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Nursery plants are often harvested, stored, and shipped bare-root for easier 

and more economical handling. Some species of woody and herbaceous 

perennials are less tolerant of postharvest handling than others. Desiccation 

stress during the handling of bare-root plants has been identified as a major 

problem contributing to poor survival and regrowth. In these studies, the effects 

of cold storage, simulated postharvest handling stress, and the use of antidesiccant 

treatments to improve the survival of bare-root deciduous trees and herbaceous 

perennials after postharvest handling were examined. 

Among the five species of deciduous seedling trees stored bare-root for up 

to six months at temperatures ranging from +4 to -4C, Norway maple (Acer 

platanoides L.) and European mountain ash {Soibus aucuparia L.) were most 

tolerant, red oak (Queicus mbra L.) was slightly less tolerant, and paper birch 

(Betula papyrfeia Marsh.) and Washington hawthorn (Crataegus phaenopymm 

Medic.) were least tolerant of cold storage. Species which stored well had 

developed deeper dormancy and lower xylem water potential during the winter 

season than less tolerant species. The performance of all five species after 

storage decreased with increasing length of storage time at all four test 

temperatures. Survival and regrowth was better when plants were stored at 0, -2, 

or -4C than at +4C. Desiccation of stem tissues at +4C might be one factor 

causing poor performance of plants stored at this temperature.  Survival, root 



regrowth, and % budbreak were only slightly lower than pre-storage levels when 

Norway maple, red oak, European mountain ash, and paper birch were stored at - 

4C, and when Washington hawthorn was stored at -2C. 

Desiccation tolerance of three bare-root deciduous hardwood species was 

determined from Sept. 1990 through Apr. 1991. Among the three species tested, 

red oak was most tolerant to desiccation followed by Norway maple and then 

Washington hawthorn. Maximum desiccation tolerance of all three species 

occurred during the January and February harvests. 

The feasibility of using film-forming compounds to reduce water loss from 

bare-root deciduous trees during postharvest handling was also examined.  Of the 

twenty compounds tested, 'Moisturin' was most effective in reducing water loss 

during desiccation stress and improving survival and plant performance during re- 

establishment in laboratory, greenhouse, and field studies. 'Moisturin' treated 

plants lost up to 80% less water than untreated plant materials. Washington 

hawthorn seedlings treated with 'Moisturin' before severe desiccating conditions 

had the highest survival, lowest dieback/plant, and the highest root growth ratings. 

Field-grown herbaceous perennials were harvested in late June and stored 

bare-root for five weeks in cold storage with different antidesiccant treatments. 

Iris sibmca and Iris ensata plants had similar rates of water loss during storage, but 

/. sibirica plants died after replanting. Hosta and Hememcallis plants 

approximately 15 and 40%, respectively, less water than the Iris species during 

storage.  For the antidesiccant treatments, plants which were wrapped in 

polyethylene or sealed in polyethylene bags lost approximately 25 and 90%, 

respectively, less water than controls.  Regrowth quality was significantly better for 

Hememcallis and Hosta plants which were bagged. Treatment of these plants with 

'Moisturin' reduced water loss slightly, but did not improve survival.  Reducing 

water loss from /. sibmca plants during storage had little effect on improving 

survival, indicating that problems other that desiccation stress during storage 

might be more important for successful re-establishment of these plants. 

Species which are more tolerant to desiccation, or which lose water at a 

slower rate, were better adapted to postharvest handling.  The use of a new 



antidesiccant 'Moisturin' and sealing plants in polyethylene bags were effective in 

reducing the rate of water loss and improving the survival of bare-root deciduous 

trees and herbaceous perennials, respectively during postharvest handling. 
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Physiological and Cultural Conditions Affecting Postharvest Handling 

of Bare-root Nursery Plants 

Chapter 1 

Introduction and Literature Review 

The methods by which plants are transplanted and handled have changed 

considerably from the beginnings of agriculture to our current nursery industries. 

Current practices in the horticulture industry seek to optimize harvest, handling, and 

planting procedures to minimize plant losses during postharvest handling.   Certain 

challenges are faced when handling plants after production. 

Post-production handling of nursery plants.  Nursery plants are grown either in the 

field or in containers and are ultimately shipped bare-root, balled-and-burlapped 

(B&B), or in containers (Davidson et al., 1988).  Each method has its advantages 

and disadvantages.   Shipping plants with soil surrounding the roots minimizes 

transplant shock and allows some flexibility in shipping and replanting schedules. 

The major disadvantage of this system is its high cost of postage or freight, and the 

loss of valuable topsoil from the growing site.  Ninety percent of the plants 



produced in Oregon are shipped out-of-state. The high costs associated with 

shipping millions of soil-bound plants make harvesting and handling of bare-root 

trees and shrubs very attractive. 

Posthaivest handling d hare-root plants.  Bare-root plants can be a challenge to 

handle due to the loss or roots, disruption of root-soil contact and the sudden 

exposure of the roots to the external environment. Bare-root plants are typically 

harvested during periods of slowed growth, when plants are thought to be more 

resistant to stresses, to minimize the impact of transplanting. In Western Oregon, 

where ground freezing is typically not a problem, deciduous shade trees are 

harvested from early November through the middle of January. Trees are then 

either heeled into sawdust outdoors or placed bare-root in a storage facility with 

near-freezing temperatures (0 to 4C) and high humidity (90 to 99%).  Plants are 

shipped and replanted from early March through May, depending on the planting 

schedule. Plants harvested and handled in this manner can be out of contact with 

soil for up to six months (Fig. 1.1) 

Physiological biochemical, and moiphological changes during the haivest season  It 

is known that transplant survival is critically affected by the season of harvest 

(Briggs, 1939; Mahlstede and Fletcher, 1960). There are a number of 

physiological, biochemical, and morphological changes which take place in plants 

during the harvest season which may contribute to the success of transplanting. 

Rest (endodormancy) is one of the earliest physiological changes in most 



deciduous plant species.   The onset of rest is triggered by shortening daylength, 

typically in about August (Fuchigami and Nee, 1987).  After this first stage, 

exposure to low temperatures develops maximum rest (October or November) and 

then afterwards satisfies the chilling requirement necessary to overcome rest 

(January) (Fuchigami and Nee, 1987).  During the early stages of rest 

development, the ultrastructure of xylem parenchyma cells begins to change, 

including a decrease in the size of the large central vacuole and a corresponding 

increase in small vesicles (Asada et al., 1988; Sauter et al., 1990).  These vesicles 

are the sites of storage for starch (Asada et al., 1988) and for storage proteins 

(Sauter et al., 1990).  Increases in xylem parenchyma and bark storage proteins 

during the dormant season have been well-documented for a number of hardwood 

species (Coleman, 1991; Langheinrich and Tischner, 1991; Wetzel et al., 1989). 

During mid-winter (e.g. January), another set of changes occurs in woody 

plants.  Typically, cold hardiness (Murakami et al., 1991; Wample and Bary, 

1992; Weiser, 1970), soluble carbohydrate levels in the stems and buds (Wample 

and Bary, 1992) and in the roots (Abod and Webster, 1991), desiccation tolerance 

(Hermann, 1967; Murakami et al., 1991), and root regeneration potential (Lathrop 

and Mecklenburg, 1971; Stone et al., 1962) reach maximum levels.   Also during 

this time, stem water content and water potential decrease and reach a low 

(Hinckley et al., 1978; Murakami et al., 1991; Ritchie and Shula, 1984; Tyree et 

al., 1978).  Murakami et al. (1990) reported that species which acquired a deeper 

degree of rest and more negative xylem water potentials under natural growing 

conditions also acquired greater tolerance to postharvest desiccation stress 

(Murakami etal., 1991). 



Desiccation stress during postharvest handling.  It has been suggested that 

desiccation stress is the most important cause of death of transplanted trees, largely 

due to the inability of newly transplanted root systems to meet the water demands 

of the plant (Kozlowski and Davies, 1975a, 1975b). Water stress conditions which 

develop in the xylem can lead to cavitation and loss of hydraulic conductivity 

(Tyree and Dixon, 1986).  Structural and metabolic damage as a result of 

desiccation stress and increased solute concentration (Stewart, 1989) may reduce 

plant growth, cause substantial injury and dieback, and in extreme cases, cause 

death (Kozlowski, 1958; Kozlowski and Davies, 1975a; Kramer, 1963). 

Mechanisms of desiccation tolerance.   Plants have several ways of dealing with 

desiccating conditions (Bewley, 1979; Stewart, 1989). Desiccation tolerance is the 

ability of plants to recover after being in a dry state.  The best examples of truly 

desiccation tolerant plants include some species of algae, lichens, and bryophytes 

and "resurrection" plants. Such desiccation tolerant species can survive water 

contents of less than 5 % and water potentials as low as -400 MPa.  Most vascular 

plants, on the other hand, are very intolerant of desiccation and are usually killed 

when dried far above these levels (Stewart, 1989).  In contrast, desiccation 

avoidance relies on the ability of plants to resist water loss and/or to increase 

water absorption under dry conditions (Bewley, 1979).  Avoidance is the primary 



method used by higher plants to resist drought stress (Levitt, 1980). In the 

current studies, desiccation tolerance describes the relative differences between 

species' to withstand diying conditions, rather than the ability to recover from an 

extremely diy state. Desiccation avoidance describes differences in the rates of 

water loss between species exposed to the same drying conditions. 

Improving the success of posthaivest handling.  The current methods of handling 

bare-root plants are thought to be adequate for most species of plants. However, 

some species of woody plants (Insley and Buckley, 1985; Murakami et al., 1991) 

and herbaceous perennials (Mahlstede and Fletcher, 1960) are more sensitive to 

water loss during bare-root postharvest handling. 

There are two approaches to improving the survival of plants during 

transplanting and handling. As already mentioned, several studies have suggested 

that timing the harvest of plants to coincide with the optimum physiological 

conditions when plants are most resistant to the stress of postharvest handling is 

important (Murakami et al., 1991). A common method of improving survival used 

by nurserymen has been to reduce water loss during postharvest handling to 

minimize desiccation stress. Water loss can be reduced by storing bare-root 

plants in large refrigerated facilities with high humidity (Mahlstede and Fletcher, 

1960). 

Methods such as dipping the roots of trees in clay suspensions (Mullin and 

Bunting, 1979), wrapping conifer seedlings (Lefevre et al., 1991) or herbaceous 

perennials (Kirk and Mahlstede, 1955) in polyethylene, or coating stems with hot 



waxes (Lyle, 1955; Tukey and Erase, 1931) have been used to reduce water loss 

and improve transplant survival, though not always successfully. Although much 

research with the use of film-forming compounds has been conducted on plants in 

leaf (Gale and Hagan, 1966; Kozlowski and Davies, 1975a), very little research 

has been done to determine the effectiveness of film-forming compounds on 

reducing water loss from bare-root dormant deciduous trees or from bare-root 

herbaceous perennials during postharvest handling. Research conducted with 

potted defoliated hardwood seedlings suggests that antidesiccant compounds are 

effective in reducing water loss through the bark (Sulaiman, 1968). 

Research objectives.  Understanding the physiological aspects and seasonal changes 

of desiccation tolerance might be useful to improve postharvest handling 

procedures. In addition, the identification of methods to minimize water loss and 

improve survival may benefit species which lack the physiological adjustments 

necessary for more successful postharvest handling and/or for improving the 

performance of transplants exposed to stressful environments. 

The objectives of these studies were to 1.) investigate the differences in the 

response of different species of bare-root tree seedlings and herbaceous perennials 

to desiccation conditions, 2.) determine the effect of changes in physiology on the 

success of postharvest handling of woody plants, and 3.) investigate the use of 

antidesiccant materials, ie. film-forming compounds and polyethylene films, on 

reducing water loss from bare-root plants and improving survival during re- 

establishment. 



In the first part of this thesis, the problems associated with the long-term 

storage of bare-root deciduous trees under optimum and less-than-optimum 

conditions were investigated. Plants also were stored under different temperatures 

to determine if regrowth after storage could be improved. In the second part, the 

effect of harvest date on desiccation tolerance was determined for three species of 

deciduous hardwood trees. The use of film-forming antidesiccant compounds to 

improve the postharvest performance of desiccation sensitive species was investigated. 

In the third part, the effects of long-term cold storage on four species of herbaceous 

perennials were investigated. The use of different antidesiccant treatments to reduce 

water loss and improve survival were evaluated. 



Harvest 30 min 

I 
Processing 1-4 hrs 

T 
Storage 2-6 months 

(heeled-in to sawdust 
and/or cold houses) 

I 
Transport up to 4 days 

I 
Planting 

Fig. 1.1. A diagram of the typical steps involved in the postharvest handling of bare- 

root plants. 



Chapter 2 

Effects of Storage Temperature and Duration on the Performance 

of Bare-root Deciduous Hardwood Trees 

Abstract 

Two-year-old Norway maple (Acerplatanoides L.), red oak (Queivus mbm 

L.), European mountain ash (Soibus aucuparia L.), paper birch (Betula papyifem 

Marsh.), and Washington hawthorn (Crataegus phaenopymm Medic.) seedlings 

were stored bare-root at temperatures ranging from +4 to -4C for up to six 

months. Among the species tested, Norway maple and European mountain ash 

appeared most tolerant, red oak slightly less tolerant, and paper birch and 

Washington hawthorn the least tolerant of postharvest handling.  Among Norway 

maple, red oak, and Washington hawthorn, tolerance to postharvest handling 

conditions was related to development of deeper dormancy and a lower natural 

xylem water potential during the winter season. Increasing the length of time in 

storage decreased survival, root regrowth, and % budbreak, and increased stem 

dieback and the number of days to budbreak for most species stored at test 

temperatures. Survival and regrowth of plants stored at 0, -2, or -4C was better 

than at +4C. Survival, root regrowth, and % budbreak were maintained at pre- 

storage levels when Norway maple, red oak, European mountain ash, and paper 

birch were stored at -4C, and when Washington hawthorn was stored at -2C. 
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Introduction 

Bare-root nursery plants harvested in the fall and winter are often stored 

for up to six months in cold storage. Several studies have found that there are 

differences in the performance of different conifer and hardwood species after 

long-term cold storage (Ritchie et al., 1985; Webb and von Althen, 1980). Species 

differences are often associated with differences in physiology and genetics. 

Ritchie et al. (1980) found that lodgepole pine (Pinus contorta Dougl.) acquired 

deeper rest, had a higher root growth potential, was more desiccation resistant, 

and had higher performance ratings than interior spruce (Picea glauca eneslmannii 

complex) after 6 months of -1C storage. 

Most woody plants are stored at temperatures at or near freezing. The 

optimum temperature to ensure maximum performance after long-term storage 

can differ between species. Webb and von Althen (1980) found the optimum 

temperature for storage of Fmxinus, Acer, Quercus, and Betula species to be 

around 0.5C, while Juglans favored 5C. Long-term storage at -5 and -IOC was 

generally detrimental to the survival of these species. 

The objectives of this study were to determine the effects of storage 

temperatures and storage duration on the survival and performance of five species 

of deciduous hardwood trees which vary in storability in regular nursery facilities. 

In addition, dormancy status and xylem water potential were monitored with three 

of these species through one winter season to determine if differences in these 

physiological conditions were related to differences in storability among species. 
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Materials and Methods 

Physiology measuiements.  One-year-old seedlings of Norway maple {Acer 

platanoides L.), red oak {Quewus mbm L.), and Washington hawthorn (Cmtaeeus 

phaenopymm Medic.) were harvested bare-root monthly from 17 Sept. 1990 to 12 

Apr. 1991 at the J. Frank Schmidt Nursery, Boring, OR. Immediately after 

harvest, the top 10 cm of stem was excised from 10 plants of each species and 

mid-day xylem water potential measured with a pressure chamber (PMS 

Instrument Co., Corvallis, OR). 

Excess soil was washed from the roots of 15 additional plants of each 

species, the seedlings were placed in polyethylene bags (0.035 mm (1.4 mil) 

thickness), and transported to Corvallis, OR. The seedlings were then potted into 

3.8-liter plastic pots in a medium of peatrloam soihwashed sand:#8 screened 

pumice (1:1:1:2 v/v), placed in a greenhouse with a 21/15C (day/ night) regime 

and a daylength extended to 16 h with sodium vapor lamps, and kept well 

watered. The number of days to first budbreak was recorded for each plant and 

used as a measure of the dormancy status of each species (Fuchigami and Nee, 

1987). In these studies, dormancy (rest, endodormancy) refers to the inability of 

plants to grow under optimum conditions, ie. taking longer than 10 days to first 

budbreak, rather than the absence of growth caused by environmental factors. 

Cold storage experiments.  Two-year-old seedlings of Norway maple, red oak, 

Washington hawthorn, European mountain ash (Soibus aucuparia L.), and paper 
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birch (Betula papyiiem Marsh.) were harvested bare-root in Dec. or Jan. 1991 at 

Schmidt's Nursery. After harvest, plants were stored on pallets in a cold room 

maintained at 1C and ca. 98% relative humidity. On 8 Feb. 1991, 135 plants of 

each species were placed in polyethylene bags and transported to Corvallis, OR. 

Fifteen plants of each species were immediately potted and placed in a 

greenhouse as previously described; the remainder of the plants were stored 

overnight in polyethylene bags in a cooler maintained at OC. The following day, 

plants in each species were randomly assigned to groups to be stored at +4, 0, -2, 

and -4C for 3 and 6 months. Plants were placed in double-layered polyethylene 

bags (total of 0.07 mm (2.8 mil) thickness) and then into one of the four storage 

chambers. Relative humidities, measured with a hygrothermograph (Model H311, 

Weather Measure Corp., Sacramento, CA), were approximately 95, 95, 85, and 

50% for +4, 0, -2, and -4C storage, respectively. After storage plants were potted 

and placed in a greenhouse as previously described. 

The number of days to first budbreak was recorded for each potted plant. 

After three months, all plants were evaluated for survival and regrowth by four 

criteria, including:  1. survival, where 0 = dead and 1 = root or shoot growth 

present; 2. dieback/plant, where 1 = no stem dieback, 3 = budbreak from the 

base to the middle of the stem, 4 = budbreak at the base of the stem, and 5 = no 

budbreak, the plant was dead; 3. % budbreak, where budbreak = buds 

broken/total number of buds; and 4. root regrowth, where 0 = no new root 

growth, 1 = new primary roots < 10 mm in length, 2 = primary roots > 10 mm, 

secondary roots beginning to form, 4 = root ball forming, and 5 = root mass well 
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developed. 

Statistical design and analysis.  Treatments including storage duration (TIME) and 

storage temperature (TEMP) were implemented in a 3 x 4 factorial arrangement 

for each species. Three replications of five plants/replication were used for each 

treatment. Survival and regrowth data were subjected to an analysis of variance 

using general linear model (GLM) procedures of SAS (SAS Institute, 1985). The 

least significant difference (LSD) at P = 0.05 was used to separate means for 

TIME and TEMP treatments within each species. LSD bars were not included in 

figures when the model was insignificant or there was no significant difference 

between the means. Survival data was expressed as a percent for ease of 

presentation. 
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Results 

Dormancy status.  Using the regrowth test to assess dormancy status, maximum 

rest (endodormancy) was acquired in mid-October for Norway maple and red oak, 

and mid-November for Washington hawthorn (Fig. 2.1). Norway maple achieved 

the deepest degree of rest (>300 days to first budbreak), followed by red oak (165 

days to budbreak), and lastly Washington hawthorn (30 days to budbreak) (Fig. 

2.1). All species had overcome rest by December. 

Xylem water potential  Xylem water potential (XWP) of field-grown Norway 

maple, red oak, and Washington hawthorn seedlings was more positive than -0.6 

MPa in Oct. 1991 (Fig. 2.2).  XWP of maple seedlings became more negative in 

November, and remained ca. -1.5 MPa until returning to the initial level in mid- 

March. XWP of red oak steadily became more negative, reaching a maximum 

of -3.4 MPa in mid-February and then became more positive, though not to the 

initial level. XWP of Washington hawthorn changed only slightly from October 

through April, and was never more negative than -0.6 MPa. 

Effects of storage duration on plant performance.  There were significant (P > F = 

0.01) differences between species, time in storage, and storage temperatures for 

nearly all survival and regrowth measurements (Table 2.1).  Changes in survival 

and regrowth after 3 and 6 months storage are presented for 0C storage only, as 

this is the temperature most commonly used by nurserymen.  Measurements at 

+4, -2, and -4C followed trends similar to 0C (data not presented). 

Norway maple, red oak, mountain ash, and paper birch trees which were 
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potted without being stored (0 months) had 100% survival, while only 60% of the 

Washington hawthorn trees survived (Fig. 2.3A).  Survival of all five species 

decreased as the time of storage at 0C increased, though this decrease was not 

significantly lower within species (Fig. 2.3A). Survival of Washington hawthorn 

trees after each storage treatment was poorest among the species tested (Fig. 

2.3A). Stem dieback increased as the time in storage increased, and was 

consistently highest with Washington hawthorn trees (Fig. 2.3B).  Similarly, root 

regrowth declined as storage time increased (Fig. 2.3C). 

There was approximately 15-20% budbreak for Norway maple, red oak, 

paper birch, and Washington hawthorn, and 70% for mountain ash prior to cold 

storage (Fig. 2.4A). Storage at 0C decreased % budbreak of all species except 

paper birch, which had an increase, then decrease in % budbreak at 3 and 6 

months, respectively (Fig. 2.4A).  Norway maple, mountain ash, and Washington 

hawthorn trees stored for 6 months took longer to break bud than those which 

were not stored (Fig. 2.4B). Red oak and paper birch trees took the same 

number of days to first budbreak at 0 and 6 months, but either broke bud sooner 

(red oak) or later (paper birch) than this time after 3 months storage (Fig. 2.4B). 

Effect of storage temperature on plant performance.  Storage temperature had a 

significant (P>F = 0.01) effect on all regrowth measurements (Table 2.1). 

TIME'TEMP interactions were also significant for most regrowth measurements 

(Table 2.1), but the trends for 3 and 6 months were similar. The differences in 

the effect of storage temperature were more dramatic with 6 months storage, 

hence, only this data is presented (Figs. 2.5 and 2.6). 
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Among the storage temperatures tested, survival (Fig. 2.5A) and root 

regrowth (Fig. 2.5C) were lowest and dieback highest for plants stored at +4C 

(Fig. 2.5B). The survival of paper birch was less effected by different 

temperatures, although dieback was much higher and root regrowth lower than 

other species over all test temperatures (Fig. 2.5). Washington hawthorn did not 

survive storage for 6 months at +4C, but had the best survival and root regrowth, 

and lowest amount of stem dieback when stored at -2C (Fig. 2.5). Percent 

budbreak was highest for Norway maple and mountain ash stored at 0, -2, or -4C, 

and lowest for red oak and paper birch at these temperatures (Fig. 2.6A). 

Storage at    -2C improved the budbreak of Washington hawthorn (Fig. 2.6A). 

Storage of Norway maple and mountain ash at -2 or -4C significantly promoted 

earlier first budbreak (Fig. 2.6B).  In contrast, storage temperature did not effect 

time of first budbreak for red oak, paper birch, or Washington hawthorn trees 

(Fig. 2.6B).    Differences in dormancy status, based on the days to first budbreak 

data, indicated that on 8 Feb. 1991 all species except mountain ash were dormant 

(Fig. 2.4B). Chilling at +4 or 0C increased the length of time to budbreak for 

most species (Fig. 2.6B).  Chilling red oak at 0C for 3 months appeared to 

overcome dormancy, but after 6 months storage increased the time to budbreak 

(Fig. 2.4B).  Storage at -2 and -4C significantly reduced the number of days to 

budbreak for Norway maple (Fig. 2.6B). 
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Discussion 

Physiological changes, such as in dormancy status (Donnelly, 1973; Webb, 

1976; Webb and von Althen, 1980), root regeneration potential (Ritchie, 1982; 

Webb, 1976), carbohydrate levels (Cannell et al., 1990; Ritchie, 1982), cold 

hardiness (Cannell et al., 1990), and desiccation resistance (Ritchie et al., 1985) 

occur in bare-root woody plants during cold storage. In general the performance 

of plants decreased with increasing storage duration, especially at +4 and OC. 

Although the water status of plants from storage was not assessed, previous 

studies (Webb and von Althen, 1980) suggest the primary cause of poor 

performance following storage at temperatures above freezing might be due to 

desiccation.  Stems examined immediately after storage appeared to be more 

dehydrated for plants stored at +4 and OC than plants stored at -2 and -4C. 

Webb and von Althen (1980) found that storage of plants at 5 or 10C caused 

more negative XWPs, ie. greater stem dehydration, than storage at 0.5, -5, or - 

IOC. In their studies, the differences between these temperature regimes did not 

apparently affect survival and performance. In our experiments, however, higher 

stem dieback and mortality occurred at the higher temperatures (Fig. 2.5). 

Storing bare-root plants at freezing temperatures appears to be beneficial 

for maintaining growth potential. Storage at -2 and -4C maintained the survival of 

plants at levels similar to that found at the beginning of the experiment (compare 

Fig. 2.3, 0 months, with Fig. 2.5). Similar results were noted with dieback, root 

regrowth, and % budbreak, though to a lesser extent.  Root regrowth generally 
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decreased with increasing storage duration at all test temperatures, but was best 

for all species at -2 or -4C (Figs. 2.3C and 2.5C).  Similarly, Ritchie et al. (1985) 

reported that root growth potential decreased in lodgepole pine after storage for 6 

months at -1C. 

There were significant differences between the different species in 

performance following storage. Based on overall performance at all storage 

temperatures, Norway maple and mountain ash appear to be the most tolerant, 

followed by red oak which is slightly less tolerant, and then paper birch and 

Washington hawthorn which are the least tolerant of postharvest handling. 

Differences in plant tolerance to storage treatments is thought to be related to the 

physiology of the plants. Ritchie et al. (1985) found that differences in root 

growth potential and stress tolerance between lodgepole pine and interior spruce 

were positively associated with regrowth performance after freezer storage and 

transplanting.  Murakami et al. (1990) reported that Norway maple seedlings 

achieved deeper dormancy and a more negative XWP under field conditions in 

mid-winter than did Washington hawthorn seedlings. The differences in dormancy 

and water potentials between these two species were positively associated with the 

greater cold hardiness and desiccation tolerance of Norway maple as compared to 

Washington hawthorn.  Other studies have noted that some species of plants have 

a lower stem water content during the winter season (Kozlowski, 1958; Ritchie 

and Shula, 1984; Tyree et al., 1976). Such changes in water status may indicate 

that other physiological or biochemical changes are taking place which will 

ultimately improve stress tolerance.  Natural reductions in plant tissue water 
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content have been thought to improve desiccation tolerance (Murakami, 1990) 

and cold hardiness (Weiser, 1970). 

In the current studies, dormancy and XWP were determined for Norway 

maple, Washington hawthorn, and red oak seedlings from October through April 

(Fig. 2.2), but unfortunately not for European mountain ash and paper birch. 

Washington hawthorn, which did not reach the same level of dormancy (Fig. 2.1) 

or as negative of a XWP (Fig. 2.2) as the other species tested, performed the 

poorest of the five species after cold storage. Even without any storage, survival 

of Washington hawthorn was only 60% (Fig. 2.3A). The lower ability of 

Washington hawthorn to tolerate postharvest handling is generally associated with 

its lower desiccation tolerance (Murakami et al., 1990; see chapter 3).  It appears 

that the failure of Washington hawthorn to make physiological adaptations, ie. 

develop a high degree of rest and/or make changes which would cause a more 

negative XWP, may be one cause for its poor handling.  Based on the differences 

in XWP of the three species (Fig. 2.2), and the similarity in performance of 

Norway maple and red oak after storage, it appears that a certain level of natural 

reduction in XWP, ie. around -1.0 MPa, might be indicative of better tolerance to 

postharvest handling. 

Natural stem dehydration could be caused by a variety of factors. Changes 

in water uptake during winter are believed to be caused by changes in root 

resistance and changes in the viscosity of water at lower temperatures (Kramer, 

1940). The fields where plants were grown maintained moisture levels at or 

above field capacity through most of the time measurements were taken.  There 
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was presumably no difference in the temperature of soil water between Norway 

maple, red oak, and Washington hawthorn growing sites which would have 

affected water uptake, therefore, it can be assumed that there may be differences 

between Washington hawthorn and Norway maple and red oak in the resistance 

of roots to water uptake.  Such differences might be associated with the ability to 

develop deeper rest or stress resistance. 

Storage temperature was found important for maintaining the growth 

potential of bare-root nursery plants. Plant performance was best following 

storage at -2 and -4C and poorest at higher temperatures. Washington hawthorn 

was much less tolerant of storage than the other species, which appears to be 

related to differences in physiological adaptations. The use of alternative 

methods to improve the survival of Washington hawthorn after postharvest 

handling are needed. 
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Table 2.1.  ANOVA summary and level of significance of survival and regrowth 

measurements. 

source df      survival      dieback        % BBZ DBBy    root regrowth 

SPECIES 4 ** 

TIME 2 ** ** ** NS ** 

TEMP 3 ** 

SPEC*TIME 8 NS NS ** NS ** 

SPEC*TEMP       11 NS NS NS NS * 

TIME*TEMP        3 ** * NS ** NS 

z% BB - budbreak = # buds broken after 90 days/total number of buds. 

yDBB - days to budbreak. 

^-'•"Nonsignificant, or significant at the P = 0.05, 0.01 level, respectively. 



22 

< 

CQ 

CQ 
H 

E 
o 
H 
CO 

< 

Norway maple 
red oak 
Washington hawthorn 

NM 

 1 1 i 1— 

SEPT   OCT   NOV   DEC    JAN    FEB    MAR    APR 

Fig. 2.1. Changes in dormancy (measured by days to budbreak) of field harvested 

one-year-old Norway maple, red oak, and Washington hawthorn seedlings. 

Asterisk (•) indicates that DBB was not evaluated longer than the time indicated. 

Arrows indicate approximate time of budbreak in the field. Vertical bars indicate 

SE; lack of bars indicates low SE. 
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Fig. 2.2.  Changes in xylem water potential of field-grown one-year-old Norway 

maple, red oak, and Washington hawthorn seedlings. Water potential was 

measured using the terminal 10 cm of stems from 10 seedlings. Arrows indicate 

approximate time of budbreak in the field. Vertical bars indicate SE; lack of bars 

indicates low SE. 
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Fig. 2.3. The effect of storage duration on the survival (A), stem dieback (B), and 

root regrowth (C) of two-year-old Nonvay maple, red oak, European mountain 

ash, paper birch, and Washington hawthorn seedlings. Plants were stored at OC 

for 0, 3, or 6 months. Stem dieback was measured where 1 = no dieback and 5 

= plant was dead. Root regrowth scale: 0 = no new roots, 5 = root mass well 

developed.  Vertical bars indicate LSD0 05 between means within a species.  Lack 

of LSD bar indicates that the model or difference between means was not 

significant. 
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Fig. 2.4, The effect of storage duration on the % budbreak (A) and days to first 

budbreak (B) of two-year-old Norway maple, red oak, European mountain ash, 

paper birch, and Washington hawthorn seedlings. Plants were stored at OC for 0, 

3, or 6 months, Budbreak (%) = number of buds broken/total number of buds. 

Vertical bars indicate LSD0 05 between means within a species. Lack of LSD bar 

indicates that the model or difference between means was not significant. 
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Fig. 2.5. The effect of storage temperature on the survival (A), stem dieback (B), 

and root regrowth (C) of two-year-old Norway maple, red oak, European 

mountain ash, paper birch, and Washington hawthorn seedlings.  Plants were 

stored for 6 months at 4, 0, -2, or -4C. Stem dieback was measured where 1 = no 

dieback and 5 = plant was dead. Root regrowth scale: 0 = no new roots, 5 = 

root mass well developed. Vertical bars indicate LSD0 05 between means within a 

species. Lack of LSD bar indicates that the model or difference between means 

was not significant. 
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Fig. 2.6. The effect of storage temperature on the % budbreak (A) and days to 

first budbreak (B) of two-year-old Norway maple, red oak, European mountain 

ash, paper birch, and Washington hawthorn seedlings. Plants were stored for 6 

months at 4, 0, -2, or -4C. Budbreak (%) = number of buds broken/total number 

of buds. Asterisk (*) indicates that plants never broke bud.  Vertical bars indicate 

LSDQ 05 between means within a species. Lack of LSD bar indicates that the 

model or difference between means was not significant. 
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Chapter 3 

Antidesiccant Compounds Improve the Survival 

of Bare-root Deciduous Nursery Trees 

Abstract 

Desiccation stress during the postharvest handling of bare-root deciduous 

trees can account for dieback and poor regrowth after transplanting. Desiccation 

tolerance of three bare-root deciduous hardwood species was determined from 

Sept. 1990 through Apr. 1991. Among the three species tested, red oak (Quewus 

mbm L.), was most tolerant to desiccation followed by Norway maple (Acer 

platanoides L.) and then Washington hawthorn (Cmtaegus phaenopymm Medic). 

Maximum desiccation tolerance of all three species occurred during the January 

and February harvests. The feasibility of using film-forming compounds to reduce 

water loss from bare-root deciduous trees was also examined. Of the twenty 

compounds tested, the antidesiccant Moisturin was the most effective in reducing 

water loss during desiccation stress and in improving survival and plant 

performance during re-establishment in laboratory, greenhouse, and field studies. 

Moisturin treated plants lost up to 80% less water than untreated plant materials. 

Washington hawthorn seedlings treated with Moisturin before severe desiccating 

conditions had the highest survival, lowest dieback/plant, and the highest root 

growth ratings. The results indicate that Moisturin is an effective means of 
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overcoming postharvest desiccation stress in desiccation sensitive plants such as 

Washington hawthorn. 
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Introduction 

Nursery grown deciduous ornamental trees are commonly dug bare-root 

during the fall/winter season and are either heeled in sawdust outdoors or placed 

bare-root in cold storage until shipping or planting. Reducing water loss during 

the handling of bare-root nursery plants minimizes desiccation stress and improves 

the survival of conifers (Lefevre et al., 1991) and deciduous trees (Insley and 

Buckley, 1985; Kozlowski and Davies, 1975a; Murakami et al., 1990). Species 

such as Betula pubescens J.F.Ehrh. (Insley and Buckley, 1985) and Washington 

hawthorn (Cmtaegus phaenopymm Medic.) (Murakami et al., 1990) are generally 

considered to be more difficult to handle due to a greater sensitivity to water loss. 

Several studies have suggested that storability and transplant success of 

desiccation sensitive species are improved when plants are harvested at times of 

the year when desiccation tolerance is highest (Murakami et al, 1990; Ritchie et 

al., 1985). 

Cultural practices used in the nursery industry to prevent or reduce 

desiccation stress, including wrapping plants in polyethylene (Lefevre et al., 1991) 

or dipping plant roots in mud slurries (Mullin and Bunting, 1979), are often messy 

and difficult to implement. Film-forming compounds applied directly to the plant 

have also been used to reduce water loss from woody plants. Waxes have 

traditionally been used on rose canes to limit water loss during storage and 

shipping (Lyle, 1955; Tukey and Erase, 1931). Antitranspirants applied to bare- 

root conifer seedlings have in some cases reduced water loss, but at the same time 
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reduced plant performance (Simpson, 1984). Waxes and antitranspirants have 

been somewhat effective in reducing water loss through the bark of defoliated 

hardwood seedlings and in improving transplant success (Sulaiman, 1968). 

Methods which significantly reduce water loss during postharvest handling 

of bare-root plants, and improve the survival and performance of plants during 

establishment would be useful to the nursery industry. There are currently a 

number of products on the market which may reduce water loss from bare-root 

plants, including antitranspirants for use on foliage, waxes for use on fruits and 

vegetables, and several new compounds, which have not been adequately tested 

for use on bare-root deciduous trees. 

The objectives of this study were to determine the seasonal variation of the 

tolerance of bare-root plants to desiccation stress, and to test the effects of 

antidesiccant compounds in reducing water loss during postharvest handling and 

improving the survival of bare-root nursery trees during plant re-establishment. 
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Materials and Methods 

Plant materials.  Three different sets of plants were obtained from the J. Frank 

Schmidt Nursery, Boring, OR.  1.) One-year-old seedlings of Washington 

hawthorn, Norway maple (Acerplatanoides L.) and red oak (Quercus mbra L.) 

were harvested bare-root monthly from 17 Sept. 1990 to 12 Apr. 1991. Seedlings 

were hand defoliated when necessary. Excess soil was washed off the roots and 

the seedlings were placed in polyethylene bags (0.035 mm (1.4 mil) thickness), and 

transported to Corvallis, OR. Plants were held overnight in a 0C cooler for use in 

desiccation tolerance experiments the following day, or stored at 0C for up to two 

months until used in antidesiccant studies. 2.) Two-year-old Washington hawthorn 

seedlings which were harvested in early Jan. 1991 were obtained from Schmidt's 

cold storage (1C) in Feb. 1991, placed in polyethylene bags, transported to 

Corvallis, OR, and held in 0C storage until Apr. 1991. 3.) Multi-stemmed 

Washington hawthorn trees, 1 m in height, which were harvested in late Dec. 1990 

were obtained from Schmidt's cold storage in May 1991, randomized, and used for 

field testing of antidesiccant compounds. 

Evaluation of desiccation tolerance.  Desiccation studies consisted of air-drying 

defoliated bare-root plants on a laboratory bench at 23±2C and 47±5% relative 

humidity (RH) for different time intervals up to 48 h. Water loss was determined 

gravimetrically, and was expressed on a fresh weight basis. After air-diying, plants 

were potted into 3.8-liter plastic pots in a medium of peatrloam soil:washed 

sand:#8 screened pumice (1:1:1:2 v/v) and maintained in a 27C/18C (day/night) 
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greenhouse. After 60 days, plants were evaluated for survival (number of plants 

which grew/total number of plants in a treatment) and % dieback/plant (0% = 

no stem dieback, 50% = budbreak from the base to the middle of the stem, 90% 

= budbreak at the base of the stem, and 100% = no budbreak, plant was dead). 

Root growth was evaluated and assessed by the following scale: 0 = no new root 

growth, 1 = new primary roots < 10 mm in length, 2 = primary roots > 10 mm, 

secondary roots beginning to form, 3 = secondary roots well-developed, tertiary 

roots beginning to form, 4 = root ball forming, and 5 = root mass well 

developed. Desiccation tolerance was expressed as a DT50, the drying time (in 

hours) in which 50% of the plants died. 

Laboratoiy screening tests with antidesiccant compounds.  Twenty antidesiccant 

compounds (Table 3.1), including antitranspirants, fruit waxes and preservatives, 

and latex emulsions, were obtained from manufacturers or distributors. In 

preliminary tests, whole plants or excised stem sections were treated with the 

compounds to determine the optimum concentration of application. Afterward, for 

a standard screening procedure, 10 cm stem sections were excised from one-year- 

old hawthorn or maple seedlings and the cut ends were sealed with melted 

paraffin wax. Stems (n=5/compound) were dipped into the antidesiccant solution 

and the antidesiccant film allowed to dry. Controls were dipped in water. Water 

loss was determined gravimetrically over a 96 h air-drying period. Intemodal 

stem diameter was measured with a microcaliper and was used to calculate 

approximate surface area, assuming that the stem was nearly cylindrical. Water 

loss was then expressed on a surface area basis. 
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Greenhouse tests with antidesiccant compounds.  In Mar. 1991, eight compounds 

which performed well in screening tests were applied as a dip (roots and shoots) 

to one-year-old hawthorn and maple seedlings (n = 10/treatment) which had been 

harvested in February and stored in polyethylene bags at OC. After surface 

drying, plants were air-dried for 48 h, then potted and evaluated for survival and 

growth as described above. In addition, the number of days to budbreak was 

recorded for each plant. 

Based on the results of the above experiments, two-year-old hawthorn 

seedlings were either untreated, treated with Moisturin before, or with Moisturin 

after air-drying for 0, 12, 24, or 48 h.  Moisturin (undiluted) was applied as a dip 

to the whole plant (roots and shoots). Five plants per treatment were used for 

each drying interval. After drying and determining water loss, plants were potted, 

grown in the greenhouse, and survival and growth were evaluated as above. 

Field tests with antidesiccant compounds.  An antitranspirant (AntiStress 2000), two 

waxes (Shield Brite AP-50C and Shield Brite AP-40), three concentrations of 

Moisturin, and a covering of clear polyethylene (0.1 mm (4 mil) thickness) were 

tested to determine the relative effectiveness on reducing water loss during field 

establishment of multi-stemmed Washington hawthorn trees. Antidesiccant 

compounds were sprayed to run-off on the tops (stems) of trees at Schmidt's 

nursery on 13 May 1991. Plants were returned to 1C storage until planting. For 

the plastic wrap, the polyethylene was wrapped around the tops of the trees at the 

time of planting, and was removed after about six weeks. Two sets of 25 controls 

and 10 plants for each treatment were used.  One set of trees was planted in a 
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sandy loam soil at Schmidt's nursery. Boring, OR, on 31 May and the other set on 

7 June. The weather conditions at Schmidt's nursery following planting averaged 

7C/19C, 11C/25C, 12C/27C (minimum/maximum), and 8.2, 1.2, and 3.5 cm of 

rainfall during June, July, and August, respectively. No precipitation was recorded 

until 11 June. Supplemental water (irrigation) was not provided. Plants were 

evaluated for survival and dieback 90 days after planting. 

Statistical analysis  Water loss and regrowth data were subjected to an analysis of 

variance using the general linear model (GLM) procedure of SAS (SAS Institute, 

1985). Differences between treatment means were separated using Tukey's 

multiple range test at the P=0.05 level. 
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Results 

Seasonal variation in desiccation tolerance of bare-root trees.  The desiccation 

tolerance of bare-root trees varied with the date of harvest and the species (Fig. 

3.1).   During September and October the desiccation tolerance of all species was 

low, having a DT50 of 8 to 12 h. Desiccation tolerance of Norway maple 

increased slowly to a peak in January, Washington hawthorn changed little 

through January and reached a peak in February, and red oak rapidly increased in 

October and remained high through April (Fig. 3.1). Maximum desiccation 

tolerance for red oak was in January and February, based on the lesser amount of 

stem dieback after 48 h of drying (data not shown). At maximum desiccation 

tolerance, hawthorn, maple, and oak had a DT5Q of 24, 48, and >48 h of drying, 

respectively. Desiccation tolerance of Washington hawthorn seedlings decreased 

sharply to a DT5o ca. 2 h at the time when budbreak was observed for field grown 

plants (Fig. 3.1). 

The rate of water loss during a 48 h drying period for maple, oak, and 

hawthorn seedlings harvested in February was similar, although overall, hawthorn 

lost the most water and oak the least (Fig. 3.2). In contrast, the differences in 

survival and dieback/plant for each of the species were significantly different (Fig. 

3.2). Washington hawthorn suffered substantial decreases in survival and 

increases in dieback after 24 h of air-drying, while this was not apparent for 

Norway maple and red oak seedlings until 48 h of air-drying. Red oak seedlings 

had the highest survival and lowest dieback after 48 h of air-drying. 
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Laboratoiy scieening c£ anlidesiccant compounds.  Reducing water loss from 

excised stems of maple and hawthorn seedlings was, in general, least effective with 

antitranspirants, slightly more effective with fruit waxes and preservatives, and 

most effective with latex emulsions, especially Moisturin (Table 3.2).  Moisturin 

(undiluted) treated stems lost 75 to 80% less water than untreated stems, and 50 

to 60% less water than the next best non-Moisturin treatment. Control and 

treated hawthorn stems generally lost more water over the 96 h air-drying period 

than maple stems, except in the case of Moisturin, where water loss was similar 

for both species. 

Gieenhouse tests with antidesiccant compounds.  Moisturin was significantly more 

effective than any of the other antidesiccant compounds in reducing water loss 

from one-year-old maple and hawthorn seedlings during 48 h of air-drying (Table 

3.3). Moisturin (undiluted) treated plants lost 35 to 40% less water than the next 

best non-Moisturin treatment. Several of the treatments had similar survival 

rates, however, dieback/plant and root growth ratings differed among treatments 

(Table 3.3). Treatments with Moisturin (undiluted) had the lowest dieback/plant, 

25 and 0%, and the highest new root growth, 3.2 and 4.5 rating, for hawthorn and 

maple seedlings, respectively. Dieback for other treatments averaged 92% for 

hawthorns and ranged from 14 to 54% for maples. Average root growth rating 

for all other (non-Moisturin) treatments was 1.2 for hawthorns and 2.8 for maples. 

Although there were significant differences in water loss between plants treated 

with Moisturin undiluted and Moisturin 1:1, survival, dieback, and root growth 

were similar for both treatments.  Differences in treatments were most apparent 
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with hawthorn trees (Table 3.3, Fig. 3.3). 

There were little or no visible symptoms of phytotoxicity to maple and 

hawthorn plants from the antidesiccant treatments, except for BPC #1 and Shield 

Brite C-280 which occasionally caused dark patches on the stems. Antidesiccant- 

treated seedlings broke bud approximately one week earlier than untreated 

seedlings, except for Moisturin-treated hawthorns (Fig. 3.4). In this case, plants 

broke bud 2 to 3 weeks early than other antidesiccant treatments and 4 weeks 

earlier than controls (Fig. 3.4).  None of the antidesiccant treatments had any 

adverse effects on budbreak and new shoot growth except for Moisturin 

(undiluted only), in which case the emerging shoots were occasionally slightly 

distorted, but soon straightened and grew normally. New root growth was 

unaffected by the film formed from antidesiccant treatments.  When the plants 

were removed from the potting medium, it was observed that roots had grown 

through the antidesiccant coating. 

Testing of Moisturin using two-year-old seedlings yielded results similar to 

one-year-old seedlings.  Plants treated with Moisturin (undiluted) before drying 

survived 48 h of drying (Fig. 3.5B), whereas untreated plants did not survive even 

12 h drying (Fig. 3.5A). Plants which were dried for 12 h and then treated with 

Moisturin also showed improved establishment and survival (Fig. 3.5C).  During 

48 h of air-drying, plants treated with Moisturin before drying lost over 50% less 

water than untreated plants (data not shown). 

Field tests with antidesiccant compounds.  Field testing of several of the 

antidesiccant compounds was similar to the results found in laboratory and 
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greenhouse experiments. Hawthorn trees treated with any of the three Moisturin 

concentrations had higher survival (average of 93%) and lower stem dieback 

(average of 8%) than other treatments and untreated plants for the 31 May 

planting date (Table 3.4). No significant differences among dieback/plant values 

were found with any of the antidesiccant compounds for the 31 May planting date, 

although Moisturin treated plants broke bud sooner, more uniformly, and more 

often at the top of the stem than did other treatments (Fig. 3.6). Trees planted 

on 7 June had lower survival and greater dieback/plant than the May 31 planting 

date, but the trends were similar for both planting dates (Table 3.4). 
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Discussion 

Of the species tested, bare-root red oak trees appear to be the most 

tolerant of desiccation stress, followed by Norway maple, and lastly by Washington 

hawthorn (Fig. 3.1). The large differences in desiccation tolerance between 

Norway maple and Washington hawthorn seedlings (Figs. 3.1 and 3.2) were 

similar to that reported by Murakami et al. (1990). In similar studies, Insley and 

Buckley (1985) speculated that the coarser root system of Fmxinus angustfolia 

Vahl. seedlings contributed to its higher desiccation tolerance as compared to 

Betula pubescens seedlings. Red oak had the coarsest root system of the three 

species. Larger roots might have a higher water content and lower surface area to 

volume ratio, which would possibly be responsible for the a slower rate of water 

loss and greater desiccation tolerance.  On several of the harvest dates, we 

observed that the stem of red oak seedlings had died completely after extreme 

drying, but shoots were regenerated from adventitious buds located below the root 

collar. Plants which exhibited budbreak below the root collar often had poor root 

growth though, reflecting the poor regeneration of roots which is common with 

red oak trees (Struve, 1990). 

Maximum desiccation tolerance of all three species occurred during 

Januaiy or February (Fig. 3.1).   Ritchie et al. (1985) found that lodgepole pine 

(Pinus contoita Dougl.) and interior spruce (Picea glauca engelmannii complex) 

seedlings harvested from 15 Nov. to 28 Feb. were more tolerant of a 60 min 

drying interval (30C, 50% RH) than seedlings harvested before or after this time. 
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A number of physiological changes occurring during this period, such as changes 

in dormancy, cold hardiness, and tissue water content, have been proposed as 

being important in the success of handling bare-root hardwoods (Murakami et al., 

1990) and conifer species (Ritchie et al., 1985; Ritchie and Shula, 1984; Tyree et 

al., 1978).  Success of postharvest handling may be improved by harvesting when 

plants are desiccation tolerant. In the case of Washington hawthorn, the 

improvement in survival and re-establishment performance may be due to the 

higher level of desiccation tolerance when harvested during February (Fig. 3.1). It 

appears that desiccation tolerance decreases rapidly after budbreak occurs and 

new shoots have developed. Washington hawthorn seedlings harvested shortly 

after budbreak in the field (March), when new shoots were about 1 cm in length, 

only survived 2 h of air-drying. Desiccation tolerance increased slightly at the 

April harvest, probably due to the new shoots hardening off (Fig. 3.1). 

The use of antidesiccant compounds applied to maple and hawthorn 

seedlings prior to desiccation stress was beneficial in reducing water loss in 

screening tests (Table 3.2) and improving transplant survival in the greenhouse 

studies (Table 3.3, Fig. 3.4). Of the products tested, Moisturin was most effective 

in reducing water loss and improving transplant survival and regrowth. Although 

application of Moisturin to two-year-old hawthorn seedlings before a period of 

water stress was best (Table 3.3, Figs. 3.3 and 3.5B), application of Moisturin after 

mild desiccation stress improved transplant survival of two-year-old hawthorns 

dried for 12 h (Fig. 3.5C), and of multi-stemmed hawthorn trees after five months 

cold storage (Table 3.4, Fig. 3.4), probably by reducing further water loss and 
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allowing the roots to compensate for water loss during establishment in the 

growing medium. 

None of the antitranspirant compounds tested in this study were effective 

in reducing water loss from maple or hawthorn stem section (Table 3.2). 

Antitranspirants have in general been inconsistent in reducing water loss when 

applied to the foliage of plants (Hummel, 1990; Simpson, 1984). Sulaiman (1968) 

found that WiltPruf was effective in reducing water loss from potted defoliated 

hardwood seedlings and in slightly improving the survival of defoliated bare- 

rooted hardwood seedlings following transplanting in mid-summer. However, 

these transplanting studies were conducted without exposing the bare-root plants 

to severe drying stress during handling. In our studies, treated hawthorn trees 

were subjected to 48 h of drying stress, which is normally enough to kill seedlings 

harvested in mid-winter (Fig. 3.1). Treatment of the entire plant (roots and 

shoots) with Moisturin (undiluted) before 48 h of drying resulted in 80% survival 

and an average of only 25% dieback/plant (Table 3.3). 

The thickness of the film formed by the different compounds when dried 

on the bark may have been influential in the success of the different compounds. 

The more uniform coverage of a thicker film, especially on rough-barked plants 

such as Washington hawthorn, would most likely be better for reducing water loss. 

Moisturin (undiluted) had obviously formed a thicker coating on the bark than all 

other compounds, which might account for its increased effectiveness.  However, 

the 1:3 dilution of Moisturin used in field testing was similar in thickness to 

several of the waxes and antitranspirants, but was still more effective than the 
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other compounds tested in improving survival and regrowth (Table 3.4, Fig. 3.6). 

In preliminary studies, increasing the concentration of application of 

antitranspirants to plant materials did not significantly reduce water loss, and in 

several cases actually increased the rate of water loss (data not shown). 

For species less sensitive to desiccation stress, such as red oak and Norway 

maple, harvesting bare-root plants at maximum desiccation tolerance may be 

adequate to ensure satisfactory survival. However, species such as Washington 

hawthorn which don't develop a high level of desiccation tolerance, special care 

may be needed. Harvesting when desiccation tolerance is at a maximum, and the 

use of effective antidesiccant compounds such as Moisturin, may be necessary for 

maximizing the success of postharvest handling. Additional tests are necessary to 

determine if these treatments may be applicable to other desiccation sensitive 

species. The effectiveness of Moisturin in both reducing water loss and improving 

survival of Washington hawthorn trees in laboratory, greenhouse, and field studies 

further supports the notion that desiccation stress during postharvest handling and 

re-establishment is the major cause of poor establishment. 



46 

Table 3.1.      Types and sources of film-forming ! materials tested. 

Compound Dilution2 Type of Compound Supplier 

Antitranspirants: 

AntiStress 2000 1:100,1:40 acrylic polymer Polymer Ag, Inc., Fresno, CA 

Clearspray 1:10 acrylic polymer WA. Cleary Chem. Corp., Somerset, NJ 

Cloudcover pre-mix NA. Easy Gardener, Waco, TX 

Folicote 1:20 wax emulsion Aquatrols Corp., Pennsauken, NJ 

ForEverGreen 1:7 acrylic co-polymer Mycogen Corp., San Diego, CA 

Needlehold 1:4 NA. Kirk Co., Wautoma, WI 

VaporGard 1:40 terpenic polymer Miller Chemical Corp., Hanover, PA 

WiltPruf 1:5 terpenic polymer WiltPruf Products, Inc., Greenwich, CT 

Waxes/Preservatives • • 

Decco Ay 1:5 NA. ATOCHEM North America, 

DeccoC? 1:2 NA. Decco, Agrochemicals Division, 

Decco D^ ... NA. Monrovia, CA 

Fresh-Cote CW1 — camauba wax, shellac Agri-Tech Inc., Yakima, WA 

Fresh-Cote 214 ... shellac (alcohol base) Agri-Tech Inc., Yakima, WA 

Semperfresh 1.75%(w/v; ) sucrose esters, glyceridei ; Inotek International Corp., Mentor, OH 

Shield Brite AP-40 — camauba wax Shield Brite Corp., Kirkland, WA 

Shield Brite AP-50C ... camauba wax Shield Brite Corp., Kirkland, WA 

Shield Brite C-280 ... polyethylene emulsion Shield Brite Corp., Kirkland, WA 

StaFresh 819 — camauba wax FMC Corp., Riverside, CA 

Latex coatings: 

BPC #1? ... acrylic polymer Burke's Protective Coatings, 

Moisturinx 1:1, 1:3 latex emulsion Washougal, WA 

zDilution rate determined from the manufacturer's suggested rate (antitranspirants) or by preliminary 

testing (waxes/preservatives, and latex coatings). Dilutions made with distilled water. 

yExperimental name used in this study. 
xExperimental formulation, refer to product label for current recommended dilution rates. 

Product information not available. 
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Table 3.2.      Water loss from Norway maple and Washington hawthorn stem 

sections treated with film-forming compounds.z,y 

Treatment 

Water loss (mg water*cm"2-96 h'1) 

Maple 

29.9 a 

29.6 a 

29.4 a 

28.2 ab 

27.5 ab 

27.2 ab 

27.1 ab 

25.9 ab 

25.2 abc 

24.2 abed 

24.0 abed 

23.6 abede 

23.3 abede 

21.4 bedef 

21.2 bedef 

17.7 cdef 

16.8 defg 

16.0 efg 

14.8 fg 

9.7 gh 

5.6 h 

Decco A 18.3 ab 

WiltPruf 16.2 ab 

Cloudcover 21.2 a 

control 23.2 a 

Semperfresh 21.6 a 

ForEverGreen 18.4 ab 

Needlehold 19.0 ab 

AntiStress 2000 (1:100) 21.7 a 

Decco C 13.2 abc 

VaporGard 15.5 abc 

Shield Brite AP-50C 15.4 abc 

Folicote 22.2 a 

Clearspray 18.5 ab 

Decco D 17.6 ab 

StaFresh 819 16.1 ab 

Fresh-Cote 214 18.0 ab 

BPC#1 10.4 be 

Fresh-Cote CW1 13.9 abc 

Shield Brite C-280 14.3 abc 

Moisturin (1:1) 9.8 be 

Moisturin (undiluted) 5.3 c 

zWater loss during 96 h air-drying at 23±2C, 47±5% RH. 
yMean separation within columns using Tukey's multiple range test, P=0.05. 
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Table 3.3.      Water loss and regrowth of one-year-old Norway maple and 
Washington hawthorn seedlings treated with film-forming 
compounds. z'y 

Treatment Water lossx % Survival % Diebackv Root Rating" 

Norwav maple 

control 0.186 a 80 52 a 2.8 ab 

BPC#1 0.173 ab 100 29 ab 3.3 ab 

Decco C 0.162 abc 90 34 ab 2.9 ab 

Decco A 0.161 abc 100 28 ab 3.5 ab 

Shield Brite AP-50C 0.158 abed 90 38 ab 2.3 ab 

Moisturin (1:1) 0.136 bed 100 0 b 4.1b 

Shield Brite C-280 0.128 cd 100 54 a 3.3 ab 

Fresh-Cote CW1 0.112 d 100 14 ab 1.7 a 

Moisturin (undiluted) 0.072 e 100 0 b 4.5 b 

Washington hawthorn 

control 0.279 a 10 99 a 0.0 a 

Decco C 0.248 ab 50 95 a 1.0 ab 

Decco A 0.235 be 70 94 a 1.5 abed 

Shield Brite AP-50C 0.199 cd 80 88 a 1.6 abed 

Fresh-Cote CW1 0.179 de 50 87 a 1.1 ab 

Shield Brite C-280 0.175 de 70 93 a 1.2 abc 

BPC#1 0.161 ef 80 88 a 2.3 bed 

Moisturin (1:1) 0.130 f 80 43 b 3.4 d 

Moisturin (undiluted) 0.092 g 80 25 b 3.2 cd 

zWater loss during 48 h air-drying at 23±2C, 47±5%RH. 
yMean separation within columns using Tukey's multiple range test, P=0.05. 
xg water loss • g fresh weight"1 • 48 h"1. 
w% survival: number of plants which grew/total number of plants (n= 10), 
evaluated after 60 days. 
v% dieback/plant: 0=no dieback, 100 = dead. 

"Rating: 0=no new root growth, 5=root mass well developed. 
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Table 3.4.      Field testing of film-forming compounds applied to multi-stemmed 

hawthorn trees during re-establishmentz'y. 

31 May planting  7 June planting 

Treatment % Survival % Diebackw   % Survival % Dieback 

Wrapped in polyethylene     70 90 a 100 90 a 

control                                 80 63 ab 36 78 a 

Shield Brite AP-40               70 43 be 20 71 ab 

Shield Brite AP-50C             70 22 c 20 74 ab 

AntiStress 2000 (1:100)        80 18 c 80 59 abc 

Moisturin (1:1)                   100 11 c 50 22 c 

Moisturin (undiluted)         100 9 c 44 31 abc 

Moisturin (1:3)                    80 5 c 80 43 abc 

zPlants evaluated on 27 Aug. 1991. 
yMean separation within columns using Tukey's multiple range test, P=0.05. 
x% Survival:  number of plants which grew/total number of plants (n = 25 for 

controls, n = 10 for each treatment on each planting date, except for Moisturin 

(undiluted) treated plants on 7 June planting where n = 9). 
w% Dieback/plant: 0=uppermost budbreak at the top of the stem, 100 = dead. 
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Fig. 3.1.  Changes in desiccation tolerance (DT5Q, measured as the drying time at 

which 50% of the seedlings died) of field harvested one-year-old Norway maple, 

red oak, and Washington hawthorn seedlings. Survival was evaluated after 60 

days. Arrows indicate approximate time of budbreak in the field. 
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Fig. 3.2. Water loss and survival of February harvested bare-root seedlings after 

air-diying (23±2C, 47±5%RH) on a laboratory bench for intervals up to 48 h. 

Survival (the number of plants which grew/total number of plants (n = 10)) and 

dieback/plant (0 = uppermost budbreak at the top of the stem, 100 = dead) were 

evaluated after 60 days in the greenhouse. Vertical bars indicate SE. Lack of 

bars indicates low SE. 
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Fig. 3.3.   One-year-old hawthorn seedlings grown for 90 days in a greenhouse after 

treatment with antidesiccant compounds and 48 h air-drying on a laboratory 

bench.  Abbreviations:   CON=control, DEC=Decco, FC=Fresh-Cote, 

MI=Moisturin, SB=Shield Brite. 
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Fig. 3.4.  Differences in the timing of budbreak of Norway maple (A) and 

Washington hawthorn (B) seedlings treated with antidesiccants.  Fresh-Cote CWl 

data is representative of the other treatments (see Fig. 3.3) not included in the 

figure. Antidesiccants were applied prior to 48 h air-drying as described in Table 

3.3. Budbreak (plants breaking bud/total number of plants (n= 10) at 88 days 

equals survival (%) in Table 3.3. Vertical bars indicate SE. Lack of bars indicates 

low SE. 
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Fig. 3.5. Two-year-old hawthorn seedlings untreated (controls) (A), treated with 

Moisturin (undiluted) before air-drying (B), or treated with Moisturin (undiluted) 

after air-drying (C). Air-drying (23±2C, 47±5%RH) was on a laboratory bench 

for 0, 12, 24, or 48 h. After drying, plants were potted and placed in a 

greenhouse to evaluate survival. 
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Fig. 3.6.  Multi-stemmed hawthorn trees treated with antidesiccant compounds 

applied to the stems as a spray prior to planting, or wrapped in polyethylene 

plastic at the time of planting. Pictures were taken from the 31 May planting set 

75 days after field planting. 
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Chapter 4 

Desiccation Tolerance and Avoidance of Iris, Hosta, 

and Hemewcallis Plants During Postharvest Handling 

Abstract 

Field-grown Iris sibirica, I. ensata, Hosta, and Hemerocallis were harvested 

in late June, treated with different antidesiccant treatments and stored bare-root 

for five weeks in cold storage. /. sibirica and /. ensata plants had similar rates of 

water loss during storage, but differed in their tolerance to desiccation. /. sibirica 

was more sensitive to desiccation stress than /. ensata. Hosta and Hemerocallis 

plants stored without antidesiccant treatments lost approximately 15% and 40%, 

respectively, less water than the Iris species, thereby avoiding the same degree of 

desiccation. For the antidesiccant treatments, plants which were wrapped in 

polyethylene or sealed in polyethylene bags lost approximately 25 and 90%, 

respectively, less water than controls. Regrowth quality was significantly better for 

Hemerocallis and Hosta plants which were bagged. Treatment with a film-forming 

antidesiccant compound reduced water loss only slightly, but did not improve 

survival. Reducing water loss from /. ensata plants during storage had little effect 

on improving survival, indicating that problems other that desiccation stress during 

storage might be more important for successful re-establishment of these plants. 
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Introduction 

Field-grown herbaceous perennials are often harvested throughout the year 

to accommodate the needs of customers. Iris, Hosta, and Hemeiocallis species 

harvested bare-root in early summer often cannot be cold stored longer than two 

to three weeks due to a decrease in quality (Rick Rogers, Caprice Farms Nursery, 

personal communication).  Water loss during postharvest handling of herbaceous 

perennials accounts for decreased survival and regrowth quality (Cameron and 

Maqbool, 1986). Reducing desiccation of bare-root herbaceous perennials during 

postharvest handling improves plant survival (Heiden and Cameron, 1986). 

Packaging plants in cardboard, burlap, or polyethylene for cold storage has 

improved regrowth quality of a number of species after long-term storage 

(Cameron and Maqbool, 1986).  Sealing bare-root plants in polyethylene bags was 

effective for improving the survival of carnation (Dianthus spp. L.) plants shipped 

in late spring (Kirk and Mahlstede, 1955). 

An alternative method of reducing water loss from plants is through the 

use of film-forming antidesiccant compounds.  Little information is available on 

the effectiveness of antidesiccants on reducing water loss from bare-root 

herbaceous perennials during cold storage. The use of film-forming 

antitranspirants on herbaceous plant materials has been moderately successful in 

reducing transpiration and slowing the development of water stress (Hummel, 

1990; Tracy and Lewis, 1981). 

The objectives of this study were to determine the effect of cold storage on 
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water loss and survival of Iris, Hosta, and HemerocaUis plants harvested in late 

June, and to determine if the use of antidesiccant treatments reduce water loss 

and improve survival and regrowth. 
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Materials and Methods 

Four species of herbaceous perennials, Iris ensata Siebold ex. Lem. 'Snowy 

Hills' (Japanese Iris), Iris sibirica L. 'Dancers Fan' (Siberian Iris), Hosta Tratt. 

'Royal Quilt' (Hosta, Plantain Lily), and Hemerocallis L. 'Swirling Waters' 

(Daylily), grown at Caprice Farms Nursery, Sherwood, OR, were harvested on 27 

June 1991. Immediately after harvest the foliage was cut to either ~10 cm above 

the crown {Iris and Hemerocallis) or trimmed to one leaf {Hosta), excess soil was 

washed from the roots, and the stockplants were divided into wholesale grade (1-3 

growing points) plants. Plants were stored overnight at 2.8±1.0C, 87±6% relative 

humidity (RH) in crates (58 cm x 38 cm x 18 cm) lined with polyethylene plastic 

(0.1 mm (4 mil) thickness). 

Two sets of treatments, including method of storage and application of an 

antidesiccant (Moisturin, Burke's Protective Coatings, Washougal, WA), were 

implemented in a 3 x 3 factorial arrangement on 28 June 1991. Five plants per 

treatment were used for Iris and Hosta species and 10 plants per treatment for 

Hemerocallis. Plants were dipped into either water (control), Moisturin 1:3 

dilution, or Moisturin 1:1 dilution and allowed to surface dry.  Plants were then 

stored either:   1. in crates (58 cm x 38 cm x 18 cm) without any additional 

protection (uncovered); 2. in crates lined on the top, bottom, and long sides with 

polyethylene (0.1 mm (4 mil) thickness), but left open at the ends (wrapped); or 3. 

sealed individually in 3.8-liter Ziploc storage bags (0.045 mm (1.75 mil) 
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polyethylene) and then placed into crates (bagged). Moisturin treatments were 

randomized between three crates for each storage treatment. All plants were 

stored for five weeks in a 2.8±1.0C, 87±6% RH cooler. 

Water loss over the five weeks storage was determined gravimetrically, and 

was expressed on a fresh weight basis, where water loss = [initial weight (wk 0) - 

final weight (wk 5)]/initial weight. In addition, the water content of five plants of 

each species was determined at the start of the experiment by taking fresh weight 

and dry weight measurements, where water content = (fresh weight-dry 

weight)/fresh weight. Dry weight was determined after plants were air-dried in a 

65C oven until constant weight was achieved. 

On 2 Aug. 1991 plants were removed from storage and evaluated to 

determine which were still considered shippable. Plants were then lined out in 

raised beds of clay loam soil at Caprice Farms Nursery.  Plants were spaced 10 

cm within rows and 30 cm between rows. Irrigation was supplied as needed to 

keep the soil moist. Weather conditions following planting averaged 26C/ IOC 

(day/night) for the first two weeks and 18C/13C (day/night) for the third week. 

Relative humidity averaged 40/90% (day/night) throughout the three weeks 

following planting. 

Plants were examined at 12 day intervals after planting to determine when 

regrowth began. Final evaluation was on 3 Oct. 91, three months after planting. 

Plants were evaluated by:   1. a regrowth rating where l = dead, 5 = largest plant 

within a species; 2. counting the number of leaves per growing point; and 3. 

measuring the length of the longest leaf from leaf base to leaf tip {Iris and 



63 

HemeTocallis species only).  Water loss and regrowth data were subjected to 

analysis of variance by general linear model (GLM) procedures of SAS (SAS 

Institute, 1985). Means were separated using Tukey's multiple range test at 

P=0.05. 
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Results 

During storage, /. sibirica, Hosta, I. ensata, and Hemerocallis plants which 

were uncovered and not treated with Moisturin lost approximately 86, 79, 67, and 

47%, respectively, of their initial water content (Table 4.1). Plants which were 

wrapped or bagged in polyethylene (no Moisturin) lost 25 or 90%, respectively, 

less water than plants which were uncovered. Moisturin application had a small 

effect on reducing water loss, especially for uncovered Iris and Hosta plants, and 

for /. ensata in any of the storage conditions (Table 4.1).  Moisturin treatment had 

no significant effect on reducing water loss from Hemerocallis plants. 

Examination after storage revealed that only the bagged Hememcallis plants were 

still acceptable for shipping. 

The field survival of the four species varied considerably.  On 3 Oct. 1991, 

all the /. sibirica plants were dead, while 80% of the /. ensata and Hosta and 92% 

of the Hemerocallis survived (data not presented). Plant losses were generally 

higher for treatments with the highest water loss. Average regrowth ratings for all 

treatments were 1.0, 2.7, 3.3, and 4.1 for /. sibirica, I. ensata, Hosta, and 

Hemerocallis plants, respectively (Table 4.2). 

Method of storage and Moisturin treatment both had a significant effect on 

the survival ratings of Hemerocallis (Table 4.2). The only other significant effect 

of treatments was that of storage method on the number of leaves of Hosta plants. 

Bagged Hemerocallis and Hosta plants had significantly higher (P = 0.05) 
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regrowth ratings and leaf length, and number of leaves, respectively, than 

uncovered plants (Table 4.3). Application of Moisturin significantly reduced the 

performance of Hemerocallis plants (Table 4.3). Analysis of the treatment data 

for all species together revealed that improving the storage protection improved 

plant performance, while application of Moisturin reduced plant performance 

(Table 4.4). There were no significant differences (P = 0.05) in plant 

performance between the 1:3 and 1:1 dilutions of Moisturin (Tables 4.3 and 4.4). 
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Discussion 

There were considerable differences in the response of the four species to 

water loss conditions during postharvest handling. /. sibinca and /. ensata had 

similar rates of water loss for any of the cold storage treatments (Table 1), but /. 

sibinca appears to be much more sensitive to postharvest handling. Even under 

the best storage conditions (bagged), where water loss was minimal (Table 4.1), /. 

sibinca plants failed to re-establish. /. sibinca plants which were bagged began to 

grow upon replanting, but all plants were dead within three weeks, possibly 

reflecting the greater sensitivity of this species to water stress conditions or some 

other factor. One possibility is that the rate of establishment for /. sibinca may be 

slower than the other species tested in this study. Slower re-establishment might 

contribute to additional desiccation stress under field conditions. Heiden and 

Cameron (1986) identified differences in the relative regrowth rates of 20 species 

of herbaceous perennials, though Iris was not among these. 

Hosta and Hemerocallis appear to avoid desiccation by slowing the rate of 

water loss. Hemerocallis lost 15 to 45% less water than the other three species, 

depending on the treatment (Table 4.1).  Morphological features of Hemerocallis, 

such as coarser roots and thicker leaf bases as compared to /. sibinca and /. 

ensata, may contribute to its lower rate of water loss. 

The differences in survival during re-establishment of /. sibinca, I. ensata, 

Hosta, and Hemerocallis may be due to seasonal variations in adaptability to 
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desiccation stress. It is generally recommended that /. sibuica and Hosta be 

divided in fall or early spring, while Hemerocallis can be divided in spring, 

summer, or fall (Keller and Cohen, 1985). In this experiment, plants were 

harvested in early summer, towards the end of the shipping season. Late June 

may not be an appropriate time of the year to harvest /. sibirica grown in Oregon 

if plants are to be in cold storage for an extended period of time. 

Reducing water loss during storage by covering or bagging plants in 

polyethylene had an overall significant benefit on regrowth (Table 4.4).  Cameron 

and Maqbool (1986) established that there was a strong negative correlation 

between moisture loss and regrowth quality of five species of herbaceous 

perennials. Reducing water loss (Table 4.1) significantly improved regrowth 

quality and leaf growth for Hosta and Hememcallis plants (Tables 4.2 and 4.3). 

Previous studies have found that covering bare-root perennials with polyethylene 

(Cameron and Maqbool, 1986) or sealing plants in polyethylene bags (Kirk and 

Mahlstede, 1955) reduced water loss and improved survival and regrowth. One 

concern with sealing plants in polyethylene bags is that the lack of ventilation 

promotes disease and the growth of storage molds (Hanchek et al., 1990; Heiden 

and Cameron, 1986). Iris, Hosta and Hememcallis plants sealed in polyethylene 

bags and maintained in cold storage did not appear to be infected with storage 

molds. Similar studies conducted with bare-root carnation plants sealed in 

polyethylene bags during shipping suggested that molds were not a problem as 

long as there was no excessive moisture in the bags (Kirk and Mahlstede, 1955). 
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Although application of an antidesiccant was effective in reducing water 

loss for all species except Hemerocallis (Table 4.1), there was either no effect or a 

negative effect on regrowth (Tables 4.2, 4.3, and 4.4). Hemerocallis which were 

treated with Moisturin had lower regrowth quality, fewer leaves and shorter leaves 

than control (water) treatment (Table 4.3), although the number of plants which 

survived was similar for all the treatments.  One possible explanation for this 

difference in regrowth rate might be that the Moisturin coating limited gas 

exchange to where transpiration, respiration, and photosynthesis were affected. 

Antitranspirants can elevate leaf temperatures due to decreases in transpiration 

(Gale and Hagan, 1966) and have decreased the rate of photosynthesis of a 

number of woody plant species (Davies and Kozlowski, 1974).  Moisturin-treated 

plants which were bagged had a more favorable water status at the time of 

replanting, possibly allowing the plants to become established quicker and grow 

out of the Moisturin coating. 

The differences in the degree of desiccation tolerance and desiccation 

avoidance of /. sibirica, I. ensata, Hosta, and Hememcallis appear to be related to 

some of the difference in regrowth and the success of postharvest handling. 

Successful storage is species dependent; /. sibirica did not survive five weeks of 

cold storage after late June harvest, while Hemerocallis could probably be 

successfully stored for longer than five weeks.  Sealing plants in polyethylene bags 

during cold storage reduced water loss and improved survival and regrowth. The 

use of an antidesiccant such as Moisturin appears to have no benefit for the 
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storage of Iris, Hosta, and Hememcallis species. In general, except for /. sibirica, 

plants experiencing less water loss during storage perform better during 

establishment. 
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Table 4.1.     Water loss from four species of herbaceous perennials during 

postharvest cold storage2. 

Water loss (e. water/s fresh weiehtV 

Treatment /. sibirica /. ensata Hosta Hemerocallis 

Uncovered 

Water 0.70 0.60 0.61 0.38 

Moisturin 1:3 0.60 0.61 0.52 0.37 

Moisturin 1:1 0.60 0.52 0.49 0.36 

Wrapped 

Water 0.53 0.42 0.47 0.29 

Moisturin 1:3 0.44 0.38 0.36 0.31 

Moisturin 1:1 0.51 0.27 0.45 0.27 

Bagged 

Water 0.07 0.07 0.06 0.04 

Moisturin 1:3 0.04 0.06 0.05 0.05 

Moisturin 1:1 0.04 0.05 0.04 0.03 

Storage Condition *** ** ** *** 

Moisturin ** *** * NS 

Storage*Moisturin NS ** NS NS 

"Storage for five weeks at 2.8+1.0C, 87+6% RH. 

initial water content at harvest = 0.82+0.00, 0.77+0.02, 0.83±0.01, and 

0.81 ±0.03 g water/g fresh weight (mean±sE) for I. sibirica, I. ensata, Hosta, and 

Hemerocallis, respectively. 

"Nonsignificnat or significant at the P = 0.05, 0.01, 0.001 respectively. NS •   ••   •* 
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Table 4.2.      Survival of four species of herbaceous perennials after cold storage2 

j 1. sibirica /. ensata Hosta 

RT   LV 

Hemeroc 

RT    LV 

allis 

Treatment RT? LVX LNW RT LV LN LN 

Uncovered 

Water 0 0 3.0 2.7 16.0 2.6 2.4 4.8 10.1 29.1 

MI 1:3 0 0 1.8 1.8 6.0 2.4 2.2 3.8 6.9 21.4 

MI 1:1 0 0 2.0 1.7 8.4 2.6 1.8 2.8 4.4 14.7 

Wrapped 

Water 0 0 2.2 2.3 8.8 3.2 3.6 4.8 8.0 27.7 

MI 1:3 0 0 3.2 3.4 15.6 3.8 4.2 3.5 5.4 19.1 

MI 1:1 0 0 2.6 1.9 12.0 4.0 4.0 3.8 7.0 22.8 

Bagged 

Water 0 0 3.4 2.6 15.2 3.8 4.6 4.4 8.7 28.3 

MI 1:3 0 0 3.8 3.3 17.8 3.0 3.2 4.2 7.6 27.7 

MI 1:1 0 0 2.6 2.2 10.0 4.0 5.6 4.8 8.8 29.9 

Storage NS NS NS NS NS NS NS ** * NS ** 

Moisturin NS NS NS NS NS NS NS NS ** ** ** 

STxMI NS NS NS NS NS NS NS NS ** ** * 

zCold storage for 5 weeks at 2.8±1.0C, 87±5%RH. 
yRegrowth rating:  1 = dead, 5 = largest plant in the species. 

"Number of leaves per growing point. 
wLength of longest leaf (cm). 
NS'  > "Nonsignificant or significant at the P = 0.05, 0.01 level, respectively. 
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Table 4.3. Mean separation of storage and Moisturin treatments2 for species 

with significant regrowth measurements. 

Hosta 

# Leavesy 

Hememcallis 

Treatment Rating # Leavesy Leaf length fcrrO™ 

Storage 

Uncovered 2.1a 3.8 a - 21.7 a 

Wrapped 3.9 a 4.0 ab - 23.2 ab 

Bagged 4.5 b 4.5 b - 28.6 b 

Moisturin 

0 - 4.7 a 8.9 a 28.4 a 

1:3 - 3.8 b 6.7 b 22.7 b 

1:1 - 3.8 b 6.6 b 22.5 b 

zMean separation for storage or Moisturin treatments within columns using 

Tukey's multiple range test, P = 0.05.  Only treatments which were significant 

(see Table 4.2) are presented here. 
yNumber of leaves per growing point. 
xRegrowth rating:   1 = dead, 5 = largest plant. 
wLength of longest leaf (cm). 
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Table 4.4.       Mean separation2 of storage and treatment effects on survival 

ratings of all species. 

Treatment Regrowth ratingy # Leavesx Leaf length (cmVv 

Storage 

Uncovered 2.7 a 3.7 a 13.4 a 

Wrapped 3.1 ab 4.0 ab 14.6 b 

Bagged 3.4 b 4.8 b 17.9 b 

Moisturin 

0 3.3 a 4.8 a 17.5 a 

1:3 2.9 a 3.9 b 14.7 ab 

1:1 2.9 a 3.8 b 13.8 b 

zMean separation within columns for storage or Moisturin treatments for all four 

species using Tukey's multiple range test, P = 0.05. 
yRegrowth rating:   1 = dead, 5 = largest plant within a species. 
xNumber of leaves per growing point. 
wLength of longest leaf (cm). 
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