, spring clipping had little or no effect 

on seasonal yields during the current or subsequent years. Spring 

clipping was considered useful in providing staggered harvest dates 

for dehydration purposes. 

In the Midwest of the U. S., Willard (55 p.695 -602) pointed out 

that first hay harvest can be delayed one or two weeks by spring 

clipping at 4-12 inches height, but the yield for the season was re- 

duced slightly under irrigation and up to 25 percent without irriga- 

tion with accompanying loss of stand. Results from northern Illinois 
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with five alfalfa varieties (47, p. 47) showed that spring clipping did 

reduce total yields during the season although the residual effect, as 

reflected in hay production the following year, was negligible. 

Criteria for time of hay harvest: The criteria most generally 

accepted for alfalfa harvest is early or one -tenth bloom. Cutting 

perennial legumes at near maturity is considered to be favorable for 

the accumulation of carbohydrate reserves and the maintenance of 

plant vigor and productivity. The carbohydrates are of prime im- 

portance since they are the most readily available source of energy 

for growth and other metabolic processes (50, p. 65 -75). There- 

fore, cutting during a period of low carbohydrate reserves is con- 

sidered to be detrimental to the plant. The trend of reserves as 

related to stage of maturity and cutting have been closely followed 

by Graver, et al. (24, p. 9 -27), Grandfield (26, p. 707), Graumann, 

et al. (23, p. 36 ), Smith (50, p. 65 -75), Reynolds and Smith (45, 

p. 333 -336), Janssen (32, p. 895 -911), and Willard (55, p. 595 -602). 

Troughton (53, p. 94 -102) and May (37, p. 329) have thoroughly 

reviewed the work on carbohydrate reserves in forage plants. 

The level of carbohydrate reserves and yield of dry matter, 

as influenced by stage of maturity or time of cutting, and reported 

by the workers mentioned above, are very closely and positively 

correlated. The cutting schedule designed to provide for repeated 

build -up of reserves also provides for maximum yield of dry matter. 



7 

In this study, yield of dry matter alone was taken as a measure of 

plant vigor and therefore the trends of carbohydrate reserves were 

not evaluated. 

On the basis of stage of maturity, recommended cutting sched- 

ules vary from bud stage to full bloom. Earlier reports favored 

cutting at full bloom (21, p. 273; 42, p. 100 -113; 2, p. 695). Dudley 

(20, p. 50) reported from Kansas that cutting at the one- fourth bloom 

was the most profitable. 

The results of many workers indicate that cutting at one -tenth 

bloom gives the best yield. This criterion of harvest time was sug- 

gested by Jacks (31, p. 11) for Arkansas, Kiesselbach (33, p. 65) 

for Nebraska, Dudley (20, p. 52 -54) for Kansas and Smith (50, 

p. 65 -75) in the north -central area. In the latter area, cutting at 

one -tenth bloom of Vernal and Ranger varieties provided three har- 

vests and better quality and quantity than the system of two harvests 

at full bloom stage. In either case, the last crop must be taken 

before the critical autumn period. 

The flower bud stage of maturity of alfalfa occurs approxi- 

mately a week before the one -tenth bloom stage of maturity, depend- 

ing primarily on environmental factors. It is that stage of maturity 

when most tillers exhibit flower buds on most branches but few if 

any buds have opened fully. Cutting at this stage has been found to 

reduce yield in many cases although occasionally first harvest at 

- 
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this stage followed by cutting at later stages is fairly common. Dent 

(16, p. 262 -271) concluded from work in England that both Provence 

and Du Puits varieties could be cut at the early bud stage with no 

apparent ill effects on plant vigor and subsequent yields. Cutting 

at the earlier stage resulted in four rather than three cuttings with 

equal total yield, better quality of hay and no impairment of carbo- 

hydrate root reserves in autumn. 

Decker, et al. (18, p. 11) found in Maryland and Rhode Island 

that, although cutting at early bud stage (10% buds formed) reduced 

total yield, cutting at the full bud stage gave equal yields and higher 

quality than cutting at the one -tenth bloom stage. Jackobs (30, 

p. 132 -135), working with Ladak alfalfa under irrigation in the 

Yakima Valley, Washington, used intervals in days as a variable in 

cutting, with intervals of 25, 29, 33, 37, and 41 days. The reduction 

in yield was less than expected from the shorter interval. The dif- 

ferences in yield from short and long intervals were less the second 

year than the first year. The progressive decrease in yields follow- 

ing frequent cutting as reported by Nelson (42, p. 100 -113) in 

Wisconsin did not occur. Plots clipped every 25 days in 1947 pro- 

duced 58. 2% as much forage as those cut every 41 days. The same 

plots, on the same schedule, produced 66. 6% as much forage as 

the 41 -day plots in 1948. Very little reduction in vigor was noted 

among treatments when harvested at the same time in 1949. 
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The 25 -day interval was similar to a pre -bud stage; the 41 -day inter- 

val was similar to the late flower stage with the bud stage occurring 

at about 35 days interval. Because of the differential reaction of al- 

falfa to cutting treatments in Wisconsin and Washington, Jackobs 

concluded that management practices not suited to areas where alfalfa 

is not well adapted may be safe to use where alfalfa is well adapted. 

More recent results have shown that one cutting may be made 

at an immature stage if one or more subsequent cuttings are delayed 

to a more mature stage. Reports from Maryland (38, p. 10; 39, 

p. 37) indicate best yields of dry matter and quality when the first 

cutting is taken at the bud stage with second and third cuttings taken 

at the one -tenth to one -half bloom stage. Cutting prior to full bud 

stage decreased yields and stands. Buller, et al. (7, p. 32), work- 

ing with alfalfa at high elevations in Mexico, reported most production 

over a 7 -month period by cutting any time between 50 percent bud 

stage and one -tenth bloom. 

There have been investigations of alfalfa cutting schedules or 

times, based on calendar dates or interval in days between cuttings, 

as reported previously regarding the work of Jackobs (30, p. 133). 

Denis, et al. (17, p. 617 -623) obtained best yields of alfalfa by cutting at 

either 4- or 6 -week intervals. Weir, et al. (54, p. 5 -19) cut alfalfa 

at different intervals for 25 weeks following first cutting. First cut- 

ting yields the following year were reduced as a result of 3 and 4 
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week cutting intervals the previous year. Poulton (44, p. 19) sug- 

gested a regrowth period of 8 weeks for alfalfa in Maine in order 

to obtain high production and to fit the utilization into a forage manage- 

ment program. 

A schedule of harvest based on days interval or calendar days 

becomes unrealistic outside a small area or a particular set of condi- 

tions. It is the stage of maturity and the related physiological condi- 

tion of the plants that is important. Days interval is reliable only as 

they serve as a guide for a pre -predetermined physiological condition 

of the plants. This varies with environmental conditions of light and 

temperature and possibly moisture and soil fertility as well as with 

variety and previous treatment. There are situations where days 

interval could be a more reliable guide than stage of maturity. 

Crowder, et al. (12, p. 128 -134) , working with alfalfa in the high 

Andes of Colombia, found that flowering of alfalfa was an unreliable 

guide to physiological maturity. Under environmental conditions 

there, flowering is sporadic and erratic. Plants tend to remain in a 

vegetative stage and are cut throughout the year. Highest yields were 

obtained at cutting intervals of 11-13 weeks. A compromise of slight- 

ly reduced yield and improved quality was obtained by 9 -week cutting 

intervals which also coincided with crown bud development. Buller, 

et al. (7, p. 32) found that at cooler and higher elevations in Mexico 

climate and foliar diseases often interfere with flowering. In this 
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case, it was recommended that the maximum interval for maturity 

be considered as 40 days. 

That stage of development when crown buds for the succeeding 

crop have grown to 2 -4 inches has been recommended as the most 

advantageous time of cutting. Wing (58, p. 418) recommended cutting 

alfalfa in the eastern states when the new buds or shoots appear at the 

crowns. This stage of cutting was further advocated by Salmon, et al. 

(47, p. 46) and Kiesselbach and Anderson (34, p. 65), although in 

most cases this stage coincided with the one -tenth bloom stage. 

Burlison, et al. (8, p. 433) reported that the crown bud stage oc- 

curred several days before one -tenth bloom. In Colombia, the crown 

bud stage (buds 2 inches high) occurred at the 9 -week interval when 

few buds or blooms were present. 

Light interception in the canopy of alfalfa apparently has not 

been used as a criterion for harvest. Brougham (5, p. 449-.459) de- 

termined the relationships between light interception and leaf area in 

the regrowth of pure stands of three grasses and of white clover. 

Examination of growth curves following defoliation suggested that an 

important stage in growth was reached when the leaf area was suffi- 

cient to intercept most of the incident light energy. Until this stage 

was reached, the growth rate increased; thereafter, it was constant, 

finally declining. It was found also that light penetration varied with 

the elevation of the sun and cloudiness. The leaf area index (LAI) of 
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white clover at full light interception was 3. 5 compared with 7. 1 for 

perennial or short - rotation ryegrasses. This is because of the size, 

shape and position of the clover leaves compared with grass leaves. 

Alfalfa leaves have a position similar to white clover and would be 

expected to form a canopy that might provide nearly complete inter- 

ception of incident light. 

Since the angle of elevation of the sun is important in this re- 

gard, percentage light interception would be expected to vary accord- 

ing to season or time of year as well as with time of day. In other 

words, the amount of foliage or dry matter required for over 95% 

light interception in June should be more than that required for 95% 

interception later in the season. 

In reviewing the significance of leaf area, Donald and Black 

(19, p. 1 -6) concluded that it was evident that the development of a 

leaf system capable of intercepting a high proportion of the incoming 

light energy is of great importance in the growth of field crops; at 

values of LAI below this level, maximum growth rate cannot occur. 

On the other hand, at higher values of LAI, mutual shading of leaves 

may result in a reduction in the growth rate of the crop; i. e. , inter - 

specific competition for light. These higher values of LAI were re- 

ferred to as the critical leaf area index. 

In more recent work, Brougham (6, p. 449 -459) examined the 

growth of white clover at the critical leaf area index. This work 
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was prompted by observation of yellowing of clover leaves under an 

undisturbed canopy. The overall effect of the many processes involved 

in leaf development resulted in a state of dynamic equilibrium between 

the environment and leaf growth such that light was continually inter- 

cepted at near 100%. All the environmental factors were effective in 

growth control with temperature and moisture setting the extreme 

limits. Even though energy conversion through photosynthesis was 

maintained at a maximum for the conditions, there were periods of 

negligible dry matter gains because of continual losses that occurred 

through tissue senescence and decomposition. 

In the case of alfalfa in western Oregon, the fact that lower 

leaves are noticeably more yellow in spring (May) than at later cut- 

tings is an indication that light interception is related to the higher 

rate of senescence of leaves. In May, temperature and moisture are 

very favorable for growth and the soil nutrient status is kept at a rela- 

tively high level. Unlike white clover, where auxiliary leaves are 

formed under the canopy at l-500 foot -candles of light, new alfalfa 

leaves are formed on upper terminal branches. The yellowing leaves 

represent an older physiological age. 

If alfalfa follows a growth curve similar to white clover, full 

light interception represents that part of the cylce where the rate of 

growth is decreasing. Removal of the canopy would be followed by 

a large -scale alteration of processes associated with leaf development 
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and a rapid readjustment of the leaf canopy to a state of equilibrium 

with the light environment. This maintenance of alfalfa at the most 

rapid rate of growth during May should be of importance in western 

Oregon, in terms of yield of dry matter, since the most favorable 

moisture supply with other favorable factors occurs during this part 

of the season. 

Cowet, et al. (13, p. 432 -434) pointed out that the percentage 

of light penetration through the canopy had no effect on crown deve- 

lopment or stem production. Thus, increase in yield after full light 

interception might be reflected through stem growth rather than leaf 

growth with the resulting decrease in quality. 

Fall cutting: Many workers have reported the detrimental effect 

from fall cutting of alfalfa. Reduction in stand and vigor apparently 

is most pronounced in the north - central states (Graver and Sprague, 

25, p. 38 -54; Willard, 55, p. 595 -602; Smith, 1956, 49, p. 75 -78; 

Jackobs, 1960, 29, p. 92 -99; and Kust, et al. , 35, p. 267 -269). 

Jackobs found some reduction in vigor from fall cutting in Washington 

but no loss of stand and very little reduction in yield the subsequent 

year. 

Cutting alfalfa at an immature stage just before first frost in 

autumn would allow the plants to go into the winter period with re- 

duced total available carbohydrates. Presumably, the total carbo- 

hydrates necessary for respiration during the dormant period and 
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for new regrowth in the spring would depend to a large extent on the 

length of the dormant season. 

In western Oregon, alfalfa makes some growth after first frost, 

depending on the variety. Winter -hardy varieties of the northern 

areas (Vernal) become dormant with the first one or two frosts in 

October. Du Puits continues growth at a reduced rate for about an- 

other month. In contrast, the non -hardy varieties from California 

and Arizona show little dormancy, continue growth into the middle of 

winter and are killed by low temperatures during most winters. 

Because of the differential growth pattern of Du Puits and 

Vernal, no fall cutting treatments were included. It was assumed 

that with the short, mild winters, the effect of fall cutting would be 

small. All treatments were given a final harvest (about 1 October) 

regardless of amount of growth or the stage of growth. It is com- 

mon practice in western Oregon to remove autumn growth of alfalfa 

by grazing about the time of or just after first frost. 

Height of stubble: The amount or height of alfalfa stubble left 

after cutting was not included as a variable in this study. The new 

crop of alfalfa is produced almost entirely from crown buds rather 

than from lower axillary buds on the stems. This is in contrast 

to birdsfoot trefoil (Lotus corniculatus L.) which maintains low 

carbohydrate reserves throughout the growing season and regrowth 

arises from axillary buds (Smith, 51, p. 75 -78). Beardsley and 
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Anderson (3, p. 62) reported that birdsfoot trefoil could be harvested 

frequently but not closely; alfalfa could be harvested closely but not 

frequently. 

The mower cutting bar used in this study was not elevated; the 

alfalfa tillers were cut within one inch of the soil surface. 

Quality as influenced by cutting treatments: Although chemical 

composition is not synonymous with nutritive value, relationships are 

sufficiently close that quality evaluation is often accomplished on the 

chemical basis. Protein is often used as a basis for quality evalua- 

tion of alfalfa. 

Sullivan and Garber (52, p. 6 -9) have reviewed the subject of 

plant chemical composition. There are several factors which influ- 

ence the composition: (1) species and variety differences, (2) sea- 

sonal and climatic effects, (3) soil fertility and nutrient status, and 

(4) stage of maturity of the plants. The latter factor is by far the 

most important for magnitude of change in composition, particularly 

with plants of determinant type growth like alfalfa. 

The influence of stage of growth on protein content has been 

examined by several workers. It is agreed that there is an inverse 

correlation between protein percentage and stage of growth; the high- 

est concentration of protein is found in immature alfalfa; bud stage 

alfalfa is higher in protein than one -tenth bloom which in turn is 

higher than one -fourth bloom (20, 2, 34, 4, 15, 52, 12, 7, 39, 22). 
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Some workers have related date of cutting (47, p. 46), height of stand 

(40, p. 283 -301) and interval between cuttings (30, p. 132 -135) to 

protein concentration. In the latter case, Jackobs showed that the 

interval between cuttings affected protein content only through the 

relation to yield of dry matter, which in turn was very closely related 

to stage of maturity. 

Yields of protein per acre is a product of yield and protein con- 

centration. On a practical basis, the determination of cutting sched- 

ules is a compromise between yield of forage and protein concentra- 

tion. The quality required in the feed serves as a guide in the com- 

promise. Production of high quality alfalfa leaf meal (protein and 

carotene) for poultry and swine feed requires cutting in the bud stage 

(41, p. 50). For maintenance of dry cows, much higher yield could be 

obtained by sacrificing protein concentration. Langivelle (36, p. 611- 

615) showed that the production of several minerals under different 

cutting treatments was influenced more by yield of dry matter than 

by percentage composition of the nutrient. Thus, fewer cuttings per 

season often produce more total protein per acre than more cuttings 

of higher quality (43, p. 441 -443). The reverse has been true in two 

cases (11, p. 2; 30, p. 132 -135). 

The leaves are much higher in nutrients than are the stems. 

Approximately three -fourths of the protein of alfalfa is found in the 

leaves (1); therefore, any method of harvesting which increases the 
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proportion of leaves to stems will increase the nutritive value (39, 

p. 84) . 

Leaf -stem ratio: The percentage of leaves on alfalfa plants 

decreases with advance in the stage of maturity (21, p. 273; 4, p. 

34, p. 65; 14, p. 50 -54). Small differences apparently exist among 

varieties. Enough differences exist to account for differences in 

carotene content of the entire plant (41, p. 50). Dent and Zaleski (15, 

p. 131 -140) showed that the French varieties of Flamande are rela- 

tively stemmy. They have wider and longer leaves than other varie- 

ties but thicker stems with resulting lower leaf -stem ratios on a 

green weight basis. Hittle, et al. (28, p. 82 -88) studied leafiness 

of five varieties at different stages of maturity. Vernal appeared to 

be finer stemmed and had a higher leaf -stem ratio than Du Puits. 

However, Du Puits produced sufficiently more dry matter per acre 

that, even with less percentage leaves, it produced O. 05 tons per 

acre more leaves than Vernal. Average of 16 harvests showed 

Du Puits with a leaf -stem ratio of O. 90 and Vernal with 1.06. Du 

Puits averaged 2. 67% nitrogen and Vernal 2. 80% for the entire plant. 

Rhyherd, et al. (46, p. 199 -201) reported a higher leaf -stem 

ratio in alfalfa resulting from decreased light intensity and light 

quantity. Higher percentage leaves early in season (first cutting) 

compared with later cuttings have also been reported (4, p. 5 -14). 
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MATERIAL AND METHODS 

The experiment was conducted on the Hyslop Agronomy Farm, 

near Corvallis, Oregon, during the 1963 growing season. 

The climate of Corvallis (9), which is fairly representative of 

much of the Valley, may be described as a mild subcoastal type with 

moist open winters, a dry harvest period in late summer, and a 

fairly long growing season. The average frost -free period is 217 

days, from April 2 to November 5. 

The alfalfa growing season is of similar length with growth 

commencing about 3 weeks before the last average frost date and 

practically terminating in early October. Average annual rainfall 

(1901 -1960) is 39. 24 inches. The average total for 4 months (June - 

September) is 3. 38 inches. 

The soil type at the test site is Woodburn silt loam, typically 

moderately acid and deficient in phosphorus. Lime was applied in 

1960 sufficient to reduce soil acidity to pH 6. 5 approximately. 

Phosphorus as single superphosphate was applied before seeding 

at the rate of 34.9 pounds per acre (80 pounds P205). 

The soil was severely contaminated with annual ryegrass and 

subterranean clover seeds. Eptam (EPTC) was applied at 2 pounds 

per acre about 3 weeks before seeding and disked into the soil to 

reduce ryegrass seed germination. Subterranean clover is not a 
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problem in growing spring seeded alfalfa. 

Vernal and Du Puits alfalfa varieties were seeded on June 2, 

1962, with a field drill (7 -inch rows) at the rate of 14 pounds of inoc- 

ulated seed per acre. There were three blocks of each variety, each 

block being 20 x 150 feet. Drilling was lengthwise in each block so 

that subsequent harvesting of plots would be perpendicular to the drill 

rows, thus providing more uniformity in harvesting. 

An excellent stand was obtained which was irrigated two times 

(July- August). A hay crop of approximately two tons per acre was 

removed in September. No irrigation was provided during the course 

of the harvesting study (1963) . 

The spring clipping treatments used were (1) clipped when 6 

inches high, (2) clipped when 12 inches high and (3) not spring clipped. 

These three treatments were in all combinations with the following 

criteria for harvesting: 

1. Harvested when the upper canopy intercepted near 

100% of light, referred to hereafter as 100% light. 

2. Harvested when most plants have crown buds up to 

one inch high, referred to as C.B. 

3. Harvested when approximately 10% of the stems 

show open flowers (1/10 bloom). 

4. First harvest 100% light, subsequent harvests at C. B. 
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5. First harvest at 100% light, subsequent harvest at 

1/10 bloom. 

6. First harvest at C. B., subsequent harvest at 1/10 bloom. 

The combination provided 18 treatments in a factorial arrange- 

ment. A nineteenth treatment (requiring a total randomized block 

design) was added to study the influence of repeated harvesting at 

12 inches height on quality and quantity. 

The nineteen treatments were assigned randomly within each 

variety block in individual plots of 6 x 20 feet. The varieties pro- 

vided the main plots of a split -plot design. There were three repli- 

cations in the field. See Figure 1. 

Varieties 

Du Puits alfalfa variety was developed by Tourneur Freres of 

Coulommiers, France, released to European farmers in 1937 and 

received for testing in United States in 1947. It was improved by 

Etienne J. Vitrac. Its unique characteristics are winter hardiness, 

early growth in spring and rapid recovery after harvest. It is 

relatively stemmy, upright in growth and moderately resistant to 

certain foliar diseases, although susceptible to crown rots and 

bacterial wilt. See Figures 3 and 4. 

Vernal is a synthetic variety developed by the Wisconsin Agri- 

cultural Experiment Station and the United States Department of 
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iNktg 1. General view of tests plots. 

Figure 2. Method of measuring light interception. 
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Figure 3. Relative growth in Du Puits in early May after spring 
clipping treatments in April. 

Figure 4. Yellowing of lower leaves at the time of full light inter- 
ception in early May. 
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Agriculture. It was released in 1953. Fifty percent of the germ 

plasm was derived from six Cossack plants; the remainder was 

derived from crosses between selected plants of Ladak, Kansas 

Common and a diploid stock of Medicago falcata. It is an outstanding 

variety in forage production under hay and grazing management in 

the North - central states. It is fine - stemmed and leafly with dark - 

green foliage and broad crowns. It has a high level of winter hardi- 

ness and resistance to bacterial wilt with some tolerance to leaf 

spot and yellow leaf blotch. 

Determination of Harvesting Criteria 

To determine light interception by the alfalfa canopy, a Model 

756 Weston Sunlight Illumination meter was used. The light target 

(phototronic cells) was extended with six feet of cable and mounted 

on a wooden probe in order to obtain readings in otherwise inaccessi- 

ble places. The readings in foot -candles were taken in unobstructed 

light and then at five random locations under the foliage and about 

4 inches above and horizontal to the soil surface. When the average 

reading within a plot was less than 5% of full sunlight, the plot was 

considered ready for harvest. See Figure 2. 

The criteria of crown bud development and one -tenth bloom 

were determined by visual observation of several plants within 

the respective treatments. 
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Yields of Dry Matter 

A National sickle -bar mower (3 -foot cutter bar) was used for 

all clipping and harvesting. A swath 3 x 20 feet was removed from 

each plot and weighed; a sub - sample was obtained, weighed green, 

dried at 160oF for 24 hours and reweighed for calculation of dry 

weight yields per mower swath. 

Leaf -Stem Ratio 

When any plot was harvested, thirty stems (tillers) were taken 

at random, dried in a paper bag and the leaves then were carefully 

stripped from the stems. The ratio was obtained by dividing the 

percentage of leaf by the percentage of stem. 

Crude Protein 

Dried material used in leaf -stem ratio determinations was 

ground and used for crude protein analysis by the standard Kjeldahl 

procedure, using total nitrogen x 6.25 as a measure of crude protein. 

All analyses were carried out in duplicate determinations on all re- 

plications. 

Statistical Analyses 

In addition to material harvested at the spring clipping, there 

were three complete hay harvests and a fourth harvest for some of 
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the nineteen treatments. Complete statistical analyses of variance 

were calculated and comparisons made within each of the three main 

hay harvests. Values from spring clipping and the incomplete fourth 

hay harvest were included for analysis and treatment comparison of 

total yields, total protein and leaf production. 
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EXPERIMENTAL RESULTS 

Yields of Dry Matter 

The number of cuttings varied because of harvest criteria 

(stage of maturity) and spring clipping treatments. There was a 

varietal influence on number of cuttings, also. Du Puits is an earlier 

variety than Vernal, producing regrowth sooner after cutting and 

growing later in the season. The total number of cuttings, including 

spring clipping and late season aftermath, are shown in Table 1 

for each of the 19 treatments for each variety. There is no relation- 

ship between number of cutting and total yield of dry matter because 

the higher number of cuttings is a reflection of cutting at more imma- 

ture stages and of spring clippings of relatively low yields. Table 1 

also shows the date of each clipping or harvest. The earliness of 

Du Puits and rate of regrowth compared with Vernal is apparent in 

the dates of spring clipping. The differences are also apparent in 

dates of harvest for the various harvesting criteria used. 

The yield in pounds of oven -dry material per plot (3 x 20 foot 

harvested swath) are shown in Table 2 for all treatments and each 

variety throughout the season. The differences in weight of material 

harvested at 6" and 12" spring clippings are of no importance except 

as it contributes to total seasonal yield. The purpose of the spring 

clippings is to determine if the first hay harvest can be delayed 



Table 1. Dates of spring clipping and hay harvests, days interval between cuttings and total number of harvests for Du Puits and Vernal alfalfa 

Total No. 

Spring Hay Dates of Hay Harvest and Intervals Between Harvest 
of 

Clipping* Harvest 
Criteri a 

First Second Third Aftermath 
Cuttings * ** 

DP I V I DP I V I DP I V I DP I V I 
DP V 

6" 100% light interception 5/25 52 5/25 52 7/12 48 7/18 54 9/24 74 9/23 67 - - 4 4 

6" Crown bud 6/10 68 6/13 73 7/18 38 8/8 56 9/4 48 9/23 46 9/24 20 - 5 4 

6" 1/1 0 bloom 6/19 77 6/19 77 7/29 40 8/8 50 9/17 50 9/23 46 - - 4 4 

6" 100 %; C. B. 5/25 52 5/25 52 7/15 51 7/18 54 8/27 43 8/31 44 9/24 28 9/23 23 5 5 

6" 100 %; 1/1 0 bloom 5/25 52 5/25 52 7/12 48 7/18 54 8/19 38 9/17 61 9/24 36 - 5 4 

6" C.B. ; 1 /10 bloom 6/10 68 6/13 71 7/18 38 7/29 46 9/4 48 9/23 56 9/24 20 - 5 4 

1 2" 100% light interception 6/10 58 6/10 48 7/8 28 7/29 49 9/24 78 9/23 56 - - - - 4 4 

12" Crown bud 6/13 61 6/19 57 7/29 46 8/19 61 9/17 50 9/23 35 - 4 4 

12" 1 /10 bloom 6/19 67 6/24 62 7/29 8/19 56 9/17 50 9/23 35 - - - 4 4 

1 2" 100% plus C. B. 6/10 58 6/10 48 7/18 38 7/29 49 9/4 48 9/17 50 9/24 20 - 5 4 

12" 100% plus 1/1 0 bloom 6/10 58 6/10 48 7/18 38 7/29 49 9/4 48 9/23 56 9/24 20 - 5 4 

12" C. B. plus 1 /10 bloom 6/13 61 6/10 48 7/18 35 8/8 59 9/4 48 9/23 46 9/24 20 - 5 4 

0 100% light interception 5/15 5/15 - 6/24 40 6/24 40 7/29 35 8/19 56 9/24 57 9/23 35 4 4 

0 Crown bud 5/22 5/22 - 7/2 41 7/18 57 8/8 37 9/4 48 9/17 40 9/23 19 4 4 

0 1/1 0 bloom 6/13 - 6/19 7/15 32 8/8 50 9/4 51 9/23 46 9/24 20 - - 4 4 

0 100% plus C. B. 5/15 - 5/15 - 6/26 42 6/26 42 8/8 43 8/19 54 9/17 40 9/23 35 4 4 

0 100% plus 1/1 0 bloom 5/15 - 5/15 - 6/26 42 7/2 48 8/8 43 8/19 48 9/24 47 9/23 35 4 4 

0 C. B. plus 1 /10 bloom 5/25 - 5/29 - 7/2 38 7/18 50 8/19 48 9/4 47 9/24 36 9/23 19 4 4 

0 At each 12" height 5/22 39 5/22 29 6/19 28 6/26 35 7/29 40 7/29 33 8/27 29 9/4 37 6 6**** 

* The 6 -inch spring clipping date was April 3 for Du Puits and Vernal. The 1 2-inch spring clipping dates were April 13 for Du Puits and April 
23 for Vernal. 

I indicates days interval between cuttings. 

Includes any spring clipping and aftermath. 

The 19th treatment was cut with the regular 12" 
23 Sept. 

spring clipping treatments and at 5 subsequent dates. The last harvests (6th) were made 

- - 

- 

- - 

- 

- 

- - - 
- 

- 

- 

- 

- 

- 

- 

00 

non 

* * ** 



Table 2. The effect of cutting treatment and variety on seasonal yields of oven -dry material 
in pounds per plot. 

Spring 
Clipping 

Harvest 
Treat- 
ment Var. 

Spring 
Cutting 

1st 
Hay 

Cutting 

2nd 
Hay 

Cutting 

3rd 
Hay 

Cutting Aftermath 

6" 1 D 1.907 3.908 5.228 2. 507 - 

V 1. 557 4. 926 5. 886 1. 73 5 - 

6" 2 D 1.783 8.379 4.369 2.933 .899 
V 1.554 7.465 4.902 1.414 - 

6" 3 D 1.880 8.301 4. 144 2.476 - 
V 1.625 9.885 4.685 1.695 - 

6" 4 D 1.906 3. 516 5.215 2. 535 1.323 
V 1. 575 5.463 5.445 2.392 1. 105 

6" 5 D 1.598 3.658 5. 523 3.490 1. 560 
V 1. 668 9. 098 5. 525 1. 805 - 

6" 6 D 1.847 6.866 4.918 2.924 .761 
V 1. 534 5.024 3.911 1.236 

12" 7 D 2. 577 5.221 4. 158 2. 565 - 
V 3.336 7. 111 4.044 1.236 - 

12" 8 D 2.225 7.282 4.609 2.042 - 
V 3.492 7. 564 4.464 1.276 - N 

.c) 



Table 2. (Continued) 

Harvest 1st 2nd 3rd 
Spring Treat - Spring Hay Hay Hay 

Clipping ment Var. Cutting Cutting Cutting Cutting Aftermath 

12" 9 D 2. 545 9.096 4. 165 2.291 
V 2.980 5.694 4.663 1.012 

12" 10 D 2.471 5.461 4.379 2.889 1.044 
V 3.384 5.314 4.281 2.338 2.215 

12" 11 D 2. 166 5.760 4.673 2.726 .942 
V 3.604 5.694 4.279 1. 588 

12" 12 D 3.268 10.732 4. 104 3.490 .822 
V 3.253 6.652 3. 589 1.724 

None 13 D 3.911 7.266 3.041 2.575 
V - 4.441 5.869 3.853 1.196 

None 14 D - 5.748 4.922 3. 516 2. 185 
V 7. 812 5. 490 2. 302 . 256 

None 15 D 7. 167 4.975 3.017 .889 
V 9. 085 4. 140 1. 616 . 113 

None 16 D 4.884 6.988 3.739 2.480 
V 7.228 5. 524 3.732 1.094 

- 

- 

- 

- 

- 

- 

- 



Table 2. (Concluded) 

Harvest 1st 2nd 3rd 
Spring Treat - Spring Hay Hay Hay 

Clipping ment Var. Cutting Cutting Cutting Cutting Aftermath 

None 17 D - 4.797 5.987 3.815 1.956 
V - 4.718 6.324 3.732 1.399 

None 18 D - 6.830 4.621 4.256 1.618 
V 7.228 5.292 3.690 .826 

None 19 D 3. 302 1. 517 2. 285 2. 349 1. 018 
(6 cuttings) V 3. 004 1. 577 1. 802 2. 279 . 576 

D . 896 
V . 576 

- 
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without decreasing total yield. See Figure 3. 

Similarly, the yield of aftermath growth is usually insufficient 

for harvesting except by grazing. The significance of aftermath 

yields is reported and discussed in connection with total seasonal 

yields. 

The yields of dry matter for various treatments can be studied 

best by reference to yields in accordance with treatments and by 

cuttings. Analyses of variance were calculated for each of 3 hay 

harvests and then for total seasonal yields with the material har- 

vested in spring clippings and aftermath included. 

For the first hay harvest, varieties did not differ in yields. 

Du Puits yielded 6. 195 pounds for all treatments averaged while 

Vernal yielded 6. 654 pounds. It should be pointed out that the length 

of growing season (interval between cuttings, Table 1) was similar 

for the varieties. Vernal was later in commencing growth and the 

spring clipping dates were later than for Du Puits, but the first hay 

harvest was correspondingly delayed in order to cut both varieties 

by similar criteria. 

First hay harvest yields are shown in Table 3. The complete 

analysis of variance is included in Appendix Table 1. There was no 

difference in hay harvests as a result of spring clipping treatments. 

The yields resulting from the different time of harvest criteria were 

highly significantly different. For the first harvest, treatments 



Table 3. Yields in pounds of dry matter per plot for first hay harvest. 

Spring 
Variety Clipping 

Hay Harvest Criteria 
Spring 

Clipping 
Ave. 

Ave. 
2 Var. 1 2 3 4 5 6 

Du Puits 6" 3.908 8.379 8.301 3. 516 3.658 6.866 5.771 

12" 5.221 7.282 9.095 5.461 5.760 10.732 7.259 

None 3.911 5.748 7. 167 4.884 4.797 6.830 5. 556 

Ave. 4.347 7. 136 8. 188 4.620 4.738 8. 143 6. 195 

Vernal 6" 4.926 7.465 9.885 5.488 4.198 9.098 6.843 6.307 

12" 5.024 7. 111 7. 564 5.314 5.694 6.652 6.227 6.745 

None 4.441 7.812 9.085 4.742 4.718 7.228 6.338 5.947 

Ave. 4.797 7.463 8.845 5. 181 4.870 7.659 6.469 

Total Ave. 4. 572 7.299 8.517 4.901 4.804 7. 981 6. 332 

Standard error of differences between harvest means = 0. 400 

L. S. D. 5% (harvest means) = 0. 800 

L. S. D. 1% (harvest means) = 1. 060 



34 

1, 4 and 5 were cut at 100 percent light interception and all had the 

same previous treatments included. These treatments averaged 

4. 759 pounds per plot compared with the average of the crown bud 

treatments (2 and 6) of 7. 760 and 9. 072 pounds for the one -tenth 

bloom treatment. The yields of the three main harvest criteria dif- 

fered at the 0. 01 level of significance in the order shown above. 

There was a significant interaction of spring clipping treatments 

with varieties (Table 4, Appendix Table 1). Vernal was more pro- 

ductive than Du Puits with either 6 -inch or no spring clipping. Du 

Puits was more productive than Vernal with 12 -inch spring clipping. 

The 12 -inch clipping was the least deleterious for Du Puits and the 

most deleterious for Vernal. 

The second hay harvest times varied from late June to early 

August, depending on the criteria for cutting. Days interval since 

first harvest ranged from 32 days (Du Puits at 1 /10 bloom without 

previous spring clipping) to 61 days (Vernal at crown bud stage with 

a previous 12 -inch spring clipping and hay harvest). 

The yields of dry matter for the second hay harvest are shown 

in Table 4 and the analysis of variance in Appendix Table 2. As in 

the first hay harvest, varieties averaged the same yield. As before, 

the yield differences resulting from the harvesting criteria were dif- 

ferent, with the trend in the reverse direction. In the second har- 

vest, the lowest yield came from the one -tenth bloom plot (which 

- 



Table 4. Yields in pounds of dry matter per plot for second hay harvest. 

Spring 
Variety Clipping 

Hay Harvest Criteria 
Spring 

Clipping 
Ave. 

Ave. 
2 Var. 3 4 5 6 

Du Puits 6" 5. 228 4. 369 4. 144 5. 523 4. 918 4. 899 4. 899 

12" 4. 158 4.609 4. 165 4.379 4.673 4. 104 4.348 

None 7.266 4.922 4.975 6.988 5.987 4.621 5.793 

Ave. 5.550 4.633 4.428 5.527 5.394 4.547 5.013 

Vernal 6" 5.886 4.902 4.685 5.445 5.525 3.911 5.059 4.979 
12" 4.044 4.464 4.663 4.281 4.279 3. 589 4.220 4.284 

None 5.869 5.490 4. 140 5.524 6.324 5.292 5.439 5.616 

Ave. 5.266 4.952 4.496 5.083 5.376 4.264 4.906 

Total Ave. 5. 576 4. 793 4. 462 5.305 5.385 4. 088 4. 959 

Clipping Harvest 
Standard error of differences between treatment means . 137 . 194 

L. S. D. 5% means . 274 . 388 

L. S. D. 1% means . 363 . 514 

1 2 
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was previously cut at the crown bud stage, treatment 6). The one - 

tenth bloom cutting at both harvests (treatment 3) also yielded rela- 

tively low. The highest yields were obtained from the plots where the 

first harvest was based on light interception with second harvest 

based on any of the three criteria (treatments 1, 4 and 5). 

Spring clipping showed an effect on hay yields at the second hay 

harvest (Table 4). Twelve -inch spring clipping decreased yields 

compared with no spring clipping; six -inch clipping was less effective 

in decreasing yields. 

A significant interaction occurred between spring clipping and 

hay harvest. Harvest treatments which were cut according to light 

interception at first harvest (treatments 1, 4 and 5), yielded most at 

second harvest if not spring clipped or clipped at six inches. This 

influence was not observed with 12 -inch spring clipping; all treat- 

ments yielded similarly (Table 5). 

The third harvest yields are shown in Table 6. This was the 

first example of a difference in average yield between the two varie- 

ties with Du Puits yielding considerably more than Vernal. 

The analysis of variance (Appendix Table 3) showed that in 

addition to variety difference, there was also a significant difference 

among the spring clipping treatments, among the harvest criteria 

as in the previous cuttings, and, in this case, a harvest criteria x 

variety interaction. Table 6 shows the deleterious effect of spring 



Table 5. The differential response of alfalfa to harvest criteria as a result of previous spring 
clipping (spring clipping x harvest criteria interaction). Yield in pounds per plot of 
dry material. 

Spring 
Clipping 

100% CB 
Hay Harvest Criteria 

1/10 100%; CB 100%; 1/10 CB; 1/10 
1 2 3 4 5 6 

6" 5. 557 4. 636 4.415 5. 330 5.330 4.415 

12" 4.101 4.537 4.414 4.330 4.330 3. 847 

None 6. 568 5. 206 4. 558 6.256 6.256 4.957 



Table 6. Yields in pounds of dry matter per plot for third hay harvest. 

Spring 
Variety Clipping 

Hay Harvest Criteria 
Spring 

Clipping 
Ave. 

Ave. 
2 Var. 1 2 3 4 5 6 

Du Puits 6" 2. 507 2. 933 2. 476 2. 535 3. 490 2. 924 2. 810 

12" 2. 565 2.042 2.291 2.889 2.726 3.490 2.667 

None 3.041 3. 516 3.017 3.739 3.815 4.256 3. 564 

Ave. 2.704 2.830 2. 595 3.054 3.343 3.556 3.014 

Vernal 6" 1.735 1.414 1.695 2.392 1.805 1.236 1.712 2.261 

12" 1.697 1.276 1.012 2.338 1.588 1.724 1.606 2.137 

None 3.719 2.302 1.615 3.732 3.690 2.279 2.889 3.227 

Ave. 2. 383 1. 664 1. 441 2. 821 2. 361 1. 746 2. 069 

Total Ave. 2. 544 2. 247 2. 018 2. 938 2. 852 2. 651 4. 591 

Variety Clipping Harvest 
Standard error of differences between treatment means . 083 . 144 . 204 

L. S. D. 5% means . 166 . 288 . 408 

L. S. D. 1% means . 220 . 382 . 541 

m 
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clipping at either 6 or 12 inches compared with no spring clipping. 

Among the harvest treatments, those with light interception criterion 

at any time during the season (treatment 1, 4 and 5) again showed to 

advantage. The varieties reacted differently to harvest treatments in 

that Vernal accounted for the response to the light interception treat- 

ments (no. 1, 4 and 5) . 

Total seasonal yields are shown in Table 7. The yields include 

dry material harvested in spring clipping, the three regular hay har- 

vests and any aftermath. The statistical analysis is shown in Ap- 

pendix Table 4. 

For the season, the varieties yielded the same and there was 

no influence of spring clipping on yields. The only significant differ- 

ences were among the harvest treatments. 

Cutting on the basis of light interception throughout the season 

resulted in yields significantly lower than any other treatment. 

Treatment no. 19 was cut each time the average height within 

a plot was approximately 12 inches. Average yields for the season 

for both varieties (6 cuttings) are shown in Table 7. This treatment 

was not included in the analysis of variance calculation which would 

necessitate a complete calculation as a randomized block design. 

It was obvious that the yields were relatively low. 



Table 7. Total seasonal yield of dry matter per plot, including_ yields from spring clipping, 
three hay harvests and aftermath, in pounds of oven -dry material per plot. 

Variety 
Spring 

Clipping 
Hay Harvest Criteria 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 1 - 2 3 4 5 6 

Du Puits 6" 13. 550 18. 363 16. 801 14. 495 15. 829 16. 957 15. 999 

12" 13. 998 16. 407 18. 695 16. 081 17. 031 21. 967 17. 363 

None 17. 268 16. 371 16. 048 18. 091 16. 555 17. 325 16. 943 

Ave. 14. 938 17. 047 17. 181 16. 222 16. 471 18. 749 16. 768 

Vernal 6" 14. 104 15. 335 17. 890 15. 980 17. 796 11. 705 15. 468 15. 733 

12" 16. 188 16. 796 14. 349 17. 582 15. 165 15. 218 15. 883 16. 623 

None 15. 225 15. 860 14, 954 17. 568 16. 131 15. 625 15, 894 16. 419 

Ave. 15. 172 15. 997 15.. 731 17. 043 16. 364 14. 182 15. 748 

Total Ave. 15. 055 16. 522 16. 456 16. 633 16. 417 16. 465 16. 258 

Standard error of differences between harvest means . 541 

L. S. D. 5% (harvest means) 1. 082 

L. S, D. 1% (harvest means) 1. 434 

Treatment 19 (cut all season at 12 inches) yields: Du Puits - 11. 367 
(not included in statistical analysis) Vernal - 9. 814 
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Protein Concentration 

The protein concentration (percentage) in alfalfa for each treat- 

ment for first, second and third harvests is shown in Tables 8, 9 

and 10, respectively. 

The analysis of variance of each of the harvests is shown in 

Appendix Tables 5, 6 and 7. 

Results of the first harvest show that Du Puits was significantly 

higher than Vernal in protein content. The spring clipping treat- 

ments showed a highly significant influence. Protein content was 

reduced in alfalfa which had been previously spring clipped at 12 

inches. 

The harvest criteria treatments showed differences in protein 

that were also highly significant. The light interception treatment 

was higher in protein, followed by crown bud treatment and then by 

one -tenth bloom treatment. 

The results were very uniform as demonstrated by the values 

for treatments 1, 4 and 5, which had the same previous treatments 

and were all cut at first harvest on the basis of light interception. 

Similarly, treatments 2 and 6 had the same previous treatment and 

were both cut at the crown bud stage. 

Average protein content of the varieties was the same at the 

second harvest (Table 9). Spring clipping treatments influenced 



Table 8. The influence of spring clipping, harvest criteria and variety on the percentage 
of protein of the first hay harvest. 

Spring 
Variety Clipping 

Percentage Crude Protein on a dry- Matter Basis 

1 2 3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" 21. 64 18. 88 16.27 22. 85 23. 11 21. 50 20. 70 

12" 24. 53 21.30 15.01 21.89 22. 16 19. 73 20.77 

None 23.40 22.02 18.66 22.06 22. 18 20.63 21.49 

Ave. 23.19 20.73 16.65 22.26 22.48 20.62 20.99 

Vernal 6" 25. 11 22.95 15.65 24.64 24.38 15.05 21.29 21.00 

12" 18.43 16.37 14.37 21.08 21. 13 18.91 18.38 19. 57 

None 24.60 19. 10 15.73 23.70 24.64 19.00 21. 12 21.30 

Ave. 22.71 19.47 15.25 23. 14 23.38 17.65 20.26 

Total Ave. 22. 95 20. 10 15. 95 22. 70 22. 93 19. 13 20. 63 



Table 9. Influence of spring clipping, harvest criteria and variety on the percentage of protein 
of the second hay harvest. 

Spring 
Variety Clipping 

Percentage Crude Protein on a Dry- Matter Basis 

1 2 3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" 17. 71 19. 97 19. 91 19. 44 17.21 19.26 18. 91 

12" 20.93 18.61 19.78 19.29 19.70 21.83 20.02 

None 16.28 17.40 15.48 17.48 17.10 17.05 16.91 

Ave. 18.30 18.91 19.03 18.07 18.00 19.38 18.61 

Vernal 6" 19.97 18.94 17.48 20.20 19.23 22.43 19.70 19.30 

12" 21.66 17. 78 17.67 20.79 21.18 19.34 19.73 19.87 

None 18.95 20.02 18.80 17.91 20.36 21.45 19. 58 18.24 

Ave. 20.19 18.91 17.98 19.63 20.25 21.07 19.07 

Total Ave. 19.25 18. 91 18. 51 18.85 19. 13 20.23 19. 14 



Table 10. Influence of spring clipping, harvest criteria and variety on the percentage of protein 
of the third hay harvest. 

Spring 
Variety Clipping 

Percentage Crude Protein on a Dry- Matter Basis 

1 2 3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" 16. 65 17. 91 20. 55 18. 51 19. 09 16. 76 18. 24 

12" 17. 60 21. 23 19. 94 18. 13 18. 10 17. 76 18. 79 

None 19.27 21. 54 18.66 19. 12 21.32 17.37 19.54 

Ave. 17. 84 20. 22 19. 71 18. 58 19. 50 17. 29 18. 8 5 

Vernal 6" 19. 56 22.47 24.40 19.90 20. 57 24. 55 21.90 20.07 

12" 20.32 25. 63 25. 53 20.60 21.73 23.30 22.85 20.82 

None 17. 03 18. 71 22. 66 17. 21 16. 60 20. 11 18. 72 19. 13 

Ave. 18.97 22.27 24. 19 19.23 19.63 22. 65 21. 15 

Total Ave. 18. 40 21. 24 21.95 18. 90 19. 56 19. 97 20. 00 
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protein content. Alfalfa not spring clipped was lower in protein than 

that which was spring clipped. The lack of reaction of Vernal to 

spring clipping compared to the rather large reaction of Du Puits 

caused a significant interaction of varieties and spring clipping. 

The harvest criteria treatments differed. Treatments cut at 

full light interception at first or second harvest continued higher in 

protein at second harvest even when cut according to another crite- 

rion. A harvest criteria x variety interaction is reflected mainly by 

the drop in protein of Vernal when cut at one -tenth bloom. Du Puits 

was not influenced by the treatment. 

By the third hay harvest (Table 10), the difference in protein 

content between varieties increased to a significant amount with 

Vernal higher than Du Puits, a reversal from the first harvest. 

The spring clipping treatments showed no influence on protein 

content at the third harvest. The harvest criteria treatment influ- 

enced the protein content. Alfalfa cut at one -tenth bloom had a 

higher concentration of protein than alfalfa cut at crown bud stage 

and both of these treatments showed a higher protein level than the 

light interception treatment. 

Yield of Protein in Pounds per Plot 

If high quality hay with a minimum percentage protein is 

required, the protein concentration is the important criterion. 
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When a compromise between quality and quantity is made to produce 

a high yield of acceptable quality for more general use, the produc- 

tion of protein in pounds per acre is a useful measurement. It is the 

product of yield and protein percentage. 

Production of protein in pounds per plot for each of the three 

hay cuttings are shown in Tables 11, 12 and 13. At first harvest, 

there were no differences between varieties or among spring clip- 

ping treatments. The harvest criteria resulted in a marked reduc- 

tion in protein yield for alfalfa cut at 100% light interception (treat- 

ments 1, 4 and 5 in Table 11). 

Protein yield was similar in alfalfa cut at either the crown bud 

or one -tenth bloom stage. 

At the second harvest (Table 12), the varieties still did not 

differ in yield of protein. There were differences as a result of 

spring clipping. The 12 -inch spring clipping had a more deleterious 

effect than 6 -inch spring clipping, which in turn showed a reduction 

in comparison with no spring clipping. 

There were differences among harvest criteria treatments 

with most protein produced by the light interception treatments, 

followed by the crown bud stage and then the one -tenth bloom stage. 

This is a reverse order of differences in comparison with the first 

harve st. 

Third cutting protein yields were relatively low. This is a 



Table 11. The influence of spring clipping, harvest criteria and variety on protein yield per 
plot of the first hay harvest. 

Spring 
Variety Clipping 

Pounds of Crude Protein per Plot 

1 2 

Harvest Criteria 
3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" . 845 1.549 1.348 . 802 . 847 1.480 1. 146 

12" 1.285 1.537 1.355 1.205 1.267 2.112 1.460 

None . 905 1.264 1.320 1.077 1.055 1.408 1.171 

Ave. 1.011 1.450 1.341 1.028 1.056 1.666 1.259 

Vernal 6" 1.231 1.713 1. 539 1.357 1.027 1.355 1.370 1.258 

12" . 932 1. 157 1. 081 1. 100 1.208 1.224 1. 117 1.289 

None 1.094 1.498 1.430 1.129 1. 161 1.379 1.282 1.227 

Ave. 1.085 1.456 1.350 1. 195 1. 131 1.319 1.256 

Total Ave. 1.048 1.453 1.346 1.111 1.093 1.492 1.258 

Standard error of differences between harvest mean . 084 

L. S. D. 5% (harvest mean) . 168 



Table 12. Influence of spring clipping, harvest criteria and variety on protein yield per plot 
of the second hay harvest. 

Spring 
Variety Clipping 

Pounds of Crude Protein per Plot 

1 2 

Harvest Criteria 
3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" . 921 . 871 . 829 1.014 . 949 . 951 . 923 

12" . 871 . 855 . 824 . 839 . 919 . 901 . 868 

None 1. 183 . 894 . 865 1.082 1. 023 . 783 . 972 

Ave. . 991 . 873 . 839 . 978 . 963 . 878 . 921 

Vernal 6" 1. 174 . 928 . 818 1. 101 1.061 . 879 993 . 958 

12" . 875 . 795 . 821 . 888 . 900 . 692 . 828 . 848 

None 1.115 1.098 . 778 . 995 1.295 1.103 1.049 1.011 

Ave. 1.054 . 943 . 805 . 994 1.085 . 891 . 956 

Total Ave. 1.023 . 908 . 822 . 986 1.024 . 884 . 939 

Clipping Harvest 
Standard error of differences between means . 018 . 026 

L. S. D. 5% means . 036 . 052 

L. S. D. 1% means . 048 . 069 
Co 



Table 13. Influence of spring clipping, harvest criteria and variety on protein yield per plot 
of the third hay harvest. 

Spring 
Variety Clipping 

Pounds of Crude Protein per Plot 

1 2 

Harvest Criteria 
3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" . 411 . 526 . 508 . 468 . 669 . 491 . 512 

12" . 451 . 421 . 457 . 528 . 493 . 619 . 494 

None . 586 . 755 . 581 . 708 . 810 . 739 . 696 

Ave. . 482 . 567 . 515 . 568 . 657 . 616 . 567 

Vernal 6" . 335 . 316 . 413 . 474 . 370 . 293 . 366 . 439 

12" .344 .325 .257 .481 .349 .402 .359 .426 

None . 634 . 434 . 366 . 642 . 610 . 447 . 522 . 609 

Ave. . 437 . 358 . 345 . 532 . 443 . 380 . 416 

Total Ave. . 459 . 477 . 430 . 550 . 550 . 498 . 492 

Variety Clipping Harvest 
Standard error differences between treatment means . 007 . 028 . 039 

L. S. D. 5% means . 014 .055 . 078 

L. S. D. 1% means .018 .073 -- 
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reflection of low yields of dry matter rather than low protein con- 

centration. 

The overall difference between varieties was highly significant 

in favor of Du Puits (Table 13). A spring clipping effect was ap- 

parent. Alfalfa not spring clipped produced more protein than alfalfa 

which was spring clipped. There was no difference between 6- and 

12 -inch spring clipping. Differences among harvest criteria treat- 

ments were reflected mainly by the decreased protein yield of the 

one -tenth bloom treatment. 

The total protein production for the season, with spring clip- 

ping and aftermath protein yields included, is shown in Table 14. 

When production is totaled for the season, there were no differences 

statistically among the treatments or between varieties. 

The protein yield per plot for all treatments throughout the 

season is shown in the Appendix Table 8. The analyses of variance 

for protein yield at each cutting and for total protein yield are shown 

in Appendix Tables 8, 9, 10 and 11. 

Leaf -Stem Ratio 

Most studies regarding leafiness in alfalfa have been reported 

in leaf -stem ratio rather than percentage leaves. For this reason, 

the data were transformed from percentage leaves to leaves -stem 

ratio by dividing the weight of leaves by the weight of stems on a 



Table 14. Total seasonal yield of protein per plot including yields from spring clipping, 
three hay harvests and aftermath. 

Spring 
Variety Clipping 

Pounds of Crude Protein per Plot 

1 2 

Harvest Criteria 
3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" 2.692 2.304 1.932 2.954 3.236 3.560 2.779 
12" 3. 129 3.192 3.227 3.074 3. 589 2.611 3. 137 

None 3.165 3.367 2.974 3.385 3.288 3.313 3.248 
Ave. 2.995 2.954 2.711 3. 137 3.371 3.316 3.054 

Vernal 6" 3. 162 3.338 3. 142 3.530 2.819 2.855 3. 141 2. 960 

12" 2.918 3.597 2.971 3.402 3.429 3.174 3. 248 3. 193 

None 3.212 3.859 2.960 3.059 3.412 3. 114 3.269. 3,259 

Ave. 3.097 3.598 3.024 3.330 3.220 3. 047 3,219 

Total Ave. 3.046 3.276 2.868 3.233 3. 295 3. 104 3. 165 
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dry weight basis. A leaf-stem ratio of one indicates equal weight of 

leaves and stems or 50% leaves. A lower ratio indicates a lower 

percentage leaves and a ratio of over one indicates over 50% leaves. 

The percentage leaves for all treatments throughout the season are 

recorded in Appendix Table 12 for those more familiar with that 

method of reference. 

The leaf -stem ratios for the first hay harvest are shown in 

Table 15. The varieties did not differ in leafiness. The analysis 

of variance (Appendix Table 13) shows significant differences among 

spring clipping, hay harvest and an interaction of spring clipping and 

hay harvests. The 6 -inch spring clipping apparently had no influence 

on percentage leaves in the first hay harvest, compared with the no 

spring clipping treatment. The 12 -inch spring clipping resulted in 

a rather drastic decrease in leafiness of the subsequent hay harvests. 

The effects of harvest criteria show a significantly higher leaf -stem 

ratio for the 100 percent light interception treatments (1, 4 and 5) 

than for crown bud or one -tenth bloom treatments. 

Results of the second hay harvest showed no effects of varie- 

ties, spring clipping or harvest criteria treatments on leaf -stem 

ratio (Table 16). The varieties reacted differently from spring 

clipping treatments; Vernal was less leafy with no previous spring 

clipping than was Du Puits. 

At the third hay harvest, Vernal was much leafier than 



Table 15. The influence of spring clipping, harvest criteria and variety on the leaf -stem ratios 
of the first hay harvest. 

Spring 
Variety Clipping 

Leaf -Stem Ratios on a Dry- Weight Basis 

1 2 

Harvest Criteria 
3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" 1. 74 . 70 . 82 1.45 1.87 70 1. 21 

12" . 70 . 69 . 98 . 60 . 76 . 7 5 . 7 5 

None 1.39 1.08 . 65 1.23 1.25 . 77 1.23 
Ave. 1.27 . 82 . 82 1.09 1.29 . 74 1.06 

Vernal 6" 1.29 . 86 . 60 . 87 2. 38 . 69 1. 12 1. 16 

12" . 83 . 69 . 69 . 88 . 74 . 7 1 . 7 5 . 7 5 

None 1.22 . 7 7 . 68 1.33 1.35 1.01 1.06 1.14 
Ave. 1. 11 . 77 . 66 1.02 1.49 . 80 . 97 

Total Ave. 1.19 . 79 . 74 1.05 1.39 . 77 1.01 



Table 16. The influence of spring clipping, harvest criteria and variety on the leaf -stem 
ratios of the second hay harvest. 

Spring 
Variety Clipping 

Leaf -Stem Ratios on a Dry- Weight Basis 

1 2 

Harvest Criteria 
3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" 1.01 . 90 . 98 . 84 . 90 . 86 . 92 

12" . 90 1.04 . 97 . 94 . 77 . 91 . 92 

None 1. 67 1.02 . 90 . 81 . 74 . 74 . 98 

Ave. 1.19 . 99 . 9 5 . 86 . 80 . 84 . 94 

Vernal 6" . 98 1.11 1. 14 1.04 . 87 1.36 1.05 1.05 

12" 1.28 1.27 1.27 1.06 1.09 1. 12 1. 18 1. 18 

None . 80 . 87 1.08 . 84 . 82 . 76 . 86 . 86 

Ave. 1.02 1.08 1. 16 . 98 . 92 1.08 1.03 

Total Ave. 1. 10 1.03 1.05 . 92 . 86 . 96 . 99 
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Du Puits (Table 17). Vernal, averaged for all treatments, was ap- 

proximately 70% leaves. Spring clipping influenced the leaf -stem 

ratio. Alfalfa with previous 12 -inch spring clipping was leafier than 

alfalfa with previous 6 -inch spring clipping. Both varieties, when 

not spring clipped, showed a reduced leaf -stem ratio. Among the 

harvest criteria treatments, the alfalfa harvested on basis of light 

interception was less leafy than the other plots. 

Correlations Between Yield and Quality Factors 

The association between the variables was evaluated by 

correlation coefficients. These were calculated on the basis of the 

total season with spring clipping and hay harvest included (n equal 

432 observations). The following correlation coefficients were 

obtained: 

Yield of dry matter x protein concentration -0. 476 
Yield of dry matter x leaf -stem ratio -0. 615 
Protein concentration x leaf -stem ratio 0. 501 

The two quality factors are positively related and show a 

negative relationship to yield of dry matter. All coefficients were 

highly significant (0. 01 level of probability). 

Total Yield of Leaves 

The measures of quality in this study were based on protein 

production and leaf -stem ratio. It would be of interest, however, 



Table 17. The influence of spring clipping, harvest criteria and variety on the leaf -stem 
ratios of the third hay harvest. 

Spring 
Variety Clipping 

Leaf -Stem Ratios on a Dry- Weight Basis 

1 2 

Harvest Criteria 
3 4 5 6 

Spring 
Clipping 

Ave. 
Ave. 

2 Var. 

Du Puits 6" 1. 02 1.45 1.66 1. 13 1.43 1. 72 1.40 

12" . 89 1.87 1.33 1.32 2. 17 1.38 1.49 

None . 99 1.04 1. 38 . 99 . 97 1. 17 1.09 

Ave. . 96 1.45 1.45 1. 14 1. 52 1.42 1. 32 

Vernal 6" 2.21 2.24 2.98 2.68 2.91 2. 14 2. 52 1.96 

12" 2. 53 3. 27 2. 91 2. 64 3. 13 2. 33 2. 80 2. 14 

None 1. 2 5 1.87 1. 73 1.34 1. 13 1.91 1. 53 1. 31 

Ave. 1.99 2.52 2. 54 2.22 2.39 2. 12 2.28 

Total Ave. 1.47 1.98 1.99 1.68 1.95 1. 77 1.80 
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to compare leaf yields since most of the feed value is in the leaves. 

This is not a measure of total quality, since the value of stem is 

not considered. 

The percentage of leaves for each variety at each clipping or 

hay harvest (Appendix Table 13) was multiplied by the yields of dry 

matter per respective treatment (Table 2) to provide information on 

total yield of leaves. This resulting product (weight of leaves 

produced) is shown in Tables 18 and 19. 

Du Puits showed a greater range of leaf yields among treat- 

ments than did Vernal. When all treatments were averaged, 

Du Puits produced 8. 430 pounds of leaves per plot, while Vernal 

produced 7. 771 pounds. 

Thus, although Du Puits was only very slightly leafier than 

Vernal at first harvest and Vernal was leafier than Du Puits at 

second and third harvest, Du Puits was sufficiently higher in yield 

of dry matter to account for a greater total leaf yield than in Vernal. 

The overall average values of yield of dry matter (Table 8), yield 

of protein (Table 14) and yield of leaves (Tables 18 and 19) show 

a very interesting contrast. If plot size (3 x 20) is expanded to an 

acre basis ( x 726 ) the following results are obtained: 

Du Puits Vernal 
Yield of dry matter, lbs. /acre 12,174 11,257 

Leaf yield, lbs. /acre 6, 120 5,642 

Protein yield, lbs. /acre 2,217 2,360 



Table 18. The influence of spring clipping and harvest criteria treatments on the yield of leaves 
of Du Puits alfalfa. 

Spring 
Clipping 

Harvest 
Treat- 
ment 

Yield of Leaves, Pounds Dry Weight per Plot 

Spring 
Clipping 

1st 
Hay 

Harvest 

2nd 
Hay 

Harvest 

3rd 
Hay 

Harvest 
After - 
math Total 

6" 1 1.406 2.450 2.606 1.256 - 7.718 
6" 2 1.243 3.433 2. 103 1.734 . 532 9.045 
6" 3 1. 140 3.696 2.051 1.545 - 8.432 
6" 4 1.433 2.080 2.411 1.337 .698 7.959 
6" 5 1.087 2.363 2.623 2.055 .919 9.047 
6" 6 1.144 2.850 2.274 1.620 .480 8.368 

12" 7 1.443 2. 149 1.949 .961 - 6.502 
12" 8 1.379 2.962 2.351 1.487 - 8. 179 
12" 9 1. 579 4.603 2.042 1.644 - 9.868 
12" 10 1.042 2.038 2. 114 1.451 . 587 7.232 
12" 11 1.330 2.408 2.005 2.324 .627 8.694 
12" 12 1. 582 4. 597 1. 990 1. 762 . 476 10.407 

None 13 - 2.269 3.810 1.731 1.378 9. 188 
None 14 - 2.963 3.216 1.783 1.370 8.332 
None 15 2.812 2.351 1.747 .353 7.363 
None 16 - 2.689 3.113 1.856 1.572 9.230 
None 17 - 2.646 2.588 1.880 .999 8.113 
None 18 - 2.949 1.969 2.288 .865 8.071 

Ave. 8.430 

. 



Table 19. The influence of spring clipping and harvest criteria treatments on the yield of leaves 
of Vernal alfalfa. 

Spring 
Clipping 

Harvest 
Treat- 
ment 

Yield of Leaves, Pounds Dry Weight per Plot 

Spring 
Clipping 

1st 
Hay 

Harvest 

2nd 
Hay 

Harvest 

3rd 
Hay 

Harvest 
After - 
math Total 

6" 1 1.124 3.450 2.967 .875 - 8.416 
6" 2 1.076 3.439 2.617 .755 - 7.887 
6" 3 .937 3.685 2.499 .904 - 8.025 
6" 4 1.192 2.763 2.781 1.222 - 8.716 
6" 5 1. 163 3.826 2. 588 .845 - 8.422 
6" 6 .905 2.042 2.253 .721 - 5.921 

12" 7 1.804 3.213 2.183 .916 - 8.116 
12" 8 2.258 3.077 2. 507 .717 - 8. 559 
12" 9 1.756 2.329 2.607 . 566 - 7.258 
12" 10 1.455 2.487 2.263 1.236 1. 552 8.993 
12" 11 2.257 2.420 2. 178 .803 - 7.663 
12" 12 1.561 2.754 1.878 .902 - 7.095 

None 13 - 2.613 2.609 2.067 .908 7.289 
None 14 - 3.418 2. 550 1.497 .207 7.672 
None 15 - 1.701 2.448 1.026 .081 5.256 
None 16 - 3.933 2. 507 2. 111 .872 9.423 
None 17 2.860 2.845 2.109 .933 7.814 
None 18 - 3.103 2.756 1.496 . 556 7.355 

Ave. 7.771 

- 
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Approximately half the yield of dry matter produced by either 

variety was leaves. Those values in Tables 18 and 19 with total 

leaves above the average shown, represent treatments which prov- 

ided forage with over 50% leaves; those below the average were less 

than 50% leaves. 

Even though Du Puits produced a greater weight of leaves than 

Vernal, the latter produced more protein per acre. 



DISCUSSION 

Yields of Dry Matter 
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Yields of the first hay harvest showed no difference between 

Du Puits and Vernal varieties. Although Du Puits commences growth 

earlier than Vernal, if each variety is cut at a pre- determined stage 

of growth, the growing period is similar in length of time. Vernal 

apparently has a rate of growth during the interval which is equal to 

that of Du Puits. 

Spring clipping treatments did not influence yields at first 

harvest. The alfalfa was established the previous summer and was 

allowed to mature to full bloom in the late summer, thus providing 

a high level of total available carbohydrates in the roots. In addition, 

the time interval between spring clipping and first hay harvest re- 

presents the best of the growing season for alfalfa in terms of mois- 

ture, temperature and light. Spring clipping would be expected to 

show its effect later in the season. 

The difference in yields among the hay harvest criteria was 

as expected. Yields of dry matter are closely correlated with stage 

of development at cutting. The yields followed this pattern closely. 

Spring clipping treatments showed their effects by the second 

harvest. There was a reduced yield from 6 -inch spring clipping and 

further reduction from 12 -inch spring clipping. It is well established 
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that new growth in alfalfa represents a drain on carbohydrate root 

reserves. Cutting at 12 -inch height should represent a greater 

exhaustion of the reserves and a reflection on subsequent yields. 

Yields of the harvest criteria treatments showed a reversal 

in second cutting compared with the first cutting. Reference to 

Table 1 shows that full light interception at first cutting occurred 

first, followed in order by crown bud and one -tenth bloom stages. 

At the second cutting, the day interval was reversed. Days to reach 

crown bud or even one -tenth bloom were less than for the light inter- 

ception criterion. This is response to the environment. Maturity 

is hastened later in the season, probably as a result of temperature 

and photoperiod. Full light interception is more difficult to obtain, 

and the required days interval thereby increased, because of less 

vigorous growth. In this study, with no irrigation and a dry sum- 

mer, moisture deficiency probably accounts for most of the de- 

creased growth, however, decreased rate of growth as the season 

advances is a common occurrence even under irrigation in Oregon. 

The third cutting showed results of spring clipping similar 

to those of second cutting and in the same order. Du Puits was 

more productive than Vernal during the latter part of the growing 

season. It was more productive with any of the spring clipping 

treatments and with any or all the harvest criteria treatments. 

Apparently, it is the inherent nature of the variety to be more 
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productive than Vernal late in the season. 

When yields for the season are totaled and spring clipping 

and aftermath yields are included, the varieties still did not differ 

significantly. Du Puits tended to be more productive as a result of 

its advantage at the third cutting. 

The spring clipping treatments differed during the regular 

hay cutting. The dry material harvested by the 6- and 12 -inch 

spring clippings was enough to bring the total yield of these treat- 

ments up to that of no spring clipping. The value of the forage ob- 

tained by spring clipping is lost unless livestock are available to 

remove the forage by grazing. It could be an economic advantage 

to mow the spring clipping and fail to utilize it so long as the hay 

harvest time was delayed until better haying weather period pre- 

vailed. This would be the case of the operator who had no pr- )vision 

or use for silage. 

Harvest criteria treatments showed differences for the total 

seasonal yields. The 100 percent light interception treatment was 

the lowest in yield. Alfalfa cut at this stage in early May is imma- 

ture and relatively lower in yield than at the more mature stages. 

Later in the season, the days interval between cuttings required 

to reach 100 percent light interception are more than that required 

to reach crown bud or one -tenth bloom stages. This represents 

a loss in growing season as maturity beyond the early bloom stage 
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accounts for very little increase in dry matter. 

A schedule based on crown bud development provides a better 

yield than one based on one -tenth bloom. The more favorable part 

of the growing season is utilized to better advantage by harvest at 

the crown bud stage. Apparently, carbohydrate root reserves are 

replenished by the time of crown bud development. This maturity 

stage normally coincides with the one -tenth bloom stage and, thus, 

with root carbohydrate translocationalso (33, 44, 51). As stated 

previously, at first harvest in western Oregon, these stages do not 

coincide. The crown bud stage occurs about mid -May; the one - 

tenth bloom stage occurs about mid -June (Table 1). 

Combinations of first cutting at full light interception followed 

by crown bud or one -tenth bloom criteria of cutting were also pro- 

ductive. This schedule takes advantage of early removal at more 

optimum conditions according to the environment. The effect of 

one harvest at an immature stage were overcome later in the sea- 

son by allowing the plants to mature at least to the crown bud stage. 

Mention should be made of the continuous immature cutting at 

12 -inch height (treatment 19, Tables 2 and 7). The yield for either 

variety was approximately two -thirds of the yield obtained under 

the other cutting schedules. This occurred even though the imma- 

ture stage of cutting provided a total of six cuttings. It is suggested 

that the yields were low as a result of (1) depletion of carbohydrate 
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root reserves and no period of replenishment and (2) failure to make 

maximum utilization of light. At no time or cutting at 12 inches 

(treatment 19) was there near full light interception. Growth rate, 

according to Brougham (5) would never have reached a maximum. 

No reduction in stand was observed in any treatment, including 

the continuous 12 -inch harvest. On the basis of many previous re- 

ports already cited, continued harvest on this schedule would even- 

tually reduce the stand and also favor weed and grass invasion. Con- 

tinuance of the test for 2 or 3 years will likely confirm the suggestion. 

Protein Concentration and Protein Yield 

Levels of protein were as expected in relation to stage of 

maturity of the plants. This was true throughout the season. This 

relationship is seen best by reference to days interval between cut- 

tings (Table 1) or to yield of dry matter (Table 2). For example, 

alfalfa cut at full light interception was the first cut in May and had 

the highest protein content. The same treatment at third cutting 

was lowest in protein but the days interval between cuttings shows 

a longer period than the other treatments. 

From the quality viewpoint the protein content of alfalfa cut 

in early May at full light interception would be acceptable for de- 

hydration where high quality is desired for poultry and swine feed. 

The crown bud cutting is below the previous quality standard desired. 
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It represents high quality hay or silage. The one -tenth bloom cutting 

of mid -June represents approximately the minimum desired in alfalfa 

hay for general use, assuming little loss of leaves during the hay 

making. 

The higher protein level in the first cutting than in the second 

or third (except for Vernal at third cutting) was unexpected. It is 

generally considered that second and third cuttings are of better 

quality than first cutting, although this opinion undoubtedly is based 

partly on weed and grass content at first cutting. In this study, 

crude protein analyses were made on pure alfalfa with grass and 

weeds removed. 

Yield of protein in pounds per plot (yield of dry matter x pro- 

tein concentration) did not differ between varieties except at the third 

cutting. The higher protein concentration in Vernal failed to offset 

the higher yield in Du Puits; the latter yielded more pounds of 

protein. 

The yield of protein as influenced by spring clippings was a 

result of decreased yield of dry matter of the second and third hay 

cuttings. 

The influence of harvest criteria treatments showed the ad- 

vantage of the crown bud cutting schedule, or the light interception 

criterion at first harvest followed by either crown bud or one -tenth 

bloom criteria at later harvests. This is the same result as the 
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dry matter yields. It shows the importance of yield if protein con- 

centration can be maintained at a suitable level. 

Leaf -Stem Ratio 

It was unexpected that Du Puits was as leafy as Vernal at the 

first and second hay cuttings. Du Puits has the reputation of being 

stemmy (15, 25) especially at the first cutting. The stems, although 

appearing larger than Vernal, are hollow, and when put on a dry 

weight basis, do not bear out the observation of stemminess. Vernal 

was leafier than Du Puits at third harvest. This is probably a re- 

flection of the higher yield of Du Puits and the relationship between 

percentage leaves and yield of dry matter (4, 14, 21, 33). 

The results of harvest criteria treatments show the influence 

of dry matter yields also, in particular at first cutting. On this 

basis, the influence of spring clipping is explained in the same man- 

ner. Spring clipping influenced dry matter yields only at second 

and third cuttings. The 12 -inch clipping showed a reduction in yield 

and an increase in leaf -stem ratio. The no- clipping treatment 

showed an increase in dry matter yield and a reduced leaf -stem 

ratio. The 6 -inch clipping was intermediate and took the same 

trend. The same effect is apparent at first harvest although the 

dry matter yields for spring clipping treatments were not statis- 

tically different. 
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Correlations of Yield and Quality Factors; Leaf Yield 

The highly significant correlations were expected. The nega- 

tive relationship between the dry matter yield and protein concentra- 

tion is well established. Since most of the protein is contained in the 

leaves, it would be expected that protein concentration and leaf -stem 

ratio would show a significant positive correlation. The negative 

relationship between yield and leafiness was also expected. The 

increase in yield at later stages of maturity is accounted for mainly 

by stem growth. Part of the change in leafiness is accounted for 

by continued stem growth after full light interception by the leaves 

(13) and part may be accounted for by the senescence of leaves at 

the critical leaf -area index (6). 

Although Du Puits was somewhat less leafy than Vernal, 

the advantage in dry matter yield was sufficient to account for more 

total yield of leaves in Du Puits than in Vernal, thus agreeing with 

the results of Hittle (27) . 
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SUMMARY AND CONCLUSIONS 

A study to determine the best cutting management for alfalfa 

in the Willamette Valley was conducted on Woodburn soil near 

Corvallis under non -irrigated conditions. 

There were 18 cutting treatments resulting from three spring 

clipping treatments in all combinations with six different criteria 

for determining the time to harvest the usual three hay crops. The 

spring clipping treatments (to simulate grazing) were nil, 6 and 12 

inches in height. The hay harvest criteria were (1) near full light 

interception by the vegetative canopy, (2) crown bud stage and (3) 

one -tenth bloom stage. Combinations of these criteria included 

first hay harvest based on light interception followed by either of 

the other criteria at subsequent harvests and first harvest based on 

crown bud development in combination with one -tenth bloom cri- 

terion for subsequent harvests. In addition, a treatment was in- 

cluded which provided for harvest each time the alfalfa reached 12 

inches in height. 

Two alfalfa varieties, Vernal and Du Puits, were subjected to 

each of the 18 treatments. 

Using a one -year old stand of alfalfa, the cutting treatments 

were carried throughout one entire growing season. Data were 

obtai ned for yield of oven -dry material, protein concentration and 

leafiness, or stem -leaf ratio. The dates of cutting and interval in 
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days between cuttings for all treatments of both varieties were also 

recorded. 

On the basis of one growing season, the following results were 

obtained: 

1. The influence of spring clipping was not reflected in yield 

of hay produced during the season except at the relatively small 

third harvest when spring clipping showed a deleterious effect. The 

amount of material obtained by the spring clipping was sufficient to 

offset the reduction at the third hay harvest; total yields for the sea- 

son did not differ. 

2. Vernal tended to be more productive than Du Puits early in 

the season; the reverse was true later in the season. The total yields 

for the season did not differ between varieties. 

3. Harvesting when the leaf canopy intercepts near 100% of 

the available light resulted in cutting at an immature stage in early 

May, before crown buds are formed. At subsequent harvests, the 

light interception criterion resulted in longer intervals between cut- 

tings or more mature development stages in relation to crown bud 

or one -tenth bloom criteria. This resulted in reduced yield at first 

harvest and increased yields at subsequent harvests in relation to 

the other criteria. The net result was a relatively lower yield for 

the light interception criterion. 

4. The one -tenth bloom criterion showed an advantage in yield 
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of forage at first harvest and a disadvantage at late cuttings. 

Seasonal yield was slightly above that of the light interception 

treatment. 

5. Cutting on the basis of crown bud development resulted in the 

highest total yields of forage. Cutting schedules based on light inter- 

ception or crown bud development at first harvest, followed by either 

crown bud or one -tenth bloom criteria at late harvests, also gave 

relatively high yields. 

6. Cutting alfalfa each time it reached 12 inches in height was 

very deleterious to yield, with six harvests producing approximately 

two -thirds the yield of alfalfa cut three or four times as in the other 

treatments. 

7. In terms of protein production (pounds per unit area) cutting 

at crown bud or one -tenth bloom stages produced the most protein 

at first harvest; the trend was reversed at second and third harvests. 

For the total season, least protein was produced by the light inter- 

ception treatment and most was produced by the crown bud stage 

cutting. 

8. A highly significant negative correlation existed between 

yield of dry matter and percentage protein and between yield of dry 

matter and leaf -stem ratio. The correlation between leaf -stem 

ratio and protein concentration was positive and highly significant, 

statistically. 
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9. Although Vernal was slightly leafier than Du Puits during the 

second and third harvests, Du Puits yielded sufficiently more than 

Vernal to account for a greater total leaf yield. 

On the basis of results obtained, alfalfa in the Willamette Valley 

can be grazed in early spring to delay the time of first hay harvest 

with no loss in total yield. 

The first harvest can be made on the basis of full light intercep- 

tion (in early May and when lower leaves are turning yellow) or on the 

basis of crown bud development (mid -May), providing subsequent har- 

vests are made on the basis of either crown bud development or one - 

tenth bloom. 

Results of a second season should be obtained before making 

practical recommendations. Three or four years might be required 

to determine ultimate effect on vigor and maintenance of stand. 
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Appendix Table 1. Analysis of variance for dry matter yields for the 
first hay harvest. 

Main Plot 

DF 

5 

SS 

8. 72 

MS F 

Replications 2 1. 12 . 58 . 62 
Varieties 1 5. 69 5. 69 6. 08 
Rep. x Var. (error a) 2 1.07 . 94 1.00 

Sub -Plot 102 557.51 
Spring Clipping 2 5. 57 2. 79 1. 86 
Harvest 5 329.98 66.00 44.00 ** 
Spr. Cl. x Harvest 10 28. 27 2. 83 1.88 
Spr. Cl. x Variety 2 30. 33 15. 17 10. 11 ** 
Harvest x Variety 5 12. 31 2.25 1. 50 
Spr. Cl. x Harv. x Var. 10 49. 07 4. 91 3.27 
Error b 68 102. 00 1. 50 

Total 107 566.23 

Harvest 
S. E. means .400 
L. S. D. 5% .800 
L. S. D. 1% . 060 
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Appendix Table 2. Analysis of variance for yield of dry matter yields 
for the second hay harvest. 

DF SS MS F 

Main Plot 5 2.29 
Replications 2 1.35 .68 2.14 
Varieties 1 . 31 . 31 . 98 
Rep. x Var. (error a) 2 1.87 . 32 . 10 

Sub -Plot 102 98.52 
Spring Clipping 2 31. 98 15.99 47. 31 ** 
Harvest 5 19. 53 3.91 11.56** 
Spr. Cl. x Harvest 10 11. 58 1. 16 3.43** 
Spr. Cl. x Variety 2 1. 19 .60 1.76 
Harvest x Variety 5 1. 77 . 35 1.05 
Spr. Cl. x Harv. x Var. 10 9. 43 . 94 . 04 
Error b 68 23. 04 . 34 

Total 107 100.81 

Clipping Harvest 
S. E. means .137 .194 
L. S. D. 5% .274 .388 
L. S. D. 1% .363 .514 
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Appendix Table 3. Analysis of variance for dry matter yields for 
the third hay harvest. 

Main Plot 
Replications 
Varieties 
Rep. x Var. (error a) 

Sub -Plot 
Spring Clipping 

DF 
5 

2 

1 

2 

102 
2 

SS 

25. 01 
. 56 

24.05 
40 

80. 2 5 

2 5. 63 

MS 

5. 00 
. 28 

24.05 
. 20 

12. 82 

F 
25. 01 

1.40 
120.25 ** 

34. 28** 
Harvest 5 11.29 2.26 6.04--,, 
Spr. Cl. x Harvest 10 4. 82 . 48 1.29 
Spr. Cl. x Variety 2 1.03 . 52 1.38 
Harvest x Variety 5 7.86 1. 57 4. 20** 
Spr. Cl. x Harv. x Var. 10 4. 17 . 42 1. 11 

Error b 68 105.26 

Total 107 130. 27 

Variety Clipping Harvest 
S. E. means .083 . 144 .204 
L. S. D. 5% . 166 .288 .408 
L. S. D. 1% .220 .382 . 541 
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Appendix Table 4. Analysis of variance for total seasonal yields of 
dry matter (including spring clipping yields and 
aftermath from the third hay harvest). 

Main Plot 
Replications 
Varieties 
Rep. x Var. (error a) 

Sub -Plot 
Spring Clipping 
Harvest 
Spr. Cl. x Harvest 
Spr. Cl. x Variety 
Harvest x Variety 
Spr. Cl. x Harv. x Var. 
Error b 

Total 

DF 

5 

2 

1 

SS 

31.43 
3.26 

21.83 

MS 

6. 29 
1.63 

21.83 

F 

. 51 

6.89 
2 6. 34 3. 17 

102 400.85 
2 10. 56 5.28 2.00 
5 79.70 15.94 6.04** 

10 33.59 3.36 1.27 
2 . 82 . 41 . 16 
5 34.24 6.85 2. 60 

10 62.34 6.23 2. 36* 
68 179. 60 2. 64 1.00 

107 432.28 

Harvest 
S. E. means . 541 
L. S. D. 5% 1.082 
L. S. D. 1% 1.434 
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Appendix Table 5. Analysis of variance for protein percentage of 
the first hay harvest. 

Main Plot 
Replications 
Varieties 
Rep. x Var. (error a) 

Sub -Plot 
Spring Clipping 
Harvest 
Spr. Cl. x Harvest 
Spr. Cl. x Variety 
Harvest x Variety 
Spr. Cl. x Harv. x Var. 
Error b 

Total 

DF SS MS F 

5 . 19 
2 . 02 . 01 1. 55 
1 .15 . 15 21. 87* 
2 . 18 . 01 

102 12. 86 
2 . 56 . 28 5.87** 
5 6. 89 1. 38 25. 08** 

10 . 32 . 03 . 01 
2 . 42 . 21 3. 82 
5 .46 . 09 1. 68 

10 1.48 . 15 2. 69 ** 
68 3. 74 . 05 

107 13.05 

Variety Clipping Harvest 
S. E. means .050 .055 .078 
L. S. D. 5% .994 . 110 . 156 
L. S. D. 1% .013 . 147 .208 
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Appendix Table 6. Analysis of variance for protein percentage of 
the second hay harvest. 

Main Plot 

DF 

5 

SS 

. 39 

MS F 

Replications 2 . 05 . 03 1. 60 

Varieties 1 . 30 . 30 18. 46 
Rep. x Var. (error a) 2 . 03 . 02 

Sub -Plot 102 3.81 
Spring Clipping 2 . 50 . 25 13. 27 ** 

Harvest 5 .31 .06 3.33 ** 
Spr. Cl. x Harvest 10 . 66 . 07 3. 53 ** 
Spr. Cl. x Variety 2 . 40 . 20 10. 79 ** 
Harvest x Variety 5 . 37 . 08 4. 01 ** 
Spr. Cl. x Harv. x Var. 10 . 29 . 02 1.28 
Error b 68 1.27 . 02 

Total 107 4. 20 

Clipping Harvest 
S. E. means .076 .039 
L. S. D. 5% 1. 520 .078 
L. S. D. 1% .202 . 104 
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Appendix Table 7. Analysis of Variance for protein percentage of 
the third hay cutting. 

DF SS MS F 

Main Plot 5 1.49 . 30 
Replications 2 . 01 . 01 . 15 
Varieties 1 1.42 1.42 53.77** 
Rep. x Var. (error a) 2 .05 . 03 

Sub -Plot 102 6.41 
Spring Clipping 2 . 52 .26 15.43 
Harvest 5 1.68 .34 20.07* 
Spr. Cl. x Harvest 10 . 32 . 01 . 19 

Spr. Cl. x Variety 2 1.32 . 66 39. 65* 
Harvest x Variety 5 1.03 . 21 12.39 
Spr. Cl. x Harv. x Var. 10 . 41 . 01 . 25 
Error b 68 1.14 . 02 

Total 107 7.90 

Variety Harvest 
S. E. means .031 . 136 
L. S. D. 5% .063 .272 
L. S. D. 1% .083 .362 



Appendix Table 8. The effect of cutting treatments and variety on seasonal and total yield 
crude protein. 

Treatments Pounds of Crude Protein per Plot (6 x 20 ft. ) 

Spring 
Clipping 

Harvest 
Treat- 
ment Var. 

Spring 
Cutting 

1st 
Hay 

Cutting 

2nd 
Hay 

Cutting 

3rd 
Hay 

Cutting Aftermath Total 

6" 1 D . 515 .845 .921 .411 - 2.692 
V .422 1.231 1. 174 .335 .335 3. 162 

6" 2 D .436 1.549 .871 .613 .234 2.304 
V .381 1.713 .928 .316 .316 3.338 

6" 3 D .459 1.348 .829 . 508 .320 1.932 
V .371 1. 539 .818 .413 .413 3. 142 

6" 4 D .489 .802 .874 .468 .362 2.954 
V .361 1.357 1. 101 .474 .474 3. 530 

6" 5 D .407 .847 .949 .669 .225 3.236 
V .362 1.027 1.061 .370 .370 2.819 

6" 6 D .402 1.480 .951 .491 - 3. 560 
V .328 1.355 .879 .293 .293 2.855 

12" 7 D .521 1.285 .871 .451 - 3. 129 
V .765 .932 .875 .344 .344 2.918 



Appendix Table 8. (Continued) 

Treatments Pounds of Crude Protein per Plot (6 x 20 ft. ) 

Spring 
Clipping 

Harvest 
Treat- 
ment Var. 

Spring 
Cutting 

1st 
Hay 

Cutting 

2nd 
Hay 

Cutting 

3rd 
Hay 

Cutting Aftermath Total 

12" 8 D .379 1.537 .855 .421 3. 192 
V .866 1. 157 .795 .325 .325 3. 597 

12" 9 D .589 1.355 .825 .457 .317 3.227 
V .811 1.081 .821 .257 .257 2.971 

12" 10 D . 517 .871 .839 . 528 .264 3.074 
V .932 1. 100 .888 .481 .481 3.402 

12" 11 D . 492 1. 420 . 919 . 493 . 2 56 3. 589 
V .949 1.208 .900 .349 .349 3.429 

12" 12 D .623 2.112 .901 .619 .491 2.611 
V .855 1.224 .692 .402 .402 3. 174 

None 13 D - .905 1. 183 . 586 .452 3. 165 
V - 1.094 1. 149 .634 .634 3.212 

None 14 D - 1.264 .894 .755 .239 3.367 
V - 1.498 1.098 .434 .434 3.859 

- 



Appendix Table 8. (Concluded) 

Treatments Pounds of Crude Protein per Plot (6 x 20 ft. ) 

Harvest 1st 2nd 3rd 
Spring Treat- Spring Hay Hay Hay 

Clipping ment Var. Cutting Cutting Cutting Cutting Aftermath Total 

None 15 D - 1.320 .832 . 581 .239 2.974 
V - 1.. 430 . 778 . 366 . 366 2, 940 

None 16 D - 1. 077 1. 082 . 708 . 517 3. 385 
V - 1. 129 .995 .447 .641 3.059 

None 17 D - 1.055 1.023 .810 .399 3.288 
V - 1. 161 1.295 .602 .352 3.412 

None 18 D - 1.408 .783 . 739 .381 3.313 
V - 1.379 1. 103 .447 . 183 3. 114 
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Appendix Table 9. Analysis of variance for yield of protein for the 
first hay harvest. 

DF SS MS F 

Main Plot 5 1. 93 . 39 2. 09 
Replications 2 . 13 . 67 3. 62 

Varieties 1 . 02 . 22 1. 19 

Rep. x Var. (error a) 2 . 04 . 19 

Sub -Plot 102 _ 130. 22 
Spring Clipping 2 . 06 . 03 . 51 

Harvest 5 3. 93 . 79 12. 47* 
Spr. Cl. x Harvest 10 1.47 . 15 2. 33* 
Spr. Cl. x Variety 2 1.85 . 93 14.69** 
Harvest x Variety 5 . 86 . 17 2. 72* 
Spr. Cl. x Harv. x Var. 10 . 57 . 06 91 

Error b 68 4. 29 . 06 

Total 107 132. 15 

Harve st 
S. E. means . 084 
L. S. D. 5% . 168 
L. S. D. 1% -- 



Appendix Table 10. Analysis of variance for yield of protein for 
the second hay harvest. 

DF SS MS F 

Main Plot 5 . 18 . 04 2. 40 
Replications 2 . 07 . 03 1. 50 

Varieties 1 .07 .07 3.27 
Rep. x Var. (error a) 2 . 04 . 02 

Sub -Plot 102 2.84 
Spring Clipping 2 . 50 . 25 39. 68 ** 
Harvest 5 . 56 . 11 17.78** 
Spr. Cl. x Harvest 10 . 20 . 02 3. 17 ** 
Spr. Cl. x Variety 2 . 68 . 34 53. 97 ** 
Harvest x Variety 5 . 09 . 02 28.57** 
Spr. Cl. x Harv. x Var. 10 . 38 . 04 6. 03 ** 
Error b 68 . 43 . 01 

Total 107 3.02 

90 

Harvest Clipping 
S. E. means .026 .018 
L. S. D. 5% .052 .036 
L. S. D. 1% .069 .048 
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Appendix Table 11. Analysis of variance for yield of protein for the 
third hay harvest. 

Main Plot 

DF 

5 

SS 

. 64 

MS F 

Replications 2 . 02 . 01 6. 61 

Varieties 1 .62 .62 479.77 ** 

Rep. x Var. (error a) 2 . 01 . 01 

Sub -Plot 102 2.36 
Spring Clipping 2 . 74 . 37 27.24** 

Harvest 5 . 22 . 04 3.24* 
Spr. Cl. x Harvest 10 . 20 . 02 1.43 
Spr. Cl. x Variety 2 . 01 . 01 

Harvest x Variety 5 . 18 . 04 2. 66* 
Spr. Cl. x Harv. x Var. 10 . 09 . 01 

Error b 68 . 93 . 01 

Total 107 3. 00 

Variety Clipping Harvest 
S. E. means .007 .028 .039 
L. S. D. 5% .014 .055 .078 
L. S. D. 1% .018 .073 

-- 

-- 

-- 
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Appendix Table 12. Analysis of variance for total protein yield for 
all treatments. 

DF SS MS F 

Main Plot 5 1. 51 . 30 1.06 
Replications 2 . 63 . 32 1. 11 

Varieties 1 . 57 . 57 2.00 
Rep. x Var. (error a) 2 . 57 . 29 

Sub -Plot 102 17.94 
Spring Clipping 2 . 69 . 35 2. 76 
Harvest 5 1.73 .35 2.77 ** 
Spr. Cl. x Harvest 10 2.21 . 22 1.77 
Spr. Cl. x Variety 2 . 41 . 24 1.88 
Harvest x Variety 5 2.29 . 46 3.88 
Spr. Cl. x Harv. x Var. 10 2.02 . 20 1.62 
Error b 68 8. 53 . 13 

Total 107 19.45 



Appendix Table 13. The influence of spring clipping, cutting treatments and variety on percentage 
leaves throughout the season. 

Harvest 1st 2nd 3rd 
Spring Treat- Spring Hay Hay Hay After - 

Clipping ment Var. Cutting Harvest Harvest Harvest math 

6" 1 D 73.75 62.11 49.84 50. 10 59.97 
6" V 72. 17 70.04 50.41 68.37 - 
6" 2 D 69.71 40.97 48.14 59. 13 68.77 
6" V 69.23 46.07 53.42 69.99 - 
6" 3 D 60.62 44. 53 49.49 62.39 - 
6" V 57.67 37.28 53.33 74.60 - 
6" 4 D 75.21 59. 17 46.24 52.76 65.65 
6" V 7 5. 67 46. 47 Si. 08 68. 62 - 
6" 5 D 68.03 64.61 47.49 58.59 70.26 
6" V 69.70 38.96 46.84 68.43 - 
6" 6 D 61.98 41.51 46.24 63.14 71.85 
6" V 59.00 40.64 57.61 73.63 

12" 7 D 56.03 41. 17 46.38 47.06 58.60 
12" V 54.07 45.19 53.99 71.73 - 
12" 8 D 61.98 40.68 51.00 64.92 
12" V 64.67 40.68 56. 17 74. 56 
12" 9 D 62.04 60.60 49.03 56.89 
12" V 58.93 40.90 55.91 74.08 - 
12" 10 D 42. 17 37.33 48.28 56.23 68. 58 
12" V 43.00 46.80 52.87 70.07 72.09 
12" 11 D 61.42 41.82 42.90 66.59 72.08 
12" V 62. 63 42. 50 50.91 7 5. 11 - 
12" 12 D 48.42 42.83 48.49 57.95 71.21 ,o 

L.,.) 12" V 48.00 41.40 52.34 75. 11 

- 

- 

- 
- 

- 



Appendix Table 13. (Continued) 

Spring 
Clipping 

Harvest 
Treat- 
ment Var. 

1st 
Spring Hay 
Cutting Harvest 

2nd 
Hay 

Harvest 

3rd 
Hay 

Harvest 
After - 
math 

None 13 D - 58.04 52.43 49.22 53. 52 
None V 58.84 44.46 53.65 75.94 
None 14 D 38.84 45.03 50.71 62.71 
None V 38.84 46.45 65.02 80.72 
None 15 D - 3 5. 87 47.25 57.96 51.00 
None V - 3 5. 87 51.89 63. 50 71. 51 
None 16 D - 54.41 44.55 49.64 63.40 
None V - 54.41 45.38 56. 56 79.72 
None 17 D - 60.62 42.72 49.30 51.07 
None V - 60.62 44.98 57. 15 71.00 
None 18 D - 42.93 42.61 53.76 53.46 
None V - 42. 93 52. 09 6 5. 64 67. 44 

- 

- 

- 
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Appendix Table 14. Analysis of variance for leaf-stem ratios for 
for the first hay harvest. 

DF SS MS F 

Main Plots 5 5.71 1. 14 4.20 
Replications 2 . 02 . 01 . 01 
Varieties 1 , 2 5 . 2 5 . 09 
Rep. x Var. (error a) 2 5. 44 2. 72 

Sub -Plot 102 268.23 2.63 1.63 
Spring Clipping 2 33. 13 16. 56 10.25** 
Harvest 5 64.27 12.85 6** 
Spr. Cl. x Harvest 10 56. 04 5. 60 3.47** 
Spr. Cl. x Variety 2 . 67 . 34 . 21 

Harvest x Variety 5 4.30 . 86 . 52 

Spr. Cl. x Harv. x Var. 10 74. 62 7. 46 4.62** 
Error b 68 109. 82 1. 62 

Total 107 273. 94 

Clipping Harvest 
S. E. means .300 .424 
L. S. D. 5% .600 .848 
L. S. D. 1% .795 . 124 
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Appendix Table 15. Analysis of variance for leaf -stem ratios for 
the second hay harvest. 

Main Plot 
Replications 

DF 

5 

2 

SS 

8. 61 
2. 50 

MS 

1. 72 
1.25 

F 

1.06 
. 77 

Varieties 1 2.86 2.86 1.76 
Rep. x Var. (error a) 2 3.25 1.63 

Sub -Plot 102 106. 63 
Spring Clipping 2 3.05 1.53 1.87 
Harvest 5 7.44 1.49 1.83 
Spr. Cl. x Harvest 10 6.45 . 65 . 79 
Spr. Cl. x Variety 2 7. 14 3. 57 4.38* 
Harvest x Variety 5 4.41 .88 1.08 
Spr. Cl. x Harv. x Var. 10 26.92 2.69 3.30 
Error b 68 55.41 .82 

Total 107 115.24 



97 

Appendix Table 16. Analysis of variance for leaf -stem ratios for 
the third hay harvest. 

DF SS MS F 

Main Plot 5 27. 27 
Replications 2 .38 1.90 4.80 
Varieties 1 26. 10 26.10 66. 08* 
Rep. x Var. (error a) 2 . 79 .40 

Sub -Plot 102 35.33 
Spring Clipping 2 13. 43 6. 72 172.18** 
Harvest 5 4.06 1. 52 38. 97* 
Spr. Cl. x Harvest 10 7.45 . 75 19. 10 

Spr. Cl. x Variety 2 3. 46 1. 73 44.36** 
Harvest x Variety 5 .48 . 10 2.46* 
Spr. Cl. x Harv. x Var. 10 9. 12 . 91 23. 38 ** 
Error b 68 2. 67 . 04 

Total 107 62.60 


