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ABSTRACT

Twenty non-winter dormant cultivars and experimental strains of 
alfalfa were examined with respect to leaflet to stem-petiole ratio, 
several morphological characteristics and protein content of the leaves 
and stems» The purpose of this study was to determine if differences 
existed between cultivars and experimental strains with regard to these 
factors and if certain.other factors were related.

Significant differences among cultivars arid experimental 
strains were found for leaflet to stem-petiole ratio, plant height, 
percent bloom at time of harvest and percentage protein of stems. No 
significant difference in percentage protein of the leaves was observed. 
A negative relationship was observed between leaflet to stem petiole 
ratio, dry matter production/plot, plant height and percent bloom at 

harvest.
A cultivar that produces the highest quality forage, measured 

by high leaflet to stem-petiole ratio, may not produce the highest 

yield of dry matter.



INTRODUCTION

Alfalfa is the most important forage crop in Arizona, being 
adapted to a wide range of soil and climatic conditions. It is an 
excellent crop in the rotation, for it helps to increase the yield of 
succeeding crops e

Alfalfa accounts for 18 to 20 percent of Arizona’s irrigated 
acreage. Most of the alfalfa grown in the state is located in the 
lower-elevation counties, but every county produces some alfalfa.

The annual rate of increase in alfalfa yields in Arizona for 
the last 20 years has been estimated to be about 0.224 tons/ha (Dennis 
and Rudl, 1978). This increased production has followed the use of 
higher yielding, insect and disease resistant cultivars and improved 
cultural practices, especially improved cutting management.

Improved knowledge concerning the nutritive value of alfalfa 
forage is of importance to the producer and especially to the user of 
the forage. Recently,emphasis has been placed on relationships between 
dry matter production and nutritive quality of the forage, as in
fluenced by cultivar, management practices and seasonal variation.
These studies have included comparisons of various nutritive aspects 

indicative of quality such as leaf to stem ratio or the degree of 
leafiness, protein and fiber content, soluble carbohydrates and diges

tibility estimates. Of these factors of quality to be considered, 

leafiness and protein content are very important. The percent of



leaves has been used as a criterion in judging and grading hay and also 
in the selection of new forage varieties»

It is generally assumed that the nutritive value of leaves of 
forage crops is much superior to that of stems. The nutritional superi
ority of leaves is reflected in their protein content. Alfalfa leaves 
on the average contain about 26 percent protein, while stems contain 
only about 11.0 percent (Dobrenz, Schonhorst and Thompson, 1969). 
Macdonald (1946) suggests that the change in leaf-stern ratio with ad
vancing maturity is perhaps the greatest contributing factor to de

creased nutritive value in legumes.
This study was initiated to provide basic information on the 

quality of forage produced by 20 alfalfa experimental strains and 
cultivars adapted to the lower-elevations of Arizona. The objectives 

of this study were to:
(1) Determine leaflet to stem-petiole ratio of 20 alfalfa

cultivars and experimental strains, and to
(2) Determine percent crude protein of the leaves and stems of

these 20 cultivars and experimental strains.



LITERATURE REVIEW

Methods of Leaf-Stem Separation 
Leaf blades, petioles, stipules and stems are normally found in 

alfalfa herbage. In addition, there may be some reproductive structures 
such as flower buds, flowers, peduncles and seedpods. Most separations 
of alfalfa herbage have been into two parts, leaf and stem. Researchers 
have not been consistent in methods used to separate plant parts. Cole, 
Dobrenz and Massengale (1972); Lechtenberg, Holt and Youngberg (1971); 
Smith (1969); and Terry and Tilley (1964) included only blades (leaf
lets) in the leaf fraction with all other plant parts considered to be 
stems, Jung, Reid and Balasko (1969); Sotola (1933); Troelsen and 
Campbell (1969); and Woodman and Evans (1935) included only stems in 
the stem fraction and all other parts were considered to be leaves,
Heads which probably included stem tips, were included with the leaves 
in these studies, Couchman (1960), and Gengenbach and Miller (1972) 
included blades and petioles in the leaf fraction and the stem and re
productive structures were placed in the stem fraction.

Various procedures for separating plant parts, some are faster 
but not as accurate, have been used. Hunt, Moore and Winch (1970) 
crushed and screened dried herbage to separate leaves and stems. They 
found that the fine leaf fraction had less than 10% stipule, petiole, 

and stem material as contaminants. Heinrichs, Troelsen and Warder 
(1969) rubbed the dried herbage to strip leaves from stems, Kilcher



•and Heinrichs (1974) included leaf petioles9 buds and flowers with the 
leaf fraction. Pick, Gary and Holthausen (1975) separated the dried 
alfalfa herbage into three fractions: stems without tips, blades and
other parts which included 3 cm of the stem tip, petioles, stipules 
and reproductive structures'. Comparing the three-way separation to the 

two-way separations, they found that there was a four-to-six-fold in

crease in time required to fraction a sample using the three way separa 
tions. They concluded that much of the information from a three-way 
separation could be derived from a two-way separation of alfalfa forage

Leaf-Stern Ratio 
The alfalfa varieties in use today have been derived from 

parent stock of quite different morphological characteristics, and at
tempts have therefore been made to relate varietal quality differences 
to physical properties of the plant e Woodman and Evans (19.35) stated 
that, "on account of the early development of fibrous character in the 
stems of alfalfa plants, it is probable that in a much higher degree 
than in the case with grass, the leaf-stern ratio is the factor which 
determines the nutritive value of lucerne". With this in mind, atten
tion has been devoted to studying the problem of the leaf-stem ratio in 
relation to variety. Other factors^ being equal, the variety of 
alfalfa to be preferred id that which yields the highest weight of 

leaves per unit weight of crop. Kiesselbach and Anderson (1927) found 

very small differences among seven varieties with respect to leafiness. 
Woodman and Evans (1935) detected no significant differences in leaf- 
stern ratios of nine varieties grown in England but they cautioned that



the performance of any given variety must in some measure be dependent 
on the conditions of soil and climate under which it was tested. 
Coffindaffer and Burger (.1958) found no significant difference between 
the leaf-stern ratios of 'Vernal', 'Narragansetts' and 'Williamsburg' 
varieties.

Dent and Zaleski (1954) found their analyses indicated very 
few varietal differences and the actual leaf-stern ratio based on dry 
weight, was fairly constant for all varieties when cut at the same 
stage of development. Similar results were reported by Davies (1960). 
Based on green weight measures, Zaleski and Dent (1960) found no sig
nificant differences among ten varieties. However, on dry weight basis, 
early varieties tended to show a higher leaf-stern ratio because they 
contained a higher proportion of dry-matter in the leaf and a lower 
proportion in the stem than did the mid-season and late varieties. 
Dobrenz, Schonhorst and Thompson (1969) found that 'Sonora', 'Hairy 

Peruvian' and 'Moapa' did not differ significantly in leafiness of the 
forage, when averaged over the entire growing season. The experimental 

line M-56-11 T.C. had the lowest leaf-stem ratio of the six alfalfas 

tested. The leaf-stern ratio for 'Mesa-Sirsa' and 'El-Unico' was seven 
and nine percent below Moapa, respectively. They also found that leaf- 
stern ratio was lowest during the June and July harvests when dry matter 
production was highest. The leaf-stern ratio was constant through 
March, April, and May harvests, took a sharp dip through June and July, 
then increased when the forage was cut in the fall months or in early 
winter. They concluded that this trend in leaf-stem ratio establishes 
the periods of the growing season when alfalfa hay is more leafy.



6

Hittle9 Miller and Jackobs (1958) in preliminary trials on three 
varieties of alfalfa (/Ranger19 ?Du Puits1 and Vernal) found that the 
leaf-stern ratios were usually in favor of Ranger but the differences 
among varieties 9 either on an individual sampling date or seasonal av
erage 9 were not significant.

Many investigators have found varietal differences in Idaf-stem 

ratio. Davies (1954) reported differences in leaf-stern ratio of eigh
teen varieties. Zaleski (1954) found French varieties of the Flamande 
type have thicker stems and lower leaf-stern ratio when calculated on 
green weight basis. Dent and Zaleski (1954) found that later-flowering 
varieties have a higher green leaf-stern ratio than the early varieties 
but on dry matter basis9 the actual leaf-stem ratio is fairly consis
tent for all varieties. They concluded that in assessing the leafiness 
of different strains 9 the true leaf-stern ratio based on dry weight was 
the most important factor as high apparent leaf-stern ratio based on 
green weight may be due to a high percentage of water in the leaves and 
does not necessarily indicate the real value of a strain in this respect. 
Hittle9 Miller and Jackobsp in a two-year study,found Ranger to be 
superior in leaf-stern ratio compared to the other varieties studied. 

Garaza et al. (1965) studied two alfalfa varieties which differ in 

growth habit and hardiness. They found that cultivar 1Tanverde1 had a 
lower leaf-stern ratio than 1 Culver1. Heinrichs 9 Troelsen and Warder 
(1969) studied 326 plants of different genetic diversity9 they found 
that leaf-stern ratio varied widely among plants 9 some were very leafy 9 
others were very stemmy. Cole et al. (1970) found significant differ
ences among cultivars in the leaflet to stem-petiole ratios. The



cultivar ’LadaV had the highest leaflet-to stem-petiole ratio as com
pared to other cultivars« An Arizona developed experimental alfalfa SW- 
17 produced the most stem-petiole tissue but had the lowest leaflet to 
stem-petiole ratio when compared with the other cultivars» In these 
studies9 the range was 0.922 ; 1 to 0.709 : 1 for Ladak and SW-17, re
spectively o Dobrenzs Cole and Massengale (1971) found that experimental 
strain M-56-llxP-2 and Hairy Peruvian cultivar did not differ signifi
cantly in leaflet weight but stem-petiole weight was 33% higher for 
Hairy Peruvian thus resulting in a lower leaf-stern ratio of Hairy 
Peruvian. Delaney and Dobrenz (1974) found that leaflet to stem petiole 
ratios were highest for large-leaved clones B and D of the variety Mesa- 
Sirsa. They also found that leaf-stern ratios were positively related to 
area per leaf for each, harvest. They concluded that this relationship 

between area per leaf and leaf-stem ratios suggested that large-leaved 
genotypes could produce forage of superior quality. However, Leavitt 
(19751 found that leaflet-stem-petiole ratio was lower in the large 
leaflet genotypes than in the small leaflet genotypes, at three of 
four harvest dates. He also found that leaflet-stem-petiole ratio was 
negatively and significantly associated with forage yield in June and 
over all harvests combined. Foutz, Wilhelm and Dobrenz (1976) in a 
space—planted study, found significant differences in leaflet to stem- 
petiole ratio among five clones from an experimental strain "Reselect 

Sonora"o They also studied 11 genotypes from the cultivar Mesa-Sirsa 
and found significant differences in leaflet to stem-petiole ratios 
among the genotypes studied. They concluded that more than 98% of the



variation in yield could be attributed to the variation in percentage of 
leaves«, leaf weight and leaflet to stem petiole ratio. Vorachek et al.
(1978) compared cultivars Mesa-Sirsa, Sonora, El--Unico and Moapa at full 
bloom and 1/10 bloom. They found that leaflet to stem - petiole ratio 
showed significant seasonal and among-cultivar differences for both 
stages of maturity.

Some workers have compared a new multifoliolate germplasm with 
trifoliolate alfalfa. Brick, Dobrenz and Schonhorst (1975) compared 
four clones of alfalfa which displayed the multifoliolate characteris
tic with Mesa-Sirsa. They found that three of the four multifoliolate 
clones had a higher average leaflet to stem-petiole ratio than Mesa- 
Sirsa o Retzinger (1977) found leaflet to stem-petiole ratios were sig
nificantly higher in the multifoliolate syn-2 for the whole season. 

However5Worden (.1978) could not detect significant differences in the 
leaflet to stem-petiole ratio for the multifoliolate and ’Lew’ germplasm 
sources at any specific harvest or over the entire growth period.' 
Schonhorst and Dobrenz (1979) found multifoliolate AZMFA-1 to be 
superior to Mesa-Sirsa, ’Moapa 69’ and Lew in leaflet to stem-petiole 
ratio during the cooler portion of the growing season. However, the 
seasonal mean for this characteristic was not significantly different 
among entries.

Factors Affecting Leaf-Stern Ratio
Major differences in the quality of alfalfa produced at various 

geographical locations have been attributed to soil texture, and other 
characteristics. Woodman and Evans (1935) found heavy soils gave higher



leaf-stern ratios than light gravelly soil. The response was attributed 
to the availability of water to the plants. Meyer and Jones (1962) 
noticed that alfalfa grown on heavy clay soils was shorter and had a 
higher leaf-stern ratio than that produced on loam or sandy soils. In 
general short plants had a higher leaf-stem ratio than tall alfalfa 
plants o

The variation of leaf-stern ratio with the stage of growth and 
season has been studied by many workers. Jones and Marble (.1959) found 
that leaf-stern ratio of alfalfa was not the same for all stages of 
growth and the relationship, within stage changed with the season of 
growth. Christian9 Jones and Freer (1970) attributed the fall in leaf- 
stern ratio with advance of season partly to a decline in leaf weight and 
partly to an increase in the height of plants. Dent and Zaleski (1954) 
noticed that leaf-stern ratio was higher when calculated for plants in 
initial bloom than for those in one-fifth bloom, and it also varied with 
the season. They attributed this variation in leaf-stern ratio to the 
age of the plants during the second year of cutting. Delaney, Dobrenz 
and Poole (1974) found that leaf-stern ratios decreased slightly with 
time for the early harvest dates and increased during the latter por
tions of the growing season. Leavitt (1975) noticed a general increase 
in leaflet to stemrpetiole ratio from June through September. 
Lechtenberg, Holt and Youngberg (1971) found an increase in leaf-stern 
ratio from 1.1 to 1.5 between morning and evening but it declined at 
night. They attributed this variation to carbohydrate accumulation in 
the leaves during the day and its subsequent translocation to stems and 

roots at night.
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Coffindaffer and Burger (1958) found that the leaf-stern ratio 
was highest under short photoperiod. Application of gibberellic acid 
significantly increased stem-petiole weight and stem length but sig
nificantly decreased leaflet to stem-petiole ratio of the cultivar 
Mesa-Sirsa (Cole et al., 1972). Peterschmidt9 Delaney and Greene

(1979) used five different irrigation levels and these had no effect 
on leaf to stem ratio.

The effect of temperature on alfalfa quality as measured by 

the leaf—stem ratio has been studied by several workers. Garaza et 
al. (1965) showed that alfalfa seedlings were more mature when grown 
at higher temperatures and also, that they had a lower leaf-stern ratio. 
However, Morten (1970) found that herbage grown under warm tempera
tures exhibited a higher leaf-stern ratio. In contrast Sato (1974)
showed that plants under lower temperature (10°C to 15°C) had a higher

oleaf-stern ratio than those grown under higher temperature (25 C to 

30°C). Bula (1972) found leaf-stern ratios were lower for plants grown 
at 25°C followed by those grown at 20OC, 3Q°C and 35°C,respectively. 
Dobrenz, Schonhorst and Thompson (1969) showed that the leaf-stern 

ratio of alfalfa was lower during the months of May, June and July, 
generally the warmest months of the year in southern Arizona.

Percentage of Leaves

Many workers, in their attempts to relate alfalfa quality to 
leafiness, have found that as alfalfa matures,the percentage of leaves, 
to the whole shoot decreases« Kiesselbach and Anderson (.1926) showed 
that the largest decrease in leafiness occurred between the full-bloom



and seed stages, Woodman and Evans (1935) reported the decrease in 
leafiness to be greater before budding than after, These authors 
stated that the variety which yields the highest weight of leaf per 
unit weight of crop, is one to be preferred. In England, Davies 
(1954) found that the strains Khizoma and Finnish had a significantly 
higher leaf percentage than other strains studied. The highest per
centage of leaves was obtained in the third year of cutting. The same 
author in 1960 found large differences in leaf percentage among eight 
varieties studied. Meyer and Jones (1960) in California found that 
the variety fCaliverdeT was superior to 'African', 'California Common', 
and 'Lahonton', in percentage of leaves. In an extensive study Jung, 
Reid and Balasko (1969) showed that the variety 'Alfa' consistently 
had a higher percentage of leaves than any of the other varieties. 
Heinrichs et al0 (1969) showed the percentage of leaves varied from 
a high of 64% to a low of 33%, in individual plants of diverse genetic 
origin. Foutz et al. (1976) found that 11 genotypes of the cultivar 
Mesa-Sirsa had significant differences in percent leaves and leaflet 

weight.
A good indication of the nutritional productivity of a given 

variety is the product of leaf percentage and total dry matter. Hittie 
et al. (1958) found that although the variety Du Puits was lower in 
percent leaves, it had an average of 0.17 tons/ha of leaves more than 

Ranger and 'Atlantic' and 0.09 tons/ha and 0.11 tons/ha of leaves more 

than 'Buffalo' and Vernal, respectively. A comparison of total yields 
indicated that under a four-cut schedule, Du Puits yielded 2.42 metric
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,tons more than Ranger; however, only 0.36 tons of this increase was 
represented by leaves and the remaining 2.06 tons was stems. Zaleski 
and Dent (1960) found that early maturing varieties had a higher leaf- 
dry matter and lower stem dry matter than the mid-season and late types. 
However,Cole et al. (1970) did not find significant differences 
among seven cultivars in the weight of leaflet tissue and weight of 
stem-petiole tissue. Dobrenz et al. (1971) found that the stem and 
petiole tissue of Hairy Peruvian was 33% higher than that of the ex
perimental two-clone synthetic M-56-11XP-2, thus resulting in increased 
dry matter production of Hairy Peruvian.

Protein Content as Affected by 
Cultivar and Leaf-Stern Ratio

The nutritional value of any forage crop may be related to its 
physical and chemical composition. The protein content of a fodder crop 

depends mainly upon the proportion of leaves to stems. Woodman and 
Evans (1935) attributed the fall in protein content with advancing 
maturity of alfalfa, to the changes in the leaf-stern ratio. Leaves dis
played,throughout the whole period of growth, a much higher degree of 
uniformity in protein than did the stems. Davies (1960) found significant 
positive correlations between the percentage of leaf and crude protein 
content of eight cultivars of alfalfa. He also found a steady increase 
in the percentage of stem protein from the early types to the late, but 
for leaf protein this trend was not clear. The late maturing variety 
Rhizoma had the highest values for both stem and leaf protein. Dent and 
Zaleski (1954) found no significant differences in protein content of 
nine strains of alfalfa. Dobrenz, Schonhorst and Thompson (.1969) found
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the average percentage protein of alfalfa hay at different harvests 
followed essentially the same pattern as the leaf-stem ratios. When 
leaf-stern ratios were highest during the growing season, the protein 
percentage of the forage was highest also. They found no difference 
in the average protein percentage of the leaves among the different 
cultivars studied. The leaves averaged 27.5, 26.8, 26.7, 26.7, 26.5 and 
26.5 for Hairy Peruvian, El-Unico, Sonora, Mesa-Sirsa, Moapa and the ex
perimental line M-56-11-T-C, respectively. Differences among the culti
vars with regard to protein percentage of the stems were also found to 
be negligible. Percentage protein of the stem ranged from 10.5 percent 
for El-Unico to 11.6 percent for Hairy Peruvian. Cultivars El-Unico 
and Mesa-Sirsa produced significantly more protein per plot due to 
their high forage production and not to a higher protein content of the 
forage. Kehr, Ogden and Satterlee (1979) found that four alfalfa 

cultivars did not differ in protein content of the fresh forage.

Vorachek et al. (1978) could not detect differences in percentage 
protein of 4 cultivars when averaged over the entire collection period. 
Similar results were reported by Jones, Zscheile and Griffith (1953). 
Cole et al. (1970) found that the percentage of protein of dry forage 
did not differ among seven cultivars when sampled at seedling stage.
At the mature stage, significant differences in percentage protein of 
the stem and petiole tissue, were found by the same authors. However, 
no difference in percentage protein of leaves was found.

Differences in protein content of alfalfa cultivars have been 
found in some studies. Zaleski and Dent (1960) found that early- 
maturing varieties tended to have a higher leaf-protein percentage



and higher protein/acre than mid-season or late-season varieties.
Watson (1974) cited by Coissant et al. (1976) found differences in 
protein content of alfalfa cultivars and two-clone crosses but he 
noticed large effects due to cuttings, locations and methods of pro
tein determination. Hittle et al. (1958) showed that the cultivar 
Ranger had the highest percent nitrogen in the stems followed closely 

by Buffalo, Atlantic and Vernal. The cultivar Du Puits was signifi
cantly lower in percent nitrogen in the stems than the other varieties. 
However, nitrogen determination of the leaves showed that Du Puits, 
Buffalo, Vernal and Atlantic, had approximately the same percent 
nitrogen while Ranger was somewhat lower. The authors attributed the 
lower values for Ranger to damage from leaf diseases. Similar results 
were reported by Zaleski and Dent (1960). McKenzie, Heinrichs and 
Anderson (1952), in a trial of nine varieties, have shown that the 
cultivar Rhizoma contained significantly more protein than any other 
variety. They concluded that it should be possible to develop high or 
low protein strains by breeding. Van Riper (1960) found highly sig
nificant differences among alfalfa cultivars in the production of 

protein/acre during the spring but differences were not significant 

during the summer period.



MATERIALS AND METHODS

Twenty winter-dormant cultivars and experimental strains of 
alfalfa grown at the University of Arizona Experimental Branch Farm 

at Safford, Arizona were used for this study.
Chemical analysis of a composite soil sample from the top 45.7 

cm at the experimental site showed the following characteristics: pH
8,10, electrical conductivity 1.22 mmho/cm, exchangeable sodium 7.39%, 
nitrogen 4.00 PPM and phosphorus 1.00 PPM.

The cultivars and experimental strains were planted in plots
0.76 X 6.10 m (2.5 X 20 feet). Each plot consisted of four rows. The 
plots were established using a randomized block design with four repli
cations. Each replication was separated by a border strip (dike).

Meterologlcal Conditions and Irrigation 
Meterological data at the experimental site during this study 

in 1979 are shown in Table 1. The plants were irrigated during this 
study and received about 72 inches of water.

Determination of Morphological Characteristics 
Seven harvests were made during the growing season of 1979 with 

most cuttings at about 30 day intervals. The dates of harvest were 
April 19, May 21, June 25, July 19, August 17, September 25, and 
November 15. At each harvest the following data were tiollected:

15
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Table 10 Monthly maximum9 minimum and mean temperature and monthly 
rainfall? Apri1-November 1979 at University of Arizona Ex
perimental Branch Farm at Safford, Arizona.

Month
Temperature (C°)

Maximum Minimum  ̂Mean
Average Rainfall 

(cm)

April 26.61 5.39 16.00 0.03

May 29.11 11.39 20.28 0.04
June 35.72 16.72 25.44 0.03
July 36.72 18.83 27.78 0.10
August 34.78 16.74 25.78 0.08

September 34.17 15.72 24.94 0.01
October 29.67 7.72 18.72 0.01
November 18.78 -0.60 9.22 0.01



lo Leaflet to Stem-Petiole Ratio
From each replication, plants in 7,5 cm of row were selected 

randomly from the second row of each plot and cut at a height of 5 cm 
(2 inches) above the soil surface. The first sample was taken 1.1 m 
(4 feet) from the end of the plot and subsequent sampling was done at 
intervals of 0,61 m (2 feet) from the previous harvest. When plants 
were not representative at a particular harvest location, the sampling 
location was shifted 0,3 m (1 foot) to the east or west. Plants 
harvested were put in paper bags, ice packed and transported to Tucson 
for leaf and stem separation. Leaflets were separated from stems 
(petiole included with the stems) by hand. Flowers when present, were 
not included in either the stem or leaflet fraction.

Samples were dried in an air dryer at the University of Arizona
Campbell Avenue Farm to zero percent moisture. Dry weights of leaflets 

and stems were recorded. The leaflets to stem-petiole ratio was com

puted using the following formula:
. . ... Dry weight of leafletsLeaflets to stem-petiole ratio = ^  weighr^f_ stem-petiole

The number of stems per sample was also recorded.

2. . Average plant height/plot was measured using a meter stick. The 
height was determined by measuring the distance from the soil to the 
terminal buds on the majority of plants in the plot.
3o The percentage of bloom was estimated and recorded,
4o Percent of leaves was calculated using the formula: Dry weight of
leaves divided by dry weight of stems-petiole + dry weight of leaves and 

then multiplied by 100.



Percent Crude Protein Determination 
After separation and weighing9 the dried samples were ground to 

fineness permitting passage through a 1 mm screen using a Wiley mill.
For each harvest9 samples from the four replications (stems and leaf
lets) were composited separately and thoroughly mixed. A representa
tive sample of each composite was then used for determination of crude 
protein using the Kjeldahl procedure. An outline of the analytical 
procedure is as followsl

Principle
Sample is digested with a catalyst and concentrated sulfuric 

acid. Nitrogen is converted to ammonium sulfate. Ammonia9 liberated 
by the addition of excess alkali (Na OH) is distilled into a solution 
of boric acid and titrated with standard acid.

A. Digestion
1. Weigh 1 gm sample on tissue paper and place sample plus paper in 

Kjeldahl flask.

2. Add one spoonful of catalyst (approximately 10 gm K^SO^ + 0.3 gm 

Cu SO^) and 3 to 4 pieces of selenized granules for easy boiling.
3. Add 30 ml concentrated sulfuric acid.
4. Rotate flask gently to wet contents, place on digestion apparatus 

and heat. After solution turns green, wait for 2 hours for complete 
digestion.

5. After complete digestion, turn off heat and allow flasks to cool.
6. Add 250 ml of distilled water down the side of the flask and swirl 

gently to mix.
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7e Allow contents to cool again before distilling,

B. Distillation
1, Place 50 ml of 4% boric acid in a 500-ml wide-mouth Erlenmeyer re

ceiver flask. Add 3 drops of Kjeldahl indicator,
2, Place the receiving flask under the end of the receiver tube on the 

distillation rack,
3, Turn on condenser water and distillation heaters,
4, Add one spoonful of boiling chelates to Kjeldahl flask,
5o Hold the cooled Kjeldahl flask at 45° angle and add concentrated

NaOH slowly down the neck till color changes to blue or dark blue.
6. Connect the flask to the condenser tube so that it is air tight and

swirl flask to mix completely.
7o Distill until about 150 ml of solution have been collected in the 

receiver flask,
80 Adjust receiver flask so that glass receiver tube is raised above 

liquid level and condensate can drain into flask.

C. Titration
1, Titrate the boric acid-distillate mixture with standard acid (0.0714 

NH^ S0̂ )_ from a 50-mi buret to the end point (slight pink, pH 5.1 or 

same color as blank),
2, Record amount of acid used.

Calculations:
1. ' % N = ml H2S04 (sample) - ml HgSO^ (blank) X N acid X 0.014 X 100

weight of sample
2o % crude protein = % N X 6.25
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Since standard tissue paper was used for all samples 9 3 blank tests 
were made and the average was taken.

Statistical Analysis 
Limitations and Assumptions

The data were analyzed as a split-plot design and the following
assumptions were made:

1o Orthogonal polynomial contrasts were used assuming the harvest
dates were equal distances apart,

2, An additive model was assumed for protein content data of the
stems and leaves, i,e,, cultivars and harvests did not interact.
The penalty for this assumption was that the test statistic for

the main effects was less than or equal to the test statistic, which
could have been computed if there had been replications.



RESULTS AND DISCUSSION

Leaflet to Stem Petiole Ratio 
Leaflet to stem-petiole ratios differed significantly among the 

20 cultivars and experimental strains used in this study (Table 2).
Many investigators have found varietal differences in leaflet to stem- 
petiole ratios (Cole et al., 1970; Foutz, Wilhelm and Dobrenz, 1976). 

Vorachek et al„ (1978) found significant seasonal and cultivar differ
ences in leaflet to stem-petiole ratios among Mesa-Sirsa9 Sonora, El- 

Unico and Moapa alfalfa when they were cut at full bloom and 1/10 bloom. 
The means of leaflet to stem-petiole ratios for seven harvests combined 
ranged from a high of 0,679 for cultivar Lahontan to a low of 0.5923 
for the experimental strain Arizona High Salt Tolerant (Table 3). 
Cultivars Hayden and Mesa Sirsa had lower leaflet to stem-petiole ratios 
than Lew in this test but the differences were not significant. Dent 
and Zaleski (1954) reported values ranging from 0.64 to 0.88. Vorachek 
et al, (1978) reported leaflet to stem-petiole ratios ranging from 0.52 
to 0.57. However, Dobrenz, Schonhorst and Thompson (1969) reported

/ ■

values of 0,8 to 0.93 which were higher than those found in this study.

Differences in leaflet to stem-petiole ratios among harvests 

in the present study were also highly significant (Table 2). The sig
nificant linear polynomial (H(l)) indicates that the variation from 

harvest to harvest can be fairly approximated by a straight line (Table 
2)o Cultivar X harvest treatment interaction was not significant

21
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'Table 2, Analysis of variance of leaflet to stem-petiole ratio of 
cultivars and experimental strains and harvest dates of 
alfalfa (Safford, Arizona«, 1979) ,

Source of 
Variation

Degrees of 
Freedom Sum of Squares

Observed 
Mean Square F

Total 559 801.737
Cultivar 19 41.157 2.166 2.55*
Replicate 3 2.644 0.881 1.04
Error A 57 48.519 0.851
Harvest 6 210.610 35.102 35.82**

H (1) 1 85.739 85.739 87.49**
H (2) 1 1.406 1.406 1.43

H (3) 1 3.445 3.445 3.52

Cultivar x Harvest 114 146.007 1.281 1.31
Error B 360 352.801 0.980

^Significant at 0*01 level 
Error A = whole plot error 
Error B = subplot error
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Table 3, Comparison of leaflet to stem-petiole ratios between culti-
vars and experimental strains of alfalfa (Safford, Arizona,
1979).

Cultivar Cultivar Mean

Lahontan 0.6790 a
Ca423-26 0.6779 a
UC Cargo 0.6777 a
Afdente 0.6755 ah
Pioneer 572 0.6744 ab
73CaA 0.6728 ah
AS13R 0.6721 ab
NK Amador 0.6662 abc
Palmers Special 0.6530 abed
Lew 0.6528 abed
WL 514 0.6441 abed
Mesa Sirsa 0.6367 abede
WL 512 0.6311 abede
NK Matador 0.6279 bede
CUE 101 0.6227 cde
Hayden PX 0.6218 cde
Hayden 0.6198 cde
Az. High Temp. Tol. 0.6150 de
Az. Leafhopper Tol. 0.6046 de
Az. High Salt Tol. 0.5923 e

Means followed by the same letter are not significantly different at
0.05 level according to Fisher’s least significant difference.
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indicating that all cultivars and experimental strains responded in the

same way to frequency of harvesting,

The trend in leaflet to stem-petiole ratio by harvests showed 
an increase during the second harvest in May, then decreased until it 
reached its lowest value in June, increased steadily through July and 
August until it reached its highest value in late September, After 
reaching a high peak of 0,73 in late September, the leaflet to stem- 
petiole ratio for the final harvest decreased to about 0,68 (Figure 1), 
At the time of the last harvest, alfalfa plant populations were greatly 
reduced, there were fewer, but larger leaves on the remaining plants. 
This may explain the decrease in leaflet to stem-petiole ratio observed 

at the last harvest, Leavitt (1975) found that small alfalfa leaflets 
tend to be thicker and heavier than larger ones and he observed that 
genotypes with large leaflets usually had lower leaflet to stem-petiole 

ratios. The increase in leaflet to stem-petiole ratio observed from 
June to September agrees favorably with results reported by Leavitt 
(1975) and Dobrenz, Schonhorst and Thompson (1969). Delaney, Dobrenz 
and Poole (1974) noticed an increase in leaflet to stem-petiole ratio 
during the latter portions of the growing season.

The average leaflet to stem-petiole ratio and dry forage produc
tion over all cultivars for each of the seven harvests is plotted in 
Figure 2, The ratio of leaves to stems was lowest during June when dry 
matter production was high. The leaflet to stem-petiole ratio increased 
through July, August and September when dry forage production decreased. 
There appeared to be a negative relationship between yield of dry 
matter and leaflet to stem-petiole ratio. Similar seasonal trend in
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leaflet to stem-petiole ratio was reported by Dobrenz, Schonhorst and 
Thompson (1969). Leavitt (1975) found that the leaflet to stem- 
petiole ratio was negatively and significantly associated with yield 
in June (r = -0,30) and over all four harvests combined (r = -0.22).

The average height of plants differed significantly among the 
20 cultivars and experimental strains studied (Table 4). The cultivar 
Lahontan had the lowest mean height of 49.65 cm over the entire harvest 
period. Plants of this cultivar had the highest leaflet to stem- 
petiole ratio. The experimental strains, Arizona Leaf Hopper Tolerant, 
Arizona High Temperature Tolerant and Arizona High Salt Tolerant, were 
the tallest of all entries in this test and had mean heights of 64.23 
cm, 63.77 cm and 63„75 cm respectively (Table 5). It should also be 
noted that these experimental strains had the lowest leaflet to sterna 
petiole ratios (Table 3).

The relationship between average leaflet to stem-petiole ratio- 
and average plant height over all cultivars for each of the harvests 
is plotted in Figure 3. There was a marked tendency for leaflet to 
stem-petiole ratio to be low at the time of the late June harvest when 
plants were tallest. Also the leaflet to stem-petiole ratio reached 
its highest value in September when plant height was lowest. Again 
this trend may suggest a negative relationship between leaflet to stem- 
petiole ratio and plant height. Leavitt (1975) found a significant 
negative correlation (r = -0.45) between stem length and leaflet to 
stem-petiole ratio of alfalfa. Meyer and Jones (1962) observed a trend 
for short plants to have a higher leaf-stern ratio than tall alfalfa 
plants o
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Table 4 0 Analysis of variance of height of alfalfa cultivars and ex
perimental strains (Safford, Arizona9 1979).

Source of Variation DF
Observed

Sum of Squares Mean Square F

Total 139 4544.77

Cultivar 19 2366.78 124.57 17.11**

Harvest 6 1347.60 224.6 30.85**
Error 114 830.39 7.28

^^Significant at 0.01 level
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Table 5. Comparison of mean, cultivar height of alfalfa plants 
(Safford, Arizona, 1979).

Cultivar Cultivar Mean
(cm)

Az. Leafhopper Tol. 64.23 a
Az. High Temp. Tol. 63.77 b
Az. High Salt Tol. 63.75 b
Hayden 63.74 b
Mesa Sirsa 63.15 b
Hayden PX 62.32 b
Lew 62.14 b
CUE 101 62.05 b
UC Cargo 61.19 be
Palmers Special 60.96 be
NK Matador 59.0 c
WL 514 58.78 cd
Ardente . 56.08 de
73 Ca A 56.06 de
Pioneer 572 55.76 e
AS 13 R 55.74 e
WL 512 54.88 e
Ca423-26 54.86 e
NK Amador 53.40 e
Lahontan 49.65 e

Means followed by the same letter are not significantly different at
0.05 level according to Fisher's Least Significant Difference Test.
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The percentage of bloom averaged over three harvests is shown 

in Table 6„ There were significant differences in the amount of bloom 
at harvest among cultivars and experimental strains and among harvests. 
Differences in percentage flowering among cultivars and experimental 
strains ranged from 17,1% for Palmer's Special; a nondormant selection 
that originated in the Safford valley, to 8,3% for Lahontan, a semi- 
nondormant cultivar (Table 7), The experimental strain, Arizona High 
Salt Tolerant which had the lowest leaflet to stem-petiole ratio was 

more nondormant than Lahontan, There appeared to be a tendency for 
leaflet to stem-petiole ratio to decrease as the percent bloom at har
vest increased. In similar research, Kiesselbach and Anderson (1926) 
found that as the percentage of bloom increased the proportion of 
leaves decreased. •

Percentage Leaves
There was no significant difference among cultivars and experi

mental strains in percentage leaves when it was computed as the dry 
weight of leaves divided by the dry weight of the whole shoot (weight 
of leaves and weight of stems-petioles) (Table 8). However, this re
sult was contrary to the findings of Meyer and Jones (1960) who found 
significant differences among cultivars in percentage leaves.

The differences in percentage of leaves among harvests were 

highly significant (Tables 5 and 9). The means averaged for all culti
vars and experimental strains ranged from 36.04% percent leaves for the 
first harvest to 42,48% in the sixth harvest (Table 9).



32

Table 6. Analysis of variance of percent flowering of cultivars and
experimental strains of alfalfa (Safford, Arizona, 1979).

Source of 
Variation

Degrees of 
Freedom Sum of Square Mean Square

Observed
F

Total 139 2240.885
Cultivar 19 203.426 . 10.707 5.70**

Harvest 2 1817.899 908.950 484.26**

Error 117 219.560 1.877

^Significant at 0.01 level
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Table 7* Comparison of percent flowering of alfalfa cultivars and ex
perimental strains (Safford, Arizona, 1979)„

Cultivar Cultivar Mean 
(%)

Palmers Special 17.08 a
WL 514 15.83 b
Mesa Sirsa 15.83 b
UC Cargo 15.0 be
NK Matador 14.58 bed

- Az„ High Salt Tol. 14.42 bede
Pioneer 572 14.17 bede
CUE 101 14.17 bede
73 Ca A 13.75 bedef
Az. High Temp. Tol. 13.75 bedef
Hayden 13.75 bedef
Ca 423-26 12.92 cdef
Az. Leaf Hopper Tol. 12.92 cdef
NK Amador 12.50 cdef
Lew 12.50 def
Ardente 12.08 ef
AS 13R 12.08 ef
WL 512 12.08 ef
Hayden PX 11.67 f
Lahontan 8.33 f

Means followed by the same letter are not significantly different at
0.05 according to Fisher?s Least Significant test.
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Table 8. Analysis of variance of percent leaves of alfalfa cultivars

and experimental strains (Safford, Arizona, 1979).

Source of 
Variation

Degrees of 
Freedom

Sum of 
Squares Mean Square

Observed
F

Total 139 1555.29
Cultivar 19 114.33 6.02 1.21
Harvest 6 871.68 145.28 29.11**

Error 114 569.28 4.99

^Significant at 0.01 level
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Table 9. Comparison of percent leaves of alfalfa cultivars and experi
mental strains by harvest dates.

Harvest Date Harvest Mean

4/19 36.04 a
5/21 40.59 c

6/25 35.02 a
7/19 38.53 b

8/17 39.73 c
9/25 42.48 d

11/15 40.89 be

Means followed by the same letter are not significantly different at 
0,05 level according to Fisher1s least significant difference test.
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A good indication of the nutritional quality of a strain is the 

product of percentage leaves and total dry matter produced. In this 
research, UC Cargo ranked first in production of leaves (kg/ha), fol
lowed by NK Matador. The experimental strain Arizona Leaf Hopper 
Tolerant, which had the highest total dry matter yield, ranked third in 
this respect. The cultivar Lahontan produced the lowest yield of 
leaves per hectare (Table 10). A grower could expect a leafier hay 
product from Lahontan, but would be producing less total dry forage and 
less leaf dry matter/ha if his frequency of harvest was at the inter

vals used in this study.

Percent Crude Protein
a) Percent Crude Protein of the Stem-Petiole Tissues

There was a significant difference in the average protein per
centage of the stems among the different cultivars and experimental 
strains and among harvest dates (Table 11). The significant linear 
polynomial (H(l)) indicates that the variation from harvest to harvest 
can be fairly approximated by a straight line. , The percentage protein 
of the stems ranged from 12.1% for the cultivar Lahontan to 10.4% for 
the experimental strain, Arizona High Temperature Tolerant (Table 12). 
These values were within the range of those reported by Dobrenz, 
Schonhorst and Thompson (1969). The cultivar Lahontan had the highest 
percentage protein in the stems. It was followed by NK Amador, 73 Ca 
A, Ca 423-26, Pioneer 572 and WL 512 (Table 12). Cole et al. (1970) 
found significant differences in percentage protein of the stem and
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Table 10. Comparison of dry forage yield of leaves and stems of alfalfa
cultivars and experimental strains (Safford, Arizona, 1979).

Cultivar
kg/ha 

(12% Moisture) Kg/ha Leaves Kg/ha Stems

Az. Leafhopper Tol. 29344.0 a 10983.46 18360.54
NK Matador 28985.6 a 11142.06 17843.54
Hayden 28952.0 a . 10900.43 18051.57
CUE 101 28224.0 a 10719.48 17504.52
Mesa Sirsa 28212.8 a 10805.50 17407.30
Pioneer 572 28022.4 a 11130.50 16891.90
UC Cargo 28011.2 a 11176.47 16834.73
Lew 27664 a 10788.96 16875.04
73 Ca A 27619.2 a 10917.87 16701.33
Hayden PX 27563.2 a 10945.35 16617.85
WL 514 27104.0 a 10559.72 16544.28
Palmers Special 26980.8 a 10517.12 16463.68
AS 13R 26678.4 a 10671.14 16007.26
Az. High Salt Tol. 26241.6 a 9790.74 16450.86
Ardente 26230.4 a 10219.36 16011.04
Az. High Temp. Tol. 26107.2 a 10210.53 . 15896.67
Ca423-26 25662.6 a 10254.76 14997.24
WL 512 24752.0 a 9754.76 14997.24
NK Amador 24180.8 a 9665.07 14515.73
Lahontan 17763.2 b 7194.10 10569.10

Means followed by the same letter are.not significantly different at 0.05
level according to Fisher’s Least Significant Difference Test.
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Table 11. Analysis of variance of percent crude protein in stems of
cultivars and experimental strains of alfalfa (Safford 9
Arizona, 1979).

Source of 
Variation

Degrees of 
Freedom Sum of Squares . Mean Square Observed F

Total 139 310.826 2.236 3.82**
Cultivar 19 34.019 1.790 53.70**
Harvest 6 204.467 34.078 185.09**
H (1) 1 117.451 117.451 41.54**
H (2) 1 26.379 26.379 74.83**
H (3) 1 47.518 47.518

Error 114 72.340 0.635

^Significant at 0.01 level
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Table 12. Comparison of percent crude protein in stems of alfalfa
cultivars and experimental strains (Saffords Arizona9 1979).

Cultivar Cultivar Mean (%)

Az. High temp. Tol. 10.3529 a
Mesa Sirsa 10.5137 a
Hayden 10.5671 a
UC Cargo 10.7279 ab
Lew 10.7370 ab
Hayden PX 10.7724 ab
WL 514 10.7841 ab
Palmers Special 10.8440 abc
CUE 101 10.8900 abc
Az. High Salt Tol. 10.9957 abed
AS 13R 11.0760 abed
Az. Leafhopper Tol. 11.1029 abed
NK Matador 11.1117 abed
WL 512 11.4239 bede
Pioneer 572 11.4419 bede
Ardente 11.5579 bede
Ca 423-26 11.6737 cde
73 Ca A 11.7813 de
NK Amador 11.9771 e
Lahontan 12.1470 e

Means followed by the same letter are not significantly different at
0.05 level according to Fishers Least Significant Difference test.
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petiole tissues. Similar results were also reported by Hittle et al. 
(1958).

The average percentage protein of stems at different harvests 
is plotted in Figure 4. The crude protein percentage increased 
slightly for the second harvest, then decreased for June, July and 
August harvests. The percentage protein in the stems was slightly 
higher for plants harvested in mid-November than for plants from the 
harvest that preceeded it. The experimental strain Arizona Leaf Hopper 
Tolerant1s stem-petiole tissues produced the highest yield of protein 
per hectare while the cultivar Lahontan produced the lowest (Table 13).

b) Percentage Crude Protein in Leaves
The cultivars and experimental strains studied did not differ in 

the percentage crude protein of the leaves. However, significant dif

ferences in leaf protein percentage among harvests were found (Table 14). 
The significant linear polynomial (H(l)) indicates that the variation 
from harvest to harvest can be fairly approximated by a straight line. 
Dobrenz, Schonhorst and Thompson (1969) , Hittle et al. (1958), and Cole 
et al. (1970) reported similar results.

The mean percentage protein of the leaves ranged from a high of 

27.75% for Ardente to 25.98% for Mesa Sirsa (Table 15). Dobrenz, 
Schonhorst and Thompson (1969) reported averages of 27.5% for cultivar 

Hairy Peruvian and 26.5% for cultivar Mesa Sirsa.
The average percentage crude protein for all cultivars and ex

perimental strains for each of the harvests was plotted in Figure 5.
The percentage crude protein in leaves increased slightly at the second
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Table 13. Comparison of total protein production of leaves and stems of
alfalfa cultivars and experimental sixains (Safford, Arizona,
1979).

Cultivar
Kg Protein/ha 

Cultivar
Kg Protein/ba 

Stems
Kg Protein/ha 

Leaves
Pioneer 572 5014.79 1932.75 3082.04
Az. Leaf Hopper Tol. 5001.88 2038.55 2963.33
NK Matador 4971.02 1982.72 2988.30
73 Ca A 4940.57 1967.63 2972.94
Hayden 4869.18 1907.53 2961.65
UC Cargo 4781.19 1806.01 2975.18
CUE 101 4754.41 1906.24 2848.17
Hayden PX 4750.85 1790.14 2960.71
Lew 4704.39 1811.87 2892.52
Ardente 4686.41 1850.54 2835.87
AS 13R 4644.56 1772.96 2871.60
Mesa Sirsa 4637.42 1830.15 2807.27
Palmers Special 4592.34 1785.32 2807.02
WL 514 4576.14 1784.15 2791.99
Ca 423-26 4519.25 1798.66 2720.59
Az. High Salt Tol. 4436.72 1808.89 2627.83
Az. High Temp. Tol. 4400.57 1645.77 2754.80
NK Amador 4393.56 1738.56 2655.00
WL 512 4352.56 1713.27 2639.64
Lahontan 3278.75 1283.83 1994.92
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Table 14. Analysis of variance of percent crude protein in leaves of
alfalfa cultivars and experimental strains (Safford9 Arizona,
1979).

Source of 
Variation

Degrees of 
Freedom Sum of Squares Mean Square

Observed
F

Total 139 1534.416 11.039
Cultivar 19 30.563 1.609 1.10
Harvest 6 1337.540 222.923 152.79**

H (1) 1 241.967 241.967 165.86**
H (2) 1 160.058 160.058 109.70**

H (3) 1 548.897 548.897 376.25**
Error 114 166.313 1.459

^Significant at 0.01 level.
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Table 15o Comparison of percent crude protein in leaves of alfalfa
cultivars and experimental strains (Safford, Arizona, 1979).

Cultivar Cultivar Mean 
(%)

Ardente 27.75
Lahontan 27.73
Pioneer 572 27.69
NK Amador 27.47
73 Ca A 27.23
Hayden 27.17
WL 512 27.06
Hayden PX 27.05
Az, High Temp. Tol. 26.98
Az. Leafhopper Tol. 26.98
AS 13R 26.91
Az. High Salt Tol. 26.84
NK Matador 26.82
Lew 26.81
Palmers Special 26.69
UC Cargo 26.62
CUE 101 26.57
Ca 423-26 26.53
WL 514 26.44
Mesa Sirsa 25.98
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harvest (May 21)5 held steady for June, increased slightly for the July 
19 harvest and then decreased sharply for harvests made in August and 
September. The percentage crude protein in the leaves was slightly 
higher for plants harvested November 15 than it was for plants harves
ted September 25. The percentage crude protein in leaves was almost 
more than twice the percentage of crude protein in stem and petiole 
tissues (Figure 6). The experimental strain Arizona Leaf Hopper 
Tolerant had 3%, 3% and 4% increase in total protein production (kg/ha) 
over cultivars Hayden PX, Lew and Mesa Sirsa,respectively. However, 
this increase was directly related to increased forage production and 
not to a higher protein percentage in the forage of the experimental 
strain Arizona Leafhopper Tolerant.
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SUMMARY AND CONCLUSIONS

Twenty non-winter-dormant alfalfa (Medicago sativa L.) culti- 

vars and experimental strains were evaluated for leaflet to stem- 
petiole ratio and protein content of the leaves and stems at the 
University of Arizona, Safford Branch Experimental Farm, during the 
period April 19 to November 15, 1979.

At each of seven harvests, leaflet to stem-petiole ratio and 
other morphological characteristics were measured. Protein content 
of the leaves and stems was determined from composite samples using 
the Kjeldahl method.

Leaflet to stem-petiole ratio differed significantly among 
cultivars and experimental strains and among harvest dates. The trend 
in leaflet to stem-petiole ratio by harvest showed an increase from a 

low value in late June to maximum value in September. There was a 
negative relationship between yield of dry matter, plant height, per
cent bloom at time of harvest and leaflet to stem-petiole ratio. The 

leaflet to stem-petiole ratio was low when plant height and dry matter 
production were high in late June. The leaflet to stem-petiole ratio 
increased when plant height and dry matter production decreased in 
September. Leaflet to stem-petiole ratio may be used as an indicator 
of leafiness in alfalfa and thereby an indicator of one of the quality 
components of alfalfa hay.
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When yield of leaves and stems was computed from the percentage 

of leaves5 UC Cargo ranked first in production of leaves (kg/ha) followed 
by NK Matador. The experimental strain Arizona Leaf Hopper Tolerant, 
which had the highest total dry matter yield, ranked third in this 
respect. The cultivar Lahontan produced the lowest yield of leaves per 
hectare. A grower could expect a leafier hay from the cultivar Lahontan, 

but would be producing less total dry forage and less total leaf dry 
matter/ha if the frequency of harvest was at the intervals used in this 
study.

Average protein percentage of stems differed significantly among 
cultivars and experimental strains and among harvest dates. The culti- 
vars and experimental strains studied did not differ in percentage 
protein of leaves, but significant differences among harvests were found. 
It is generally assumed that the nutritive value of leaves of forage 
crops is much superior to that of stems. The superiority of leaves is 
reflected in their protein content. The percentage crude protein of 
leaves found in this study was more than twice that of stems.

The experimental strain Arizona Leafhopper Tolerant produced the 
highest yield of protein per hectare. However, this increased protein 
production was directly related to high forage production, rather than 
to a higher protein percentage in the forage.
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