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ABSTRACT 

Regrowth and. yield of 23 Middle Eastern (ME) 

cultivars and the elite cultivar Lew were evaluated for 

twelve regrowth harvests in pure stands and 50:50 

mixtures with Lew in 1988 at Tucson, Arizona. Stem 

elongation rate and crown shoot development were 

measured on selected ME cultivars and Lew in the spring 

of 1988. No significant differences in yield were 

observed between mixtures and monocultures. Few 

significant differences were observed over all yields 

among ME cultivars and Lew. Cultivars from Saudi Arabia 

and Egypt produced more forage than Lew in spring 

harvests. These cultivars developed crown shoots 

precociously and had high stem elongation rates during 

the first week of regrowth. Most ME cultivars had higher 

leaf area and leaf:stem ratio than did Lew. These 

findings suggest that ME cultivars may be useful in 

improving forage yield during the winter and spring and 

forage quality in elite nondormant cultivars. 
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INTRODUCTION 

Alfalfa (Medicago sat1va L.) Is the world's most 

important forage crop and is recognized to be the 

oldest plant cultivated solely for forage. It has been 

cultivated in the old world for thousands of years and 

is now grown from the equator to near the Arctic 

Circle (32). 

A wide range of winter dormancy among alfalfa 

cultivars has led to the classification of alfalfa in 

several dormancy groups (22). Nonwinterdormant or 

"non-winterhardy" alfalfas are grown primarily in areas 

of the world with long warm seasons because of their 

capability of growing throughout the year and their 

ability to persist for three to six years. These regions 

are usually found between 34° north and south 

latitudes (32). The major areas of adaptation for 

nondormant alfalfas are at low elevations in the Middle 

East, North Africa and in the Southwestern U.S.A. In 

the Southwest these alfalfas are grown from the 

southern Rio Grande river valley to southeastern New 

Mexico, through southern Arizona, southern Nevada and 

much of California (32). 

Elite nondormant alfalfa cultivars descend from a 

limited number of introductions from the Middle East 

and South America. Yields of nondormant alfalfas 
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derived from these introductions have been improved in 

the last 30 years primarily as a result of enhanced pest 

resistance, which has been the primary focus of several 

alfalfa breeding programs. Many characteristics of 

ancestral populations associated with inherent yield 

have apparently also been altered during this 

improvement process. Returning to relatively 

unimproved progenitor germplasm may prove useful in 

recovering levels of expression of traits associated with 

inherent yield. Middle Eastern alfalfas appear 

especially promising in this regard due to their reduced 

winter dormancy and rapid regrowth following harvest 

(34). 

The goal of this study was to collect the 

preliminary information needed to begin development of 

a breeding population based on Arabian alfalfa 

germplasm. The specific objectives of this study were 

to: 1) Identify the most productive Arabian alfalfas in 

monoculture and 50:50 mixture with the Arizona 

cultivar 'Lew', emphasizing productivity during winter 

and spring; 2) Determine the susceptibility of Arabian 

ecotypes to common pests and diseases in the field; 3) 

Study the ability of Arabian ecotypes to generate 

crown and stubble shoots; and 4) Determine the 

similarity and differences in morphology and growth 

habits among the ecotypes. 
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LITERATURE REVIEW 

The Middle Eastern Alfalfas 

The Arabian alfalfas represent distinct ecotypes 

that have been grown in the Arabian Peninsula for 

thousands of years. Although the exact time of 

introduction of alfalfa into the Arabian Peninsula is 

not known, this crop has always formed an integral 

part of the oases system of cultivation (6). The 

Arabian ecotypes of alfalfa were introduced to North 

Africa by Arabs during the expansion of Islam in the 

seventh and eighth centuries (22, 45). 

Saudi Arabia: 

In Saudi Arabia, alfalfa is the major forage crop 

now grown (2, 6). Many European and American 

agronomists have examined the productivity of local 

alfalfa ecotypes compared to imported varieties from 

the U.S. and Australia. In most of those studies, the 

Arabian varieties exhibited superior winter growth and 

typically outyielded the imported varieties over the 

entire season (2, 3, 15-21, 52, 55). 

J. Farnworth has led a group of scientists from the 

University of North Wales in a series of experimental 

investigations attempting to better exploit the potential 

of the local varieties of alfalfa In Saudi Arabia (2, 3, 

15-21). In all their experiments, 'Hasawi,' the most 

widely planted ecotype in Saudi Arabia, outyielded all 
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imported varieties in trials under typical Arabian 

production conditions. 

Parnworth (17) working in the eastern province, 

compared Hasawl with 46 imported varieties from the 

United States, Mexico, Europe, Australia, and Iran. 

The dry matter yield of Hasawi after five harvests was 

14.72 Mg/h, which was more than twice that of the 

next best yielder 'Sonora' from Arizona. In another 

study, Farnworth et al. (15) showed that Hasawi was 

not only superior in yield but also significantly higher 

in crude protein and lower in crude fiber than the 

other cultlvars. However, in another study (18) no 

differences were observed in crude protein and acid 

detergent fiber (ADF) between Hasawi and the imported 

varieties. 

Wilton conducted several experiments in the 

central region of Saudi Arabia (52-55) between 1980 

and 1983. In these studies, a series of Middle Eastern 

ecotypes from Saudi Arabia, Egypt, and Iraq were 

evaluated with newly released nondormant cultivars 

from the U.S.A. and Australia. Wilton et al. (55) 

compared 17 nondormant American alfalfas with nine of 

Middle Eastern origin. The Middle Eastern varieties, 

particularly the Saudi Arabian and Egyptian ecotypes, 

outyielded the American alfalfas especially during the 

cool season. 
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Marble et al. (34) reported the results of a similar 

experiment involving 17 harvests in an 18-month period 

in Al-Kharj, Saudi Arabia. They stated that most 

Middle Eastern (ME) entries were significantly superior 

to most western (U.S. or Australia) entries in all four 

seasons. Also, ME ecotypes had greater height at 

cutting and flowered earlier. Wilton et al. (55) 

concluded that the Middle Eastern cultivars belong to 

another dormancy class than those considered 

"nondormant" in the United States. 

Egypt: 

Alfalfa is not presently an economically important 

crop in Egypt. It is grown only on newly developed 

land and at old oases and is used for land reclamation 

and to provide forage for livestock. The local 

cultivars Sewa and Hegazi are the only known local 

cultivars in Egypt (22). Sewa has received some 

attention for its ability to grow in saline soil at the 

Sewa Oasis in Western Egypt (4). Hegazi is grown and 

managed only in small areas along the Nile (4). 

Morocco: 

Alfalfa was brought to Morocco from the east by 

Arabs during the seventh century. It is also highly 

probable that alfalfa seed was transported from Europe 

to Morocco at various times (22). Rumbaugh et al. 
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(45) classified 146 local Moroccan ecotypes into five 

groups based on the geographic areas in which they 

were grown: Draa, Tafilat, Sous, Mountain and Haouz. 

Accessions from Haonz and Sous were distinctly 

different from each other and from those of the other 

three regions which were very similar. 

Other Regions in the Middle East: 

There is no available literature regarding alfalfa 

ecotypes from Oman, Yeman, and Sudan. Alfalfa is 

grown in these regions, however. Ecotypes have been 

collected occasionally for evaluation outside the region. 

Sarraj et al. (46) in Syria described an ecotype from 

Sudan referred to as Hegazi. This could mean that 

Hegazi existed in Sudan or that the name Hegazi has 

been given to several ecotypes. 

Nondormant Alfalfas in the Southwestern U.S.A. 

Alfalfa was introduced into the southwestern 

U.S.A. from Chile during the Gold Rush in about 1850. 

However, seed introduced from Chile was variable in 

dormancy (51). The true nondormant alfalfa 

introductions to the U.S. originated from Peru, Africa, 

India, and the Near East (52, 59). Some of those 

introductions were Hairy Peruvian (1899), Arabian 

(1902), African from Egypt as 'Hegazi* (1924), Sirsa No. 

9 from India (1956), and 'Argentine' (1956-1940) (52, 
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38, 39). Many of these introductions failed to have 

the necessary combination of nondormancy, persistence 

and high production to be cultivated on large areas in 

the Southwest. Hairy Peruvian and African were the 

most acceptable and were widely grown in Southern 

California and Arizona in the 1930's and 1940's (32). 

Beginning in the mid-1950's these cultivars were used 

with other common Chilean alfalfas as the germplasm 

sources for the breeding of the elite nondormant 

alfalfas now used in the U.S.A. (32). 

The improvement of nondormant alfalfas in the 

U.S. has concentrated mainly on breeding for disease 

and insect resistance. Although pest resistant varieties 

have contributed to the productivity of alfalfa in the 

Southwest, there is little evidence that in the absence 

of the pest, such cultivars produce more forage than 

susceptible cultivars (43). Lehman et al. (32) stated 

that it has been difficult to increase alfalfa 

productivity in winter because good sources of very 

nondormant germplasm were unavailable and because 

there have always been overriding problems due to 

diseases and insects in very nondormant alfalfas. 

Alfalfa Genotype Mixtures 

Seed mixtures of alfalfa varieties have been 

planted to increase forage production in areas where 
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winter injury is common (25). A combination of 

winterhardy and less winterhardy, but more productive, 

cultivars have been used in mixtures to increase the 

productivity over that of the winterhardy cultivar 

alone in the first year. Jacobs et al. (25) found that 

inclusion of 'Stride' or 'Moapa', short-lived 

nonwinterhardy cultivars, with 'Vernal,' a long-lived 

winterhardy cultivar, increased yield by 1.7 Mg/ha in 

the first year, but the mixture yielded significantly less 

than Vernal in the third and fourth harvest years. 

Rotili et al. (44) found that two population mixtures 

were rarely higher yielding than the better partner of 

the mixture growing in a pure stand. Zannone (56) 

also showed that no mixture outyielded the best 

performing pure stand. 

Chable (8) in France, reported the yield of two 

different alfalfa genotypes grown in mixed stands at 

different fertility levels. The yield gains and losses of 

the mixtures ranged from 609S loss to 50% gain 

compared with pure stands in this experiment. Rotili 

et al. (45) found that one partner in a mixture may 

yield higher, and the other partner lower than their 

pure stands due to competition effects. With repeated 

cutting, individuals that grew more rapidly had a yield 

advantage over their neighbors, chiefly because of the 

greater amount of shading they produced (57). Such 
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competition lead to high mortality among the slower 

recovering variety which resulted in the reduction of 

total forage yield of the mixture due to stand loss. 

Zannone et al. (56) concluded that there should be 

selection toward greater homogeneity of stand 

composition in general to reduce intraspecific 

competition effects and to maintain higher stand 

density• 

Morphological Parameters Related to High 
Productivity and Nutritional Quality 

Alfalfa cultivars in use today were derived from 

germplasm that may have had quite different 

morphological characteristics (24). Many attempts have 

been made to relate yield and quality differences to 

some morphological parameters such as leaf-stem ratio, 

development of crown shoots, stem number, and stem 

elongation rate in alfalfa (11-14, 26-31, 41, 42). 

Leaf-Stem Ratio: 

Alfalfa leaves are generally more digestible and 

higher in crude protein (cp) than stems (7,35,40). 

Mowat et al. (40) found that leaves of alfalfa plants 

contained two to three times the concentration of 

crude protein as stems. Leaf digestibility has also 

been shown to vary only slightly with maturity (7). In 

contrast, alfalfa stems decline in digestibility and CP 
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with advancing maturity (42). The leaf-stem (L/S) 

ratio has therefore been considered as a primary 

indicator of the nutritive value of alfalfa (24). 

Many investigators have observed varietal 

differences in L/S ratios. Davies (11) reported 

significant differences in L/S ratio between eighteen 

alfalfa cultivars in France. In Arizona, Cole et al. (10) 

found significant differences among cultivars in the 

leaflet to stem-petiole ratios. Hassan (24) also 

reported differences in leaflet stem-petiole ratio of 20 

nondorraant cultivars. Dobrenz et al. (14) found that 

experimental strain M-56-11xP~2 and 'Hairy Peruvian' 

did not differ significantly in leaflet weight but stem-

petiole weight was 33% higher for Hairy Peruvian thus 

resulting in lower L/S ratio. 

Delaney et al. (12) found that leaflet to stem-

petiole ratios were highest for large-leafed clones B 

and D from 'Mesa-Sirsa'. They concluded that large-

leafed genotypes could produce forage of superior 

quality. However, Leavitt (31) found that leaflet/stem-

petiole ratio was lower in large leaflet genotypes than 

in the small leaflet genotypes. He also found that 

leaflet/stem petiole ratio was negatively and 

significantly correlated with forage yield over all 

harvests. 
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Jones and Marble (26) in California, found that L/S 

ratio of alfalfa was not the same for all stages of 

growth and the relationship within stages differed 

among seasons. Dent and Zaleski (13) observed that 

L/S ratio was higher in plants at first bloom than for 

those in one-fifth bloom, and it also varied between 

seasons. Albrecht (1) found that L/S ratio decreased 

from 1.4 in the late vegetative stage to 0.7 or lower 

by the early seed stage. Leavitt (31) noted a general 

Increase in leaflet/stem-petiole ratio from June through 

September. Onstad and Fick (42) found L/S of spring-

growth was less than that of summer regrowth at the 

same morphological stages in New York. 

Crown Shoot Development: 

The development of crown shoots is associated 

with stage of maturity (9, 27-29, 42). Therefore, the 

development of new shoots from the crown has been 

used as an indicator that the crop is ready to be 

harvested. This relationship is especially important in 

areas where nondormant alfalfa is grown, since alfalfa 

does not flower during the winter and early spring 

because of cool temperatures and short daylengths (22). 

Al-Noaim and Parnworth (2), in Saudi Arabia, observed 

the highest -yield of Hasawi when it was cut with 

crown shoots about 2 cm long. In southern Arizona, 

Massengale (37) recommended that cutting should be 
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done when the crown shoots are about 5 cm long. In 

California, Marble (35) reported that crown bud 

development was a more reliable guide for cutting than 

floral development. They indicated that 10% flowering 

was equivalent to the stage when 609& of the alfalfa 

plants have crown shoots of 1.2 to 1.9 cm long. 

Nelson and Smith (41), in Wisconsin, studied the 

development of crown buds on Vernal alfalfa. They 

observed a considerable number of new buds available 

for regrowth when plants were just beginning to flower 

in the spring. Nevertheless, at the second harvest, 

crown buds started to grow only when plants were at 

the seed stage. Marble (35) concluded that crown 

shoot regrowth varied seasonally and that there are 

differences among cultivars in crown shoot development 

at different stages of floral maturity. 

Increased crown shoot development is closely 

correlated with increased regrowth rate (9,27,35,37). 

Chatterton et al. (9) found that cultivars with 

developed crown buds at harvest recovered more 

rapidly than those with less bud development. Leach 

(28) found that variation in yield among plants of the 

cultivar Hunter River was mainly due to the number of 

shoots that resumed regrowth immediately after 

cutting. Smith (48) described the ideal alfalfa plant as 

one having large numbers of new shoots already 
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growing below the normal mowing height at the time 

the herbage was harvested for high nutritive yield. 

This would insure that regrowth would be immediate, 

as it is with presently available cultivars when they 

are cut at near full bloom. 

Stem Elongation Rate: 

Stem elongation rate is rarely mentioned in the 

alfalfa literature, although plant height at harvest has 

been closely associated with increased yield (33, 50, 

51). Legg (33) found that specific stem weight had 

little effect on total dry matter production but that 

yields were positively associated with plant height. 

Also, Volenec et al. (50) found that yield per shoot 

was more closely associated with herbage yield than 

number of shoots per plant. 

The only study that considers stem elongation rate 

(SER) as an indicator of productivity was conducted by 

Volenec (51). He found that plant introductions with 

greater SER had 329& more leaf area per shoot, 55$ 

higher specific stem weight, 26% more internodes, and 

8Q% longer internodes than plants with low SER. 

Volenec also found no relationship between SER and 

the concentration of nonstructural carbohydrates in 

roots. This study highlights the importance of SER as 

a potential selection parameter for increasing 

productivity in alfalfa breeding. 
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Future Work; 

A breeding program involving alfalfa ecotypes that 

exhibit high productivity during the cool seasons may 

lead to increased forage yields during winter and early 

spring. This study furnishes the fundamental 

information necessary for the development of a 

breeding program based on Middle Eastern germplasm, 

which has been suggested to have higher productivity 

in winter and spring. This research may also allow the 

establishment of breeding populations that maintain the 

same level of disease and insect resistance as in 

existing cultivars and have higher productivity during 

the cool seasons. 



23 

Materials and Methods 

Field Design: 

Twenty-three alfalfa cultivars and ecotypes, 

gathered from several regions in the Middle East 

(Table 1), were evaluated for their performance 

throughout the year under Arizona conditions (Table 2) 

beginning in fall 1987. The materials were evaluated 

in 50:50 mixture with Lew, an elite cultivar derived 

from African and Indian germplasm (47), and in 

monoculture in one meter single row plots with 70 cm 

between plots. One hundred seeds were planted in 

each plot. 

The trial was established 8 October 1987 in a flood 

irrigated border at the West Campus Agriculture 

Center. A split-plot design with five replications was 

used with mixture vs. monoculture as the main plots, 

and the cultivars (23 Middle Eastern ecotypes plus 

Lew) as the sub-plots. 

Herbage yield data were collected, for 12 harvests 

following the seedling harvest on December 16, 1987, 

which was disregarded. The dates of harvest (all in 

1988) were February 17, March 16, April 13, May 10, 

May 31, June 21, July 12, August 9, September 8, 

October 6, November 3, and December 21. All entries 

were evaluated using a scale of 1 to 5 for frost 

damage and regrowth score on January 25, and insect 
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Table 1. List of the experimental cultivars, their 
origin,local names and source. 

_______ 
name Or igin Local name Source 

NE-NAF-1 Central 
Saudi Arabia — Saudi Arabia 

NE-NAF-2 Northern 
Sudan Sudan 

NE-NAF-3 Northeast 
South Yemen — South Yemen 

NE-NAF-4 Eastern 
Saudi Arabia — Saudi Ar ab i a 

NE-NAF-5 Northern 
Morocco Tafilalet Morocco 

NE-NAF-6 Demnat-
Morocco — Morocco 

NE-NAF-7 Dra-
Morocco — Morocco 

NE-NAF-8 Dra-Morocco 
Oasis //4 — Morocco 

NE-NAF-9 Beni Mallal-
Morocco — Morocco 

SA-10 Hij azi Western 
Saudi Arabia Hij azi Saudi Arabia 

SA-1 2 Qassimi Central 
Hij azi 

Saudi Arabia Qassimi Saudi Arabia 
Siwa Northwest 

Egypt Siwa Egypt 
SA-1 5 
Egyptian II Egypt — Saudi Arabia 
SA-1 6 
Egyptian III Egypt — Saudi Arabia 
SA-1 7 
Egyptian IV Egypt —. Saudi Arabia 
SA-18 -
Egyptian V Egypt — Saudi Arabia 
SA-1 9 Saudi Arabia Hasawi Saudi Arabia 
Hasawi 2 Saudi Arabia Hasawi Saudi Arabia 
Sudan Sudan — Marana, AZ 
Hudieba 
Res. Sta. Sudan — Sudan 
Oman Oman — Oman 
Gaidun Farm 
Ecotype Bahrain — Bahrain 
Ed-Damer 
Ecotype Sudan — Sudan 
Lew Ar izona Lew Arizona 
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Table 2. Monthly maximum, minimum and mean 
temperature and monthly rainfall, for 1988 
Tucson, Arizona. 

Month Maximum Minimum Mean Rainfall 
(mm) 

— oc _ 

J anuary 19, „ 6 3. 7 1 1 , .6 1 0, .4 
February 23, .3 7. 1 15, . 2 13, .5 
March 25. .4 7. 3 16, .3 8. .9 
April 27, . 1 1 1 . 4 19, .2 47, . 0 
May 34. . 1 15. 2 24. .6 0. ,5 
June 40. .0 20. 8 30. .4 3. ,8 
July 38. ,8 23. 3 31 . . 0 42. .9 
August 37. . 1 22. 8 29. .9 92. . 5 
September 35. .4 18. 4 26. ,9 20 . .3 
October 32. , 1 1 6 . 0 24 . , 0 53. . 1 
November 23. ,4 6 . 8 15. , 1 19. , 0 
December 18. , 6 3. 5 1 1 . , 0 1 . 3 
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damage on March 16, and April 12. For frost and 

Insect damage: 1 = no damage and 5 = severe damage. 

Also, the percent of stand loss was recorded on July 

12 and September 8. The dry matter fraction was 

calculated for all cultivars using samples from the 

February 17 and December 21 harvests. Leaf area and 

plant height in early spring were measured in March 

23, 1989 to complete the morphological 

characterization. 

Regrowth Measurements: 

Early observations revealed that some of the 

Middle Eastern ecotypes had crown shoots 2 to 5 cm 

long underneath the fully developed shoots when 

harvests were made at the bud stage. Five Middle 

Eastern ecotypes, Hijazi, and Qassimi from Saudi 

Arabia, Egyptian 3 from Egypt, Ed-Damer from Sudan, 

and Tafilalet from Morocco, as well as Lew were 

selected to examine the effect of crown shoot growth 

on regrowth and total yield. Measurements of shoot 

number and length were made on nine plants selected 

randomly from three replications of monoculture 

plantings of each of the selected cultivars. The plants 

were marked and shoot length and number measured 

weekly. These measurements were repeated four times 

following harvests on March 16, April 13, May 10, and 
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May 51• Plant height was recorded as the mean of the 

tallest three shoots of each plant. Stem elongation 

rate (SER) was calculated for each week of growth 

separately as the number of centimeters growth/day. 

The mean of all SERs in each harvest was used to 

determine the SER of that harvest. 

At each harvest following 3 or 4 weeks of SER 

measurements, the fresh weight of each plant was 

recorded individually and then dried in a hot-air drier 

to obtain its dry weight. The dry plants then were 

rubbed by hand to remove leaves and petioles from 

stems. The dry weights of leaves and stems were 

recorded and then used to compute the leaf to stem 

ratio. 

Dormancy Rating:: 

The alfalfa cultivars or ecotypes used in this 

experiment are all considered nondormant or very 

nondorraant. Ratings of fall dormancy were made to 

describe the relatively small differences in fall 

dormancy between nondormant and very nondormant 

alfalfas in the experiment. The measurements for 

rating fall dormancy were taken before the December 

21 harvest. The mean plant height of all cultivars was 

determined based on the average height of nine plants 

selected from three replications of the field trial and 
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the mean height of each plant used was determined as 

the mean of the tallest three shoots. 

The dormancy classes used In this study are the 

upper five classes of the dormancy ranking system 

proposed by Marble (56), which are ("Type" cultivar in 

parenthesis at right): 

Class 7: Moderately nondormant (Mesilla) 

Class 8: Nondormant (Moapa 69) 

Class 9: Very nondormant 1 (CUF 101) 

Class 10: Very nondormant 2 (Hasawi 1) 

Class 11: Extremely nondormant (Wadi Quriyat) 

40 cm was used as a lower limit for class 8 

nondormant entries as was used by Barnes et al. (5). 

Cultivars that were less then 40 cm tall on December 

21 were classified as moderately nondormant (Class 7) 

and cultivars that were between 40 to 50, 50 to 55, 55 

to 60, and above 60 cm in height were classified as 

nondormant (Class 8), very nondormant 1 (Class 9), 

very nondormant 2 (Class 10), and extremely 

nondormant (Class 11), respectively. 

Statistical Analysis 

Yield data was analyzed for four replications and 

that for the fifth replication eliminated because of low 

stand that was caused by flooding injury (Scald) in late 

summer. Total yield data was analyzed as split-plot 
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design to test for Interaction between the main plot 

factor (Mixture vs. Monoculture) and the subplot factor 

(populations). Total and seasonal yields (winter, 

spring, etc.) were also analyzed using a randomized 

complete block design with mixtures and monocultures 

separately. Analysis of variance was conducted on 

yield (fresh weight) for winter (December 21 to March 

16)and spring (March 20 to June 21) seasonal yields. 

In addition, Covariance analysis was conducted on 

summer (June 21 to September 8) and fall (September 8 

to December 21) seasonal yields because of reduction in 

stand. Total yield was analyzed using covariance 

analysis with the stand present at harvest as the 

covariate. Duncan's Multiple Range Test was used for 

mean separation in winter and spring seasonal yields. 

However, individual t-test comparisons were made to 

generate mean separations for total yield, and summer 

and fall seasonal yields. Regrowth measurement data 

was analyzed as a randomized complete block with 

sampling. Pearson correlation coefficients were 

calculated between plant height regrowth score, 

dormancy rating and total and seasonal yields. 
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RESULTS AND DISCUSSION 

Stem Elongation Rate 

A primary focus of this study was to examine the 

effect of the presence of young crown shoots at 

harvest on regrowth rate and yield following harvest. 

The results of regrowth measurements revealed 

significant differences among the five selected cultivars 

(Hijazi, Qassimi, Egyptian 3, Tafilalet, and Lew) in 

stem elongation rate. Significant differences among 

weeks of regrowth within each cultivar were also 

observed (Table 3). Except for Tafilalet, Middle 

Eastern (ME) cultivars had the highest SER in the first 

week of regrowth, while Lew had its highest SER in 

the second week. In general, SER in the third and 

fourth weeks of regrowth were lower than those of the 

first and second weeks (Table 3). However Lew had 

higher SER than most ME cultivars in the third and 

fourth weeks of regrowth for the April 13 and May 10 

harvests. Lew also had higher SER than the ME 

cultivars in the third week of regrowth when harvests 

were made after just three weeks regrowth, in May 31 

and June 21. Ed-Damer, which was added to this 

portion of the experiment on May 10, had higher SER 

than Lew in the first week, but was similar to Lew in 

SER in the second and third weeks of regrowth (Table 

4). Smith and Conta (49), found that SER in the first 



31 

Table 3. Stem elongation rate for week 1 to week 4 
and height at harvest (16 March to May 10). 

Stem elongation rate Plant 

Cultlvar Week 1 Week 2 Week 3 Week 4 Height 

cm day • - 1 — — — cm-

HiJ azi 2 , ,3 A* 3 . 1 A 1 .8 AB 0 .8 B 53 .4 A 

Qassimi 2 , .4 A 3 .0 A 1 .7 B 0. .4 C 51 . 1 A 

Egyptian 3 2. .0 A 3 . 1 A 1 .8 AB 1 , . 0 B 53 .3 A 

Tafilalet 0 . .8 B 1 .9 B 1 .7 AB 1 , .4 A 39 .2 B 

Lew 1 . . 1 B 2 .9 A 2 . 0 A 1 . .4 A 48 .7 A 

* Means followed by the same letter within the same 
column are not significantly different at 0.05 level 
according to Duncan's Multiple Range Test. 
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Table 4. Stem elongation rate for week 1 to week 3 
and height at harvest (May 10 to June 
2 1  )  .  

Stem elongation rate Plant 

Gultivar Week 1 Week 2 Week 3 Height 

Hij azi 5 .3 A* 
cm 
2 
day -1 
.9 A 1 .9 AB 

--cm--
70.7 A 

Qassimi 4 .8 A 2 .9 A 1 .3 C 62.5 AB 

Egyptian 3 4 .6 A 2 .8 A 1 .5 BC 65.3 AB 

Ed-Damer 4 .3 A 3 . 1 A 2 . 1 A 67.1 AB 

Tafilalet 1 .8 C 3 . 1 A 2 . 1 A 49.8 C 

Lew 3 . 1 B 3 .3 A 2 . 1 A 59.2 B 

* Means followed by the same letter within the same 
column are not signifleantly different at 0.05 level 
according to Duncan's Multiple Range test. 



33 

week of regrowth was lower for Lew than most 

ancestral nondormant cultivars (e.g. African). 

Nevertheless, Lew had similar mean SER to the 

ancestral cultivars over the entire four week regrowth 

cycle. 

The reduction in SER in the fourth week of 

regrowth for most ME cultivars allowed Lew to close 

the gap in height and have similar height to the ME 

cultivars at harvests on April 13, and May 10 (Table 

3). Figure 1 shows the regrowth curves of the ME 

cultivars and Lew. It shows a slight increase in height 

for the ME cultivars in the fourth week while Lew 

shows a sharp increase in height from the second week 

until harvest. Lew was significantly shorter than most 

ME cultivars at harvest when the cultivars were 

harvested after only three weeks regrowth (Table 4, 

Figure 2). Volenec (51) in a greenhouse study, 

compared germplasms differing in regrowth potential 

after* harvest and found that plants with rapid SER had 

26% more internodes, 80% longer internodes and 

produced more yield than those with lower mean SER. 

Wilton et al. (55), in Saudi Arabia, observed that 

internode elongation was the parameter most affected 

by short days in winter and spring in the imported 

cultivars from the U.S.A. and Australia, compared with 

the ME cultivars. Volenec (51) also found, based on 
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daily measurement from day 8 to 21 following harvest, 

that regressions of shoot length vs. time were linear 

for cultivars with high SER and quadratic for cultivars 

with low SER. In this study, the opposite may have 

been observed where the regressions of shoot length 

vs. time appeared quadratic for cultivars with higher 

SER and more linear for those with lower SER (Figures 

1, 2). Volenec's study was conducted in a greenhouse 

under controlled temperature and 16 hour photoperiod 

and SER was measured in the second and third weeks 

of a four week regrowth cycle while this study was 

conducted in the field and SER was measured weekly 

throughout the regrowth cycle. Lew would have the 

highest SER if we would calculate the SER in the 

second and third weeks only. 

The high SER for ME cultivars in the first week 

of regrowth is probably due to precocious development 

of crown shoots permitting these cultivars to resume 

growth immediately after harvest. On the other hand, 

the reduction in SER in the fourth week of regrowth 

could be attributed to the development of these crown 

shoots, since most of the assimilates may be directed 

toward the crown shoots and not to growth at the 

shoot apex at this time. 

Data on changes in stem number showed the same 

trends as with SER. Few significant differences were 
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observed among cultivars in stem number (Table 5). 

Hijazi and Qassimi had more stems in the first week 

than Lew. On the other hand, Lew increased its stem 

number in the second week from 11.7 to 15-6 stems per 

plant, which was significantly different from those of 

Hijazi (17.9) and Qassimi (17.3). In the third week of 

regrowth, Hijazi and Qassimi had more stems than Lew. 

This increase in stem number in the third week is 

probably attributable to the development of early 

crown shoots of the second cycle of regrowth. 

Leaf to stem ratios were significantly different 

among ME cultivars and Lew (Table 6). Lew had the 

lowest L/S ratios in all harvests except June 21. Ed-

Damer had the lowest L/S ratio among ME cultivars on 

May 31 (1.00) while Lew had a L/S ratio of 0.93 on 

this date. However, Ed-Damer had a ratio of 0.81 

which was the lowest L/S ratio on June 21. Hassan 

(24) in a study comparing twenty nondormant cultivars 

in leaflet to stem-petiole ratio, found that over seven 

harvests 'Lahontan' had the highest leaflet to stem-

petiole ratio of 0.68, and 'AZ High Salt Tol' was the 

lowest with a ratio of 0.59. Lew was intermediate in 

Hassan's work with a ratio of 0.65. Cole et al. (10) 

also found significant differences in leaflet to stem-

petiole ratios. Differences in leaf to stem ratios 

among harvests were also observed in this study. L/S 
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Table 5. Average changes in stem number over 3 
weeks of regrowth following harvest on May 
10 and May 31, 1988. 

Stem number 

Cultivar Week 1 Week 2 Week 3 

stems plant - 1 
Hij azi 17.7 A 17.9 A 19.6 A 

Qassimi 16.8 AB 17.3 A 19.7 A 

Egyptian 3 11.1 BC 13.5 A 13.9 AB 

Ed-Damer 11.0 BC 13.4 A 13.2 AB 

Tafilalet 5.2 C 12.2 A 10.7 B 

Lew 11.7 B 15.6 A 14.3 AB 

Means followed by the same letter within the same 
column are not significantly different at 0.05 level 
according to Duncan's Multiple Range Test 



39 

Table 6. Mean leaf to stem ratios among the Middle 
Eastern cultivars and Lew over four 
harvests. 

Leaf/Stem Ratios 
Cultivar April 13 May 10 May 31 June 21 

Hij azi 1 .24 A 1 .23 A 1 . 1 2 AB 0 .99 ABC 

Qassimi 1.15 AB 1 . 27 A 1 . 1 9 A 1 .03 AB 

Egyp t i an 3 1.11 AB 1.13 A 1 .23 A 1 .03 AB 

Ed-Damer - - 1 .00 AB 0 .81 C 

Tafilalet 1 .30 A 1 . 26 A 1 .25 A 1 .14 A 

Lew I 0.99 B 1.10 A 0 .93 B 0 .93 BC 
(Mean*) (1.16) (1.20) (1.14) (1.02) 

*Means followed by the same letter within the same 
column are not significantly different at 0.05 level 
according to Duncan's multiple range test. 
**Excluding Ed-Damer 
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ratio increased s l i g h t l y  in the May 1 0  harvest, then 

decreased in May 31 and June 21 harvests (Table 7). 

Hassan (24) reported a similar change in leaflet to 

stem-petiole ratio among seven harvests. 

The development of crown shoots at the bud 

stage among the ME cultivars allow the crop to be 

harvested at an earlier stage than is common in 

conventional management for elite cultivars; this may 

result in greater yield. In addition, ME cultivars have 

higher L/S ratios than Lew indicating higher quality 

alfalfa forage rich in protein (Table 7). These two 

factors combined illustrate the potential of the use of 

the superior ME cultivars in the development of new 

cultivars for the desert areas of the Southwest. 
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Table 7. Mean leaf to stem ratio (L/S) and leaf 
and stem yields (g) for forage harvested 
in May 31 and June 21 . 

Y i e l d  ( )  
Cultivar L/S Leaf Stem 

kg 
Hij azi 1 .06 AB 2 , .59 A 2, .29 A 

Qassimi 1 . 1 1 A 2, .43 A 1 , .99 C 

Egyptian 3 1 , .13 A 2. .59 A 2, . 04 BC 

Ed-Damer 0, .91 BC 1 . .72 B 2, . 1 0 ABC 

Tafilalet 1 , .19 A 1 . .99 B 1 . .39 D 

Lew 0, .93 B 1 . .93 B 2. .27 AB 

Means followed toy the same letter within the same 
column are not significantly different at 0.05 level 
according to Duncan's Multiple Range Test. 
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Yield Data 
I 

Mixtures: 

Covariance analysis of total yield revealed no 

significant differences in yield between mixtures and 

monocultures (Table 8). Differences among cultivars 

were highly significant (Table 8), resulting from the 

large range in yield within mixtures and monocultures 

(Tables 9, 10). However, the mean yield of mixtures 

was generally similar to the mean yield of 

monocultures for all harvests (Figure 3). Cultivar X 

mixture interaction was not significant (Table 8) 

indicating that cultivars responded in the same way in 

mixture and monocultures. 

Except in spring, Lew yielded more than any 

mixture (Tables 10-14). In general, the top yielding 

cultivars in monoculture performed the best in mixtures 

with Lew, while the low yielding cultivars in pure 

stand had higher yield in mixtures. Previous studies 

have found that mixtures were rarely higher yielding 

than pure stands. Chable (8) reported yields of 

mixtures ranged from 60% decrease to 50% increase in 

yield compared with pure stands. Zannone (57), 

however, found that no mixture outyielded the best 

performing pure stand. 

The seasonal yield proportions were similar for 

mixtures and monocultures for all seasons. For 
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Table 8. Covarlance analysis of total yield analyzed in 
split-plot design. 

Source 
of 

variation 

Degrees 
of 

freedom 

Sum 
of 

squares 
Mean Observed 
squares F 

Total 183* 

Replication 3 

Main-Plot 
(Mixture) 1 

Error(a) 3 

Subplot(pop) 23 

Mix Xpop 23 

Stand 1 

Error(1) 129 

763188420.6 

14327559.6 4775853.2 0.62 

3871939.5 3871939.5 0.50 

23060944.1 7686981.4 

223774446.0 9729323.7 5.68** 

48115404.6 2091974.1 1.22 

128898367.5 128898367.5 

221141759.3 1714277.2 

* Due to missing values only 184 observation were 
used in the analysis. (Number of observation in 
data set = 192). 

** = Significant at 1%> level. 



Table 9. Total forage yield for 12 harvests of 
monoculture plots (18 Feb. -21 Dec.). 

Cultivar Name Yield (k«/plot) 
Hij azi 1 3 . 1 1 A* 
Egyptian 4 1 2 .33 AB 
Egyptian 2 1 2 . 18 AB 
Qassimi 1 1 .89 ABC 
Egyptian 5 1 1 .80 ABC 
Lew- 1 1 .78 ABC 
Egyptian 5 1 1 .04 BCD 
Oman 10 .73 BCDE 
NE-NAF-4 1 0 .72 BCDE 
Ed-Damer 10 .73 BCDEF 
Hudieba 1 0 . 60 BCDEF 
Gaidun Ecotype 1 0 .24 CDEFG 
Hasawi 1 1 0 . 08 CDEFG 
NE-NAF-6 9 .90 DEFGH 
NE-NAF-3 9 .44 DEFGH 
Sudan 9 .25 DEFGH 
NE-NAF-2 9 . 09 EFGHI 
Hasawi 2 8 .97 EFGHI 
NE-NAF-8 8 .77 FGHI 
NE-NAF-9 8 .65 GHI 
Siwa 8 .64 GHI 
NE-NAF-7 8 .51 GHI 
NE-NAF-5 8/15 HI 
NE-NAF-1 7 .39 I 

C.V. (<&) 14. 47 

*Means followed by the same letter are not 
significantly different at 0.05 level separated 
individual by t-test comparisons. 
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Table 10. Total forage yield for 12 harvests of mixture 
plots (50:50 mixture with Lew) (16 Feb. - 21 
Dec. ) . 

Cultivar Name Yield (k^/plot) 
Lew 1 1 .78 A* 
Hij azi 1 1 .38 AB 
Egyptian 4 11 .36 AB 
Egyptian 3 1 1 .34 ABC 
Ed-Damer 10.90 ABCD 
Qassimi 10.78 ABCD 
Galdun Ecotype 10.70 ABCD 
Egyptian 2 1 0 .46 ABCD 
NE-NAF-4 10.32 ABCD 
Hudieba 10.27 ABCD 
Egyptian 5 10.12 ABCDE 
Oman 9.81 BCDEF 
NE-NAF-5 9.77 BCDEF 
NE-NAF-7 9.74 BCDEF 
NE-NAF-8 9.68 BCDEF 
NE-NAF-2 9-43 CDEF 
NE-NAF-9 9.21 DEF 
Hasawi 1 9 -20 DEF 
Siwa 9 .18 DEF 
NE-NAF-1 9.17 DEF 
Sudan 9.09 DEF 
NE-NAF-6 8.30 EF 
Hasawi 2 8.03 F 
NE-NAF-3 8.02 F 

C.V. (%) 1 1 .46 

* Means followed by the same letter are not 
significantly different at 0.05 level separated by 
individual t-test comparisons. 
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mixtures, 40% of the total yield was produced on 

average in spring, 25% in fall, 22% in summer and 13% 

in winter. Few significant differences were observed 

in the mixtures winter yield with the more dormant 

cultivars having mixtures producing slightly lower 

yields (Table 11). This result could be contributed by 

the presence of a balanced mixture (50:50 mixture) and 

that plants were in the early stages of establishment 

at this time which may have minimized the competition 

within lines. 

Significant differences among mixtures were 

observed in spring yield. The Hijazi + Lew mixture 

was the top yielding mixture and outyielded Lew. The 

Hijazi + Lew mixture yield was close to the yield of 

Hijazi in pure stand. In fact, the yield of Hijazi + 

Lew mixture was similar to that of Hijazi in all 

harvests (Figure 4), which suggests that Hijazi may 

have dominated Lew in this mixture. Lew, on the 

other'hand, appear to have more influence on the 

mixtures when the other partner was lower yielding 

(Table 12). For example, Figure 5 shows the Lew + 

NE-NAF-5 mixture producing similar yield to Lew in 

spring. Rotili et al. (44) found that due to competition 

effects, one partner in a mixture may yield higher and 

the other partner lower than their pure stands. 

Zannone et al. (56) stated that the association of two 
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Table 11. Winter (Dec. 21 to March 16) forage yield 
for mixtures (50:50 mixture with Lew) and 
winter forage yield as a proportion of the 
total forage yield for 12 harvests. 

Mixture Yield (kg/plot) Winter/Total 
Lew 1 .50 A* 0.13 
Egyptian 3 1 .35 AB . 0.12 
NE-NAF-5 1 .33 AB 0.14 
Ed-Damer 1 .33 AB 0.12 
Qassimi 1 .32 AB 0.12 
NE-NAF-2 1 .30 AB 0.14 
HiJ azi 1 .30 AB 0.11 
Egyptian 4 1 .28 AB 0.11 
Siwa 1 .27 AB 0.14 
Egyptian 5 1 .25 AB 0.12 
Oman 1 ,24 AB 0.13 
Gaidun Ecotype 1 .24 AB 0.12 
Hudieba 1 .23 AB 0.12 
Hasawi 2 1 .21 AB 0.15 
Hasawi 1 1.19 AB 0.13 
NE-NAF-4 1.18 AB 0.11 
NE-NAF-7 1.18 AB 0.12 
Sudan 1.18 AB 0.13 
Egyptian 2 1.11 ABC 0.11 
NE-NAF-8 1.10 ABC 0.11 
NE-NAF-6 1 .09 BC 0.13 
NE-NAF-1 1 .07 BC 0.12 
NE-NAF-9 .96 BC 0.10 
NE-NAF-3 .79 C 0.10 

C.V. (%) 18.75 

*Means followed by the same letter are not 
significantly different at 0.05 level according to 
Duncan's Multiple Range Test. 
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Table 12. Spring (March 16 to June 21) forage yield 
for mixtures (50:50 mixture with Lew) and 
spring forage yield proportion of the total 
yield of 12 harvests. 

Mixture Yield (kg/plot) Spring/Total 
Hij azi 5-00 A* 0. 44 
Egyptian 3 4.78 AB 0.42 
Egyptian 4 4.57 ABC 0.40 
Egyptian 5 4.49 ABCD 0.44 
Egyptian 2 4.40 ABCDE 0.42 
Qassimi 4.31 BCDE 0.40 
Lew 4.28 BCDEF 0-36 
Ed-Damer 4.27 BCDEF 0.39 
NE-NAF-4 4.12 BCDEFG 0.40 
Hudieba 4.11 BCDEFG 0.40 
NE-NAF-2 4.11 BCDEFG 0 .44 
Gaidun Ecotype 4. 06 CDEFGH 0. 38 
NE-NAF-5 4.05 CDEFGH 0.41 
Siwa 3.92 CDEFGH 0.42 
NE-NAF-7 3 .86 CDEFGH 0. 40 
NE-NAF-9 3.84 DEFGH 0.42 
Hasawi 1 3.77 DEFGH 0.41 
Oman 3.73 EFGHI 0. 38 
NE-NAF-6 3.71 EFGHI 0.45 
Sudan 3.68 EFGHI 0.40 
NE-NAF-8 3.64 FGHI 0.38 
Hasawi 2 3.63 FGHI 0.45 
NE-NAF-1 3.35 HI 0.37 
NE-NAF-3 3.05 I 0.38 

C.V. 10. 52 

* Means followed by the same letter are not 
significantly different at 0.05 level according to 
Duncan's Multiple Range Test. 
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populations of contrasting vigor will result in 

heterogenous stands where the vigorous individuals 

Increase in vigor while the weaker ones decrease in 

vigor. Zannone et al. (56) also stated that populations 

with identical phenotype and rate of regrowth will give 

well-balanced and stable associations. In this study, 

the Sudanese cultivars appeared closest to Lew in 

morphology. This could explain why the Lew and Ed-

Daraer mixture yielded nearly the same as Lew and Ed-

Damer in pure stands throughout the season (Figure 6). 

Significant differences were observed among 

cultivars in summer forage yield. Lew yielded more 

than any mixture, but its yield was not significantly 

higher than the mixtures of the cultivars that were the 

highest yielding in pure stands (Table 13). Lew + NE-

NAF-7 was not significantly lower yielding than Lew 

even though the yield of NE-NAF-7 in pure stand was 

very low (Table 17) This again indicates that Lew 

dominated the mixtures when the other partner was 

weak. 

Fall forage yield was reduced because of high 

mortality among plants due to flooding injury in 

summer, especially in August. This caused the 

September harvest to be the lowest yielding of the 

year. Lew was significantly higher in yield than all 
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Table 13. Summer (June 21 to Sep. 8) forage yield, for 
mixtures (50:50 mixture with Lew) and. 
summer forage yield as a proportion of the 
total yield for 12 harvests. 

Mixture Yield (kg/plot) Summer/Total 
Lew 2.75 A* 0.23 
Hijazi 2.64 AB 0.23 
Egyptian 3 2.56 ABC 0.23 
Ed-Damer 2.55 ABC 0.23 
Egyptian 4 2 .52 ABC 0 . 22 
Egyptian 2 2.39 ABC 0.23 
Hudieba 2.39 ABC 0.23 
Gaidun Ecotype 2.37 ABC 0 . 22 
NE-NAF-4 2.30 ABC 0 .22 
Qassimi 2.25 ABCD 0.21 
NE-NAF-3 2.21 ABCDE 0 .28 
NE-NAF-7 2 . 06 ABCDE 0.21 
NE-NAF-9 2.04 BCDE 0.22 
NE-NAF-5 2.02 BCDE 0.21 
NE-NAF-8 2 . 00 BCDE 0.21 
NE-NAF-2 1 .96 BCDE 0.21 
Egyptian 5 1 . 90 BCDE 0.19 
Sudan 1 .88 CDE 0.21 
Oman 1 .87 CDE 0.19 
NE-NAF-1 1 .79 DE 0 . 20 
Hasawi 1 1 .76 DE 0.19 
Siwa 1 .68 DE 0.18 
Hasawi 2 1 .49 E 0.19 
NE-NAF-6 1 .48 E 0.18 

C.V. 19.54 

* Means followed by the same letter are not 
significantly different at 0.05 level separated by 
individual t-test comparisons. 
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mixtures except Lew + Gaidun Ecotype and Lew + Ed-

Damer mixtures (Table 14), Gaidun Ecotype and Ed-

Damer maintained high percentage of stand in pure 

stand; Lew + Hijazi mixture was significantly lower 

than Lew, apparently because of the high mortality 

among the Hijazi plants that were dominating the 

mixture. Zannone el al. (56), found that when stress 

occurs in favor of the weak plants, yield will be 

reduced until a new balance occurs. On the other 

hand, the mixtures that were dominated by Lew 

maintained a high yield following summer stress. 

Examples of these mixtures were Lew + NE-NAF-8 and 

Lew + NE-NAF-7. 

In summary, the seasonal yield of mixtures was 

determined mainly by the difference between the 

partners in morphology and regrowth rate, the smaller 

the differences the more homogeneous the stand and 

the more stable the yield; susceptibility to flooding 

injury which changed the dominance of some cultivars 

in mixtures also had an effect on mixture yield. 

Zannone et al. (56) concluded that there should be 

selection toward greater homogeneity among plants to 

reduce intraspecific competition effects and maintain 

higher stand density. 
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Table 14. Fall (Sep. 8 to Dec. 21) forage yield for 
mixtures (50:50 mixture with Lew) and fall 
forage yield proportion for the total yield 
of 12 harvests. 

Lew 3.51 A* 0.30 
Gaidun Ecotype 3.12 AB 0.29 
Ed-Damer 2 .86 ABC 0.26 
Egyptian 4 2 .78 BC 0.25 
Oman 2.77 BC 0.28 
NE-NAF-8 2 .66 BCD 0.27 
NE-NAF-7 2.64 BCD 0.27 
Qassimi 2.64 BCD 0.24 
Egyptian 5 2.63 BCD 0 .26 
NE-NAF-1 2.61 BCD 0 .28 
Hudieba 2.56 BCD 0.25 
Egyptian 2 2. 54 BCD 0.24 
NE-NAF-4 2.54 BCD 0 . 25 
Siwa 2 . 52 BCD 0.27 
NE-NAF-5 2.50 BCD 0 .26 
Hasawi 1 2.48 BCDE 0.27 
Sudan 2.43 BCDE 0.27 
Hi;} azi 2.28 CDE 0.20 
NE-NAF-2 2.27 CDE 0.24 
Egyptian 3 2 .20 CDE 0.19 
NE-NAF-9 2. 18 CDE 0.24 
NE-NAF-6 2.02 DE 0 . 24 
NE-NAF-3 1 .98 DE 0.25 
Hasawi 2 1 .81 E 0 .23 

C.V.# 19.96 

* Means followed by the same letter are not 
significantly different at 0.05 level separated by 
individual t-test comparisons. 
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Monocultures: 

Total forage yield differed significantly among the 

24 cultivars used in this study (Table 9). Hijazi was 

the top yielding cultivar in total forage yield although 

it was not significantly higher than Lew. Hijazl and 

Qassimi and the Egyptian cultivars were the top 

yielding Middle Eastern cultivars in the study (Table 

9). Similar results were reported by Marble et al- (34) 

and Wilton et al. (55) in Saudi Arabia where the Saudi 

Arabian and Egyptian cultivars were the most 

productive cultivars compared with other nondormant 

cultivars from the U.S.A. and Australia. Farnworth (2, 

3, 15-21) found that Hasawi was the most productive 

cultivar compared with the introduced western cultivars 

in the eastern province of Saudi Arabia. In this study, 

however, Hasawi 1 and Hasawi 2 yielded lower than the 

other Saudi Arabian and Egyptian cultivars (Table 9) 

which agrees with the results of Marble et al. (34) in 

Saudi Arabia. 

Differences in seasonal yields were also observed 

among cultivars. The winter harvests, made on 

February 17 and March 16, produced an average of 11% 

of the total yield. Lew was the top yielder in winter, 

but was not significantly higher than the Saudi Arabian 

and Egyptian entries (Table 15). Also, Ed-Damer and 



58 

Table 15. Winter (Dec. 17 - March 16) forage yield 
for monoculture and winter forage yield as 
a proportion of the total yield for 12 
harvests. 

Cultivar Name Yield (kg/plot) Winter/Total 
Lew 1 . 50 A* 0.13 
Hij azi 1 .47 AB 0.11 
Egyptian 3 1 .42 ABC 0.12 
Egyptian 4 1 .42 ABC 0.12 
Gaidun Ecotype 1 .41 ABC 0.14 
NE-NAF-4 1 .37 ABCD 0.13 
Qassimi 1 .28 ABCDE 0.11 
Hasawi 1 1 .27 ABCDE 0.13 
Egyptian 2 1 .24 ABCDEF 0.10 
Ed-Damer 1 .22 ABCDEF 0.12 
NE-NAF-6 1.15 ABCDEFG 0.12 
Hudieba 1.15 ABCDEFG 0.11 
Oman 1.11 BCDEFG 0.10 
Hasawi 2 1.10 CDEFG 0.12 
Siwa 1 .09 CDEFG 0.13 
Sudan 1 .07 CDEFG 0.12 
NE-NAF-2 1 .03 DEFGH 0.11 
NE-NAF-8 0.98 EFGH 0.11 
Egyptian 5 0.96 EFGH 0 . 09 
NE-NAF-1 0.94 EFGH 0.13 
NE-NAF-3 0.92 FGH 0.10 
NE-NAF-5 0.84 GH 0.10 
NE-NAF-7 0.84 GH 0.10 
NE-NAF-9 0.70 H 0 . 08 

C . Y. ( %) 18.68 

* Means followed by the same letter are not 
significantly different at 0.05 level according to 
Duncan's Multiple Range Test. 
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Hudleba from Sudan were not significantly lower 

yielding than Lew in Winter forage yield. Except for 

NE-NAF-6, the Moroccon cultlvars were generally more 

dormant than other ME cultlvars, and therefore 

produced lower yields during winter and spring (Tables 

15, 16). Frost and low night temperature could 

beresponsible for the reduction in yield of most ME 

cultivars, since these cultivars are adapted to areas 

with less frost and warmer nights (16, 34). 

The spring harvests, April 13, May 10, May 31, 

and June 21, produced 40% of the total seasonal yield. 

The Saudi Arabian and Egyptian cultivars were 

significantly higher yielding than Lew in these 

harvests, while other ME cultivars were not 

significantly different from Lew, except NE-NAF-1, 3 

and 5 (Table 16). Marble et al. (34) found that all ME 

cultivars except Iraqi were significantly superior to 

other nondormant cultivars from California, Australia, 

and New Zealand during all seasons. Wilton et al. (55) 

reported that the yield differences were accentuated 

during the cool season with the Middle Eastern 

varieties markedly outyielding the American and 

Australian varieties. 

In summer (June 21 - September 8) the Arabian 

and Egyptian cultivars did not significantly outyield 
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Table 16. Spring (March 16 to June 21) forage yield. 
for monoculture and spring forage yield as 
a proportion to the total yield for 12 
harvests. 

Cultivar Name Yield (kg/plot) Spring/Total 
Hi;} azi 5.43 A* 0.41 
Egyptian 4 5.34 AB 0.43 
Egyptian 2 5.18 AB 0.43 
Egyptian 3 4.94 ABC 0.42 
Qassimi 4.75 ABCD 0 .40 
Egyptian 5 4.58 ABCD 0.41 
NE-NAF-4 4.53 BCD 0.42 
Hasawi 1 4.29 CDE 0.43 
Lew 4.28 CDEF 0.36 
Gaidun Ecotype 4.23 CDEF 0.41 
Oman 4.06 DEFG 0.38 
NE-NAF-6 4.02 DEFG 0.41 
Hudieba 3.90 DEFGH 0.37 
NE-NAF-9 3 .88 DEFGH 0.45 
Ed-Damer 3.87 DEFGHI 0.36 
Sudan 3. 67 EFGHI 0 . 40 
NE-NAF-7 3 .62 FGHI 0.43 
NE-NAF-8 3.57 FGHI 0.41 
NE-NAF-2 3.55 FGHI 0.39 
Hasawi 2 3.55 FGHI 0.40 
Siwa 3.51 FGHI 0.40 
NE-NAF-3 3.30 GHI 0.35 
NE-NAF-1 3.10 HI 0.42 
NE-NAF-5 2.98 I 0.37 

C.V. (96) 13. 05 

* Means followed "by the same letter are not 
significantly different at 0.05 level according to 
Duncan's Multiple Range Test. 
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Lew (Table 17). The yield declined in July and August 

to reach the lowest level of the year In September 8 

after reaching its highest level on June 21 (Figure 7). 

NE-NAF-3 from South Yemen was one of the top 

yielding cultivars in summer with 30# of its total yield 

in this season while it was one of the lowest yielding 

cultivars in winter and spring. The Gaidun Ecotype 

from Bahrain on the other hand, produced only 21# of 

its total yield in summer while it was one of the top 

yielding cultivars in winter and spring (Table 17). 

Bokhari et al. (6), in Saudi Arabia, found that local 

cultivars continued producing high yield during the hot 

summer months while the nondormant American 

cultivars reduced production during July and August. 

In this study the decrease in yield was observed on all 

cultivars, but was correlated with the remaining stand 

of each cultivars (Tables 18,23). 

The fall harvests made on October 6, November 3, 

and December 21 , produced an average of 25# of the 

total yield for the year. Lew produced significantly 

more forage yield than all the ME cultivars except Ed-

Damer, Hudieba and Hijazi in this season. The 

Sudanese cultivars and the Gaidun ecotype, maintained 

high stands resulting in high yields in fall (Figure 8). 

On the other hand, the Arabian and Egyptian cultivars 
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Table 17. Summer (June 21 - Sep. 8) forage yield, for 
monoculture and summer forage yield as a 
proportion of the total yield for 12 
harvests. 

Cultivar Name Yield (kg/plot) Fal1/Total 
Hij azi 3.21 A* 0.25 
Egyptian 3 2.93 AB 0 .25 
NE-NAF-3 2.85 ABC 0.30 
Egyptian 2 2 .83 ABC 0 .23 
Qassimi 2 .81 ABC 0.24 
Hudieba 2 .76 ABCD 0.26 
Lew 2.75 ABCD 0 . 23 
ED-Damer 2.71 ABCDE 0.26 
Egyptian 4 2 .70 ABCDE 0 .22 
Egyptian 5 2 . 62 ABCDEF 0.24 
NE-NAF-4 2.50 BCDEFG 0 .23 
Oman 2.23 BCDEFGH 0.21 
Sudan 2.19 CDEFGH 0.24 
NE-NAF-6 2.17 CDEFGH 0 . 22 
Hasawi 1 2.16 CDEFGH 0 .22 
Gaidun Ecotype 2.15 CDEFGH 0 . 21 
NE-NAF-2 2 . 09 DEFGH 0 . 23 
NE-NAF-9 2.02 EFGH 0 . 23 
NE-NAF-8 1 .99 FGH 0.23 
Hasawi 2 1 .95 FGH 0 .22 
NE-NAF-5 1 .84 GH 0.23 
NE-NAF-7 1 .81 GH 0.21 
Siwa 1 .65 H 0.19 
NE-NAF-1 1 .60 H 0 .22 

C.V. (96) 22.26 

* Means followed by the same letter are not 
significantly different at 0.05 level separated by t-
test. 
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Table 18. Fall forage yield for non-mixtures and fall 
forage yield as a proportion of the total 
yield of 12 regrowth harvests. 

Cultivar Name Yield (kg/plot) Fall/Total 
Lew 3.51 A 0.30 
Ed-Damer 2.99 AB 0 .28 
Hudieba 2.97 AB 0.28 
Hij azi 2.87 ABC 0 .22 
Qassimi 2.79 BCD 0.24 
Egyptian 4 2.79 BCD 0.23 
Gaidun Ecotype 2.76 BCD 0.27 
Egyptian 5 2 .76 BCD 0 .25 
Oman 2.75 BCD 0 . 26 
Egyptian 2 2.57 BCDE 0.21 
Sudan 2.54 BCDE 0 . 28 
Slwa 2.53 BCDE 0 .29 
NE-NAF-4 2.51 BCDE 0 .23 
Egyptian 3 2.51 BCDE 0.21 
NE-NAF-2 2.45 BCDEF 0 .27 
NE-NAF-6 2.33 BCDEF 0.24 
Hasawi 2 2 .28 CDEF 0.25 
NE-NAF-8 2 .26 CDEF 0 .26 
Hasawi 1 2.19 CDEF 0 .22 
NE-NAF-5 2.18 CDEF 0.27 
NE-NAF-7 2.11 DEF 0.25 
NE-NAF-3 1 .96 EF 0.21 
NE-NAF-9 1 .89 EF 0 . 22 
NE-NAF-1 1 .76 F 0 .24 

C.V.(%) 16.82 

Means followed by the same letter are not significantly 
different at 0.05 level separated by t-test. 
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had lower yield than Lew probably because of flooding 

injury in summer that had killed about 50& of the 

stand and had weakened the remaining plants. The 

Moroccan cultivars were also among the lowest yielding 

cultivars in fall exhibiting definite dormancy in 

December. 

Dormancy Rating;; 

Ratings of fall dormancy were made in an attempt 

to describe the relatively small differences in fall 

dormancy among ME cultivars. The dormancy classes 

ranged from moderately nondormant to extremely 

nondormant. The Moroccan cultivars were classified as 

moderately nondormant (Class 7), except NE-NAF-6 

which was classified as nondormant (Class 8) (Table 

19). The Egyptian cultivars were classified as very 

nondormant (Class 9, 10). The Saudi Arabian cultivars 

were also classified as very nondormant, except NE-

NAF-1 and Hasawi 2, which were classified as 

nondormant (Table 19). Hasawi 2 exhibited significant 

had large variability among plants in fall regrowth 

indicating that this entry may not be pure Hasawi. 

The Oman and the Sudanese ecotypes were classified as 

extremely nondormant. Marble (36) has proposed a 

dormancy classification system with 11 classes. The 

ME cultivars are in Class 10 and 11 in that system and 
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Table 19. Fall dormancy rating for all cultivars as 
estimated in December 1988 in Tucson, 
Arizona. 

Cultivar Dormancy 
NE-NAF-1 8 
NE-NAF-2 9 
NE-NAF-3 9 
NE-NAF-4 9 
NE-NAF-5 7 
NE-NAF-6 8 
NE-NAF-7 7 
NE-NAF-8 7 
NE-NAF-9 7 
SA-10 Hijazi 9 
SA-12 Qassimi 1 0 
Siwa 9 
SA-15 Egyptian 2 1 0 
SA-16 Egyptian 3 9 
SA-17 Egyptian 4 9 
SA-18 Egyptian 5 9 
SA-19 Hasawi 1 1 0 
Hasawi 2 8 
Sudan 1 1 
Hudieba Res. Sta. 1 1 
Oman 1 1 
Gaidun Farm Ecotype 1 0 
Ed-Damer Ecotype 1 1 
Lew 1 0 

* "Type" cultivars: Class 7 = Mesilla; Class 8 = Moap 
69; Class 9 = CUF 101; Class 10 = Hasawi 1; Class 11 
= Wadi Quriyat. 
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nondormant U.S. cultivars in Classes 7 to 9. Hasawi 1 

classified as very nondormant 2 (Glass 10) as in this 

study. However, NE-NAF-3, from South Yemen, was 

classified by Marble (3b) as extremely nondormant 

(Class 11) while in this study it was classified as very 

nondormant 1 (Class 9). 

Fall dormancy has been used to predict winter 

hardiness and cultivar adaptation in the Northern areas 

(6). In the Southwest, where winters are more mild, 

fall dormancy has been used to predict fall and winter 

productivity. In this study fall dormancy rating was 

highly correlated with fall yield but was not correlated 

with winter or spring yields (Table 20). Correlation 

coefficients among seasonal yields and plant height in 

fall, winter and spring revealed that plant height on 

December 21, 1988, which was used to estimate fall 

dormancy, was not correlated with spring yield and was 

correlated with winter yield only at the 5% level. 

Winter plant height score and spring plant height were 

highly correlated with all seasonal yields (Table 21). 

The lack of significant correlation between spring yield 

and fall dormancy rating could be due to mild 

temperatures in fall that were not low enough to cause 

differences among these nondormant cultivars, or it 

may be because the Arabian and Egyptian cultivars 
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Table 20. Pearson correlation coefficients between fall 
dormancy rating and seasonal and total 
yield (based on monoculture alone N = 200) . 

Seasonal .yield 
Total 

Winter Spring Summer Fal 1 yield 

Dormancy 
Rating 0.38 0.31 0.71** 0.74** 0.57** 

**Significant at 1 % level. 



70 

Table 21 . Pearson Correlation Coefficients among seasonal 
yields, and plant height in fall, winter and 
spring. 

Character 2 3 4 5 6 7 

1. Winter Yield0.68** 0 . 62* * 
2. Spring Yield 0.67** 
3. Summer Yield 
4. Fall Yield 
5. Plant Height on 12/21/88 
6. Plant Height on 1/25/88 
7. Plant Height on 3/23/89 

0.62** 0.41* 0.74**0.66** 
0.61** 0.32 0.66**0.59** 
0.86** 0.70**0.75**0.71** 

0.74** 0.60** 0.87** 
0.64** 0.74** 

0.63** 

* Statistically significant at 0.05 level. 
** Statistically significant at 0.01 level. 
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were more productive in spring, due to the development of 

early crown shoots, than Lew and the Sudanese cultivars. 

Dormancy rating in the desert area of the Southwest could 

be more accurate in January than in November and 

December because of the obvious effect of low temperature 

and short days. 
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Similarities and Differences Among 

Middle Eastern Cultivars 

It is expensive to incorporate extensive 

collections of exotic germplasm into "breeding programs 

directed toward the improvement of inherent yield. A 

screening trial designed to identify agronomic and 

phenotypic resemblance could reduce these expenses. 

One of the objectives of this study was to determine 

the similarity and differences in morphology and 

regrowth characteristics among the ME cultivars. 

Differences in phenotypic and agronomic traits 

among ecotypes from the same geographic area 

indicated that distinct genetic variation exists among 

ME cultivars. Figures 9 to 1 show the variation in 

seasonal yield among ecotypes from the same country 

compared with Lew. The Saudi Arabian ecotypes 

exhibited more variation than any of the other groups. 

The top yielding cultlvar in the trial SA-10 (Hijazi) as 

well as the lowest yielding cultivar NE-NAF-1 cane 

from this region. Two distinctive groups were present 

among the Saudi Arabian ecotypes, however. The 

Hasawl group includes NE-NAF-1, Hasawi 1 and Hasawi 

2. These ecotypes all had short hairy stems compared 

with other Arabian ecotypes. Also, they had similar 

leaf area and leaf to stem ratios. NE-NAF-1 and 
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Hasawi 2 appear to represent the same germplasm 

source (Table 23). Hijazl appeared to represent a 

distinct ecotype. It had larger leaflets and tall stems. 

NE-NAF-4 and Qassimi were similar to Hijazi in crown 

shoot development, plant height and leaf area but were 

less productive overall than Hijazi (Figure 9). Wilton 

et al. (52) determined that Hasawi is distinct ecotype 

based on its large leaflet and seed size. 

Few differences were observed among the 

Egyptian ecotypes. Siwa does appear to be a distinct 

ecotype because of its narrow leaflet and light purple 

colored stems. It also had shorter stems and smaller 

leaf area than other Egyptian ecotypes. Al-Rowbe (4) 

stated that Siwa is a desert type cultivar known for 

its salt tolerance. The other Egyptian ecotypes 

generally had the same seasonal yield and growth 

characteristics, except that Egyptian 5 was lower in 

yield and had higher leaf to stem ratio (Table 23). 

The Egyptian cultivars appear to be closer to Hijazi 

than any other ME cultivar in morphology and crown 

shoot development. 

Few differences were observed among the 

Sudanese ecotypes. Hudleba and Ed-Damer were nearly 

identical in yield and regrowth habits. NE-NAF-2 and 

Sudan yielded lower than Hudieba and Ed-Damer but 

were all similar in morphology and crown shoot 
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Table 22.Comparison between cultivars in mean frost 
and insect damage scores and percentage of stand lost. 

Frost Insect+ Stand 
Cultivar damage * damage* lost* * 

1/25/88 5/10/88 9/8/88 
NE-NAF-1 3.50 1 .87 0.38 
NE-NAF-2 3.75 2.25 0. 37 
NE-NAF-3 4.25 2 .75 0 . 68 
NE-NAF-4 3.25 1 .75 0 . 26 
NE-NAF-5 3.50 2 .88 0.61 
NE-NAF-6 3.25 2 . 00 0.55 
NE-NAF-7 2.00 2.33 0.45 
NE-NAF-8 2.75 2.62 0.37 
NE-NAF-9 2.50 1 .75 0.51 
SA-10 Hijazi 3.25 1 .87 0.49 
SA-12 Qassiml 3.75 1 .50 0.57 
Siwa 4. 50 2.75 0.80 
SA-15 Egyptian 2 3.75 2 .37 0. 65 
SA-16 Egyptian 3 3.50 2.37 0.40 
SA-17 Egyptian 4 3.50 2 . 25 0.45 
SA-1S Egyptian 5 3.00 1 .87 0.45 
SA-19 Hasawi 1 3.25 2.12 0.51 
Hasavri 2 3.25 1 .87 0.45 
Sudan 3.50 2.12 0.25 
Hudieba Res. Sta. 3.50 2.12 0.27 
Oman 3.75 1 . 50 0 .80 
Gaidun Farm Ecotype 3.00 1 .87 0.17 
Ed-Damer Ecotype 3.75 1 .75 0 . 29 
Lew 3.25 1 .62 0.21 

LSD (.05) 0.74 0.71 0.27 
C.V.(%) 15.67 24 . 00 43.06 

* Damage Scale: 
1. No Damage 4. Serious Damage 
2. little Damage 5. Severe Damage 
3. Moderate Damage 
** Percent stand lost 
+ Primarily Blue alfalfa aphids, pea aphids 
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Table 23. Comparison between cultivars in plant 
height, leaf area, and leaf to stem ratio. 

Plant* Leaf* * 
Cultlvar Height Area Leaf/Stem* 

NE-NAF-1 52. 1 0 1 6 . 68 1 .40 
NE-NAF-2 51 .90 13.85 1 .23 
NE-NAF-3 41 .25 1 5 - 67 1 .31 
NE-NAF-4 62.35 17,94 1 .30 
NE-NAF-5 50.75 12.99 1 .65 
NE-NAF-6 53.75 1 4.56 1 .24 
NE-NAF-7 46.47 1 1 .48 1 -39 
NE-NAF-8 50.42 13.79 1 .32 
NE-NAF-9 47.75 12.67 1 .55 
SA-10 Hij azi 63. 15 1 7.72 1 .35 
SA-12 Qassimi 60.00 17.37 1.17 
Siwa 56.15 14.55 
SA-15 Egypt i an 2 62 .1 5 18. 00 1.15 
SA-16 Egyptian 3 62 .40 18.11 1.19 
SA-17 Egyptian 4 62 .65 17 .92 1 .21 
SA-18 Egyptian 5 58.32 1 6 . 09 1 .49 
SA-19 Hasawi 1 56.42 17.42 1 .26 
Hasawi 2 54.75 1 5.55 1 .43 
Sudan 59.00 17.23 0.90 
Hudieba Res. Sta. 67.72 1 9-09 1 . 02 
Oman 62.37 16.70 0. 97 
Gaidun Farm Ecotype63.32 1 6.75 1.11 
Ed-Damer Ecotype 72.42 19.16 0.91 
Lew 62.40 1 5.90 0.87 

LSD (5%) 7.90 2.47 0.35 
C. V. (%) 9.78 1 1 .45 

*3
-
CO 

* Plant height was taken on 3-23-89. 
** Leaf area was taken on 3-20-89. 
+ Leaf to stem ratio was calculated from samples 

taken on 12-21-88. 
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development. The Sudanese ecotypes had tall and erect 

stems but were late in the development of crown 

shoots compared with the Arabian and Egyptian 

ecotypes which were susceptible to water logging but 

which developed shoots earlier. The Sudanese 

ecotypes appear to be the closest to Lew in 

morphology and regrowth characteristics (Table 23). 

No significant differences were observed among the 

Moroccan ecotypes, although NE-NAF-6 and NE-NAF-8 

produced more yield in winter and spring than did the 

other cultivars. The Moroccan ecotypes appeared 

generally more dormant and produced lower yield than 

most ME cultivars (Figure 12). 

Other ecotypes in the study were NE-NAF-3, from 

South Yemen, and the Oman and Gaidun Farm ecotype, 

the latter from Bahrain. NE-NAF-3 was reported to be 

extremely nondormant (36), but in this study it did not 

yield as much as the other Arabian cultivars. Also, it 

was very susceptible to frost damage and flooding 

Injury. The Oman ecotype is distinctive in that it has 

narrow leaflets and dark purple stems. It is also 

distinct in its aparently high resistance to aphids. The 

Gaidun Farm ecotype was similar to the Sudanese 

ecotypes in yield and phenotypic appearance but was 

more resistant than all cultivars to flooding injury. 
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In summary, the ME cultivars evaluated have high 

genetic diversity for several agronomic traits. The 

Arabian and Egyptian ecotypes were superior in 

regrowth rate and the development of early crown 

shoots. The Gaidun Farm ecotype was very resistant 

to flooding injury (scald) and maintained over 80?£ of 

the stand even though most ME cultivars lost over 50^ 

of their stands. On the other hand, the Oman ecotype 

appeared to be very resistant to aphids by showing no 

damage in the presence of these insects in the spring 

and summer. 
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Summary and Conclusions 

Elite cultivars of nondormant alfalfa appear to 

have been derived from limited number of introductions 

from the Middle East. Production characteristics of 

alfalfa germplasm from the Middle East were evaluated 

for one year at Tucson, Arizona. Regrowth and forage 

yield of 23 ME cultivars and the elite cultivar Lew, 

from Arizona, were evaluated for twelve regrowth 

harvests in 1988. Stem elongation rate and crown 

shoot development were studied on selected ME 

cultivars and Lew in the spring of 1988. Also, plant 

height, leaf area, leaf to stem ratio were measured for 

all entries to evaluate morphological differences. 

The development of crown shoots was earlier in 

the Middle Eastern ecotypes from Saudi Arabia and 

Egypt than in other ME ecotypes. Accordingly, these 

ecotypes had high stem elongation rates during the 

first week of regrowth. SER in the last week of 

regrowth was higher in Lew and Tafilalet than in the 

ME ecotypes with rapid early regrowth, suggesting that 

growth had shifted from elongation of primary shoots 

to the development of new crown shoots. 

Seasonal yield differed significantly among the 

Middle Eastern ecotypes. The Arabian and Egyptian 

ecotypes produced more forage yield than any other 

ME ecotypes and outyielded Lew in the spring. The 
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Sudanese ecotypes produced less yield than the Arabian 

and Egyptian ecotypes in winter and spring. 

Nevertheless, the Sudanese ecotypes Hudieba and Ed-

Damer outyielded all the ME ecotypes in the fall yield. 

The Moroccan ecotypes were more dormant than the 

other ME ecotypes and therefore produced less forage 

than the very nondormant ME ecotypes. 

Observations on phenotypic similarity as well as 

regrowth characteristics suggest that the Middle 

Eastern ecotypes have been derived from different 

genetic backgrounds or have followed different 

evaluationary paths. Hijazl, Qassimi, NE-NAF-4 and 

Egyptian 2-4 had similar phenotype and regrowth 

characteristics suggesting that they may have had a 

common ancestor. The Sudanese ecotypes appear to 

represent another distinct group that is similar to Lew 

not only in morphology but also in productivity. The 

Moroccan ecotypes appear to be more dormant than the 

other 'ME ecotypes. The Oman ecotype appears to be 

distinct with its distinguished phenotype and high 

resistance to aphids. Hasawl is also distinguished for 

its large leaflet and seed size. Gaidun ecotype appears 

to be similar to the Sudanese in morphology but higher 

in resistance to disease associated with wet soils. 

The use of Middle Eastern germplasm in the 

development of elite nondormant cultivars appears 
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promising in regard to their reduced winter dormancy 

and rapid regrowth following harvest. The Saudi 

Arabian and Egyptian ecotypes could be used as 

parents in breeding programs for improved forage yield 

in winter and spring as well as forage quality in elite 

nondormant cultivars. The Oman ecotype could also be 

used as a source for aphids resistance.' 
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