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ABSTRACT 

Mortality is substantial in alfalfa stands and may be due to random and 

natural selection. The effects of selection for persistence on single-plant yield are 

not well understood. This study examined relationships between yield, 

nonstructural carbohydrates (TNC), and other agronomic characteristics, and 

persistence in nondormant alfalfa. S, progenies were produced on 60 plants dug 

from a five-yr-old field of 'CUF-101' (Persistent population) in central AZ and 60 

greenhouse-grown CUF-101 plants (Random population). Progenies were sown 

in a replicated field trial at Tucson, AZ in Oct. 1989. Spring and fall forage yield 

was significantly lower in the Persistent population than in the Random population. 

Rate of stem regrowth following harvest was also lower in the persistent 

population. S, progenies from the Persistent population contained approximately 

7.1% more TNC in roots and crowns than the Random population, suggesting that 

TNC and persistence may be positively correlated. These data suggest that plants 

in the Persistent population exhibited more conservative growth patterns and that 

a negative genetic correlation may exist between single-plant yield and 

persistence. Simultaneous selection for traits associated with productivity and 

persistence may be necessary. 



CHAPTER 1 

INTRODUCTION 
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Alfalfa (Medicaao sativa L.) is a cross-pollinated autotetraploid. Large 

amounts of heterozygosity and genetic variation exist within cultivars. Mortality is 

typically substantial in alfalfa stands and may be the result of both artificial and 

natural selection forces. The long-term effects of this selection on single-plant 

forage yield are not well understood. Productivity in alfalfa stands generally 

declines in the first two to five yr after establishment. This is commonly assumed 

to be the result of plant mortality within the stand. Selection by plant breeders for 

increased tolerance to disease, insects, and nematodes has increased persistence. 

However, less importance has been placed on improving single-plant yield or 

understanding its relationship to persistence. This study examined relationships 

between yield and other agronomic characteristics, and persistence in the 

nondormant alfalfa cultivar CUF-101 with the goal of developing more efficient 

selection strategies to improve both yield and persistence. 

Persistence and productivity in alfalfa 

Single-plant productivity (forage yield) in forage legumes has not been 

carefully scrutinized. Increased stand persistence has been a much more active 

area of research (Smith and Kretschmer, 1989). Forage breeders have 

concentrated on maximizing persistence by selecting plants that are tolerant to 



biotic stresses, mainly diseases, insects, and nematodes (Barnes et al., 1988). 

Research examining both persistence and single-plant productivity in alfalfa 

has concentrated more on plant density effects (Rumbaugh, 1963; Veronesi and 

Lorenzetti, 1983; Volenec et al., 1987; Rowe, 1988). Rowe (1988) planted three 

diverse alfalfa germplasms at three different densities (High=10 cm, Medium=17.3 

cm, and Low=30 cm centers) in a replicated field experiment at Reno, NV. Stand 

loss and yield were recorded over a 2-yr period. High and Medium densities 

increased the amount of plant mortality within populations. This allowed plants to 

occupy a greater area and increase in weight suggesting the surviving plants were 

more vigorous. Therefore, he concluded that high stand densities may result in 

selection of more vigorous plants if "competitiveness" is heritable. Rumbaugh 

(1963) examined stem length, width of crown at the soil level, number of stems 

and plant yield of the cultivars Ranger and Teton at Brookings, SD. Four different 

equidistant spacings between and among rows (107, 53, 27, and 13 cm) were 

used in a field study. He concluded that these yield components changed with 

stand density. Number of stems were more closely associated with plant yield 

than was stem length which exhibited the largest depression due to increases in 

plant density. Similarly, Smith et al. (1989) concluded that number of stems per 

plant is a better indicator of stand productivity than stand density so long as plants 

were subject to grazing. Volenec (1985) also found number of shoots per plant 

highly correlated with forage dry weight. This suggests that individual plant yield 
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could be improved by selection for increased number of stems per plant. 

However, Volenec et al. (1987) found number of stems per plant and especially 

yield per shoot important for determining plant yield in a study at West Lafayette, 

IN. Seeds of 'Vernal', 'Hi-Phy', and Beltsville International Composite-5WH were 

germinated in the greenhouse and transplanted to the field after seedlings were 

harvested leaving a 5 cm stubble. This increased the probability of maintaining 

known number of plants per plot in this study. Seedlings were spaced in 

individual plots with populations consisting of 11, 22, 43, 97, and 172 plants m'2. 

Although yield per area increased with plant population, yield per plant, number 

of shoots per plant, and yield per shoot decreased with increasing population. 

Therefore, increased yields may be possible without high density stands if yield per 

shoot and number of stems per plant could be improved through selection. 

Veronesi and Lorenzetti (1983) evaluated intraspecific competition between 

partially inbred and hybrid alfalfa by examining the inbred-hybrid productivity of 

mixed plantings in Perugia, Italy. To accomplish this, they used three seeding 

mixtures containing 10, 30, and 50% inbred (S,) seed with the remainder being 

hybrids. Selection against inbreds was confirmed to begin during the seeding yr 

and increased over time with few inbreds remaining after 1 yr regardless of the 

original mixture. Annual forage yield per plant did not differ among mixtures or 

inbreds within plots, while annual yield per plant of hybrids did differ. This showed 

that individual plant productivity increased as stand density decreased and 



suggests persistence may have been positively associated with increased yield. 

Schonhorst et al. (1980) developed the germplasm AZ-Ron for increased 

persistence and productivity under frequent harvest as is practiced in the 

southwestern USA. The cultivar Moapa was grown in Tucson, AZ for 4 yr and 

harvested at the 50% bud stage a total of 36 times. Less than 1 % of the original 

seeded population remained at the conclusion of the study. Based on individual 

plant vigor, 60 surviving plants were selected, propagated, and intercrossed as the 

parental clones of AZ-Ron. Although AZ-Ron outyielded its parents, it did not 

outyield 'Mesa-Sirsa' in the first and second yr of a forage yield test. However, in 

the third and forth yr, it did outyield Mesa-Sirsa. Schonhorst concluded this was 

because of its ability to persist and greater vigor, thus maintaining higher plant 

density which may suggest decreased single-plant productivity. 

Counce et al. (1984) examined 22 cultivars for persistence and productivity 

under grazing and mowing conditions at Eatonton, GA. They found that cultivars 

differed in persistence under grazing but not under mowing. Persistent cultivars 

regrew more slowly and produced less topgrowth under grazing than did non-

persistent cultivars. They suggested that factors such as increased yield, larger 

taproots, and faster regrowth after harvest may contribute differently to differences 

in persistence under grazing from that observed under mowing. This suggests 

that selection for increased persistence may favor plants that exhibit slower 

regrowth rates and reduced forage yield. Smith et al. (1989) examined five alfalfa 
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cultivars, two "hay" types, two "grazing" types and an unreleased "grazing" type 

selected for high persistence under grazing. During their 3-yr study in Georgia, 

they used animals to determine effects on stand density, percent cover, and using 

enclosures within the paddock, forage yield. They concluded that cultivars 

developed as hay types suffered the highest percent mortality suggesting that 

stresses affecting persistence from grazing may be greater than those from 

mowing in the same environment. 

Biotic stress response and persistence and productivity in alfalfa 

Biotic stresses such as disease, insects, and nematodes, severely reduce 

productivity and stand persistence in alfalfa (Elgin et al., 1988). Therefore, 

increasing resistance to biotic stresses has been the primary emphasis of alfalfa 

breeders (Barnes et al., 1988). 

Summers (1989) examined the effects of Egyptian alfalfa weevil, (Hvpera 

brunneipennis Boheman); the aphids, (Acvrthosiphon pisum Harris and A. kondoi 

Shinji); larval lepidoptera, alfalfa caterpillar, (Colias eurvtheme. Boisduval), beet 

armyworm, (Spodoptera exiaua Hubner) and western yellow striped army worm (S. 

praefica Grote) individually and in combination on yield and stand persistence in 

alfalfa in southern California. Although H. brunneipennis had the greatest effect 

on yield and aphids caused reduced yields in specific harvests and late season, 

none of the pests or any combination caused significant effects on stand density 

decline. In a study in Oklahoma (Caddel and Porter, 1984), tolerance to 



Phytophthora root rot (Phvtophthora meaasperma f. sp. medicaginis Kuan and 

Erwin) resulted in increased stand persistence in tolerant cultivars. Resistance to 

the spotted alfalfa aphid (Therioaphis maculata Buckton) also had a significant 

positive effect on stand persistence in this study. Caddel and Porter concluded 

that multiple-pest resistance was closely associated with stand persistence in 

alfalfa. Berberet et al. (1987) found pest-free alfalfa stands in Oklahoma had a 

larger number of stems per unit area. These results suggest that biotic stress 

tolerance does affect both persistence and single-plant yield. 

Nonstructural Carbohydrates in Alfalfa 

Although many factors are known to affect persistence in perennial forages, 

mean levels of and fluctuations in nonstructural carbohydrates are believed to play 

a major role in long-term survival and post-harvest recovery (Smith, 1969). 

Carbohydrate research with alfalfa has been extensive. Carbohydrates are stored 

in alfalfa primarily in the crown, taproot and in fully-expanded leaves. Within the 

roots, Escalada and Smith (1972) found the largest percentage of carbohydrate 

storage occurred in the upper 10 cm segment with progressively less distally. 

Graber et al. (1927) suggested these "stores" provide reserves for persistence and 

respiration. Several researchers believe nonstructural carbohydrates (frequently 

referred to as "total nonstructural carbohydrates" or "TNC") are mobilized to 

produce new shoot growth after harvest, grazing, or winter dormancy (Cooper and 

Watson, 1968; Grandfield, 1935; Kust and Smith, 1961; McKenzie et al, 1988). A 



positive relationship has been observed between percent root TNC at harvest and 

amount of herbage regrowth (Chatterton et al.p 1977; Feltner and Massengale, 

1965; Smith and Marten, 1970; and Schonhorst et al., 1980). Furthermore, Smith 

et al. (1989) concluded that persistent grazing-type alfalfas maintained higher 

mean root TNC concentrations than did hay-type alfalfas. However, other research 

showed that cultivars able to persist under grazing, produced less forage and 

have lower concentrations of root TNC than nonpersistent cultivars (Counce et al., 

1984). 

Wolf and Allen (1990) examined the effect of defoliation treatments on root 

TNC at Blacksburg, VA. Their treatments were either a combination of grazing and 

mechanical hay removal or strictly mechanical hay removal. They found that 

regardless of defoliation treatment in the spring or summer, late fall TNC 

concentrations were not influenced. Recent work has also shown that root TNC 

may not play a major role in herbage regrowth or yield in some circumstances 

(Volenec, 1985). Volenec completed a two-part study to determine the 

interrelationships between leaf area expansion rate (LAER) and stem elongation 

rate (SER) at West Lafayette, IN. Four germplasms were selected for their diverse 

genetic backgrounds including a dormant germplasm, two that showed 

intermediate dormancy, and a nondormant germplasm. These were used first in 

the greenhouse portion of this study. Although SER and LAER were found to be 

positively associated, no relationships were found between SER, LAER, and TNC 



concentration in the roots. Plant introductions (PI) selected for their contrasting 

rates of regrowth were then used in a field experiment in the second part of this 

study. Pis selected for their high SER showed an average 37% higher SER than 

those selected for slow SER. Confirming the results obtained in the first part of the 

study, plants selected for their high SER had a 32% higher LAER than those with 

slow SER. In both studies, SER and amount of forage yield per plant were highly 

positively correlated, and concentration of TNC was not closely associated with 

SER. However, the quantity and concentration of TNC in roots averaged 71 and 

20% higher, respectively, in plants with high SER and low SER. Furthermore, 

Volenec and Fankhauser (1989) have shown using graft-unions, that scion 

genotype is more important for herbage regrowth than root genotype suggesting 

SER may be more a function of shoot characteristics than of root TNC 

concentration. Other work suggests that root/crown TNC may play a larger role 

in respiration than regrowth of shoots (Smith and Marten, 1970). These results 

suggest that TNC and its role in regrowth may be different among different 

germplasms and management strategies. 

TNC content shows predictable changes as the plant matures. Several 

researchers have studied the effects of harvesting patterns on carbohydrate 

reserves (Chatterton et a)., 1974; Kust and Smith, 1961; Robinson and 

Massengale, 1968; and Feltner and Massengale, 1965.). Robinson and 

Massengale (1968) concluded that carbohydrates in roots of alfalfa in Arizona 



plants were lower and remained lower when harvested at the 50% bud stage 

compared to harvest at the 25% bloom stage. This agrees with data from other 

regions regarding cyclic change in TNC levels. TNCs typically decline for 2 to 3 

wk after harvest, then increase as the plant matures to full bloom (Chatterton et al., 

1974; Gabrielson et al., 1985; Grandfield, 1935; Nelson and Smith, 1968; Rai et al., 

1973; Smith and Nelson, 1967). 

Chatterton et al. (1974) working both in the greenhouse and in the field in 

Beltsville, MD, found that tillering (newly elongated crown buds) and TNC levels 

were positively correlated in alfalfa. This may be contrary to expectations, since 

more TNCs presumably would be depleted in producing additional shoots. 

Apparently, the amount of translocated TNC was sufficiently more than the amount 

demanded for tiller growth. They concluded that plants that were tolerant of 

frequent harvest possessed higher than average levels of TNC regardless of their 

tillering ability. 

Early work by Kust and Smith (1961) at Madison, Wl showed that harvest 

timing and frequency before winter had significant effects on the next year's hay 

yield. They suggested that late fall harvest did not allow plants sufficient time to 

replenish TNC which may have in turn caused weaker plants not to survive the 

winter or to produce less forage in the second harvest year. Positive correlations 

have also been reported between quantity of root TNC in the fall and hay yields 

in the following year in other research (Meyer and Nelson, 1983). 
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Abiotic stress response and productivity and persistence in alfalfa 

Drought is known to reduce productivity of alfalfa stands. Drought was 

simulated by irrigation equal to 49% of field capacity in a study conducted in 

Fargo, ND by Perry and Larson (1974). Stem number per plant, number of 

internodes per stem, and length of internodes were reduced by water stress in this 

study. In addition, Cowett and Sprague (1962) found that seedlings grown under 

water stress exhibited poor growth and produced smaller crowns. However, with 

the application of adequate moisture, plants recovered and showed no noticeable 

difference in yield relative to plants that did not receive any water stress treatment. 

This suggests that although alfalfa is known to require large amounts of water, it 

has characteristics which enhance its drought tolerance. Wilson et al. (1983) 

examined the effects of irrigation rates on yield in a study at Las Cruces, NM. 

Annual irrigation rates of 16.4, 49.3, and 82.2 ha-cm were applied to 24 cultivars 

and germplasms. Forage yield increased with irrigation rates, however stand 

survival was found to be inversely proportional to irrigation rates. Increased stand 

mortality was concluded to be the result of Phytophthora root rot at the higher 

irrigation rates. Similarly, Lehman et al. (1968) found a higher percentage of 

diseased plants in stands that had received the most frequent and longest 

irrigations at Imperial Valley, CA. Donovan and Meek (1983) found reduced yield 

and plant height in water stressed alfalfa at Brawley, CA. Stand density decreased 

as irrigation levels increased with significantly higher number of plants remaining 



after a 2-yr period in the least irrigated treatment. These results suggest that 

forage yield is decreased by drought conditions while persistence may not be 

altered. 

RESEARCH QUESTIONS: 

Mortality due to artificial and natural selection forces decreases stand 

density and therefore, stand productivity in alfalfa. This selection and its 

relationship with single-plant productivity may not be positively associated. The 

hypothesis that formed the basis of this thesis is, that selection for persistence has 

resulted in plants that exhibit conservative growth patterns and therefore are lower 

yielding. 

1) Are persistence and forage yield and its components related? 

Although this question has not been thoroughly examined, some previous 

research is available to base our research on. Counce et al. (1984) concluded that 

short-lived cultivars produced more top growth than persistent cultivars under 

grazing in Georgia. This suggests that persistence may be negatively correlated 

with forage yield. In Arizona, alfalfa is frequently grazed in early spring and 

mechanically harvested during the summer and fall. Understanding the 

relationship between persistence and the components of forage yield would be 

beneficial in that it would allow alfalfa breeders to improve both traits 

simultaneously. 

2) Does selection for persistence alter physiological characteristics such as 
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the accumulation of total nonstructural carbohydrates? 

TNC levels have been related to winter survival in alfalfa (Chatterton et a!., 

1974; Cooper and Watson, 1968; McKenzie et al, 1988) suggesting that selection 

for increased persistence may lead to higher mean levels of TNC. Moreover, some 

research has suggested, that the ability to maintain adequate levels of TNC and 

yield are inversely correlated (Chatterton et al., 1974; Kust and Smith, 1961; 

Robison, 1968). Therefore, selection for persistence may result plants with higher 

average TNC but which may be lower yielding. 

3) Is improved persistence related to greater tolerance to abiotic stress? 

Abiotic stress may be responsible for plant mortality. Abiotic stresses in 

warm desert regions include salinity, drought, air pollutants, scald, nutrient 

deficiencies, and high and low temperatures. Saline environments may reduce 

yield due to their drought-like conditions and are known to reduce yields in the 

southwest. Rosielle and Hamblin (1981) concluded that selection for tolerance to 

stress will generally result in decreased mean productivity in nonstress 

environments. This suggests that selection for persistence may be associated with 

increased levels of tolerance to abiotic stress. 

RESEARCH OBJECTIVES: 

1) Determine if any phenotypic differences exist in a field trial between S, 

progenies derived from a persistent population of CUF 101 alfalfa (survivors of 

frequent harvest under commercial conditions) and an unselected population of 
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CUF-101. 

2) Determine TNC levels for progenies from the persistent and unselected 

populations in a greenhouse study and correlations between TNC levels and 

agronomic performance in the field. 

3) Determine in a greenhouse study if abiotic stress tolerance for progenies from 

the persistent and unselected populations increased due to selection for 

persistence. 



CHAPTER 2 

MATERIALS AND METHODS 

Plant sampling 

Plants from a commercial field of CUF-101 were sampled in February 1989. 

The field was located approximately 1 km directly east of the University of Arizona 

Maricopa Agricultural Center, Pinal County, AZ, and was sown with certified seed 

in the fall of 1983. The stand had been regularly grazed by sheep each spring 

(Jan.-Mar.) and cut for hay at least seven times during the remainder of each of 

five production years. In February, 1989, 16 contiguous 4x4 m quadrants in a 

single border in the tail (east) end of the flood-irrigated field were identified. One 

2x2 m sub-quadrant was selected randomly within each 4x4 quadrant. A 2x2 m 

square frame with every 0.10 m marked created an X-Y grid within each sub-

quadrant. All plants within the sub-quadrant were counted and measured for 

height and crown diameter. Then, 12 plants within each sub-quadrant were 

identified based on randomly selected coordinate pairs along each axis. These 

plants were dug, retaining at least 0.15 m of the taproot, labeled, quickly cooled, 

and stored in an ice chest for transportation to Tucson. Plant numbers were 

assigned based on the quadrant number, sub-quadrant letter and the order in 

which the plant was dug within each sub-quadrant. Vegetative cuttings were made 

of these 128 "mother-plants" and established in a greenhouse at the Campus 

Agricultural Center Tucson, AZ. These plants became the mother-plants of the 
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"Persistent" population. 

After cuttings were made, the remaining taproots and crown stubble were 

frozen and later scored for crown fullness on a 1 to 5 scale with 1 = full crown (no 

openings in stubble) and 5 = low crown fullness (large opening in stubble). 

Additionally, tap-root diameter at the thickest part of the root, and root health on 

a 1 to 5 scale (1 = superb root health [no visible root discoloration] and 5 = low 

root health [>80% root discoloration]) were also scored. 

Production of progenies 

Mother-plants of the Persistent population were allowed to flower in the 

greenhouse during the spring and summer of 1989 and were self-pollinated by 

hand to produce S, progenies using the "rolling" procedure described by Barnes 

(1980). Similarly, a random sample of greenhouse-grown CUF-101 plants (certified 

seed produced in 1985) were self-fertilized to obtain S, progeny seed. These 

plants represented the basis of the "Random" population. These plants were all 

less than 1 yr old and were planted directly into pots which suggests that selection 

pressure against these plants was minimal. 

Field trial 

Sixty S, families were chosen from families having greater than 125 S, seeds 

from both the Random and Persistent populations and sown in a five-replicate, 

field trial in a randomized complete-block design at the Campus Agricultural 

Center, Tucson, AZ. Twenty-five scarified seeds from each family were planted on 
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27 Oct. 1989 into round microplots 0.25 m in diameter. The plots were located on 

slightly (0.10 - 0.20 m) raised beds, which increased drainage away from the 

crowns. The raised beds were spaced 1 m apart and microplots were centered 

0.75 m apart on the bed. After planting, the field was line-drip irrigated until 

seedlings were established. The field was flood irrigated as needed thereafter to 

maintain optimal moisture for growth. Seedling germination densities were scored 

for each microplot approximately 7 d after sowing on a 0 to 10 scale with 0 

representing no seedling emergence and 10 representing 100% (25 seedlings) 

emergence. 

Pest control 

A 0.75 m-high poultry mesh fence was located on the outside perimeter of 

the experimental area to limit rodent access. Poison bait was also placed inside 

of the fence to control any rodents that penetrated the research area. No other 

pest control was practiced throughout the course of this experiment. 

Forage yield 

Individual microplots were harvested and weighed 10 times at approximately 

10 % bloom beginning with the seedling harvest on 17 April 1990 (Table 1). 

Topgrowth above 6 to 10 cm was harvested using hand-clippers and weighed on 

a top-loading balance. 

Stem regrowth 

Stem regrowth data were calculated following most harvests by measuring 
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the single tallest stem in each microplot (Table 1). Heights were measured at 7 

to 14 d intervals throughout the regrowth period. 

Stem and leaf morphology 

Length of the first complete internode at the base of the harvested stems 

and the number of internodes per stem were measured on five randomly chosen 

stems per microplot for three replications (1,2,3) at the third harvest on 12 June 

1990. Leaf area of mature leaves (first fully expanded leave below the apex of the 

stem) from the five stems was also taken by a Licor LI-3100 area meter (Li-Cor, 

Inc., Lincoln, NE). A mean of the five internodes and leaves for each microplot 

was analyzed. 

Frost damage 

Frost damage was scored on individual microplots using a 0 to 5 scale with 

0 representing no apparent damage (no desiccation/leaf burn) and 5 representing 

extreme damage. Scores were made approximately 7 d after frost incidence. 

Both frosts consisted of several consecutive nights with temperatures below 0°C. 

Frost 1 occurred from 23 to 27 Dec. 1990 when temperatures reached -6, -3, -3, 

-3, and -3"C. Frost 2 occurred on 30 and 31 Jan. 1991, when temperatures 

reached -4 and -3°C. 

Maturity 

Maturity was scored for each microplot 1 to 3 d before each harvest. The 
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Table 1. Date, harvest number, days since last harvest, number of regrowth 
measurements, mean forage yield, and mean high and low 
temperature for field trial. 

Harvest Date 
number 

Days since 
last harvest 

Number of 
regrowth 
measurements* 

Mean forage 
yield* 

Mean 
temperature5 

High Low 

- g plot '1 - -- ° C 
--

11 17 April 1990 - -- 300.03 27.6 9.4 

2 15 May 1990 28 4 304.43 32.3 13.9 

3 12 June 1990 28 4 480.20 40.0 20.7 

4 10 July 1990 28 4 373.65 35.9 22.3 

5 7 Aug 1990 28 0 498.05 35.1 20.1 

6 4 Sept 1990 28 0 455.45 35.0 20.1 

7 9 Oct 1990 35 5 610.82 31.0 11.1 

8 15 Nov 1990 37 4 514.52 24.7 5.5 

9 5 Mar 1991 110 10 675.14 19.4 3.3 

10 22 April 1991 48 5 964.41 23.2 5.3 

+ Number of regrowth measurements taken between harvest 
date and previous harvest. 

* Values are means for five replications, each which 120 microplots. 

5 Mean temperatures between harvest date and previous harvest based 
on daily mean temperatures. 

1 Seedling harvest. 



stage of maturity ranged from 0 to 8 on the scale described by Kalu and Fick 

(1983) with 0 equal to less than 15 cm stem height and no visible buds, flowers, 

or seed pods and 8 equal to four or more nodes, with green seed pods. The 

highest obtainable score for any plant within a microplot was awarded to the 

entire microplot and used in analyses. 

Percent crown mortality 

Crowns were scored for percent mortality immediately following harvest 6 

on 4 Sept. 1990 and again immediately following harvest 10 on 22 Apr. 1991. 

Freshly exposed crowns of microplots were scored by estimating a percentage of 

the area occupied by brown (dead) crown stubble of the overall crown. 

Yield with saline irrigation 

Twenty-one S, progeny families, selected from families with more than 50 

seeds available from each of the two populations, were sown in individual 40-mm 

X 0.2-m cylindrical "conetainers" in a completely randomized design in a split-split-

plot arrangement. Irrigation treatments (80 mM NaCI or 0 mM) supplemented with 

0.25 strength Hoagland solution (Hoagland and Arnon, 1950) were applied as the 

main plot factors, populations (N=2) as the sub-plot factor, and families within 

each population (N=21) as the sub-sub plot factor. Four seeds were sown per 

conetainer on 23 Sep. 1990 in a greenhouse trial and were thinned to one seedling 

on 30 Sep. 1990. Seven plants per family were represented in each main plot. 

Saline solutions were applied as described by Johnson (1990). Maturity score 



(Kalu and Fick, 1983), number of stems above 10 cm, and forage yield were 

measured for each plant for three harvests at 10% bloom including the seedling 

harvest and two regrowth harvests. All data were recorded on a per conetainer 

basis. Conetainers were leached a minimum of three times with nonsaline water 

after each harvest to prevent excessive salt accumulation. Mean greenhouse 

temperatures ranged from 10 to 30°C and 24 h fluorescent lighting was maintained 

during the experiment. 

Nonstructural carbohydrates 

Plant sampling 

Thirty-five S, families from each population were chosen from families with 

more than 30 seeds for analyses of TNC levels. Four seeds were sown per 

conetainer with seven conetainers per family in each of seven replicates in a 

completely randomized design on 5 Feb. 1990 in a greenhouse trial with 24 h 

florescent lighting. These were thinned to one seedling per conetainer on 12 Feb. 

1990. Forage yield and weekly stem elongation rates were measured for each 

plant for 4 harvests including the seedling harvest, and analyzed on a per 

conetainer basis. After the fourth harvest, roots and crowns were recovered for 

TNC analysis by removing each plant from its conetainer, shaking loose soil from 

the roots, and washing remaining soil on the roots in a bucket filled with water. 

Crown stubble (stems remaining after harvest) was removed by hand, leaving only 

roots and the crown base (hereafter referred to as "roots"), which were wrapped 



in pre-labeled foil and quickly frozen in liquid nitrogen. Roots were labelled 

according to their family designation and their order within the conetainer rack, 

and freeze-dried for approximately 4 d. After freeze-drying, roots were stored in 

coffee cans containing desiccant. Dry roots were weighed and ground in a Wiley 

mill to pass a 1 mm mesh filter. Ground root material was stored in labeled screw-

top glass vials. 

Carbohydrate analysis 

The two-day procedure of W.B. Miller (pers. comm.) was followed in 

carbohydrate analysis. 

Day one: 

50 mg of ground sample was placed in individual 13 X 100 mm culture 

tubes and 5 ml. of 100 mM Na-acetate buffer adjusted to pH 4.5 (Appendix A) was 

added to each tube. Each tube was vortexed evenly for 3 to 5 s (hereafter 

referred to as "vortexed") and boiled in a water bath («100° C) for 20 min with each 

tube covered with a marble. Tubes were then cooled in a water bath at room 

temperature for approximately 10 min, then 500 /xL Invertase solution and 500 ixL 

Amyloglucsidase (AGSA) solution (Appendix A) were then added to each tube. 

The tubes were individually vortexed and incubated for 24 hr at 40 to 50°C in an 

oven. 

Day two: 

Tubes were removed from the oven, individually vortexed and particulars 



allowed to settle for approximately 10 min. In separate culture tubes, a 5X dilution 

(1 part sample supernatant to 4 parts double distilled H2 O, "D2 H2 O") was made 

and vortexed. 

Nelson assay 

Nelson's assay was followed as modified by Somogyi (1945) from 

Southgate (1976). Briefly, 100 ixL of the 5X diluted sample was removed and 

added to a culture tube containing 1000 /xL DJ H2 O. Working in 15 s intervals, 

1000 nL copper sulphate reagent (Appendix A) was added to the culture tube, 

vortexed, covered with a marble and boiled («100° C) for 20 min in a water bath. 

In the same order, tubes were removed from the water bath, the marble removed, 

500 /zL arsenomolybdate reagent (ASMO) (Appendix A) added and vortexed, 

again at 15 s intervals. Samples were then allowed to cool in the same manner 

as described above for day one. After cooling, a pasteur pipet was used to 

remove a portion of the sample (approximately 1.5 mL) which was placed in a 

cuvette and read for absorbance at 520 nm in a DU-64 Spectrophotometer 

(Beckman Instruments Inc., Fullerton, CA). 

Absorbance of known amounts of glucose were used to calculate amount 

of unknown samples (Table 2). 

Statistical analysis 

All variables were checked for normality with procedure UNIVARIATE using 

SAS (SAS Institute Inc., Cary, NC). Leaf area and internode number and length 
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were transformed by taking the square root which were used for analysis. 

Experiments were analyzed with procedure ANOVA or GLM. Mean separations 

were obtained with least significant differences with an a level of 0.05. A nested 

ANOVA (mother-plants within populations) was used in all analyses. Pearson 

product-moment correlation coefficients were obtained with Procedure CORR. 



Table 2. Glucose standards preparation for Nelson's assay. 

Sample Glucose* Assay Preparation 
label concentration concentration 

- mM - - (iM -

G-1 0 0 d*h2o 

G-2 0.10 0.05 10 mL G-3 + 10 mL D2H2 O 

G-3 0.20 0.10 36.0 mg Gl + 200 mL D2H2 O 
G-4 0.40 0.20 72.1 mg Gl + 200 mL D2H2 O 
G-5 0.50 0.25 90.1 mg Gl + 200 mL D2H20 

G-6 0.60 0.30 54.0 mg Gl + 100 mL D2H2 O 
G-7 0.80 0.40 72.1 mg Gl + 100 mL D2H2 0 
G-8 1.00 0.50 90.1 mg Gl + 100 mL D2H2 0 
G-9 1.20 0.60 108.1 mg Gl + 100 mL D2H2 0 
G-10 1.40 0.70 126.1 mg Gl + 100 mL D2H2 0 

f Glucose (Gl), molecular weight = 180.16 g mol'1. 



CHAPTER 3 

RESULTS AND DISCUSSION 

Data on sampled field 

A total of 1465 plants were measured for crown diameter and plant height 

in the field from which the Persistent population was derived. Assuming the field 

was originally seeded at about 20 kg ha'1 (Tesar and Marble, 1988) this would 

result in a maximum potential population of 9,290,000 plants ha'1 (929 plants m'2). 

A mean of 23 ±0.11 plants m'2 was observed when the field was sampled which 

represents failure to germinate/mortality in excess of 98%. Schonhorst et al. (1980) 

found less than 1 % of the original alfalfa population sown survived at the end of 

a 4-yr period of frequent harvest in Tucson, AZ. Smith et al. (1989) showed up to 

94% stand mortality after 3 yr of grazing in Eatonton, GA. In a study done in 

Tucson, AZ, Shi (1991) found only 3.1% of the original population sown survived 

513 days after sowing. These results suggest the mortality the sampled stand 

suffered was about average for the age of the stand and harvest management 

common in southern Arizona. 

The mean (±SE) crown diameter and plant height for the entire set of 1465 

plants measured were 8.77±0.63 and 12.68±0.32 cm, respectively. Means for the 

plants that were dug as potential mother-plants for the Persistent population were 

9.64±0.35 and 14.33±0.43 cm, respectively, for the same variables. Although 

selection of the plants dug was random within each sub-quadrant, the height of 
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these plants was significantly greater than that of the entire population measured. 

These results suggest that the random selection process may have been biased 

to obtain plants with enough forage tissue to ease the vegetative cutting process. 

Crown diameter between the two groups did not differ significantly. 

Field trial 

Forage yield 

Mean forage yield did not differ between the Persistent or Random S, 

progeny populations after ten harvests (Table 3). However, forage yield did differ 

significantly between populations for individual cool-season harvests (15 Nov. 

1990, and 5 Mar. and 22 Apr. 1991) with the Persistent population yielding 

significantly less than the Random population in these harvests. Likewise, mean 

spring forage yield (yield for harvests in the months Mar.-May) was greater in the 

Random population than in the Persistent population while fall forage yield (yield 

for harvests in months Sept.-Nov.) did not differ between the populations. In 

harvest number 8 (15 Nov. 1990) the Persistent population yielded significantly less 

than the Random population. 

The significantly lower cool season yield in the Persistent population 

suggests that increased cool-season dormancy and the more conservative growth 

patterns which accompany it may be associated with increased persistence. By 

reducing growth during cool seasons, plants may improve their probability for 

long-term survival. However, reduction in total forage yield appears likely with 
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Table 3. Mean (±SE) for forage yields for S, progenies of Random and 
Persistent plants of CUF-101 alfalfa. 

Population 

Harvest Harvest Random Persistent 
number date 

g plot •it 

1 17 April 1990* 304.0 ±13.2 296.0 ±11.9 

2 15 May 1990 310.0 ±12.0 298.9 ±10.7 

3 12 June 1990 478.0 ±13.9 482.4 ±13.1 

4 10 July 1990 350.2 ±9.6 397.1 ±32.4 

5 7 Aug. 1990 476.8 ±11.2 519.3 ±32.9 

6 4 Sept. 1990 449.8 ±10.8 461.2 ±11.4 

7 9 Oct. 1990 624.9 ±13.3 596.7 ±13.5 

8 15 Nov. 1990 547.3 ±10.8 481.7 ±10.2" 

9 5 Mar. 1991 769.1 ±17.2 581.2 ±15.8" 

10 22 April 1991 1069.3 ±63.3 859.6 ±17.1" 

(YLDM)S (537.9 ±12.2) (498.0 ±11.5) 

Difference between populations significant at the 0.01 probability level by LSD. 

Mean fresh weight ± standard error, values based on five replications with 120 micro-plots 
each. 

Season designations: Spring, Mar-May; Summer, June-Aug; Fall, Sept-Nov; 
Winter, Dec-Feb. 

Mean yield for all harvests. 
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increased persistence. Smith and Bouton (1989) concluded an increase in fall 

dormancy resulted due to selection for grazing-tolerance in Georgia. Grazing may 

also decrease forage yield and increase mortality (Brownlee, 1973; Berdahl et al., 

1986; Counce et al., 1984; Smith et al., 1989; Smith and Bouton, 1989). Therefore, 

increased cool-season dormancy in the Persistent population may be at least 

partially the result of the spring grazing by sheep the original fieid received. The 

increased dormancy of the Persistent population could also represent a response 

to ameliorate cool-season stresses including frost or freezing. Damage by these 

stresses may further decrease tolerance to other abiotic or biotic stresses 

(McKenzie et al., 1988) thereby increasing mortality. These results support the 

hypothesis that selection for generally more conservative growth is associated with 

selection for persistence. 

Mean summer forage yield (harvests in the months June-Aug.) did not differ 

significantly between the populations. Although summers are generally dry and 

hot in the desert southwest, adequate soil moisture was maintained in this 

experiment. This may have limited any response of the S, families to drought 

which may have resulted from selection for persistence. Future harvests in 1991 

may show significant differences between the populations for summer yield since 

summer harvests in 1990 were seedling yr harvests. Furthermore, some 

microplots were established in the greenhouse and transplanted into the field in 

the spring because of insufficient available seed at the time of planting in the fall 



of 1989. All plants had matured by 1991 and effects of the transplanted microplots 

were minimal. 

Spring harvests in both 1990 and 1991 accounted for 41.1 and 45.3% of the 

total forage yield in the Persistent and Random populations, respectively. 

Additionally, a significantly higher percentage of total forage yields were observed 

in summer harvests of the Persistent than the Random population (27.2 vs. 

24.0%). Fall harvest percentages did not differ significantly between the 

populations (Persistent=31.7 and Random=30.7%). These data show that 

summer harvests accounted for a larger percentage of the total yield in the 

Persistent population which also supports the hypothesis that selection for 

persistence resulted in plants that exhibit more conservative growth patterns by 

increased responsiveness to low temperature or shorter daylengths or both. 

Stem regrowth 

Mean SER in all seasons was significantly lower in the Persistent population 

than in the Random population (1.22 ±0.01 vs. 1.32 ±0.02 cm day"1). Mean 

seasonal SER (over all weeks of regrowth) was also significantly greater in the 

Random population than in the Persistent population in all seasons except summer 

(Table 4). SER in the first week following harvest was also significantly greater in 

the Random population than in the Persistent populations in all seasons. 

Winter SER measurements were taken from the last harvest in 1990 (15 

Nov. 1990) until the first harvest in 1991 (5 Mar. 1991). The Random population's 
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Table 4. Stem elongation rates (±SE) for winter, spring, summer and fall for 
S, progeny families from Random and Persistent populations. 

Week Winter* Spring Summer Fall 
following 
harvest 

Random Persistent Random Persistent Random Persistent Random Persistent 

cm day'1 

1 2.33±0.05 1.95+0.04" 2.58±0.04 2.34±0.04** 3.34±0.05 3.17±0.04* 3.19±0.04 2.97±0.04" 

2 1.47±0.03 1.33±0.03* 1.57+0.03 1.43±0.03" 2.31 ±0.04 2.25±0.04 1.91 ±0.03 1.79±0.02* 

3 0.60±0.03 0.49±0.02" 1.49±0.03 1.39±0.03* 1.50±0.03 1.46±0.03 1.20±0.04 1.13+0.04 

4 0.51 ±0.02 0.37±0.02" 1.16±0.02 1.14±0.02 1.06±0.03 1.08+0.03 1.29±0.04 1.16±0.03*" 

5 0.69±0.02 0.62±0.02* 1.40±0.03 1.43±0.03 

6 0.11 ±0.01 0.09±0.01 

7 0.52±0.02 0.42±0.02 

8 0.19+0.01 0.15±0.01 

9 0.20+0.02 0.19±0.02 

10 0.26±0.01 0.26±0.01 

11 0.67±0.02 0.68±0.02 

(Mean) (0.69±0.01)(0.59±0.01)" (1.64±0.02)(1.55+0.02)" (2.05±0.02)(1.99±0.02) (1.90±0.02)(1.76±0.02)"" 

Differences between populations significant at the 0.05 and 0.01 probability levels, respectively. Means found 
to be significant by LSD. 

All values are means based on at least two regrowth cycles except winter and the fifth week of spring 
which are based solely on regrowth preceding harvest 9 and harvest 10, respectively. 

Season designations: Winter, Dec-Feb; Spring, Mar-May; Summer, June-Aug; Fall, Sept-Nov. 



winter SER in the first week after regrowth was approximately 16% greater than 

that of the Persistent population (Table 4). This was about 7% higher than the first 

week in spring which showed the next largest percentage difference in SER 

between the populations. This again suggests that growth in the Persistent 

population is depressed more by reduced daylengths or low temperature or both. 

This also suggests that selection for persistence has resulted in plants that exhibit 

more conservative growth patterns, and since SER and forage yield were closely 

correlated (see below), reduced forage yield in the Persistent population would be 

expected. The original field from which the Persistent population was derived, had 

been regularly grazed by sheep each spring. Pelton et al. (1988) and Guerrero 

et al. (1989) have shown that grazing lambs will selectively graze the leaf portion 

of new shoots, therefore selection that produced the Persistent population may 

have resulted in reduced SER to minimize repeated defoliation by grazers. The 

lower SER in the Persistent population may also explain the reduced spring forage 

yield (yield for harvests in the months Mar.-May) observed when grazers would be 

present. The behavior of the Persistent population seems to indicate a selection 

for grazing tolerance occurred. These results strongly indicate that persistence and 

single-plant productivity are not positively associated in nondormant alfalfa. 

Volenec (1985) and Fankhauser and Vclenec (1989) showed that SER was 

positively correlated with forage yield in alfalfa. They found that plants with high 

SER (24.7 mm day"1) had 74% higher yield per shoot than plants with low SER 



(18.0 mm day'1). Pearson correlation coefficients were calculated among mean 

SER values over all harvests in each season, and SER during the first week of 

regrowth after harvest in each season, and seasonal and mean yield (Table 5). 

All values were positive and significant (P<0.05). First week of regrowth after 

harvest (SER I) and mean season SER were positively correlated with forage yield 

in all harvests and ranged between 0.23 and 0.84. First week of regrowth after 

harvest in summer was significantly higher in the Random population but mean 

summer SER did not differ for the populations. Since forage yield in the summer 

harvests (June-Aug.) did not differ significantly between the Persistent and the 

Random populations, other factors besides SER may be playing important roles 

in affecting summer forage yield. Fick et al. (1988) describes other factors that 

influence yield. These include the number of plants per unit area, number of 

shoots per plant, and mass per individual shoot. Twenty-five seeds were planted 

per micro-plot and seedling densities were compared between the populations. 

The Persistent population had significantly lower seedling densities than the 

Random population (3.42 ±0.10 vs. 3.75 ±0.11). However, the number of plants 

per microplot should probably not be used to explain the lack of difference in yield 

between the populations in the summer of 1990. Shi (1991) concluded high 

seedling density may have caused increased seedling mortality within the first 100 

d after sowing in alfalfa, consequently this may have eliminated differences 

between the populations' seedling densities. The number of shoots per plant or 



Table 5. Pearson correlation coefficients for stem elongation rate variables and forage yield for S, 
progenies of Random and Persistent CUF-101 populations. 

Variable* (1) (2) (3) (4) (5) (6) (7) (8) 0) (10) (11) (12) (13) (14) 

1. Spring SER*® 0.76/0.751 0.86/0.81 0.74/0.70 0.74/0.67 0.67/0.59 0.70/0.69 0.45/0.42 0.92/0.92 0.78/0.76 0.41/0.64 0.62/0.37 0.54/0.55 0.57/0.58 

2. Spring SER f 0.66/0.63 0.70/0.66 0.59/0.52 0.58/0.52 0.52/0.53 0.49/0.34 0.70/0.70 0.82/0.78 0.42/0.58 0.67/0.37 0.55/0.52 0.60/0.55 

3. Summer SER - 0.74/0.71 0.77/0.64 0.68/0.54 0.67/0.54 0.43/0.34 0.91/0.86 0.75/0.69 0.41/0.49 0.59/0.35 0.53/0.46 0.56/0.49 

4. Summer SER 1 0.65/0.59 0.68/0.61 0.64/0.53 0.50/0.42 0.77/0.73 0.87/0.84 0.43/0.50 0.62/0.35 0.57/0.48 0.60/0.50 

5. Fall SER - 0.80/0.73 0.79/0.73 0.54/0.46 0.91/0.86 0.77/0.72 0.36/0.54 0.39/0.26 0.56/0.55 0.48/0.49 

6. Fall SER 1 0.79/0.70 0.66/0.63 0.81/0.73 0.87/0.85 0.39/0.49 0.42/0.23 0.62/0.54 0.53/0.46 

7. Winter SER - 0.70/0.71 0.87/0.85 0.79/0.77 0.35/0.62 0.28/0.28 0.52/0.53 0.44/0.52 

8. Winter SER 1 - 0.58/0.56 0.79/0.75 0.26/0.40 0.24/0.21 0.35/0.31 0.32/0.35 

9. Mean SER - 0.86/0.84 0.42/0.66 0.52/0.36 0.60/0.60 0.57/0.60 

10. Mean SER 1 - 0.45/0.61 0.58/0.36 0.62/0.57 0.61/0.57 

11. Spring yield - 0.50/0.57 0.48/0.80 0.90/0.89 

12. Summer yield - 0.76/0.54 0.79/0.86 

13. Fall yield - 0.79/0.85 

14. Mean yield 

* Orders of all values represented are Random/Persistent 
* Season designations: Winter, Dec-Feb; Spring, Mar-May; Summer, June-Aug; Fall, Sept-Nov. 
 ̂ Mean SER for season 
' All values significant at the P<0.05 level. 
* Mean SER for first week of regrowth after harvest 

A 
CO 
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mass per shoot may explain this but were not examined in the field. 

Several investigations have shown that fall harvest management may affect 

yield in subsequent years (Feltner and Massengale, 1965; Kust and Smith, 1961; 

Robinson and Massengale, 1968). The populations exhibited different correlations 

between fall yield (Sept.-Nov.) and spring yield (Mar.-May) with 64% of the variation 

explained by these two factors in the Persistent population (r=0.80) while only 23% 

was explained in the Random population (r=0.48). This suggests that the 

Persistent population's spring yield may be more a function of large fall yields than 

in the Random population possibly due to a higher dependence on increased 

photosynthate translocation from larger fall forage yields. Correlations between 

mean SER and yield were slightly higher for the Persistent population than for the 

Random population (r=0.60 and r=0.57). However, the opposite was found for 

mean SER I (first week after harvest SER in all seasons) for the two populations 

(r=0.61 and r=0.57). This suggests that the Persistent population's yield is more 

a function of SER over the entire regrowth period than the Random population's 

yield. These results also support the hypothesis that selection for persistence has 

resulted in plants which grow more conservatively since reduced regrowth during 

the first week after defoliation may improve probability for survival. 

Stem and leaf morphology 

Leaf area and internode length both differed significantly between 

populations (Table 6), however, the number of internodes per stem did not. Less 



Table 6. Internode number and length, and leaf area for S, progenies 
of Random and Persistent plants of CUF-101 alfalfa. 

Variable Population N Mean ±SE 

Internode number* Random 
Persistent 

Internode length (mm)f Random 
Persistent 

Leaf area (cm2)* Random 
Persistent 

888 10.22 ±0.07 
891 10.58 ±0.08 

(N.S) 

888 69.80 ±0.64 
891 62.58 ±0.54 

(LSDi005 = 3.44) 

179 37.96 ±0.68 
180 33.51 ±0.58 

(LSD, o 05 = 2.07) 

f Values based on mean for five stems and three replications. 

* Values based on number of mean scores of mature leaves from five stems over 
three replications. 
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leaf area and shorter internodes were found in the Persistent population, again 

supporting the hypothesis that plants able to persist are exhibiting more 

conservative growth patterns. By producing less leaf area and shorter internodes 

a plant may avoid potentially harmful environmental stresses or grazers. Shorter 

internode lengths have been previously associated with fall dormancy in alfalfa 

(Perry and Larson, 1974). Volenec (1985) also found that the length of internodes 

and number of internodes were positively correlated to yield and SER. 

Correlations calculated in this study (Table 7), showed that length of internodes 

was more positively correlated with mean yield in the Random population (r=0.53) 

than in the Persistent population (r=0.36). Conversely, the Persistent population 

showed a higher association between length of internodes and mean SER 

(r=0.42) than the Random population (r=0.36). These results suggest that 

although length of internodes showed higher correlations with mean yield in the 

Random population than in the Persistent population, internode length accounted 

for less of the variation in SER for the Random population than the Persistent 

population. The shorter internodes in the Persistent population may account for 

the difference in SER or visa versa. Internodes number has also been shown to 

be highly correlated with SER (Volenec, 1985) but this variable was not found to 

differ between the populations in this study. However, correlations between 

number of internodes and mean SER I was significant and positive in the 

Persistent population (r=0.29) while not significant in the Random population 
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Table 7. Pearson correlation coefficients for leaf area, length and 
number of internodes, mean SER, mean SER I and 
mean yield for S, progenies of Random and Persistent 
populations of CUF-101. 

Variable+ (1) (2) (3) (4) (5) (6) 

1. Leaf area 0.41/0.42* 0.04/0.04 -0.02/0.25 0.11/0.23 0.38/0.28 

2. Length of internodes -- -0.12/-0.23 0.35/0.42 0.39/0.36 0.53/0.36 

3. Number of internodes - 0.15/0.27 0.02/0.29 0.04/0.18 

4. Mean SER ~ 0.80/0.87 0.48/0.71 

5. Mean SER I -- 0.59/0.68 

6. Mean yield --

+ Orders of values represented are Random/Persistent. 

* Values greater than 0.26 and 0.33 significant at the 0.05 and 0.01 level, 
respectively (n=60). 



(r=0.02). This suggests that SER I is more a function of number of internodes in 

the Persistent population than the Random population. Furthermore, yield might 

be expected to decrease with less leaf area and shorter internodes, since Volenec 

(1985) found both to be highly correlated with specific stem weight (r=0.81 and 

0.95, respectively). Other investigators have found leaf area in alfalfa to be 

positively associated with yield (Black, 1963; Brougham, 1956; and Davidson and 

Donald, 1958). Both populations showed positive correlations between leaf area 

and mean yield (Random=0.38, Persistent=0.28). Leaf area expansion rates is 

highly associated with yield (Volenec, 1985) and leaf area index plays an important 

role in efficient use of sunlight for growth (Heichel et al., 1988). To summarize, less 

leaf area and shorter internodes should result in less yield, and this was observed 

in the Persistent population. This may be a direct result of selection for more 

conservative growth in cool seasons. 

Frost damage 

The Persistent population showed less damage to frost on average at the 

31 Dec. 1990 frost (Table 8). The two populations did not differ significantly after 

the second frost episode (1 Feb. 1991). The mean score for both frosts was 

significantly different between the populations with less damage in the Persistent 

population. The December frost was more severe with five consecutive days 

below 0°C (-6, -3, -3, -3, and -3"C) than the January frost which involved only two 

consecutive days below 0°C (-4 and -3°C). Frost scores for the December frost 



Table 8. Mean (±SE) crown mortality, maturity at harvest, 
and frost damage for S, progenies of Random and 
Persistent plants of CUF-101 alfalfa. 

Population 

Variable Scoring date Random Persistent 

Frost damage 31 Dec. 1990 
1 Feb. 1991 

1.16+0.06 
1.49+0.07 

0.90±0.05* 
1.25±0.06 

(Mean) (1.33+0.05) (1.08±0.04)" 

Maturity1 15 May 1990 
12 Jun. 1990 
10 Jul. 1990 
8 Oct. 1990 
14 Nov. 1990 
4 Mar. 1991 

4.38+0.09 
6.40±0.04 
7.87+0.02 
6.72+0.05 
4.19±0.06 
3.10±0.03 

4.39±0.09 
6.31 ±0.05 
7.86±0.02 
6.52±0.06 
3.89±0.06" 
3.02±0.01" 

(Mean) (5.44+0.03) (5.33±0.03) 

Percent crown 
mortality 

5 Sep. 1990 
22 Apr. 1991 

34.95±1.09 
43.53±0.97 

36.12±1.05 
44.83±0.96 

(Mean) (39.24±0.78) (40.47±0.80) 

Difference between populations significant at the 0.05 probability level 
based on LSD. 

f Values based on Kalu and Fick (1983) maturity scale with 0 equal to less 
than 15 cm stem height and no visible buds, flowers, or seed pods and 8 
equal to four or more nodes with green seed pods. 



were expectedly higher indicating more plant damage. This along with the 

reduced amount of succulent tissue in the Random population as a result of the 

December frost may account for the lack of significant differences between the 

populations in the February frost. Avoiding frost damage or tolerating cold 

temperatures are important factors in survival of alfalfa (McKenzie et al., 1988). 

Again, the conservative growth pattern of the Persistent population may result in 

less damage by low temperatures. Conservative growth patterns are also 

indicative of dormancy which has been associated with increased cool-season 

survival. Higher positive correlations were observed in the Persistent population 

between mean frost score (mean score for both frosts) and winter SER I than in 

the Random population (0.47 vs. 0.35). Although these values only account for 20 

and 12% of the variation observed in frost damage, respectively, they do suggest 

that lower SER in first week of winter regrowth (dormancy) in the Persistent 

population may be associated with reduced frost damage. 

Maturity 

The populations differed significantly in maturity in harvest in only the 

November and March harvests (Table 8). The Persistent population had generally 

less mature plants than the Random population in these harvests. This suggests 

less yield would be expected since Kilcher and Heinrichs (1974) observed that 

stem and leaf yield increased linearly with maturity. Earliness in flowering has also 

been positively associated with yield (Rotili, 1976; 1977). Maturity also has been 
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documented to play a role in harvest management because of its correlation with 

TNC accumulation in roots and crown (Grandfield, 1935; Sheaffer et al., 1988; 

Nelson and Smith, 1968; Kust and Smith, 1961; Smith, 1962; Robinson and 

Massengale, 1968). 

Percent crown mortality 

No significant differences were found in crown mortality between the 

populations in the 4 Sept. 1990 or the 22 Apr. 1991 measurements (Table 8). This 

suggests that the approximately 40% crown mortality observed in both populations 

may be random or affected by other factors not examined in this study such as 

biotic stresses. Although these data could be interpreted to suggest that selection 

for persistence occurred at the germination stage, it appears doubtful since 

selection did alter numerous traits (stem and leaf morphology, seasonal yield, and 

SER) in the Persistent population. Shi (1991) concluded selection at germination 

may have resulted in the elimination of partially inbred individuals. Thus, selection 

at germination and selection for persistence appear different. Furthermore, 

Schonhorst et al. (1980) found that persistence improved in AZ-Ron, which was 

derived from survivors of four yr of frequent harvest, suggesting that selection at 

germination and selection for persistence are different. 

Yield with saline irrigation 

Mean yield, maturity and stem number differed significantly between 

populations grown with nonsaline irrigation in this greenhouse trial (Table 9). 



Unlike the field study where maturity score was higher in the Random population 

than in the Persistent population in two harvests, maturity at harvest was higher in 

the Persistent population in this study. This was unexpected, but may be partially 

explained by the different environments the plants were grown in. Consistent with 

the field trial were forage yield data for the two populations grown with nonsaline 

irrigation. The Random population out-yielded the Persistent population for the 

mean of two regrowth harvests. More stems were also observed in the Random 

population than the Persistent population which suggests the number of shoots 

per plant may not explain the lack of difference in summer yield found in the field. 

In the saline environment, the populations did not differ in absolute yield, and the 

ratio of saline to nonsaline yield also did not differ between the populations. 

Different ratios between the populations would suggest that the populations were 

reacting differently to this drought-associated abiotic stress. These results indicate 

forage yield in saline environments was likely not altered by selection for increased 

persistence. The field in which the Persistent mother plants were dug was irrigated 

with ground water that was not highly saline. Therefore, no selection for salt 

tolerance would be expected. Similarly, these results also suggest no selection for 

drought tolerance may have occurred, although Lowe et al. (1972) did describe 

"pasture-type" drought tolerant cultivars as exhibiting "marked fall dormancy and 

slow recovery after cutting", traits accentuated in the Persistent population. 

Additionally, Perry and Larson (1974) found that number of stems per plant, 



Table 9. Mean (± SE) stem number, maturity, and yield 
of Random and Persistent S, progenies under 
saline and nonsaline irrigation. 
All values are means of two regrowth harvests. 

Treatment 

Variable Population Saline Nonsaline 

Stem number 

Maturity 

Forage yield 

Random 
Persistent 

Random 
Persistent 

Random 
Persistent 

2.36 ±0.04 
2.45 ±0.04 

2.94 ±0.04 
2.82 ±0.05 

(N.S.) (LSD, 005 = 0.12) 

2.94 ±0.05 
3.04 ±0.06 

2.63 ±0.04 
3.10 ±0.06 

(N.S.) (LSD,005 = 0.14) 

1.29 ±0.02 
1.26 ±0.04 

2.04 ±0.03 
1.95 ±0.03 

(N.S.) (LSD, 005 = 0.09) 

Salt/control yield ratio Random 
Persistent 

0.63 ±0.02 
0.66 ±0.02 

(N.S.) 
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number of internodes per stem, and internode length of the primary stem to be 

reduced under drought conditions. These results appear to describe the 

Persistent population's behavior in the field trial but not under saline irrigation. 

Therefore, whether selection for increased drought tolerance was associated with 

selection for persistence remains in this case unclear. 

Pearson correlation coefficients calculated for mother-plant morphological 

variables and performance of S, progenies in the field showed that (Table 10) root 

diameter was positively correlated with mean fall yield (yield for harvests in months 

Sept.-Nov.) (r=0.31) and crown mortality (r=0.34). Large roots could influence late 

season yield because they contain more stored carbohydrates. Furthermore, large 

roots and increased crown mortality suggests a higher incidence of attacking 

pathogens. 

Nonstructural carbohydrates 

Yield, SER and root dry weight 

Forage yield and SER did not differ between the S, families grown for 

measurement of nonstructural carbohydrate levels (TNC) (Table 11). Forage yield 

also did not differ between the populations, however, the Persistent population had 

larger roots. The difference in the ratio of root dry weight to mean forage yield 

also differed significantly between the populations. The Persistent population had 

a higher ratio than the Random population (0.77 ±0.03 vs. 0.54 ±0.02). These 

results suggest that selection for persistence resulted in plants that translocate a 



Table 10. Pearson correlation coefficients for mother plant (MP) 
morphological variables and agronomic performance 
variables for their S, progenies for the Persistent 
population of CUF-101 populations. 

Variable (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

1. Root health (MP) - 0.11+ -0.19 

in o
 

9
 -0.23 0.13 0.14 0.09 0.13 0.16 0.15 -0.19 -0.17 0.05 

2. Root diameter (MP) 0.40 0.39 0.14 0.21 0.18 0.14 0.31 0.23 0.34 0.02 0.03 0.16 

3. Fullness of crown (MP) - 0.35 0.28 0.05 0.03 0.09 0.01 -0.01 0.15 0.01 0.36 0.09 

4. Crown diameter (MP) - 0.37 -0.04 -0.06 -0.08 0.05 0.03 0.05 0.05 -0.01 -0.02 

5. Height (S,) - 0.11 0.14 0.01 0.19 0.18 -0.06 0.22 0.02 -0.10 

6. Mean yield (S,) - 0.94 0.93 0.94 0.71 0.26 0.47 0.00 -0.03 

7. Spring yield* (S,) - 0.77 0.87 0.77 0.25 0.51 0.04 -0.06 

8. Summer yield (S,) - 0.82 0.54 0.28 0.39 -0.08 -0.03 

9. Fall yield (S,) - 0.60 0.17 0.42 0.06 0.03 

10. Mean SER5 (S,) - 0.22 0.56 -0.19 -0.20 

11. Crown mortality (S,) - 0.19 -0.20 -0.03 

12. Mean frost score (S1) - -0.19 -0.20 

13. Root dry weight (S,) - 0.03 

14. Root/shoot ratio1 (S1) 

f Values over 0.25 and 0.35 significant at 0.05 and 0.01 probability levels, respectively (n=60). 

* Season designations: Spring, Mar-May; Summer, June-Aug; Fall, Sept-Nov. 

' Mean SER overall weeks of regrowth after harvest 

1 Root dry weight/mean forage yield for three regrowth harvests from greenhouse grown plants for 
nonstructural carbohydrate experiment (n=34). 
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higher proportion of their photosynthates to the roots. This may largely explain the 

more conservative pattern of shoot growth observed in the Persistent population. 

High positive correlations were observed between greenhouse mean yield and 

root dry weight for the Random (0.62) and Persistent populations (0.71), 

respectively (Table 12). Work by Volenec (1985) also observed high correlations 

between root dry weight and herbage dry weight in a greenhouse study. However, 

no investigations have correlated greenhouse grown plants to field performance. 

Carbohydrate analysis 

S, progenies from the Persistent population possessed more TNC per root 

on average than did the Random population (Table 11). As expected, root dry 

weight and mg TNC root"1 were highly positively correlated in both populations 

(r=0.96). Although not significant, the Persistent population had on average 7.1% 

more TNC on a dry weight basis (TNC concentration) than did the Random 

population. This suggests that the Persistent population may have stored a higher 

proportion of TNC than the Random population. Schonhorst et al. (1980) and 

Smith et al. (1989) showed similar results between TNC concentration and 

persistence. Schonhorst et al. (1980) concluded that higher TNC concentrations 

are essential for stand persistence and regrowth. Likewise, Smith et al. (1989) 

found maintenance of high TNC concentration an important indicator of 

persistence under grazing. Chatterton et al. (1974) and Chatterton et al. (1977) 

also found higher TNC concentrations in clones that tolerated frequent cutting. In 



Table 11. Mean (± SE) forage yield, stem elongation rates, 
root dry weight and root dry weight/shoot yield ratio 
for of Random and Persistent S, progenies. 
(All values are means of three regrowth harvests). 

Population 

Variable Random Persistent 

Forage yield (g) 

Stem elongation rate (cm day'1) 

Root dry weight (g) 

TNCf, mg root'1 

TNCt, g (kg root dry weight)"1 

Root/shoot ratio* 

1.21 ±0.05 1.16 ±0.05 

2.11 ±0.02 2.11 ±0.02 

0.70 ±0.03 0.88 ±0.04* 

302.11 ±18.69 395.19 ±20.39' 

381.31 ±9.39 408.45 ±9.66 

0.54 ±0.02 0.77 ±0.03" 

Difference between populations significant at the 0.05 and 0.01 
probability levels, respectively, based on LSD. 

Total nonstructural carbohydrates. 

Root dry weight/mean forage yield for three regrowth harvests. 



addition, Grandfield (1945) found high TNC concentration associated with slower 

regrowing plants after harvest. These results may provide a partial physiological 

explanation for the SER results found in the field trial and the relationship between 

TNC and persistence. 

Correlation coefficients differed in magnitude between populations for many 

variables (Table 12). TNC concentration was significantly correlated with mean 

yield in the greenhouse for both populations with a higher correlation (0.47) in the 

Random population than the Persistent population (0.40). Similar trends were 

found by Counce et al. (1984), who concluded that cultivars that persisted well 

under grazing had lower TNC concentration in the roots and produced less forage 

than cultivars that did not persist well under grazing which had higher root TNC 

concentrations and higher forage yield. This again suggests that plants in the 

Persistent population exhibited more conservative growth patterns and that a 

negative genetic correlation may exist between single-plant yield and persistence. 

Furthermore, Chatterton et al. (1977) found that high-yielding clones had higher 

concentrations of TNC than low-yielding clones. Although not significant, 

correlations between TNC concentration and mean forage yield in the field were 

essentially zero in the Persistent population (r=-0.04) but positive in the Random 

population (r=0.27). These results suggest that TNC concentration found in the 

greenhouse S, progenies may not be useful in indicating performance under field 

conditions. However, TNC correlations were positive and significant (see above) 



Table 12. Pearson correlation coefficients for season SER, greenhouse and field mean yield, field maturity, 
root dry weight, TNC variables and root to shoot ratio for S, progenies of Random and Persistent 
CUF-101 populations. 

Variable* (1) (2) (3) (4) (5) (6) (7) (B) (10) (11) 

1. Maturity* - 0.37fy0.081A>.8«# -0.12/-0.14/-0.13 0.57/0.18/0.75 0.33/-0.11/0.53 0.47/0.15/0.80 0.52/0.28AJ.62 -0.18/-0.11/-0.17 -O.O0A).Oe/-O.O4 -O.O0/-O.19/-O.14 -0.02/0.14AJ.06 

2. FMd man yletd 0.23/0.43/0.05 0.59/0.29/0.75 0.54/0.34/0.63 0.52/0.14AX71 0.51/0.04/0.73 0.08/0.27/-0.04 0.06/0.34/0.00 0.06/0.35/0.02 -0.15/0.00/-003 

3. Greenhouse mean yield - 0.07/0.17/-0.03 0.06/0.19/-0.06 0.08/0.14/-0.04 0.03/0.03/-0.04 0.42/0.47/0.40 0.63/0.62/0.71 0.60/0.81/0.66 -0.12/-0.11/-0.11 

4. Spring field SER** - 0.84/0.80/0.84 0.76/0.68/0.78 0.78/0.59A1.81 -0.12/0.03/-0.18 -0.08/0.20/-0.08 -0.06/0.17/-0.00 •0.22/0.02/-0.06 

5. Summer field SER - 0.73/0.70/0.74 0.57/0.38/0.65 -0.06/0.10/-0.06 -0.07/0.23/-0.15 -0.04/0 23/-0.11 -0.1M).06/-0.09 

6. Fall field SER - 0.82/0.88/0.82 -0.14/0.10/-0.25 -0.17/0.30/-0.25 -0.17/0.27/-0.26 -0.33/0.13/-0.27 

7. Winter field SER - -0.19/0.01/-0.25 -O.20AJ.O0AO.23 -0.25/0.10/-0.23 -0.45/004/-0.31 

B. TNC** concentration g kg dry weight*1 
- 0.64/0.64/0.64 0.81/0.62/0.81 0.48/0.53/0.47 

9. Root dry weight - 0.96fl).96A>.98 0.52A).5flA).30 

10. TNC** mg root*1 - 0.55/0.62/0.45 

11. Root/shoot ratio** 

* Order* of all values represented: both populations/Random/Persistent 

* Mean maturity of tlx maturity scores. 

* "Both populations' values greater than 0.24 and 0 32 significant at the 0.05 and 0.01 level, respectively (n*70). 

' •Random' population values greater than 0.34 and 0.43 significant at the 0.05 and 0.01 level, respectively (n«36). 

* "Persistent* population values greater than 0.35 and 0.44 significant at the 0.05 and 0.01 level, respectively (n«34). 

** Season designations: Winter, Dec-Feb; Spring, Mar-May; Summer, June-Aug; Fall, Sept-Nov. 

** Total nonstructural carbohydrates. 

** Root dry weight/mean forage yield for three regrowth harvests. 
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with greenhouse mean yield suggesting TNC may be an important yield 

characteristic. Furthermore, field to TNC correlations were made with a small 

sample of S, progeny families grown in the greenhouse therefore, correlations may 

not accurately portray field results. 
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CHAPTER 4 

SUMMARY AND CONCLUSIONS 

This research showed that natural selection for persistence altered the 

growth patterns of the Persistent population compared to unselected CUF-101. 

Analysis of yield, stem and leaf morphology, TNC, and other agronomic 

characteristics suggest selection for more conservative growth patterns occurred. 

Such growth patterns suggest that survival would be enhanced by avoiding 

stresses which may otherwise deplete TNC reserves. Although not conclusive, 

TNC levels are thought to be closely associated with persistence in alfalfa. These 

data support this assumption. Therefore, single-plant productivity and persistence 

appear negatively associated in nondormant alfalfa according to these data 

presented. 

Plant breeding implications 

Since the early 1950s alfalfa breeding research has concentrated mainly on 

development of cultivars with increased biotic stress tolerance (Barnes et al., 1988) 

primarily to increase persistence. During this time mean forage yields improved, 

however there is no evidence that single-plant productivity increased. In fact, 

forage yield has increased only roughly 10% in the last 35 yr (Hill et al., 1988). 

However, this may not be a function of single-plant productivity as much as overall 

stand productivity. This study suggests that selection for persistence and single-

plant productivity may not be positively correlated. 
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As suggested in Fig. 1, traditional forage breeding has concentrated on 

increasing persistence. In this study, single-plant yield and persistence were found 

to be negatively correlated. Thus, by increasing persistence, single-plant 

productivity may be decreased. Although not examined in this study, the 

suggested opposite relationship is also shown and suggests that low persistence 

may be associated with increased single-plant yield. Therefore, to improve 

persistence and single-plant productivity simultaneously, this study suggests that 

breeding should be done at the point where persistence and single-plant yield are 

maximized simultaneously. 
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Emphasis in 
plant breeding 

t 
Target for 

simultaneous 
selection 

INDIVIDUAL PLANTS 

Fig. 1. Diagram of single-plant productivity, persistence and 
suggested target area for simultaneous selection of both 
traits 



APPENDIX A 

SOLUTION PREPARATION FOR NONSTRUCTURAL CARBOHYDRATE 
ANALYSIS AND NELSON'S ASSAY (Southgate, 1976) 

100 mM Na-acetate buffer 

Add 2.78 g Na0AC-3H20 to ±800 mL D2 H20 
Add ±20 mL 1.0 N HOAC to adjust pH to «4.5 
Bring to 1 L volume with D2 HzO 

Invertase solution* 

Add 10 mg invertase to 50 mL D2 H20 

Amyloglucsidase solution** 

Add 250 mg AGSA to 50 mL D2 H20 
Stir 

Copper sulphate reagent 

Dissolve 28 g anhydrous Na2HP04 (sodium phosphate dibasic) and 
4 g K-Na-tartrate (Rochelle salt) in ±700 mL D2 H20 
Add 100 mL 1 N NaOH with stirring (4 g NaOH/lOO mL H20) 
Add 80 mL 10% copper sulfate (8 g CuSOysO mL H20) 
Add 180 g anhydrous Na2S04 

Dilute to 1 L total volume 
Let settle at room temperature for 1 d 
Decant and save CLEAR supernatant 
Store in a brown bottle at room temperature 



APPENDIX A (Continued): 

Arsenomolybdate reagent 

Dissolve 25 g NH4Mo04 (ammonium molybdate) in 450 mL D2 H20 
Add 21 mL concentrated sulfuric acid, mix well 
Add 3 g NaaHAs047H20 (dissolved first in 25 mL H20) 
Mix, incubate at 37°C for 24 to 48 hrs (total volume « 500 mL) 
Store in brown bottle at room temperature 

f Solutions should made fresh for day of use. 
* Solution should be kept in solution by using low speed stir plate. 
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