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Several studies of herbaceous perennials have addressed the effects of 

environmental factors during and after production, inherent cold hardiness, and 

post-harvest handling procedures to enhance flowering and growth during 

establishment. The regrowth of both woody and herbaceous forage plants 

following establishment is reported to be directly related to reserve-nitrogen 

content. Plants with higher nitrogen reserves grow sooner and produce more 

growth than plants with low reserves. 

The first objective in my study, carried out in the greenhouse and outdoors, 

was to identify any relationship between initial plant size and the regrowth of 

fourteen herbaceous perennials from five nursery sources. Of the varieties 

analyzed, six showed differences in growth between nurseries when grown 

outdoors, but it appears this was not due to their initial plant size. 

The second objective was to determine whether reserve nitrogen (N) content 

or the level of reserved total nonstructural carbohydrates (TNC) had an effect on 

regrowth. In this greenhouse experiment, six out of nine varieties that had higher 

levels of reserve N per plant tended to grow more. In contrast, five varieties 

showed more growth with higher levels of reserve TNC per plant.   This suggests 

that reserve nitrogen may have more effect than carbohydrates on the regrowth of 

perennial plants during establishment. 



The third objective was to determine the timing of N uptake from soil- 

applied N after establishment. For this greenhouse experiment, double-labeled 

depleted ammonium nitrate was applied to plants oiAstilbe chinensis 'Pumila' 10 d 

after they were transplanted in the greenhouse. The uptake started soon after the 

application; 40% of the 15N was detected by Day 10, and then leveled off. This 

study suggests that herbaceous and woody perennials are similar in their 

requirement for reserve N for new growth. 

In general, the growth of herbaceous perennials appeared to be related to 

reserve N content rather than to initial plant size or levels of stored carbohydrates. 

However, this is preliminary study, and more studies are necessary for further 

investigation. 
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GROWTH IN HERBACEOUS PERENNIALS 

CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

When you think of spring, visions of crocus, daffodils and tulips flash 

before your eyes. Included in this vernal display would be pansies, marigolds and 

dusty miller. These annuals give color to spring flowering beds after the bulb show 

is over. Home gardeners have historically shown a preference for flowering 

annuals, which must be replanted each year. True annuals sprout from seed, 

flower, set seed, and die within one year (Armitage, 1993). They do not "usually" 

overwinter because these plants, such as begonias, impatiens, and geraniums 

(Pelargoniums) are not hardy enough to be grown for longer than one season (Russ 

andPolomski, 1999). 

Annuals are commonly grouped as hardy, half-hardy, or tender. Hardy 

plants, such as pansies and ornamental kale, are grown for color in cool and cold 

seasons; most die with the onset of summer heat. Half-hardy annuals, e.g., alyssum 

and dianthus, can tolerate light frost and are usually planted in early spring for 

spring and early summer color. They usually decline in the heat but may bloom 

again in the autumn. Tender annuals, such as vinca, zinnias, and impatiens, cannot 

tolerate freezing temperatures, and should be planted in the spring after all danger 

of frost is past (Russ and Polomski, 1999). 



The advantages of growing annuals include their low cost for seeds and the 

short life cycle from vegetative to reproductive growth (Armitage, 1993). Of 

particular value to customers is that annuals quickly become mature and attractive 

plants that remain attractive for much of the growing season, so that customers do 

not seem to mind replanting each year (Damrosch, 1988). At nurseries, these 

annual plants may be sown directly into the field or into containers and grown in 

protective structures, then either transplanted directly or sold in containers. The 

production cycle of annuals is relatively short; only a few months are required, so 

that several crops may be produced yearly. Because most annuals are sown from 

seeds or cuttings, their space requirement is relatively small, thus enabling 

wholesalers to produce large numbers in relatively small areas (Armitage, 1993). 

Large numbers of annuals are available, with ever-increasing development and 

production of new varieties. 

In contrast to annuals, perennial plants live for at least two years and are 

easy to grow if the soil bed is prepared properly (Armitage, 1993). Unlike annuals, 

perennials do not flower all season long; however, by combining several species 

that flower at different times, season-long blooming can be obtained (Damrosch, 

1988). In addition, their colorful flowers, interesting foliage, and other plant 

characteristics can contribute to the aesthetics in landscapes and gardens (Carman, 

1994). With consumers' increased interest in herbaceous perennials, however, 

gardens have gained more colors and other characteristics such as interesting 



foliage shapes, throughout the growing season. Stock availability and the number 

of cultivars have also increased (Carman, 1994). 

Some perennials, such as Achillea, have long stems that are often used as 

specialty cut flowers (Starman, 1995). The increased use of herbaceous perennials 

has affected the floriculture industry significantly. The floriculture and 

environmental horticulture sector (greenhouse, turfgrass, and nursery-related crops) 

is the seventh most important agricultural good in the United States (Johnson, 

1998). Grower cash receipts for those crops were $12.1 billion in 1998, up 2% 

from the previous year (Johnson, 1999). For bedding and garden plants, cash 

receipts jumped from $1.2 billion in 1991 to $2.1 billion in 1998. The number of 

growers producing bedding and garden plants in 1998 was 3,748, an increase of 71 

growers from 1997. The total wholesale value of these plants was $1.81 billion, a 

4% increase from the previous year (Johnson, 1999). In 1998, floriculture crop 

production consumed 1.07 billion ft of growing space, up 15% from 1997 

(Johnson, 1999). Greenhouses accounted for 61% (654 million ft2) of the total 

covered area, a 22% increase from 1997. 

In wholesale production, herbaceous perennials are propagated either from 

seeds or vegetatively. Seed can be sown at almost any time of year, depending on 

the species (Lake et al., 1982). Those that germinate quickly and produce flowering 

plants within a few months are sown in a greenhouse, usually in late autumn or 

early winter. After the seedlings develop, they are planted in the field. 



At nurseries in the southern part of the United States, perennials are planted 

in the field in early autumn to allow plants to develop strong roots before winter 

(Armitage, 1993). In the northern states, however, spring planting is practiced. 

These plants are not harvested until they become dormant, because low 

temperatures are necessary to promote bud break or initiate flowering the next 

growing season. This practice provides customers with hardy plants that will 

flower the same year they are received (Armitage, 1993). The United States 

Department of Agriculture, USD A, developed guidelines in 1990 on the cold 

hardiness of perennials. Nursery catalogs usually include details about hardiness 

zones for each species, which helps home gardeners determine whether a particular 

plant is appropriate for their area. 

When vegetative propagation methods, such as by division, are used, the 

practice starts in June for sales the following spring. These divisions are planted 

directly into containers. Root- and stem-cutting methods are also common in most 

field-grown nurseries, but tissue culture is usually used for a few perennials that are 

difficult to multiply (Lake et al., 1982). In the Upper Midwest, seedlings or 

cuttings that had been grown in the greenhouse in early spring are transplanted into 

the field later that season. The field-grown crowns are then lifted and divided in 

the autumn, and stored in polyethylene-lined crates in refrigerated storage for 

several months until they are shipped (Hancheck and Cameron, 1995). 

As perennial garden plants become more popular, the demand is greater for 

growers to supply high-quality products (Carlson, 1995). The value of an 



herbaceous perennial plant is generally determined by its capacity for regrowth, 

i.e., its ability to become established quickly and to perform well in landscapes and 

gardens after transplanting (Carlson, 1995). Because both well-founded and new 

nurseries produce stock for sale to retail markets, the quality of these plants and 

their performance after transplanting varies. 

Growers must consider many production factors, such as fertilizer practices, 

watering, pest control, weed management, the growing environment, time of 

harvest, and storage conditions. Many studies have been conducted on storage 

quality, hardiness, and photoperiod to enhance flowering and growth during 

establishment (Hancheck et al., 1990, 1995; Zhang, et al., 1991; Kaczperski, 1992; 

Maqbool and Cameron, 1994; Perry, 1996; Runkle et al., 1998; Yuan et al., 1998; 

Armitage, 1999; Bir, 1999). However, research is lacking about the growth of 

herbaceous perennials, in relation to food reserves and other means for evaluating 

plant quality. 

In autumn, plant carbohydrates and nitrogen are mobilized from the large, 

aboveground portions (i.e., leaves and shoots) to the root and crown tissues, and 

then stored as reserves over the winter. The importance of root carbohydrates for 

regrowth, and the mobilization of total nonstructural carbohydrates (TNC), have 

been investigated in several perennial forage legumes, such as alfalfa {Medicago 

sativa L.), red clover (Trifolium pratense L.), and birdsfoot trefoil {Lotus 

corniculatus L.; Kendall, 1958; Nelson and Smith, 1968; Wolf 1978; Fankhauser 

and Volenec, 1989a, b; Boyce and Volenec, 1992). TNC and N reserves that 



accumulated in alfalfa taproots were responsible for persistence and regrowth in 

spring as shoot growth resumed (Graber et al., 1927). Although taproot TNC levels 

declined extensively in early spring and following the harvest in summer, taproot N 

was reduced by only 29%, which suggests that TNC was responsible for the 

regrowth. 

Though not a forage crop, kudzu (Pueraria lobata), showed a similar trend, 

with starch being the main carbohydrate reserve (Pierre and Bertram, 1929). It was 

previously believed that low starch concentrations led to less foliage regrowth and 

lower plant survival rates after defoliation (Kust and Smith, 1961; Smith, 1962, 

1964). However, recent studies have shown that TNC may not influence regrowth 

in alfalfa (Volenec, 1985) or apple (Malus domestica; Cheng et al., 1996). Rather, 

taproot TNC is considered the primary organic reserve pool responsible for stress 

tolerance, such as defoliation (Kust and Smith, 1961; Livingston et al., 1989; 

Boyce and Volenec, 1992). 

Non-nodulated alfalfa plants with similar crown and root dry weights were 

treated with one of three levels of NH4NO3 during the production cycle, and after 

harvesting, storage, and re-establishment. The plants were analyzed for regrowth 

the following growing season (Ourry et al., 1994). Those with the highest levels of 

reserve N (i.e., at higher levels of supplied NH4NO3,) had the lowest starch levels. 

Interestingly, plants with low starch and high tissue N had more shoot regrowth 

than those with high starch and low tissue N. Therefore, the amount of regrowth 

was not correlated with root starch content. In other studies, two genotypes of 



alfalfa with either high or low root-TNC contents had similar regrowth rates after 

defoliation (Fankhauser et al., 1989b). Furthermore, when using 15N and 13C pulse- 

chase labeling in alfalfa, Avice et al. (1996) found that only a small portion of the 

I3C was mobilized from crowns and roots to the regrowing shoots; most was lost 

through respiration --61% from roots and crowns, and 8% from shoots. The 

largest proportion of C in the regrowing leaves was derived directly from current 

photosynthetic activity. 

In herbaceous forage plants (Phillips et al., 1983; Ourry et al., 1988, 1990, 

1994; Ta et al., 1990; Kim et al., 1991, 1993; Corre, et al., 1996; Louahlia et al., 

1999) and woody plants (Millard and Neilsen, 1989; Millard and Proe, 1990; 

Tagliavini et al., 1998), the amounts of N reserves (but not carbohydrates) stored in 

roots and crown tissues during the dormant period are related to early spring 

growth after establishment. Nitrogen is the most important mineral element 

affecting plant growth and crop productivity (Marschner, 1995). Perennials 

apparently have a higher N-storage pool than do annuals, and do not use N as 

rapidly because of their slower growth rates (Muller and Gamier, 1990). A short- 

term deficiency of externally applied N, therefore, is not detrimental for slow- 

growing perennials because stored N can be utilized for growth. Because growth 

of perennials in the first year of establishment depends on food reserves, increasing 

the reserve N level should also help promote new growth in the spring. 

Much attention has been given to estimating N-reserve mobilization via 

pulse-chase 15N labeling in soft chess grass (Bromus mollis L.; Phillips et al., 



1983), subterranean clover (Trifolium subterraneum L.; Phillips et al., 1983), and 

alfalfa (Kim et al., 1991, 1993). Total N in roots and stubble was mobilized to 

regrowing shoots in those studies. Kim et al. (1991) showed that approximately 

80% of the 15N in the regrowing leaves and stems came from the remobilization of 

N reserves during the first 10 days. 

Ourry et al. (1988) demonstrated that the regrowth of ryegrass (Lolium 

perenne L.), under "climate-room" conditions, involved two phases. The first 

phase occurred during the first 4 days, when nearly all the N for the new growth 

came from reserve N remobilized from roots and stubble. The decrease in protein- 

N from storage tissues during this period confirmed that the N used for new growth 

was due to degradation of protein pools. The second phase (4 to 20 days after 

defoliation) was characterized by N uptake from the medium for regrowth of tillers 

and roots. Similar results were obtained in a study with Lupinus albus. Where, 

86.5% of the protein-N was converted to asparagine during the production of new 

growth (Lea and Miflin, 1980). 

When N is less available in the media, more endogenous N is remobilized 

to achieve the new-growth requirement. For example, when perennial ryegrass was 

grown in high- or low-N media, 40% (in a high-N medium) and 68% (in a low-N 

medium) of the N in the new leaves came from reserve N of the roots and stubble 

during the first two weeks of growth (Ourry et al., 1990). Plants grown in the low- 

N medium appeared to satisfy the demand for N by remobilizing it from the storage 

tissues. 



In the current experiment, several herbaceous perennial varieties were 

collected from five nurseries after harvesting, and their dormant crowns and roots 

were shipped to Oregon State University for testing. The objective was to study 

how growth might be influenced by factors such as nursery source; initial plant 

size; level of reserved TNC; and reserve N content. In one study, plants were 

grown outdoors to identify any relationship between initial plant size and the 

amount of relative new growth after transplanting. Supplemental N was provided. 

In addition, a greenhouse study involved growing plants without an external supply 

of N, so that the sole energy source was assumed to be from reserve TNC and N. 

All other nutrients were delivered in a Hoagland solution. 
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CHAPTER 2 

RELATIONSHIP OF INITIAL PLANT SIZES AND RESERVE 

CONTENTS, AND REGROWTH OF HERBACEOUS PERENNIALS 

2.1 Abstract 

This replicated and completely randomized study of herbaceous perennial 

stock used first-year, dormant crowns, derived from either seeds or divisions. The 

plants were grown both outdoors (with supplemental nitrogen) and in the 

greenhouse (no exogenous nitrogen) at Oregon State University. The objective was 

to identify any possible effects of nursery source, initial plant size, reserve nitrogen 

content (N), or level of total non-structural carbohydrates (TNC) on growth after 

transplanting. In addition, a time-course study was conducted with double-labeled 
15N, to determine the pattern of nitrogen uptake during early plant establishment 

and regrowth. 

Of the fourteen varieties tested, Achillea millefolium 'Summer Pastels', 

Aquilegia heterosis 'Musik Mix', Dianthus gratianopolitanus 'Baths Pink', 

Lamium maculatum 'Pink Pewter', Monarda didyma 'Gardenview Scarlet', and 

Rudbeckia fulgida 'Goldsturm' showed differences in growth between nursery 

sources when grown outdoors. In contrast, growth did not differ significantly for 

Coreopsis auriculata 'Nana', Coreopsis rosea, Dianthus deltoides ''Zing Rose', 

Heuchera micrantha 'Palace Purple', Monarda didyma 'Marshall's Delight' 

(between Nurseries B and E), and Phlox paniculata 'David', regardless of source. 

Coreopsis grandiflora 'Sunray' and Coreopsis verticillata 'Moonbeam' had poor 

mortality so that they were not included in the analysis for the outside study. 

Although four varieties {Coreopsis rosea, Dianthus deltoides 'Zing Rose', 

Heuchera micrantha and Monarda didyma 'Marshall's Delight') showed no 
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differences in growth between nurseries when grown outdoors, growth varied when 

those varieties were grown in the greenhouse. The cause of this variability was not 

investigated, but could have been due to temperature differences between the two 

growing environments, or some other factors. 

No significant source differences were found in initial plant size (i.e., 

initial fresh weight) for each ofAchillea millefolium, Aquilegia heterosis, Monarda 

didyma 'Gardenview Scarlet', and Rudbeckia fulgida, even though their 

performances varied among nursery sources. Similarly, although one source 

provided larger stock ofDianthus gratianopolitanus, a greater amount of regrowth 

was found for the plants from the second source. 

The initial variability in plant sizes for Coreopsis rosea, Dianthus deltoids, 

Heuchera micrantha, Monarda didyma 'Marshall's Delight' (between Nurseries B 

and E), and Phlox paniculata did not result in any differences in growth for each of 

these varieties, again suggesting that dormant crown and root size did not influence 

regrowth. In fact, Lamium maculatum was the only variety for which initially 

larger plants produced greater growth. 

Greenhouse data were used for all comparisons of reserve components. 

Only five varieties, Achillea millefolium, Coreopsis rosea, Dianthus deltoides, D. 

gratianopolitanus, and Heuchera micrantha tended to have better growth with 

higher reserve levels of the total "pool" (concentration x mass) content of TNC. In 

Aquilegia heterosis, Coreopsis verticillata, Lamium maculatum, Monarda didyma 

'Gardenview Scarlet', and Phlox paniculata, TNC content had no effect on plant 

performance. Differences in TNC content for Coreopsis auriculata 'Nana' did not 

result in any differences in growth, again suggesting that TNC content did not 

influence growth. 

In six out of nine varieties, plants of a particular variety with higher levels 

of reserve N tended to show better growth than those with lower levels. Only 

Coreopsis rosea showed differences in growth, despite the lack of any variability in 

N reserves between nurseries. In contrast, N reserves did not differ significantly 

between sources for C. verticillata, and their growth was similar. In general, both 
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reserve TNC and N seem to be important for growth establishment in spring. 

However, this is a preliminary study, and more studies are necessary for further 

investigation. 

Double-labeled l5N was applied to the growing media ofAstilbe chinensis 

'Pumila', 10 d after that stock was transplanted in the greenhouse; 40% of the 15N 

was mobilized to leaves by Day 10 after application. This suggested that about 

60% of the nitrogen found in the new shoot growth was from nitrogen reserves. 

2.2. Introduction 

Demand for high-quality, herbaceous perennials is increasing rapidly 

(Carlson, 1995), probably because landscapes and gardens can be quickly covered 

with many colors, textures, shapes, and sizes. The varying quality of planting stock 

is due partly to the types of production systems used by nurseries. Cultural factors 

that contribute to producing high-quality plants are not well understood, and few 

quality standards have been established. One of the most important determinants of 

a desirable perennial is its ability to become established quickly and to perform 

well in the landscape and gardens after transplanting (Carlson, 1995). 

Several studies have addressed the effects of environmental factors during 

and after production, inherent cold hardiness, and post-harvest handling procedures 

to enhance flowering and growth of herbaceous perennials during establishment 

(Hancheck et al., 1990, 1995; Zhang, et al., 1991; Maqbool and Cameron, 1994; 

Perry, 1996; Runkle et al., 1998; Yuan et al., 1998; Armitage, 1999; Bir, 1999). 

However, the majority of the work has been done on problems associated with the 
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performance of woody perennials following plant harvest, storage, and 

transplanting (Tagliavini et al., 1998). Although these plant groupings are quite 

different phonologically, their similarities with herbaceous perennials (e.g., growth 

cycles and environmental influences) mean that some of these woody studies may 

help resolve some of the concerns of herbaceous perennial production. In young, 

deciduous woody perennials, the amounts of stored carbohydrate and nitrogen are 

important for growth, particularly prior to harvesting and re-establishment (Millard 

etal., 1989). 

In herbaceous perennials, Brink and Marten (1989) reduced alfalfa taproot 

TNC concentrations in November by cutting frequently; however, the resulting 

differences in taproot TNC levels did not explain the variations in winter survival 

and spring yield. Boyce and Volenec (1992) reported that shoots of low-starch 

genotypes regrew faster after harvest than did shoots of high-starch genotypes. 

They suggested that high taproot starch concentrations were not essential for rapid 

shoot regrowth after harvest. Of the two reserve components, the level of stored 

nitrogen seems to play a more direct role in growth. In forage plants, for example, 

growth following establishment was directly related to reserve nitrogen content 

(Phillips et al., 1983; Kim et al., 1991,1993; Barber et al., 1996; Louahlia, et al., 

1999). 

In this thesis study, dormant crowns and roots of plants of several varieties, 

from five nursery sources, were repotted and grown either outdoors and in the 

greenhouse. Four factors were analyzed for their possible effects on growth after 



19 

transplanting: nursery source; initial plant size; level of reserve total non-structural 

carbohydrates (TNC); and reserve nitrogen content.   The objective in the outdoor 

experiment was to investigate whether there was a correlation between growth of 

new, aboveground tissue and the initial size of the dormant crown and roots, and 

whether any potential differences were due to nursery source. For the greenhouse 

study, the objective was to identify any possible differences between and/or among 

nurseries in terms of the amounts of reserved N and TNC, and whether the levels of 

those stored components influenced the relative amount of new growth (i.e., new 

shoot and leaf tissues). In addition, a time-course study, using double-labeled 15N, 

was conducted to determine the pattern of nitrogen uptake during the early part of 

the establishment period. 

2.3 Materials and Methods 

2.3.1 Plant Materials 

Dormant stock of 14 varieties of herbaceous perennials (Table 1) was 

received at Oregon State University from five nurseries on 4 March 1999. These 

plants were designated for the greenhouse and outdoor studies. In addition, 90 

plants ofAstilbe chinensis 'Pumila' were received from Nursery A the same day, 

and were stored, unwashed, as described below until they were used in the pulse- 

chase experiment. All plants were first-year crowns that had been either grown 

from seed or propagated from divisions, depending on the species. Although not 

all nurseries supplied all 14 varieties in Table 1, each variety was provided by at 
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least two nurseries, so that each species was represented by at least 50 plants. After 

the plants arrived, they were stored for 4 d at 2°C. Small batch of plants were 

briefly removed each day from storage and the roots were washed of any debris. 

However, six plants from each of the first 14 varieties from Nursery A were left 

unwashed for an experiment to determine the effect of pre-washing on growth 

performance. After each plant was washed, it was returned immediately to the 

cold-storage room for 13 d, while all the rest were being washed. Afterward, the 

plants of each variety and nursery source (in Table 1, only) were randomly 

separated into three groups, each containing eight plants. Group 1 was analyzed for 

initial plant size; Group 2 was used for the greenhouse study, and Group 3 was 

designated for the outdoor study. 
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Species/variety 
Nursery source 

A B         C D E 
Achillea millefolium 'Summer Pastels' X X 
Aquilegia heterosis Musik Mix' X X 
Coreopsis auriculata 'Nana' X X X 
Coreopsis grandiflora 'Sunray' X X 
Coreopsis rosea X X 
Coreopsis verticillata 'Moonbeam' X X 
Dianthus deltoides 'Zing Rose' X X 
Dianthus gratianopolitanus 'Baths Pink' X X 
Heuchera micrantha 'Palace Purple' X X 
Lamium maculatum 'Pink Pewter' X X 
Monarda didyma 'Gardenview Scarlet' X X 
Monarda didyma 'Marshall's Delight' X X X 
Phloxpaniculata 'David' X X 
Rudbeckia 'Goldsturm' X X 

Table 1. Varieties of herbaceous perennials used in outdoor and greenhouse 
studies, according to nursery source (A, B, C, D, and E). 
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2.3.2 Determination of Initial Plant Size 

Initial size for Group I plants were determined by measuring the fresh and dry 

weights of eight plants per variety and nursery source. Any remaining moisture on the 

prewashed stock was removed with paper towels, and the fresh weights were determined. 

Each plant was then placed in a separate paper envelope, frozen at -80oC, freeze-dried, 

and, finally, oven-dried at 45°C for 48 h. After dry weights were determined, the tissues 

of each plant were ground in a Wiley Mill and filtered through a 40-mesh screen. The 

dried and ground samples were later analyzed for carbohydrate and total N content. 

For most species, the plants were too small to be chemically analyzed 

individually, so some plants were combined. For example, all eight plants for 

either Heuchera micrantha (from Nursery D) or Phlox paniculata (from Nursery 

A) were combined for N analysis, with no replication. Likewise, for Monarda 

didyma 'Marshall's Delight' from Nursery E, all eight plants were combined for 

TNC analysis, with no replication. 

2.3.3 Outdoor Study 

2.3.3.1 Plant Culture 

For each variety used in the outdoor study, 16 prewashed plants (eight per 

nurseiy source) were transplanted on 17 March 1999 into 2.6-L polyethylene pots 

containing Ball #3 soil mix (45% mulch, 25% peat moss, 20% pumice, 5% vermiculite, 

and 5% perlite; OBC Northwest, Inc., Canby, OR). The plants were placed outdoors at 
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Oregon State University in full sunlight, except forAquilegia heterosis and Lamium 

maculatum, which were left in a lath house under natural conditions. 

To determine whether pre-washing the root and crown tissues affected 

growth performance in the outdoor experiment, six single-plant replicates of each 

variety from Nursery A were left unwashed, then transplanted as described above. 

All other cultural practices, such as watering and fertilization, were kept the same 

for both unwashed and prewashed plants. Results of this prewashing study are 

reported in Appendix A. 

Three weeks after the transplanting, 30 ml of Osmocote (18-6-12) slow- 

release fertilizer (Scotts-Sierra Horticultural Products Company, Marysville, OH) 

was applied to the surface of the planting medium in each pot, as had been 

recommended by Nursery A. Watering was done manually, as needed, to insure 

uniformity, while taking care to avoid losing soil and fertilizer from the containers. 

2.3.3.2 Data Collection and Growth Measurements 

Each week during the establishment period, the dates for first visible flower 

bud or inflorescence and first flower opening were recorded for each plant. No 

flowering data were gathered for Monarda sp.. Phlox paniculata, Rudbeckia 

fulgida, and Heuchera micrantha because these species do not flower until late 

summer. The average days to first visible bud, and days to first open flower for 

each flowering variety were then calculated. Results of this flowering study are 

reported in Appendix B. 
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After the plants had grown for about two months, depending on species, the 

aboveground tissue of each plant was harvested and its fresh weight immediately 

determined. Harvest dates for each species are listed in Table 2. The samples were 

oven-dried at 650C for 3 d, and dry weights were then determined. Hereafter, new 

shoots and leaves are referred to as growth. The belowground portions were not 

measured because it was too difficult to distinguish new roots from old roots, and 

some roots were lost during the harvesting process. Appendix C shows the number 

of healthy plants planted and harvested. The cause of poor growth was not 

determined for any of these plants except for Nursery C's Phlox paniculata, in 

which one stem was broken by the wind. 
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Species/variety 
Nursery source 

A BCD E 
Harvest Date 

Achillea millefolium 'Summer Pastels' 6-Jun-99 6-Jun-99 
Aquilegia heterosis  TVIusik Mix' 25-May-99 25-May-99 
Coreopsis auriculata T^Iana' 6-Jun-99 6-Jun-99 6-Jun-99 
Coreopsis grandiflora 'Sunray' 3-Jun-99 3-Jun-99 
Coreopsis rosea ll-Jun-99 ll-Jun-99 
Coreopsis verticillata "Moonbeam' ll-Jun-99 ll-Jun-99 
Dianthus deltoides 'Zing Rose' 6-Jun-99 6-Jun-99 
Dianthus gratianopolitanus 'Baths Pink' 25-May-99 25-May-99 
Heuchera micrcmtha Talace Purple' 3-Jun-99 3-Jun-99 
Lamium maculatum Tink Pewter' 25-May-99 25-May-99 
Monarda didyma 'Gardenview Scarlet' 18-May-99 18-May-99 
Monarda didyma TVIarshall 's Delight' 18-May-99 18-May-99 18-May-99 
Phloxpaniculata David' 6-Jun-99 6-Jun-99 
Rudbeckiafulgida 'Goldsturm' 6-Jun-99 6-Jun-99 

Table 2. Harvest dates for aboveground tissues of 14 varieties from Nurseries A, B, C, 
D, and E. All the plants had been transplanted into 2.6-L containers on 17 March 1999, 
then grown outdoor under natural conditions at Corvallis, OR, before being harvested. 
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2.3.4 Greenhouse Study 

2.3.4.1 Plant Culture 

Eight plants of each variety per nursery source were transplanted on 19 

March 1999 into 2.6-L polyethylene pots containing a mix of vermiculite and 

perlite (1:2 v:v). All plants were then placed in the greenhouse at Oregon State 

University. During the first two weeks, the greenhouse temperature was 

maintained at 130C ± 50C day/night. Thereafter, the settings were 250C day/ 20oC 

night (± 20C). Natural daylight was supplemented with sodium vapor artificial light 

(200 nmol'm'V1, from 0500 to 1900 h). Black shadecloth (50% shade) was 

placed over only the sun-intolerant Lamium maculatum and Aquilegia heterosis. 

The plants were fertilized weekly with a Hoagland solution containing no nitrogen. 

Tap water was applied as needed. 

2.3.4.2 Data Collection and Growth Measurements 

During the establishment period, the dates for first flower bud or 

inflorescence emergence and the first open flower were recorded for each plant. At 

flowering, the number of visible flower buds or inflorescences was counted weekly. 

No flowering data were gathered for late-blooming Monarda, Phlox paniculata, 

Rudbeckia fulgida, and Heuchera micrantha. The average number of days to 

visible bud, and days to flower were determined for the varieties that did flower. 

The above- and below- ground portions were harvested when growth ceased 

and the lower leaves started to senesce. Harvest dates for each variety are listed in 
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Table 3, and the numbers of healthy plants planted and harvested are shown in 

Appendix D. Rudbeckia fulgida is not listed here because all the plants did not 

grow successively. The cause for this poor performance was not known. At 

harvesting, the soil was washed from the plants and all dead material was removed. 

The washed tissues were placed in paper bags or envelopes, then freeze-dried at 

- 80oC. The freeze-dried samples were then oven-dried at 450C for 48 h. After dry 

weights were recorded, the tissues were ground to pass through a 40-mesh screen. 

These plants were then analyzed for their TNC (total non-structural carbohydrate) 

and total N contents. 
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Species/variety 
Nursery source 

A B                 C D               E 
Harvest Date 

Achillea millefolium 'Summer Pastels' 3-May-99 3-May-99 
Aquilegia heterosis "Musik Mix' 3-May-99 3-May-99 
Coreopsis auriculata 'Nana' 23-Apr-99 23-Apr-99 23-Apr-99 
Coreopsis grandiflora 'Sunray' 6-May-99 6-May-99 
Coreopsis rosea 7-May-99 7-May-99 
Coreopsis verticillata Moonbeam' 7-May-99 7-May-99 
Dianthus deltoides 'Zing Rose' 6-May-99 6-May-99 
Dianthus gratianopolitanus Baths Pink' 25-May-99 25-May-99 
Heuchera micrantha "Palace Purple' 30-Apr-99 30-Apr-99 
Lamium maculatum Tink Pewter' 3-May-99 3-May-99 
Monarda didyma 'Gardenview Scarlet' 27-Apr-99 27-Apr-99 
Monarda didyma "Marshall's Delight' 3-May-99 3-May-99 3-May-99 
Phlox paniculata TDavid' 30-Apr-99 30-Apr-99 
Rudbeckia 'Goldsturm' N/A N/A 

Table 3. Harvest dates in greenhouse study. Above- and below- ground portions 
were harvested when their lower leaves started turning brown. All stock had been 
transplanted on 19 March 1999 into 2.6-L pots containing a perlite and vermiculite 
mix, then grown without nitrogen in a heated greenhouse. 
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2.3.5 Extraction and Analysis of Soluble Sugars and Starch to Determine 
Carbohydrate Content 

The methods for extraction and analysis of soluble sugars and starch were 

modified from those of Koch et al. (1975). Soluble sugars were extracted by 

boiling the dried, ground samples (250 mg) in 15 ml of 80% ethanol for 17 min in a 

water bath. The samples were then centrifuged at 10,000 x g for 10 min at 10oC, 

and the supernatant was recovered. Tissues were extracted again and the 

supematants were combined. Soluble sugar concentrations in the ethanol extracts 

were analyzed with anthrone, using glucose as a standard (Koehler, 1952). The 

resulting ethanol-extracted residue was dried at 550C for 24 h, resuspended in 10 

ml 0.1 M sodium acetate buffer (pH 4.8), and then placed in a boiling-water bath 

for 10 min. One ml (0.2 units) of an amyloglucosidase (products A-7255, Sigma 

Chemical Co., St. Louis, MO) solution was added to each sample, which was then 

incubated for 3 h at 50oC. Finally, the suspensions were centrifuged at 10,000 x g 

for 10 min at 10oC, and the starch concentration of the supernatant was determined 

with anthrone, using starch as a standard. Carbohydrate contents (extracted soluble 

sugar and starch) were analyzed with a Shimadzu UV-160 Spectrophotometer 

(Shimadzu Corporation, Kyoto, Japan). 
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2.3.6 Extraction and Analysis of Total N Content by the Micro-Kjeldahl Digestion 
Method 

Approximately 0.25g each of the dried and ground samples were weighed 

and placed in Kjeldahl digestion tubes. To each sample tube and those for a blank 

and a standard, about 50 mg of catalyst (100 g K2SO4, 5 g CuSCU, lg Se) was 

added followed by 8 ml of concentrated H2SO4. Tubes were spun manually so that 

the H2SO4 could wash down any sample on the sides of the tube. Using a Vortex 

Mixer, each sample was then mixed for 8 to 12 s. The racks of tubes were placed 

in a digestion block overnight. After the samples are digested by H2SO4 overnight, 

they were heated at 150 0C for 1.5 h and at 350 0C for 4 h in the digestion block. 

Then samples were cooled, deionized water was added to each tube to bring 

the liquid volume up to about 1/4 to 1/3 full. The tubes were then covered with 

Parafilm™ and mixed for 5 s with the Vortex mixer. More distilled water was 

added, to bring the level up to the shoulder of each tube or just below it. The tubes 

were allowed to cool for at least 1 h. The large decrease in temperature caused a 

significant change in volume, so more deionized water was added to bring the level 

up to the 75-ml line. Each Parafilm™-covered tube was inverted at least six times 

to thoroughly mix the solution. A 3-ml sample from each tube was then placed in 

an auto-sample vial. The analysis was done at the Central Analytical Lab (Crop and 

Soil Science, Oregon State University), using either Alpkem's Flow Solution 500 

series or the Alpkem 300 Series Autoanalyzer. 
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2.3.7    15N uptake time-course study 

2.3.7.1 Plant Material 

Because more numbers of plants were required for this study and the 

availability of the plants from the nursery, only one nursery source provided the 

plants for the uptake study: Astilbe chinensis 'Pumila'. After the cold-storage 

period, 48 "dormant" crowns of Astilbe chinensis 'Pumila' from Nursery A were 

randomly divided into groups representing six sampling dates, i.e., 0, 2, 4, 7, 10 

and 15 d after 15N treatment. Each of the six groups contained plants that were 

designated as for either control or 15N treatment, with four replications each. On 19 

March 1999, the plants were placed in 2.6-L polyethylene pots containing a mix of 

vermiculite and perlite (1:2 v.v). Plants were placed in the greenhouse at Oregon 

State University. During the first two weeks, the greenhouse temperature was 

maintained at 130C ± 50C day/night. Thereafter, settings of 250C day/ 20oC night 

(± 20C) were followed. Natural daylight was supplemented with sodium vapor 

artificial light (200 jimol-m"2^"1, from 0500 to 1900 h). Ten mM double-labeled 

depleted 15NH415N03 (0.05 atom %) in a 100-ml Hoagland solution was applied to 

each pot 10 d after transplanting. A polyethylene tray was placed beneath each 

container to prevent loss of solution during treatment and watering. The control 

plants were treated with a 100-ml Hoagland solution containing no nitrogen. Tap 

water was applied as needed. 
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2.3.7.2 Data Collection and Growth Measurements 

Leaves and stems were harvested 0, 2, 4, 7, 10, and 15 days after the 15N 

was applied; i.e., day 0 refers to the day 15N was applied. The separated plant parts 

were first washed with 0. IN HC1 to remove any excess 15N, and then washed with 

deionized water. The tissues were placed in paper bags or envelopes, then freeze- 

dried at - 80oC. The freeze-dried samples were oven-dried at 450C for 48 h. After 

dry weights were recorded, the tissues were double-ground in a Wiley Mill to pass 

through a 20-mesh screen. Subsamples of 3.7 to 4.3 mg each were analyzed for 

15N levels by mass spectrometry in a laboratory at the Environmental Protection 

Agency in Corvallis, OR. Total N was measured according to the Kjeldahl method. 

The analysis had four replications. 

2.3.7.3 Calculation of 15N 

Depleted ^NtLtNOa, which means that the 15N atom (%) in the synthetic 

nitrogen fertilizer was less than the 15N atom (%) found naturally, i.e., in "natural 

abundance". Using the differences between 15N in the fertilizer and the natural 

abundance, as well as between the 15N in the measured sample and the natural 

abundance, the atom percentage values could be converted to the amount of 

nitrogen derived from the labeled fertilizer (NDFF), using the equation adapted 

from Hauch and Bremmer (1976): 
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(   N natural abundance) - (atom %   N)tjssue 

NDFF %=        "-- x 100 J      [ 1 ] 
(   N natural abundance) - (atom %     N)fertilizer 

where 15N in the natural abundance is 0.3676 (Handbook of Chemistry and Physics, 

1969). 

2.3.8 Statistical Analysis for Outdoor Study 

The analysis included a completely randomized design, with eight 

observations per nursery. Using SAS, the data were first subjected to analysis of 

variance (ANOVA). Pooling all the nurseries revealed a nursery effect (Appendix 

E); therefore, the data were analyzed separately for each nursery. Initial plant sizes 

were established by measuring the fresh weights of the roots and crown tissues, 

whereas the dry weights of new shoot and leaf tissues were used to indicate growth. 

Tukey's studentized range test (HSD) was performed to compare the differences 

among nurseries for initial plant sizes as well as for the amount of growth. 

Significant differences, alpha (a), were reported for p<0.05. Plants that died during 

the experiment were discarded and not included in the results. 

In addition, although data are presented, Coreopsis grandiflora, C verticillata, and 

Monarda didyma 'Marshall's Delight' from Nursery A had poor survival or 

mortality during the establishment and were not included in the analysis (though 

data are presented in the Table 4 and 5). 
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2.3.9 Statistical Analysis for Greenhouse Study 

This analysis comprised a completely randomized design, with eight 

observations per variety from each nursery. Data concerning the reserve 

components came from Group I, growth data from Group II (i.e., Greenhouse 

Study) plants. Because the plants used for measuring reserve components and 

amounts of growth amount came from separate Groups, the mean reserve (N and 

TNC) contents as well as mean growth for each nursery were used for analysis. 

For Rudbeckiafulgida 'Goldsturm', the TNC extracts were accidentally spilled, so 

no data could be obtained. In addition, although data are presented. Coreopsis 

grandiflora and Monarda didyma 'Marshall's Delight' from Nursery A did not 

perform well and were not included in the analysis. Due to the die back, no growth 

data are presented for Rudbeckiafulgida. The cause of their poor performance was 

not determined. 

Except in those situations already described, all data were subjected to 

Tukey's studentized range test (HSD) to compare the differences between and/or 

among nurseries for reserve N concentration and the relative amount of new growth 

(i.e., dry weights of aboveground tissue). For N and TNC, however, both 

concentration and "pools" (biomass x concentration) were calculated. Significant 

differences were reported for p<0.05. 
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2.4 Results 

2.4.1 Outdoor Study 

Tukey's studentized range test (HSD) showed that growth differed between 

individual nursery sources for Achillea millefofium, Aquilegia heterosis, Dianthus 

gratianopolitanus, Lamium maculatum, Monarda didyma 'Gardenview Scarlet', 

Monarda didyma 'Marshall's Delight' (between Nurseries A an^ D>=ctnd 

Rudbeckiafulgida (Table 4). Of these, however, Achillea millefolium, Aquilegia 

heterosis, Dianthus gratianopolitanus, Monarda didyma 'Gardenview Scarlet', and 

Rudbeckiafulgida did not differ significantly between sources in their respective 

initial, dormant sizes. In contrast, for Lamium maculatum, the larger dormant 

plants also produced greater regrowth (Table 4). 

No differences in growth were found between or among nursery sources for 

Coreopsis auriculata, C. rosea, Dianthus deltoides, Heuchera micrantha, Monarda 

didyma 'Marshall's Delight' (between Nursery B and E), and Phloxpaniculata 

(Table 4). 
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Table 4. Mean ± SE dormant plant (fresh weight) and growth (dry weight) of 
aboveground tissues for 14 herbaceous perennial varieties from five nursery 
sources (A, B, C, D, and E). Crown and root fresh weights were determined prior 
to transplant. Plants were then grown outdoors in containers, under natural 
conditions but with supplemental nutrients from Osmocote (18-6-12). 
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Species/ variety Nursery 
Dormant plants 

FW 

GO 

Above-ground 
DW 

GO 
Achillea millefolium 'Summer Pastels' A 

C 
42.28± 3.00a 
39.93± 5.43a 

18.761 1.24a 
13.3210.58b 

Aquilegia heterosis 'MusikMix' A 

D 

12.6514.6 la 
5.64± 0.54a 

5.90+ 1.07a 
0.6110.10b 

Coreopsis auriculata 'Nana' A 
D 
E 

16.63± 1.75a 
15.801 2.09a 
13.9310.80a 

9.1012.40a 
14.081 1.77a 
14.121 2.00a 

Coreopsis grandiflora 'Sunray' A 
B 

34.9413.57a 
33.2914.02a 

21.84+4.30 N/A 
26.231 1.54 N/A 

Coreopsis rosea A 
C 

35.9517.19a 
6.3110.38b 

7.841 1.01a 
9.1210.77a 

Coreopsis verticillata 'Moonbeam' A 
C 

25.7914.23a 
7.5810.69b 

4.861 1.92 N/A 
3.211 1.02 N/A 

Dianthus deltoides 'Zing Rose' A 
D 

26.681 3.29a 
5.261 0.38b 

10.211 2.08a 
5.39+0.97a 

Dianthus gratianopolitanus 'Baths Pink' A 
B 

36.68+4.63a 
23.06+1.19b 

9.05+ 0.92b 
13.6510.94a 

Heuchera micrantha 'Palace Purple' A 
D 

13.09+1.81a 
6.6510.56b 

4.90+ 2.85a 
0.981 0.14a 

Lamium maculatum 'Pink Pewter' A 
D 

U.60+2.84a 
11.0211.28b 

8.66+ 1.44a 
3.6211.47b 

Monarda didyma 'Gardenview Scarlet' A 

C 
22.461 3.59a 
16.9311.22a 

10.5310.89a 
6.231 1.01b 

Monarda didyma 'Marshall's Delight' 
B 
E 

12.111 1.12a 
11.0511.11a 
7.2210.71b 

1.961 1.14 N/A 
6.8210.63a 
5.0010.27a 

Phlox paniculata 'David' A 
C 

8.2810.71b 
13.2811.46a 

11.06+0.55a 
10.3810.61a 

Rudbeckia 'Goldsturm' A 
C 

29.6313.49a 
25.691 2.27a 

9.7510.68a 
7.4810.25b 
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2.4.2 Greenhouse Study 

Reserve TNC and total N contents were determined from Group I dormant 

plants, while the amount of relative new growth was measured in Group II plants 

(Page 39). No correlation was found between plant size and reserve TNC or N 

content in Group I, so neither reserve TNC nor N content could be estimated for the 

Group II plants. Therefore, no statistical correlation analysis was determined 

between initial TNC or N and the amount of relative new growth. 

As stated earlier, for Heuchera micrantha from Nursery D and Phlox 

paniculata from Nursery A, and for Monarda didyma 'Marshall's Delight' from 

Nursery E, all eight plants of the particular variety were combined for only one 

replication each in the N and TNC analyses, respectively. Though their data are 

presented here, the poor survival rates of Coreopsis grandiflora and Monarda 

didyma 'Marshall's Delight' from Nursery A precluded them from the analysis. 

When the amounts of growth were compared between nurseries, the results 

for Coreopsis rosea, Dianthus deltoides and Monarda didyma 'Marshall's Delight' 

differed for plants grown in the greenhouse versus those transplanted to the 

outdoors. 

2.4.2.1 Reserve Total Nonstructural Carbohydrates 

Thirteen varieties were successfully analyzed for TNC levels (Table 5). Of 

these, only five tended to show correlations between growth and TNC content: 

Achillea millefolium, Coreopsis rosea, Dianthus deltoides, D. gratianopolitanus, 
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and Heuchera micrantha. In other words, those plants that showed greater amount 

of growth tended to contain greater TNC content. In all varieties except Achillea 

millefolium and Dianthus gratianopolitanus, the total pool content of TNC, rather 

than the concentration, was important for growth (analysis not shown). In contrast, 

the Aquilegia heterosis plants from Nursery A were significantly larger after 

regrowth, even though the dormant stock from both Nurseries A and D contained 

similar TNC contents. 

Despite the measured differences in reserve TNC levels, the amounts of 

growth did not differ significantly between nursery sources for Coreopsis 

auriculata and Phloxpaniculata (Table 5). However, neither TNC content nor 

regrowth differed among sources for Coreopsis verticillata. 

The eight plants ofMonarda didyma 'Marshall's Delight' from Nursery E 

had been combined to determine TNC content, so the only possible comparison of 

TNC levels was between stock from Nurseries A and B. However, the growth in 

plants from Nursery A was poor, so no comparison could be made between the 

nurseries. 

2.4.2.2 Reserve Total Nitrogen 

Twelve varieties were successfully analyzed for reserve nitrogen content 

(Table 5). Of all the plant varieties whose growth varied according to nursery 

source, Achillea millefolium, Aquilegia heterosis, Dianthus deltoides, D. 

gratianopolitanus, Lamium maculatum, Monarda didyma 'Gardenview Scarlet', 
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and Rudbeckia fulgida showed the greatest differences in nitrogen pools (i.e., total 

amount of reserved nitrogen per plant; Table 5). However, only four varieties 

{Achillea millefolium, Aquilegia heterosis, Dianthus gratianopolitanus, and 

Lamium maculatum) showed differences in N concentrations. 

In Coreopsis rosea and Monarda didyma 'Marshall's Delight', the amount 

of N reserve was not related to plant performance (Table 5). The Coreopsis rosea 

stock from both Nurseries A and C had similar N contents, but plants from Nursery 

A showed significantly more growth in the greenhouse. Similarly, in Monarda 

didyma 'Marshall's Delight', plants from Nursery E tended to contain higher 

concentrations of N, but the stock from Nursery B had greater growth. 

In contrast, Coreopsis auriculata from Nursery A contained higher N pools, 

but they did not show significantly more growth. Similarly, C. verticillata had 

similar levels of reserve N as well as comparable relative regrowth, regardless of 

nursery source.   Although Heuchera micrantha showed differences in amount of 

growth, reserve-N levels were not compared for either of those species. Reserve N 

levels were also not compared for Phlox paniculata, which had similar amounts of 

growth. 

2.4.2.3 15N study 

One week after the Astilbe chinensis 'Pumila' plants were transplanted into 

the greenhouse, leaves began to appear (Figure 1). Soon after the 15N was applied, 

uptake began; approximately 15% of the labeled N was translocated to leaves and 



41 

stems by Day 2 (Figures 2,3). Although the percent of 15N uptake by roots 

continued to increase and was readily translocated to the new growth, the rate of 

uptake appeared to level off on Day 10, when about 40% of the total N was from 

the 15N (Figures 2, 3). 
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Table 5. Reserve TNC, total N, and fresh weights of dormant plants; and dry weights of 
the abovegrouiid relative regrowth for 13 varieties (comparing two nursery sources per 
species). Significance is reported for p<0.05, by Tukey's studentired range test. 



Initial Conditions |                              After Regrowth 
Dormant TNC I           Dormant total Nitrogen Relative growth (DW) 

Greenhouse 
Relative growth (DW) 

Outdoor Cone. Pool Cone. Pool 
Species/ variety Nursery (mgg-l) (mg plant-1) (mgg-l) (nig plant-1) (g) («) 

\chilleu millefolium 'Summer Pastels' A 
C 

58.76± 7.43a 
37.47± 2.78b 

427.071 72.95a 
180.511 36.32b 

2.9110.1 la 
2.3410.17b 

20.5511.09a 
10.181 1.12b 

8.911 0.58a 
5.371 0.54b 

18.761 1.24a 
1.3.3210.58b 

Aquilefiia hetewsis 'Musik Mix' A 
D 

5l.70±6.26a 
Sl.03±3..56a 

93.81120.69a 
58.1612.55a 

2.1810.06a 
1.57+0.01 b 

ft. 1110.78a 
I.I 210.28b 

17210.13a 
3.351 0.04b 

5.901 1.07a 
3.6110.10b 

Cureupsis auriculata 'Nana' A 
D 
E 

46.941 2.88b 
57.211 2.41a 
47.6312.18b 

205.311 17.47a 
122.14123.46b 
133.041 14.45b 

2.6710.14a 
3.091 0.22a 
2.3910.15a 

11.761 1.04a 
5.9310.63b 
5.4210.28h 

2.6310.64a 
2.7710.29a 
2.2610.25a 

9.101 2.40a 
14.081 1.77a 
14.121 2.00a 

Cortwpsis xrandijlora 'Suuray' A 
B 

16.871 1.83b 
37.511 2.91a 

100.741 16.20a 
172.32127.42a 

2.8710.19a 
2.311 0.16b 

16.77+ 1.9 la 
9.671 0.78b 

5.041 N/A 
5.431 6.23 N/A 

21.8414.30 N/A 
26.231 1.54 N/A 

Coreopsis roscu A 
C 

28.6714.66a 
37.4711.48a 

261.521 87.14a 
40.011 2.82b 

2.0110.08a 
2.2010.05a 

18.6514.70a 
4.68+0.14a 

5.0310.38a 
1.3210.15b 

7.8411.01a 
9.1210.77a 

Coreopsis vcrricillaia 'Moonbeam' A 
C 

42.8316.62a 
32.3311.32a 

134.051117.44a 
20.8911.73a 

2.5110.27a 
2.1310.04a 

17.6914.49a 
1.3810.08a 

1.3310.42 N/A 
17010.14 N/A 

4.861 1.92 N/A 
3.211 1.03 N/A 

Dianthus deltoides 'Zing Rose' A 
D 

41.3413.38a 
48.961 2..57a 

169.99125.54a 
42.7315.28b 

1.8210.27a 
1.4310.30a 

7.421 1.32a 
2.22+ 0.47b 

4.6610.71a 
1.0210.08b 

10.211 2.08a 
5.391 0.97a 

Diunthus gnilitmtipiilitanus 'Baths Pink' A 
B 

47.7614.00b 
85.2214.41a 

191.58121.14b 
354.97142.49a 

2.3310.3 lb 
3.4410.12a 

9.851 1.81b 
15.7710.94a 

4.261 0.21b 
5.2310.17a 

9.0510.92b 
13.6510.94a 

Heuchera mkruniha 'Palace Purple' A 
D 

45.2316.78a 
34.5310.75a 

51.3518.10a 
16.0210.27b 

3.7810.10 N/A 
2.521 N/A 

18.1110.62 N/A 
12.811 N/A 

1.5710.17a 
3.8310.08b 

4.901 2.85a 
3.9810.14a 

Lamium maculutum 'Pink Pewter' A 
D 

12.3812.69b 
50.821 3.47a 

166.03120.55a 
57.3415.76b 

1.8510.12a 
1.0910.05b 

9.321 0.93a 
1.191 0.03b 

2.761 0.29a 
3.261 0.02b 

8.661 1.44a 
t.621 1.47b 

Monurda didyma 'Gardenview Scarlet' A 
C 

39.5516.25b 
51.3812.98a 

161.01119.7la 
103.001 II.37b 

1.9810.17a 
1.7410.1011 

8.3910.71a 
2.861 0.22b 

1.8210.32a 
1.051 0.12b 

10.5310.89a 
5.231 1.0 lb 

Monardu didyma 'Marshall's Delight' A 
B 
E 

41.6313.45b 
77.4614.85a 
196.841 N/A 

123.171 24.70a 
91.451 7.62a 
115.671 N/A 

2.2610.09b 
2.1410.11b 
3.4610.10a 

6.211 0.71a 
2.471 0.09b 
1.4710.1 lb 

1.191 0.77 N/A 
1.781 0.13a 
3.951 0.04b 

1.961 1.14 N/A 
6.821 0.63a 
5.001 0.27a 

Phlox punivulala 'David' A 
C 

II 9.021 2.15a 
111.361 5.68a 

79.5610.73b 
146.941 10.08a 

3.881 N/A 
3.1010.49 N/A 

3.981 N/A 
5.071 0.26 N/A 

1.661 0.18a 
2.261 0.25a 

11.0610.55a 
10.3810.61a 

Rudbeckia fitlgida 'Goldsturm' A 
C 

N/A 
N/A 

N/A 
N/A 

3.681 0.55a 
2.6010.13a 

26.6814.64a 
7.5010.50b 

N/A 
N/A 

9.751 0.68a 
7.4810.25b 
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Number of days after application of    N 

Figure 1. New growth ofAstilbe chinensis 'Pumila' during the 15-d 15N uptake study. 
Double-labeled depleted NH4NO3 was applied 12 d after transplant in the greenhouse. On 
19 March 1999, all crowns and roots were washed ftee of debris prior to transplant, then the 
plants were placed in 2.6-L polyethylene pots containing N-£ree media (mix of vermicuHte 
and perlite, 1:2 v:v). Aboveground growth was harvested on Day 0,2,4,7,10, and 15. 
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Number of days after application of   N 
Figure 2. Percent NDFF (nitrogen depleted from fertilizer) changes in stem and leaves 
during the 15-d 15N-uptake study. Sampling took place on Day 0,2,4,7,10, and 15 after 
application of double-labeled depleted NH4NO3. 
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Number of days after application of   N 

Figure 3. Changes in the amount (mg) of 5N in leaves in comparison with total N 
(mg) during the 15-d l5N-uptake study. Sampling took place on Day 0, 2, 4, 7, 10, 
and 15 after application of double-labeled depleted NH4NO3. 
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2.5 Discussion 

2.5.1 Data Analysis 

Dry weight is a more accurate way to define growth because, when plants 

are cut, water loss can affect the fresh weight measurements. However, when 

determining initial plant size, fresh weight was used, because the same root and 

crown tissues had to be planted for growth measurements during establishment 

studies. In this study, fresh weights of each plant were recorded, then transplanted 

for regrowth. After plants became large enough for the pot, above-ground tissues 

were harvested and dry weights were recorded. 

In the outdoor study, Coreopsis grandiflora, C. verticillata, and Monarda 

didyma 'Marshall's Delight' from Nursery A had poor survival compared with the 

same varieties from other nurseries (Appendix C). These varieties from that 

nursery were not included in the analysis of outdoor study. In addition, because the 

survival rates for Coreopsis grandiflora and Monarda didyma 'Marshall's Delight' 

from Nursery A grown in greenhouse were also much lower (Appendix D), the data 

for those varieties from that nursery were not included in the analysis of the 

greenhouse study (although they are presented in Table 5). This poor survival may 

be caused from poor postharvest handling, particularly the storage conditions. 

Storage of herbaceous perennials has been a concern of commercial 

growers and researchers because of poor survival and regrowth for some species. 

Storing plants at temperatures much above 0oC can potentially increase the 

incidence of fungal growth (Hanchek et al., 1990). Although not always 
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detrimental to growth, some fungi can grow on the crown and roots during the 

storage period (Hanchek et al., 1990). Maqbool and Cameron (1994) studied the 

regrowth of some herbaceous perennials following storage between -10 and +5C, 

and found no significant effect of temperature on growth of seven species. 

However, they suggested that poor survival or establishment maybe related to early 

harvest or frequent and wide temperature change in storage, which may reduce the 

ability of plants to resist and induce fungal growth that is already present on plants 

(Hanchek, et al., 1990; Maqbool et al., 1994). 

The inherent cold hardiness of a particular species also may influence 

growth. Soil provides a natural buffer to temperature fluctuations for field-grown 

plants by retaining and releasing heat during winter, whereas containerized plants 

are not as well insulated. This makes their roots and crowns more susceptible to 

low temperature-induced injury. 

Perry and Herrick (1996) studied the effects of temperature, freezing date 

(15 Nov or 1 Jan), and/or duration of freezing (30 min or 120 min) on the regrowth 

of container-grown Aquilegia L. x hybrida 'McKana's Giants' mix, Dianthus 

deltoides L. 'Vampire', and Lavandula angustifolia Mill. 'Munstead Dwarf. The 

earlier freezing date caused less regrowth in Aquilegia x hybrida and Dianthus 

deltoides, whereas the duration of freezing at various temperatures affected only 

Dianthus deltoides. Regrowth quality deteriorated as temperatures decreased from 

3 to -140C for all three species. Similar results were found in a study ofHeuchera 

sanguinea Engelm. 'Chatterbox', where no regrowth was evident from crowns 
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exposed to at least -120C (lies and Agnew, 1993). Because the Coreopsis 

grandiflora from Nursery A in this study also had low survival, storage conditions 

as well as other environmental factors might have affected its growth. 

2.5.2.   Dormant Plant Sizes and Reserve Contents 

For young 'Fuji' apple plants, the amount of growth during their first two years 

was positively correlated with the initial tree size at planting (Cheng et al., 1996a). 

However, because of the large differences in tree performance in all initial size classes, it 

was supposed that some other factor affected performance. Likewise, in ornamental 

grasses {Miscanthus oligostachyus 'Purpurascens' and M. sinensis cultivars), the increase 

in plant weight or tiller number after regrowth was not proportional to the original sizes 

of the divisions (Brand, 1999). Smaller divisions generally produced more new tillers 

per original tiller than did larger divisions. Brand concluded that the effect of division 

size on grass plant growth was highly dependent on the species or cultivar, but 

recommended that smaller divisions be used for direct potting. 

Results in the current, outside study were similar to those of Cheng et al. 

(1996a); here, four out of six varieties (i.e., Achillea millefolium, Aquilegia heterosis, 

Monarda didyma 'Gardenview Scarlet', and Rudbec/dafiilgida) showed significantly 

greater growth that was not related to initial plant size (Table 4). This suggests that some 

other factor influenced performance. In addition, seven varieties showed no differences 

in growth regardless of nursery source, which also suggests that differences in initial size 

were not critical to the amount of spring growth (Table 4). 
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Three varieties. Coreopsis rosea, Dianthus deltoides, and Monarda didyma 

'Marshall's Delight' (between Nursery B and E) showed no significant differences 

between nurseries in the amount of growth when raised outside; however, growth 

was significantly different when each of those varieties was grown in the 

greenhouse (Tables 4 and 5). This suggests that some environmental factor may 

have affected the growth. It should be noted, however, that the outside plants were 

treated with supplemental nitrogen fertilizer while the greenhouse-grown plants 

were not. Therefore, those outside plants may have started to take up N from the 

soil, which could have benefited their performance. To determine the effects of 

nitrogen reserves on growth, only data from the greenhouse study were used for 

analysis because those plants, grown without supplemental nitrogen, had to rely on 

only the reserves for new growth. 

A lack of data precluded making any general statements about the effect of 

reserve content in Monarda didyma 'Marshall's Delight' (Table 5), for two 

possible reasons. First, all eight plants from Nursery E were pooled to determine a 

combined TNC content for that nursery; therefore, average TNC levels could be 

compared only between Nursery A and B. Second, poor growth for Nursery A 

stock meant that the only useful comparison could be made between plants Nursery 

B and E. Nevertheless, greater N concentrations Nursery E stock did not translate 

to greater growth for this variety, which suggests that some other factor than 

reserve contents affected the growth performance for this variety. Growth could 

have been influenced by cultural practices such as the conditions under which the 
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plants were stored prior to transplanting (Hancheck et al., 1990,1995; Heins et al., 

1995; Maqbool and Cameron, 1994). 

The importance of root carbohydrates to alfalfa regrowth has been 

investigated extensively. Some researchers have interpreted the large decline in 

taproot TNC, relative to taproot N, as evidence that alfalfa shoot regrowth and plant 

persistence are controlled by taproot TNC levels (Smith and Silva, 1969). 

Although further investigation is required for determination of direct relationship 

between reserve TNC and growth, in the current study also suggested TNC may be 

important for the regrowth. Boyce and Volenec (1992) however, suggested that 

taproot TNC may not influence alfalfa shoot regrowth after defoliation. In 

addition, Ta et al. (1990) found that about 25% of 15N and 12% of 14C reserves 

were mobilized to new shoots. However, although more of the 14C reserves were 

transferred to the shoots, approximately 30% of the original root C was lost 

within 14 d; thus result was similar to that of Avice et al. (1996), who concluded 

that most of the C was linked to photosynthetic activity rather than being derived 

from mobilization of stored C in source organs. 

Reserve TNC was possibly the sole determinant for regrowth in the current 

study; however, TNC pools, rather than TNC concentration, seem to be more 

important for new growth (Table 5). Caldwell et al. (1981), Richards and Caldwell 

(1985), and Lacey (1994) have reported that the amount of TNC per plant, rather 

than concentration alone, may provide a more useful assessment of plant vigor. 

The TNC concentrations in various plant parts also change according to plant vigor, 
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defoliation, and with other environmental factors (Reynolds, 1985; Boyce and 

Volenec, 1992; Laceyetal., 1994). 

The results of this study suggested that not only reserve TNC but also N 

maybe important for regrowth during establishment. The correlation between 

reserve N on growth demonstrated here was also found in other studies of 

herbaceous and woody perennials by Ourry et al. (1990, 1994), Kim et al. (1991), 

and Avice (1996), Corre, et al. (1996), Louahlia et al. (1999); Saenz (1997), 

Tagliavini et al. (1998) and Cheng (1999). The results of the present uptake study 

also suggest that 60% of the total N in the new, aboveground tissue was from 

mobilized nitrogen reserves (Figure 2). 

The growth during establishment, and during the early spring for already 

established plants were directly related to reserved-nitrogen content in forage plants 

(Ourry et al., 1990; Kim et al., 1991) and woody perennials (Cheng et al., 1999; 

Tagliavini et al., 1998). For example, Kim et al. (1991) used 15N labeling in 

hydroponically grown alfalfa seedlings to demonstrate that nearly 80%) of the N in 

new leaves and stems after 10 d of regrowth was derived from roots and crown 

tissues. In young nectarines (Prunus persica var. nectarina),1 N was labeled just 

before leaf senescence started; I5N for spring growth was remobilized 

predominantly from the roots, and accounted for 38 to 46% of the N in the tree 

(Tagliavini et al., 1998). Likewise, in apples, the reserve N used for new growth 

was positively correlated with the total available reserve N accumulated in the 

previous growing season (Cheng et al., 1999). 
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In the uptake study vAthAstilbe chinensis, 15% of 15N was mobilized from 

the roots to new leaves and stems by Day 2, 40% by Day 10 and then leveled off 

(Figure 2). Similar results were found from a study by Ta et al. (1990); when 

defoliated alfalfa was raised in a growth cabinet, 40% of the N was taken up by 

Day 15. For ryegrass grown in a climate room, N remobilization from the source 

organs occurred during the first 4 d of regrowth; by Day 6, the majority of N uptake 

was from the growing medium (Ourry et al., 1988). 

Dong et al. (1999) reported that the uptake of N in young apple trees was 

significantly affected by soil temperature and growth stage. Before budbreak and 

during early regrowth, no N uptake was detected at a low soil temperature (80C), 

whereas a small amount was taken up at a higher temperature (20oC). As the 

growth proceeded, N uptake also increased, in direct proportion to the soil 

temperature. In the current study ofAstilbe chinensis 'Pumila', the high, controlled 

temperature (250C/ 20oC day/ night) in the greenhouse prompted uptake to begin 

within 10 d after transplanting. Outdoors, however, uptake would be expected to 

occur much later when the soil temperature became optimal. 

2.6 Summary 

In this study, it appeared that initial plant sizes were not the factor 

influencing the amount of regrowth; instead, reserve contents seemed to be more 

important. Further experiments should be conducted to determine whether plant 

reserve contents, especially reserve N directly affect shoot regrowth. In one such 
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study, different concentrations of N could be applied to plants in the fall, when 

plants start to become dormant. This would produce roots and crowns with 

different levels of reserve N, which can be grown the following spring for 

measurement of regrowth and determination of effect of N. Another beneficial 

experiment would include plants grown by a researcher to reduce the amount of 

variation and error. 

2.7 Significance to Industry 

This study was conducted to determine how spring growth is affected by 

initial crown size or levels of reserve N and TNC. Here, crown and root sizes were 

not correlated with the amount of new growth; therefore, producing larger crowns 

did not result in larger plants after establishment in spring. However, crowns with 

greater reserve N and TNC contents tended to be associated with more growth. 

These results are important to nurserymen, who can then develop cultural practices 

that promote crowns with greater levels of reserve content. 
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APPENDIX A 

Comparison of Regrowth Performances in Plants from Nursery A Whose Roots had 
either been Washed or Not Washed 

For Dianthus gratianopolitanus 'Baths Pink; Dianthus deltoides 'Zing 

Rose', Heuchera micrantha 'Palace Purple', and Rudbeckia fulgida 'Goldsturm', 

growth performances differed between the plants whose roots had been washed (to 

remove excess surface N and debris) and those that had not been washed. This 

implies that prewashing the roots prior to transplanting did affect regrowth 

performance for some varieties, but not for others. Data are shown in Table Al. 
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Species/variety 

Regrowth DW (g) t-statistic 

p-value Roots prewashed Roots not washed 
Achillea millefolium 'Summer Pastels' 

Aquilegia heterosis 'Musik Mix' 

Coreopsis auriculata 'Nana' 

Coreopsis grandiflora 'Sunray' 

Coreopsis rosea 

Coreopsis verticillata 'Moonbeam' 

Dianthus gratianopolitanus 'Baths Pink' 

Dianthus deltoides 'Zing Rose' 

Heuchera micrantha 'Palace Purple' 

Lamium maculatum 'Pink Pewter' 

Monarda didyma 'Gardenview Scarlet' 

Monarda didyma 'Marshall's Delight' 

Phloxpaniculata 'David' 

Rudbeckia fulgida 'Goldsturm' 

18.76 ±1.24 

5.90 ± 1.07 

9.10 ±2.40 

21.84 ±4.30 

7.84 ±1.01 

4.86 ± 1.92 
16.00 ±1.82 

10.21 ±2.08 

4.90 + 2.85 
8.66 ±1.44 

10.53 ±0.89 

1.96±1.14 

11.06 ±0.55 

9.75 ± 0.68 

19.76 ±1.77 

5.46 ± 1.64 

12.81 ±2.65 

25.81 ±0.89 

11.70 ±2.71 

7.085 ±2.11 

9.05 ± 0.92 

19.26 ±1.58 

5.58 ± 0.90 
14.03 ±0.94 

10.76 ±2.23 

5.72 ±1.74 

7.05 ±1.47 

13.91 ±0.90 

0.9800  (NS) 

0.4363   (NS) 

0.0559  (NS) 

0.2865   (NS) 

0.4388  (NS) 

0.7849  (NS) 

0.0188  (♦) 
0.0027   (**) 

0.0420   (*) 

0.1584   (NS) 

0.6980   (NS) 

0.1805   (NS) 

0.0717  (NS) 

0.0475   (*) 

Table Al. Comparison by two-sample t-statistic of relative growth (dry weight 
mean ± SE) in plants whose roots were either washed or unwashed prior to 
transplanting. Significance level in parenthesis is at ""^PO.OOOl, **P<0.01, 
*P<0.05,andNSP>0.05. 
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APPENDIX B 

Flowering 

Flowering observations were made in the greenhouse and outdoor studies. 

However, only the data from the greenhouse study were analysed because of the 

shorter growth period. The greenhouse plants were not given additional N, so they 

relied entirely on their overwintered-crown reserves for growth; flowering 

eventually stopped. The outdoor stock was given supplemental N, so they could 

use both reserves and newly added N for continued growth and flowering. The 

varieties that flowered in the greenhouse were Aquilegia heterosis 'Musik Mix', 

Coreopsis auriculata 'Nana', Dianthus gratianopolitanus 'Baths Pink', and D. 

deltoides 'Zing Rose'. Two of these varieties flowered only on Nursery A stock: 

Aquilegia heterosis, and Dianthus deltoides. 

Tables Bl and B2 show number of buds and flowers, and time of budbreak 

and flowering. Number of buds and flowers shown in the tables is the sum of 

average numbers of buds and flowers for each observation dates. Observations 

were made every 3 or 4 days, from the date of budbreak until plants were 

harvested. 



Rant Names Nursery Bud Number Flower number Date of budbreak Date of flowering Period of observation 
Achillea millefolium 'Summer Pastels' A 

C 
21 
7 

0 
0 

12-Apr 
12-ADr 

N/A 
N/A 

12-Apr ~26-Apr 
12-ADr ~26-ADr 

Aquilegia heterosis 'Musik Mix* A 
D 

10 
N/A 

3 
N/A 

9-Apr 
N/A 

&-Apr 
N/A 

9-Apr ~ 26-Apr 
9-ADr ~ 2&-ADr 

Coreopsis auriculata 'Nana' A 
C 
D 

41 
56 
60 

5 
22 
21 

5-Apr 
31-Mar 
31-Mar 

13-Apr 
5-Apr 

31-Mar 

31-Mar ~22-Apr 
31-Mar ~22-Apr 
31-Mar ~22-ADr 

Dianthus gratianopolitanus 'Baths Pink' A 
B 

82 
148 

3 
58 

31-Mar 
31-Mar 

11-Apr 
2-ADr 

31-Mar - 26-Apr 
31-Mar ~2&-ADr 

Dianthus deltoides 'Zing Rose' A 
D 

23 
2 

4 
0 

28-Apr 
29-Apr 

2&-Apr 
5-May 

28-Apr ~ 5-May 
28-Apr ~ 5-Mav 

Table Bl. Total number of buds and flowers, and time of budbreak and flowering forAchillea millefolium, Aquilegia heterosis, 
Coreopsis auriculata, Dianthus gratianopolitanus, and Dianthus deltoides for greenhouse study. Observations were made from 
the date of budbreak until plants were harvested. 



Plant Names Nursery Bud Number Flower number Date of budbreak Date of flowering Period of observation 
Aquilegia heterosis 'Musik Mix" A 

D 
9 

N/A 
2 

N/A 
10-May 

N/A 
12-May 

N/A 
10-May ~ 23-May 
10-Mav~ 23-Mav 

Coreopsis auriculata 'Nana' A 
C 
D 

39 
65 
70 

1 
6 
11 

27-Apr 
27-Apr 
27-ADr 

23-May 
27-Apr 
27-ADr 

31-Mar~22-Apr 
31-Mar~22-Apr 
31-Mar~22-ADr 

Dianthus gratianopolitanus Baths Pink' A 
B 

161 
149 

14 
15 

27-Apr 
27-ADr 

12-May 
27-ADr 

27-Apr - 23-May 
27-Apr ~ 23-Mav 

Table B2. Total number of buds and flowers, and time of budbreak and flowering for Aquilegia heterosis, Coreopsis auriculata, 
and Dianthus gratianopolitanus for outdoor study. Observations were made from the date of budbreak until plants were 
harvested. 
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Number of Plants Transplanted and Harvested (Outdoor Study) 

Nursery Source 

Species/ variety A B C D E 

Planted Harvested Planted Harvested Planted Harvested Planted Harvested Planted Harvested 

Achillea millefolium 'Summer Pastels' 8 8 8           8 

Aquilegia heterosis 'Musik Mix' 8 8 8 8 
Coreopsis auriculata 'Nana' 8 6 8 8 8           8 

Coreopsis grandiflora 'Sunray' 8 5 8 8 

Coreopsis rosea 8 6 8           8 

Coreopsis verticillata 'Moonbeam' 6 3 8           8 

Dianthus deltoides 'Zing Rose' 8 8 8 8 
Dianthus gratianopolitanus 'Baths Pink' 8 8 8 8 
Heuchera micrantha 'Palace Purple' 8 7 8 8 
Lamium maculatum 'Pink Pewter' 8 8 8 8 
Monarda didyma 'Gardenview Scarlet' 8 8 8           8 

Monarda didyma 'Marshall's Delight' 8 5 8 8 8            8 

Phlox paniculata 'David' 8 8 8           7 

Rudbeckia fulgida 'Goldsturm' 8 8 8           8 

ON 



APPNDIX D 

Number of Plants Transplanted and Harvested (Greenhouse Study) 

Nursery sources 

Species/ varieties A B C D E 

Planted Harvested Planted Harvested Planted Harvested Planted Harvested Planted Harvested 

dcMea millefolium 'Summer Pastels' 7 8 8            8 

Aquilegia heterosis 'Musik Mix' 8 7 8            8 

Coreopsis auriculata 'Nana' 8 6 8            8 8           8 

Coreopsis grandiflora 'Sunray' 8 1 8 8 

Coreopsis rosea 7 6 8            8 

Coreopsis verticillata 'Moonbeam' 6 6 8            8 

Dianthus deltoides 'Zing Rose' 8 8 7            6 

Dianthus gratianopolitanus 'Baths Pink' 8 8 8 8 

Heuchera micrantha 'Palace Purple' 8 8 8            8 

Lamium maculatum 'Pink Pewter' 7 7 8            8 

Monarda didyma 'Gardenview Scarlet' 7 7 8            8 

Monarda didyma 'Marshall's Delight' 8 2 8 8 8           8 

Phlox paniculata' David' 8 8 8            7 

Rudbeckia fulgida 'Goldsturm' 8 0 8            0 

ON 
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APPENDIX E 

F-test for determining differences between initial plant size and the amount of 
growth among all 14 varieties in the outdoor study. 

Table El. Initial plant sizes 

Source df Sum of Squares Mean Square F-value Pr>F 
Variety 13 17453.01 1342.54 20.50 0.0001 
Nursery 4 10139.91 2534.98 38.71 0.0001 
Var.xNurs. 12 5942.78 495.23 7.56 0.0001 
Error 208 13622.35 65.49 
Total 237 47158.06 

Table E2. Amount of growth 

Source df        Sum of Squares       Mean Square     F-value       Pr > F 
Variety 13 5060.85 389.30 28.74 0.0001 
Nursery 4 1718.28 429.57 31.72 0.0001 
Var.xNurs. 12 396.05 33.00 2.44 0.0057 
Error 194 2627.45 13.54 
Total 223 9802.64 


