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PREFACE 

During separate investigations into overwinter cold storage of 

coniferous species, we discovered a common interest to develop a review 

and bibliography about seedling storage. The following document 

resulted, representing a joint effort between the Canadian Forestry 

Service, Northern Forest Research Center, Canada Department of Environ

ment, and the Applied Forestry Research Institute, State University 

College of Forestry. We hope that information presented here will stim

ulate serious thought about this promising aspect of nursery practice, 

and that our joint effort will encourage research scientists in other 

fields to undertake similar cooperative projects. 
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OUR REVIEW 

With careful practice and good culling, it is possible to obtain 

perfect survival among coniferous seedlings outplanted under field 

conditions. But in practical reforestation, survival usually falls 

short of the ideal. Non-controllable factors affect the trees. 

These include delays between lifting and planting, entailing storage 

for some period. If handled improperly, storage can lead to seedling 

losses. Theoretically, the better the storage, the better the chances 

for good survival. 

Within the spectrum of forests from tropical to subtropical, 

and temperate to arctic, one finds tree nurseries whose storage require

ments and procedures vary widely. A recent review of practices in 

Canada and the United States showed that although most nurseries 

stored trees for short periods in spring, only a few, confined to the 

northern and north-temperate areas, stored trees overwinter (77). 

Our review of literature dealing with tree storage revealed 

abundant information about factors that influence storage success or 

affect plant response to it. Yet, because of the multiplicity of doc

uments involved, most nurserymen cannot capitalize upon this reser-

voir of information. Mullen (116) did review North American litera-

ture pertinent to overwinter storage. But neither the broad applica

tion of conifer storage nor the more world-wide stockpile of informa

tion had previously been drawn together in a concise form. Conse

quently, we developed the review and annotated bibliography that follows, 

hoping to draw together in one place what has been known. We feel 

that it will prove useful to nurserymen seeking information about 

storage. 
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The literature review summarizes, by critical subject areas, what 

we found in the 191 references contained within the bibliography. 

These are referenced by source and explained by a brief abstract of 

the primary conclusions of the paper. Abbreviations follow the Word

Abbreviation List, National Clearinghouse for Periodical Title Word 

Abbreviations, 1971, published by American National Standards Insti~ 

tute, Standards Committee Z 39, Columbus, Ohio, 43210. As an aid to 

the reader, the bottom right-hand corner of each page in the biblio

graphy has been indexed to show the citation numbers for references 

included in that page. Where no abstract appears with the reference, 

we were unable to review the paper or to find within our libraries 

any discussion of its content. 

Within the literature review, temperatures are reported in centi

grade. The bibliography lists temperature according to the notation 

used by the author. For convenience of the reader, Table 1 shows 

the conversion between Centigrade and Fahrenheit to the nearest degree. 

Need for Cold Storage 

Tree nurseries often supply planting stock to a range of forest 

sites spread over a wide geographical area. Often readiness of the 

site for planting does not coincide with lifting time at the nursery, 

necessitating some adjustment of lifting and shipping schedules. To 

an important degree, seedling storage can help alleviate this problem. 

For example, trees allocated for planting at sites more northern, or 

at higher elevation than the nursery, could be held dormant through 

proper storage until planting site conditions became favorable (82, 102). 

In cases where the planting season must be extended, cold storage can 
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be used to keep stock dormant longer than if left in nursery beds 

(7, 11, 20, 32, 36,45,47,82, 135, 145, 158, 160). Also, lifting 

in the fall and storing trees overwinter can provide stock for early 

shipment to sites normally ready for planting before nurseries can 

begin spring lifting (7, 32,41,47,48, 100, 125, 135, 151, 160), 

especially in regions where nursery soils freeze duri~g winter (36, 

47, 54, 181). 

With proper temperature control, cold storage offers several 

benefits to nurserymen. It is more reliable and gives generally 

better results than storage in naturally cool areas, such as root 

cellars (36, 116, 148, 168, 169, 180). It can be used to hold over 

surplus planting stock from spring to fall, or even to the following 

year (5, 11, 36, 47, 136). It can provide a buffer for meeting plant

ing quotas when bad weather or other delays slow normal lifting sched

ules (7, 189). 

Fall lifting and overwinter storage offer additional benefits. 

Fall lifting can help ease spring workloads when labor is often diffi

cult to recruit (28, 41, 48, 66, 100, 135, 136, 151, 189), or provide 

a means to even out work loads during the year (5, 36, 69, 180). It 

enables earlier and more accurate inventory of available stock and fa

cilitates planning for spring distribution (28, 36, 41, 77, 136). 

It alleviates winter losses to rodents, desiccating winds, snow scald, 

or extreme temperature (28, 135). In addition, soil conditions desir

able for lifting, and seedling dormancy, are often better in fall than 

in spring (135). 

Generally, experience shows that when lifted, handled, and stored 

properly, cold-stored seedlings survive and grow as well as freshly 
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lifted ones. On some occasions they grow better, especially when the 

latter are lifted and processed under difficult, rushed working con

ditions (5, 6, 8, 22, 28, 37, 49, 54, 66, 71, 86, 95, 103, 104, 111, 

123,142,174). 

Condition of Stock Entering Storage 

Trees whose roots are bared at lifting to facilitate packing, 

shipping, and planting, suffer some degree of damage to the root sys

tem (135). Consequently, upon planting, a period of growth depression 

occurs, the extent depending on the degree of damage and the poten

tial of the tree to repair that damage (145). These two factors both 

strongly depend upon the physiological state of the plant at the time 

of lifting. 

Many authors agree that for best results lifting must be scheduled 

when plant growth is inactive, a condition referred to as dormancy, 

full dormancy, physiological hardening, hardened, hardening off, matur

ity of tissues, conditioning or conditioned stock (5, 7, 15, 42, 57, 

88, 96, 97, 109, 127, 128, 145, 160, 161, 189, 190). Other authors 

imply indirectly from their research the same conclusion (3, 4, 5, 6, 

28, 36, 41, 60, 62, 103, 136, 150, 164). For simplicity in this review, 

we call the general inactive condition dormancy, implying cessation 

of active growth, physiological maturity of tissues, and hardening off. 

Although it is generally recognized that full dormancy is nec

essary for successful storage, few authors have studied directly its 

indicators. Kahler and Gilmore (88) do suggest that dormancy is evi

denced by the difficulty experienced in separating bark and cambium 

from wood. Sandvik (145) found the termination of growth related to 
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the amount of sugars accumulated in the plant, and Cram, Lindquist, 

and Thompson (44) found increased survival for later lifting dates 

strongly correlated to decreasing content of moisture in plant tissues. 

Most commonly, to ensure proper dormancy of stock going into stor~ 

age, nurserymen delay lifting in the fall (4, 5, 6, 36, 41, 60, 96, 

97, 103, 127, 128, 136, 145, 160, 161), or advance lifting in the 

spring (150, 164). Also, undercutting prior to lifting has been 

reported to promote dormancy by increasing tissue differentiation and 

cell wall thickening (109). 

Using transplants for storage has given better results than with 

seedlings of similar age (28, 60, 116, 181). Attempts to improve the 

condition of stock entering storage by watering prior to lifting (99), 

grading by size (62), pre~conditioning at intermediate temperatures 

(62), and fertilizing (5, 127) have all failed. Seed source has some~ 

times been found to influence survival of stored stock (130, 160), 

but not always (188). Of course, to ensure success stock entering 

storage must be healthy (5, 54, 57). 

Materials for Wrapping and Packing Ar.ound Roots 

Packaging protects trees from desiccation during storage and pre

vents physical damage during handling and shipping. Totally enclos~ 

ing the stock in moisture-proof wrappers or polyethylene bags, and 

lining packing crates with polyethylene film have given good results, 

even when no supplemental moisture-retaining materials were added (5, 

9, 13, 42, 53, 70, 78, 95, 103, 108, 110, 122, 123, 124, 125, 127, 132, 

172, 173, 190), in some cases proving preferable to cold storage in 

paper bags (28), in bales with tops exposed (37), with mudded roots 
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(44, 198), and a variety of other protective methods (58,59,78). In fact, 

addition of peat has been found to reduce survival from storage with-

out peat (78, 103). However, if storage temperatures are not con

trolled, polyethylene bags may prove harmful by retaining excess 

moisture. Also they are susceptible to overheating if exposed dur-

ing and after shipping. This danger can be reduced by covering the 

bags with burlap or paper (12), or by using multi-wall kraft paper 

bags with polyethylene liners (77). 

Traditionally, seedlings have been packed in open-ended, root

to-root bales. This system gives good results in short-term storage 

(77), and sometimes in long-term storage under good conditions (37, 

189). Placing a large polyethylene sleeve over a stack of palletized 

bundles has been recommended as a means to minimize moisture loss from 

bales during storage (125, 145). Chemical conditioners such as 

"Rutex" or "Foligard" that coat needles or roots with latex or simi

lar substances have not proved advantageous in protecting trees from 

desiccation (2, 50, 58, 59, 139, 147, 164). 

The material used to wrap the central root-containing part of 

the bale may be burlap with or without waxed paper, or polyethylene, 

with no difference in survival (ll5), but adequate moisture-retaining 

materials must be included to ensure success (19, 20, 172, 189). 

Little difference results from using different types of moisture

retaining material within the seedling packages (52, 55, 114), 

although some work has shown better results with peat moss for packing 

than with sawdust or shingle-tow (62). A felted wood fiber blanket 

(cellulose wadding) has proven cleaner and easier to use and store 

than peat or sphagnum (85). However, in practice, nearly all nurser-
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ies use peat or sphagnum (77). 

Poor results from storing trees with cedar shingle tow have been 

attributed to the presence of soluble toxins called thujap1icins 

(93, 94, 164), which can cause mortality and may stunt growth (94). 

The effect might be avoided by soaking or leaching the shingle tow 

before use (19, 20). 

Dipping roots into clay or mud slurry has been advocated for 

protecting roots against desiccation, both in conjunction with and 

separate from cold storage (29,33). However, mud dip has been 

found only slightly better than no packing at all, the dipped seed

lings requiring added protection as compared tOOnE~S with packing 

(50). One study showed no consistent difference between mudding and 

sphagnum-excelsior packing (52), and mudding has been found infer

ior to moss packing when bundling trees in bales (44). Other stud

ies show that mudding impares survival (68, 185), attributable in 

part to caking on needles (41), or because the mud acted as an 

inoculum for molds (76). 

Moisture Relations During Storage 

During storage, trees must be protected from drying. As stated 

previously, this can be achieved by totally enclosing them in a 

moisture-proof wrapper (7, 78). Normally, some type of polyethylene 

film is used incases of extended storage (77). Trees thus packaged 

may even show higher water content and lower water deficit than 

freshly lifted stock (72). 

When seedlings are stored with tops or foliage exposed, moisture 

loss may prove serious (125). Some authors report that with decreas-



ing relative humidity during storage, survival declines due to 

moisture and dry weight losses from stored trees (68, 187, 189). 

8. 

To combat the effect, several papers recommend storage with relative 

humidity over 95 percent (7, 68, 103, 151, 163), most suggest at 

least 90 percent (23,47, 54, 86, 145, 163, 167, 181), and a few 

accept 85 percent as a minimum (41, 187). Some simply recommend 

high humidity (34, 95). However, in none of these cases was mois

ture content and post-storage survival and growth compared for diff

erent storage chamber humidities to identify a critical minimum 

level. 

A couple of studies considered moisture loss over the course of 

storage. At both below and above freezing, roots initially retained 

more moisture than tops, but later showed less moisture (47, 78). 

In other work, Douglas-fir, apparently lifted ani placed into storage 

with a moisture deficit, showed greater increases of moisture in 

roots than tops for 8 weeks, but during subsequent slow drying, . 

roots lost moisture faster than tops (163). In each case, the trees 

eventual~y showed less moisture in roots th~n tops. Tarrant (163) 

even suggests that in some cases apparently healthy seedlings may 

actually have dead roots when plante,I. Whi:e dead roots may absorb 

and transmit moisture, ones killed by desiccation do so poorly (92). 

Several studies provide information related to minimum moisture 

content critical to survival upon outplanting. With loblolly pine, 

leaf moisture of 11 0 percent of dry '~Jeight ~rove'l critical for roots 

to regenerate and needles to regain turgidity (35). In other research, 

general findings indicate that Norway SDruce and Scotch pine can lose 

10-12 percent of fresh weight without damage (145), but white spruce 



survival dropped to 6 percent when tops dried to 35 percent and 

roots dried to 30 percent of dry weight (78). Longer-needled 

species may lose moisture more readily than shorter-needled ones 

(86) . 

9. 

A study of means to protect seedlings against exposure indica

ted that for several species survival exceeded 90 percent when 

moisture remained above 80 percent of dry weight. 

complete when moisture fell below 30 percent (58). 

Mortality was 

Another study 

showed 70 percent survival for moisture content above 110 percent, 

and 5 percent survival when moisture dropped to 40 percent (59). 

In both cases, between these upper and lower limits, survival showed 

a linear relationship to moisture content. 

With above-freezing storage, adding moisture to packing mater

ials may help to retard desiccation. But Eliason (54) warns against 

wetting foliage because of resulting hazard of molding. Using a 

long probe that reaches to the root portion of the seedling bundles 

helps avoid wetting foliage during watering operations (43, 190). 

Seedling Physiology During Storage 

Dry weight losses during storage are well documented and have 

been correlated with reduced survival (5, 15, 58, 68, 143, 147, 187). 

Losses of starch, mostly from stems and buds, have been observed by 

staining sections of stored seedlings with iodine (15,72,78). The 

absence of starch from tops of ponderosa pine was correlated with 

lower survival, although starch was present in roots (72). In lob

lolly pine, good correlation was found between carbohydrate reserves 

in roots and survival, and those reserves were reduced during cold 
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storage or heeled-in storage. However, there were no correlations 

between survival and nitrogen content, carbohydrate to nitrogen 

ratio, or shoot length (63). Low non-reducing sugar content has 

also been correlated with reduced survival (145, ISS). 

Metabolic activity of tree seedlings, like with other living 

organisms, is probably strongly temperature-dependent and it is sur-

prising that so few studies relate physiological parameters to 

storage temperature. By measuring CO 2 production of Norway spruce 

seedlings stored in closed metal containers, it was found that res-

piration was progressively reduced in the proportions roughly of 

000 4:2:1 by temperature reductions from +1 C through -2 C to -6 C. Fur-

ther reductions to -lSoC did not materially reduce respiration and 

led to thm'ling problems (18, 145). Increased CO2 and 02 in the stor

age atmosphere also reduced respiration (145). 

In one study, a tetrazolium test showed less dehydrogenase acti-

vity in stored seedlings than among freshly dug ones (72). This 

might indicate reduced metabolic capacity, or might indicate dormancy 

(135). In one case, dehydrogenase activity among stored seedlings 

decreased by mid-winter and increased toward spring (15). Other work 

showed that pigments in Scotch pine and Norway spruce seedlings 

decreased with duration of storage, the decrease being correlated 

to reduced survival and growth after planting (167). One author sug-

gests that accumulation of "storage gasses" might be harmful (lOS). 

But survival does not appear correlated to enzyme activity (72). 
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Temperature for Storage 

We find a range of opinion expressed by authors who discuss stor-

age temperature. Many recommend holding it within a narrow range 

just above freezing, ranging from 00 to +30 C. A smaller group accepts 

a narrow range fluctuating from _20 to +20 C. A large number of work-

ers have obtained good results with sub-freezing storage kept between 

o 0 -2 to -6 C. 

Table 1 lists different temperatures found in the literature by 

mid-points of ranges given, with reference to authors. In consider-

ing these citations, two points must be kept in mind. First, most 

authors did not test storage temperature. They cite the temperature 

used in testing other factors where they observed good results in 

at least one treatment. Secondly, temperatures cited in the papers 

may not be the actual temperature immediately surrounding the trees. 

Within bales, bags, boxes, or crates the temperature can exceed or 

reach l20 C higher than ambient air temperature (31, 42, 76, 86, 149, 

158, 168, 169, 182). However, these greatly elevated temperatures 

seem mostly associated with storage at above-freezing levels. 

Within nursery beds, species of northerly climates tolerate sub-

freezing temperatures during winter. Assuming suitable dormancy at 

lifting, they seemingly should tolerate sub-freezing storage. Where 

comparisons have been made after appropriate preparation, sub-freezing 

storage gave better results than storage above freezing (18, 130, 145, 

190). In most reports, where sub-freezing storage yielded poorer 

results (22, 69, 104, 127), the trees may not have been fully dormant, 

or freezing may have been too rapid. 

Several authors warn.against rapid freezing (18, 26, 100). Notably 
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TABLE 1 

Storage Temperatures Giving Satisfactory Results 

Tern erature References 

°c of 

+3 +37 143, 167, 181 

+2 +36 5, 23, 47, 62, 88, 103, 172, 173 

+1 +34 22, 34, 39, 41, 47, 54, 69, 71, 95, 104, 127 

0 +32 5, 7, 21, 32, 53, 100, 109, 167, 189 

-1 +30 48 

-2 +28 37, 42, 125, 151, 177, 187 

-3 +27 78, 117 

-5 +23 17, 130 

-6 +21 18, 100, 129, 130, 137, 145, 190 

-10 +14 81, 190 
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susceptible to freezing are the southern pines (27,43,62,79). 

However, most other species have been successfully stored below 

freezing; it being generally preferred for long duration overwinter 

storage (77). There is some evidence that by gradually reducing 

temperature, nurserymen can help compensate for lack of dormancy 

among the plants (18). 

Mainly, low temperature tends to control molding (28, 76, 125, 

177, 187), and to reduce respiration with subsequent lower dry 

matter loss (18, 68, 145). But it can promote drying of plants 

placed into storage without protection against desiccation (125). 

Storase Molds and Their Control 

Molding of foliage commonly causes severe losses during stor

age (3, 5, 32, 47, 76, 100, 135, 145), and can lead to poor survival 

and poor first year growth (76). Molding is sustained by high rel

ative humidity (32, 36, 47, 54, 68, 76), or by presence of free 

water on foliage (3,4,5,7,15,17,19, 20, 21, 30, 36, 54,76, 

136, 145, 151, 166). In fact, one study showed free water essential 

for infection by 9 out of 10 storage molds investigated (76). This 

free water originates from lifting stock after rains, wetting fol

iage during packing, using excessively wet packing materials, or 

from accumulation of condensation due to fluctuating storage temp

erature. 

High storage temperature also fosters molding (16, 47, 54, 76, 

135, 145), but there is no general agreement upon a critical level. 

Successful infection occurred in presence of free water during tests 



14. 

o over a range of temperatures above 0 C (76). However, the degree of 

molding progressively decreased with each SoC reduction in tempera-

ture. o 0 Sub-freezing storage at -2 to -5 C reportedly prevents mold-

ing (68, 78, 125, 190), but the hazard may increase during the 

thawing-out period at the end of storage (145, 151). Danger and 

severity of molding tends to increase with longer duration of stor-

age, if conditions conducive to molding persist (3, 62, 126). 

Some species differences in susceptibility to molding have been 

reported (3,76, 125). These may arise from physiological differ-

ences or from morphological ones, such as better ventilation due to 

longer or stiffer needles. 

Fungi causing molding have seldom been identified and only little 

studied. Genera mentioned as important are Botrytis (36, 60, 68, 

166), Fusarium (36, 68, 76), Rhizoctonia (36, 47), Cylindrocarpon (36), 

Phacidium (28), Pythium, Epicoccum, Phoma, and Penicillium (76). 

Some authors report finding sterile mycelia (76, 145). 

Among 37 fungi isolated from moldy seedlings by Hocking (76), 

all commonly occur in nursery soils. Furthermore, the 10 isolated 

with significant frequency developed best under similar temperature 

and moisture conditions. Inoculum appears commonly present on soil 

adhering to roots and foliage (76), or in packing materials (36, 

47). Thus, storage conditions may constitute a more important deter-

minant to molding than the presence of any specific fungus or group 

of fungi. 
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Fungicides have been recommended to control molding during stor

age (20, 28, 53, 61, 68, 87, 135, 166), but experimental testing gen

erally provides negative or inconclusive results (3, 17, 18, 28, 

53, 68, 145, 166, 175, 177, 187). Packing with peat has been found 

more effective than applying fungicides for mold control (175, 187). 

Shingle tow packing was found more inhibitory than peat (47). How

ever, none of the work identified the species involved nor reported 

responses of individual species to these treatments. 

Hazard of root rotting has been reported serious among several 

deciduous species (191), the mortality reaching 100 percent among 

stock heeled-in in shingle .tow. But some mortality may have resulted 

from toxins in the shingle tow, as reported earlier (93, 94, 164), 

Duration of Storage 

Foregoing discussions identify several conditions necessary for 

successful storage of any duration. Generally, the better that 

nurserymen satisfy the critical factors, the greater the success 

they can expect with extended duration storage. 

Short-term spring storage of 2 to 3 months has been used widely 

with good success for most conifers, chiefly in central and southern 

areas where nursery beds can be dug in early spring (150, 171, 183). 

In central areas,where winters are short, 3 to 4 months' storage 

suffices and has been successful (54, 88, 189). In northern areas, 

a wide range of species, including Douglas-fir, Norway spruce, 

Sitka spruce, white spruce, ponderosa pine, red pine, Scotch pine, 

larch and several others have been successfully s'tored for 5 to 8 

months (28,37,46,77,95, 123, 125, 129, 147). 
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With stock lifted early in autumn (160), or late in spring (104), 

survival may decrease with extended storage. Long-term experience 

in Britain led to publishing a list of "safe" storage periods for 

a wide range of species (5). The safe period will vary with date of 

lifting, storage temperature, and between years (5, 6,8). 

Responses Following Storage 

As with other trees, cold-stored stock must be outplanted on 

suitable sites using all the precautions of good planting practice 

(5, 36). In Finland, studies indicated that differences of site and 

weather caused more and greater effect upon survival of Scotch pine 

than did storage treatments (190). Growth rates, especially, depended 

upon site conditions. Responses measured after the first year occa

sionally appeared reversed the following one, emphasizing the need 

for extending field studies for longer periods. 

New roots were found to arise earlier and in greater number on 

plants from cold storage and cool heel-in beds than from warm heel-in 

sites (113). Some work showed less root growth among cold-stored 

trees than for fresh-dug ones, the effect being most pronounced among 

early lifted stock and small for late lifting dates (11, 160). 

Like survival, root growth has been related to seed source in some 

cases, but not in others (160, 188). 

Post-storage exposure of Douglas-fir seedlings has adversely 

affected survival and growth after planting, the susceptibility being 

increased by extended storage (74, 75). During planting, keeping roots 

in pails of soupy mud improved survival in some cases by protecting 

them against exposure (73), but the overall value of mudding remains 
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unclear. 

A major consideration in planning for reforestation in northern 

areas is the timing of late spring and early fall frosts, and the 

length of growing season after planting. White spruce cold-stored 

for 5 months showed greater frost hardiness than unstored ones (86), 

but for Douglas-fir frost hardiness remained unchanged by storage 

(176). Cold storage can serve to extend dormancy in the spring, but 

if stock is planted too late, newly flushed growth may have insuffi-

cient time to harden before winter and may be killed (5, 9, 10, 

41, 128). For several species kept in unrefrigerated storage, Way 

and Maki (179) prolonged dormancy up to 2 months by applying alpha-

naphtha1ine acetic.acid, but pines were susceptible to injury from 

the treatment. Actually, once outp1anted, trees from cold storage 

take 2 to 3 weeks to break dormancy (36). 

SUMMARY AND RECOMMENDATIONS 

From the literature reviewed above, successful storage of conif-

erous seedlings seems dependent upon the following factors: 

1. Dormancy at the time of lifting -- Seedlings must be dorm-

ant to satisfactorily withstand long-term storage. For overwinter 

storage, lifting should be delayed as long as possible. The critical 

date for lifting probably varies with the type of season preceding, 

and should be determined by trials for each species and locality. 

It might be possible to induce dormancy by progressively reducing 

o storage temperature from a level initially about +5 C. For spring 

storage, lifting should be started as early as possible, and completed 

before active top growth starts. 
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2. Retention of seedling moisture -- Unless protected during 

storage, seedlings may dry out. The simplest solution is to package 

stock in a moisture-proof film, or to cover stacked bundles, bales, 

or crates with a moisture-proof envelope. However, these techniques 

may increase the hazard of molding if temperature is not adequately 

low and properly controlled. 

3. Retention of seedling carbohydrate reserves -- The starch con-

tent of tops and buds may decrease during storage. Low storage temp-

erature is probably the most important controlling factor. Storage 

o 0 at sub-freezing temperature, between -2 and -5 C, has been widely 

used and is probably feasible for most species, provided they are 

dormant. 

4. Prevention of molding -- Under certain circumstances, stock 

may mold during storage. Keeping temperature at a constant and low 

level is probably the most effective method for suppressing mold 

development. Sub-freezing temperatures have given almost complete 

control of molds on seedlings kept in storage for up to 7 months. 

5. Good seedling handling -- Poor handling can lead to seedling 

losses. Lift stock when foliage is dry. Keep it protected at all 

times. Keep roots moist. Keep air temperature cool in the sorting 

and packing shed. Ruthlessly cull all damaged, weak, diseased, and 

undersized stock. Pack plants loosely. If sub-freezing temperature 

is used for storage, elevate to about 00 to +20 C about 2 weeks before 

shipping. At planting time, observe the rules of good planting prac-

tice. 

Many good reviews have been published that discuss the basic 

principles for design of cold storage facilities and several suggest 
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specific structures (5, 36, 45, 56, 65, 90, 106, 125, 135, 140, 144, 

145, 189). 

Basic designs include the following: 

1. Adequate insulation. 

2. Cooling capacity for maintaining temperature at -SoC during 

the hottest weather, with emergency backup equipment. 

3. Double doors with dead air between them and large enough to 

accommodate mechanical handling devices. 

4. Direct access to the sorting and packing shed. 

S. Adequate circulation to ensure no dead air pockets develop 

among or within seedling stacks. 

6. Adequate monitoring equipment for continuous at-a-glance 

recording of temperature in all parts of the building, 

including long-lead probes for insertion into seedling pack

ages. 

7. Equipment to facilitate quick handling of stock going into 

and out of storage, especially on pallets or wheeled carts. 



Pines: 

SPECIES INDEX 

jack (Pinus banksiana Lamb.) 77, 86, 100, 157. 

slash C£. eliotti Morelet) 23, 70, 77, 79, 148, 180. 

lodgepole (£. contorta Dougl.var. latifolia Engelm.) 

5,10,11,42,57,76,77,149,150. 

coulter (£. coulteri D. Don) 77. 

shortleaf (£. echinata Mill.) 27, 77. 

P. elliottii) 178. 

Jeffrey (£. jeffreyi Grer. & Bolf.) 2, 62, 72, 77. 

sugar (£. lambertiana Dougl.) 62, 71, 77. 

western white (£. monticola Dougl.) 77 

Austrian (£. nigra Arnold) 77. 

20. 

Corsican (~. nigra Arnold var. ~~ric~) 5, 6, 8, 11, 59, 60, 127. 

longleaf (~. pa1ustris Mill.) 77, 79, 178 

ponderosa (£. ponderosa Laws) 2, 46, 47, 49, 50, 62, 72, 77, 95, 

113, 149, 150, 160, 161, 165. 

Monterey (~. radiata D. Don.) 3, 77. 

red (P. resinosa Ait.) 26, 37, 77, 81, 86, 100, 116, 117, 151, 
'- ---~..".. 

157, 179, 181. 

eastern white (£. strobus L.) 26, 34, 37, 51, 77, 82, 86, 99, 

100, 157, 181. 

Scotch (£. sy1vestris L.) 5, 6, 8, 11, 28, 30, 60, 66, 69, 77, 100, 

103, 104, 123, 126, 127, 132, 143, 145, 147, 167, 186, 187, 190. 

loblolly (~. taeda L.) 23, 27, 29, 35,43, 51, 52, 63, 77, 79, 88, 

168, 169, 170, 171, 172, 173, 179, 182, 183, 184, 185. 

Virginia (£. virginiana Mill.) 77. 



21. 

SPECIES INDEX (cont'd.) 

Spruces: 

True firs: 

Larches: 

Cedars: 

Norway (Picea abies (L.) Karst.) 5, 6, 8, 11, 17, 28, 55, 60, 

77, 100, 126, 127, 132, 142, 143, 145, 147, 156, 167, 177. 

Engelmann (~. enge1manni Parry) 77, 150. 

white (~. glauca (Moench) Voss) 26, 32, 37, 39, 42, 61, 76, 

77, 78, 82, 86, 100, 114, 115, 116, 151, 186. 

black (~. mariana (Mill.) BSP.) 77, 86, 151. 

Serbian (~. omorika) 121. 

Colorado (~. pungens Enge1m.) 69, 77, 103, 104, 186. 

sitka (~. sitchensis (Borg.) Carr.) 5, 8, 9, 10, 11, 46, 47, 

53, 57, 60, 77, 126. 

silver (Abies alba) 77, 121. 

amabi1is (~. amabi1is (Doug1.) Forbes) 53, 77. 

balsam (~. ba1samea (L.) Mill.) 26, 77. 

white (~. conco1or (Gord. & Gland.) Hoopes) 2, 77. 

grand (~. grandis (Doug1.) Lind.) 5, 11, 53, 77, 127. 

noble (~. procera Rehd. syn. A. nobi1is (Doug1.) Lind.) 

47, 49, 53, 60, 77, 188. 

European (Larix decidua Mill.) 11, 60, Ill, 132, 147. 

tamarack (~. 1aricina (Du Roi) K. Koch.) 9. 

Japanese (~. 1epto1epis (Sieb. & Zucc.) Gord.) 5, 9, 10, 57, 

60,77,127. 

western (~. occidental is Nutt.) 149. 

Siberian (~. siberica Ledeb.) 77, 143, 

white (Thuj~ occidental is L.) 77, 100, 152 

western red (!. p1icata Donn) 5, 6, 8, 60, 77, 93, 152. 



22. 

SPECIES INDEX (cont'd.) 

Hemlocks: eastern (Tsuga canadensis (L.) Carr.) 4, 100. 

western (!. heterophy11a (raf.) Sarg.) 5, 6, 8, 10, 

11, 53, 60, 77. 

Lawson cypress (Chamaecyparis 1awsoniana (A. Murr.) ParI.) 5, 11, 59, 60, 141. 

(sun. Port-.f)rford cedar). 

Yew: 

Juniper: 

Douglas-fir: 

(Taxus sp.) 21. 

(Juniperus sp.) 77, 152. 

(Pseudotsuga mensiesii (Mirb.) Franco) 2, 3, 5, 6, 8, 9, 

10, 11,22,30,46,47,49,53,60,73,74,75,77,89, 

93,95, 96, 97, 119, 121, 123, 124, 127, 130, 132, 133, 

134, 136, 139, 141, 163, 176, 188. 



1. 

23. 

ANNOTATED BIBLIOGRAPHY 

Abbot, H.G., and Eliason, E.J. 1968. Forestry tree nursery prac
tices in the United States. J. For. 66(9):704-711. 

A general snrvey and review with paragraphs on packing, 

shipping, and coiJ storage practice. 

2. Adams, R.D., and Eden, C.J. 1968. Four chemical conditioners do 
not improve condition of four conifer seedlings in California 
test. Tree Plant. Notes 19(1):14-18. 

The conditioners tested gave no advantage in 7 days' 

o 0 storage at 35-60 F, or 3 months storage at 35 F. Storage in 

kraft-polyethylene bags for 3 months improved survival of 

2-0 Douglas-fir over storage without bags with or without 

chemical conditioners. 

3. Adams, R.S., Gossard, S.F., and Ritchey, J.R. 1967. Phytoactin 
does not improve survival of stored Monterey pine and 
Douglas-fir seedlings. Tree Plant. Notes 18(4):8-10. 

Phytoactin was applied to prevent molding of Monterey 

pine and Douglas-fir seedlings stored for 0, 2, 4, and 8 

weeks in cold storage at 33-J50 F, in po1ycoated kraft bags. 

Survival of Monterey pine, but not Douglas-fir, was signifi-

cantly reduced after 8 weeks' storage, treated or untreated. 

The mean survival for phytoactin-treated seedlings was sig-

nificant1y less than for untreated seedlings. Mold developed 

on both treated and untreated Monterey pine, but not on 

any of the Douglas-fir. 

References 1-3 



24. 

4. Afanasiev, M., Engstrom, A., and Johnson, E.W. 1959. Effects 
of planting dates and storage on survival of eastern red 
cedar in central and western Oklahoma. Okla. Agric. Exp. 
Stn., Bull. B-527. 

Research between 1955 and 1958 showed best planting 

dates between mid-December and mid-March. Stock stored 

best when protected from freezing and drying, and kept in 

moist packing materials. Wet packing materials increased 

the hazard of molding. Storage for 2-7 days decreased 

survival by 10 percent. 

5. Aldhous, J.R. 1964. Cold storage of forest nursery plants. 
An account of experiments and trials; 1958-63. For. 37(1):47-63. 

Results indicate that a variety of species can be 

o safely cold~stored in polyethylene bags at 2 C for up to 6 

months if the trees are fully dormant, healthy and dry when 

placed into storage. Results varied with species, time of 

storage, and temperature. o Storage at -5 C generally decreased 

survival. Detailed results and recommendations are given for 

Sitka spruce, Norway spruce, Scotch pine, lodgepole pine, 

Corsican pine, Douglas-fir, western hemlock, Lawson cypress, 

grand fir, and Japanese larch. 

6. Aldhous, J.R. 1966. Storage and handling of nursery plants. Cold 
storage of seedlings. For. Comm., Lond., Rep. For. Res. 
1965:17-18. 

Norway spruce, Corsican pine, Douglas-fir, western hemlock, 

and western red cedar lifted and stored at 6-week intervals 

from October to May showed better results at 20 C than at -SoC. 

Roots of freshly dug Norway spruce potted in coarse sand and 

watered with dilute nutrient solution grew less than those 

of stored seedlings. Douglas-fir responded the opposite way. 

References 4-6 



25. 

7. Aldhous, J.R. 1966. Cold storage of plants. Timber Trades J. 
Lond., Suppl. Oct. 29, 1966. 

A general description of principles, procedures, and 

equipment. 

8. Aldhous, J.R. 1967. Cold storage of seedlings. For. Comm., 
Lond., Rep. For. Res. 1966:24-25. 

By varying lifting dates between October and May, and 

storing Norway spruce, Corsican pine, western hemlock, Douglas-

o 0 fir, and western red cedar at 2 C or -5 C, the authors found 

that plants lifted in October survived poorly. Norway spruce 

lifted in November survived storage adequately, as did all 

species lifted during or after December. All species survived 

o 0 and grew better after storage at 2 C than at -5 C. 

9. Aldhous, J.R., and Atterson, J. 1961. Handling and storage of 
plants. Use of polythene bags for transport and storage. 
Storage of plants at low temperatures. For. Comm., Lond., 
Rep. For. Res. 1960:25-27. 

Three-year results of storage in polyethylene bags for 

periods up to 6 months showed spruces, pines, and larches 

o most tolerant to storage at 2 C. Douglas-fir, western 

hemlock, Lawson cypress, and grand fir were less reliably 

stored. Storage at -SoC or for more than 6 months proved 

unsatisfactory. 

References 7-9 
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10 .. Aldhous, J.R., and Atterson, J. 1962. Cold storage of surplus 
seedlings. For. Comm., Lond., Rep. For. Res. 1961:21. 

Japanese larch, Sitka spruce, western hemlock, Scotch 

pine, and lodgepole pine stored satisfactorily at 360 F 

for up to 8 months in polyethylene bags. But storage at 

230 F, or storage for 10 months did not succeed. Douglas-

fir gave variable results from year to year. Height growth 

of stored materials was less than freshly dug stock. The 

review summarizes past work, but presents no data. 

11. Aldhous, J.R., and Atterson, J. 1963. Storage of plants at low 
temperature. For. Comm., Lond., Rep. For. Res. 1962:20-22. 

Scotch pine, European larch, Douglas-fir, Sitka spruce, 

western hemlock, Lawson cypress, and grand fir showed good 

results with spring storage in polyethylene bags for 4-7 

o 0 months at 2 C. Survival decreased with storage at -5 C. 

European larch survival was low because it had started to 

flush before lifting. 

12. Aldhous, J.R., and Atterson, J. 1964. Handling and storage. 
The transport of plants. Cold storage of plants. For. 
Comm., Lond., Rep. For. Res. 1963:22-23. 

When exposed to sunlight, polyethylene bags with kraft 

or cloth outer covers kept seedlings cooler than uncovered 

bags. 

13. Andreason, 0., and Thofte, U. 1963. (Storing plants in plastic 
bags.) Skogen 50(4):72-74,81. 

Results from storing plants at low temperatures in plas-

tic bags were generally better than from storage in peat 

litter. (From For. Abstr. 24(3):3603.) 

References 10-13 



27. 

14. Anonymous. 1954. Refrigerate your nursery stock. Mich. State 
Univ., Nursery Notes 1954. 

A general description. 

15. Anonymous. 1959. Storage of pine seedlings. U. S. Dep. Agric., 
For. Serv., Calif. For. Range Exp. Stn., Annu. Rep. 1958:44. 

Preliminary data given. See Hellmers, 1962. 

16. Anonymous. 1961. Lagring og plante behandling. (Storage and 
treatment of plants.) Skogbr. Skogind. Forsk. Foren., 
Arsberet. 1960, 1961:7-8. 

Studies of cold-stored plants during winter showed: 

1) growth must have stopped and trees reached state of 

o 0 "winter ripeness" to endure storage at 0 C and 2 C, and 

2) the needles must be dry to prevent molding when storage 

o temperature is kept above 0 C. (From For. Abstr. 23(3) :3553.) 

17. Anonymous. 1963. (Plant storage.) Skogbr. Skogind. Forsk. 
Foren., Arsberet. 1962, 1963:5-7. 

Study on control of fungus damage during storage showed 

no damage to plants packed in plastic and stored at -3 to 

-SoC. Molds that developed on Norway spruce could be con-

trolled by dipping in suspension of Brassicol (PCND), or by 

dusting plants with Brassicol before lifting. Some fungus 

damage occurred on parts of plants lying in moisture that 

condensed on the inside of the plastic, even after treatment 

with Brassicol and storage at 0 to -loCo (From For. Abstr. 

25(1) :586.) 

References 14-17 



28. 

18. Anonymous. 1965. (Storage trials with spruce plants.) Skogbr. 
Skogind. Forsk. Foren., Arsberet. 1964, 1965. 

Among stored plants, the respiration rate decreased in 

000 the proportion of 1:~:~ at temperatures of ~ C, -2 C, -6 C, 

and also decreased with increased CO2 and 02 concentrations 

in the air. Rapid freezing gave unfavorable results upon 

outp1anting. Storage at OOC and l oC until January 10, and 

o at -6 C thereafter, gave best results. Brassico1 had an 

unfavorable effect during storage below freezing. See 

Sandvic, 1963. (From For. Abstr.27(3):855.) 

19. Anonymous. 1965. Check list for care and handling of evergreens. 
U. S. Dep. Agric., Soil Conserv. Serv., Woodland Tech. Note 6. 

A general advisory leaflet, with items on indoor and 

outdoor storage. 

20. Anonymous. 1966. Tips on indoor storage of tree planting stock. 

21. 

U. S. Dep. Agric., Soil Conserv. Serv., Woodland Tech. Note 9. 

A general advisory leaflet with general specifications 

and costs. 

Anonymous. 1966. New England highlights: 
discuss overwintering, pruning stock. 

Education Day panels 
Am. Nurseryman 123(5):12. 

o General comments suggest that at temperatures of 32-34 F, 

not much light is required for overwinter storage. But at 

higher temperatures, more light is needed. Taxus plants may 

lose needles in winter storage due to lack of light. Emphasizes 

need for keeping foliage dry and providing good air circulation. 

References 18-21 



29. 

22. Anonymous. 1967. (Packing and storage of planting stock.) 
Wageningen. Bosdouw-Praefsta., Jversl., 1966. 

Douglas-fir lifted in February and stored in po1yethy1-

o ene in the dark at -2 C until April gave better results than 

stock lifted in the spring. Results, especially concerning 

mold, were better at l oC than at _2oC. (From For. Abstr. 

29(3):3815.) 

23. Anonymous. 1968. Planting study of refrigerated loblolly and 
slash pine seedlings. Unpub1. priv. commun. to Indian Mound 
Nursery and Magnolia Springs Seed Orchard from Reforestation 
Sect., Texas For. Servo 

o 
With storage at 35 F, and 90-95 percent relative humid-

ity, survival was above 65 percent of checks for storage up 

to 60 days, was reduced to less than 50 percent of checks for 

an additional 30 days storage, and to 0 percent after 120 days 

storage. 

24. Bailey, V.K. 1961. Storage of nursery stock. Am. Nurseryman 
113(1):12. 

25. 

General comments given relative to overwinter storage, 

with no experimental data presented. 

Bailey, V. K. 
stock. 

1969. How? Why? Bare-root storage of deciduous 
Am. Nurseryman 129(5) :15. 

General comments and description of facilities. 

References 22-25 



30. 

26. Baldwin, H.I., and P1easonton, A. 1952. Cold storage of nursery 
stock. Fox For. Notes 48. 

3-0 white pine, red pine, white spruce, and balsam fir 

were stored with their roots surrounded by sphagnum, covered 

with heavy wax paper, and packed in cartons. Highest survival 

was obtained with all species at temperatures just above 

freezing. Quick freezing at o 0-10 F gave total loss. White 

pine withstood storage best, then white spruce, red pine, 

balsam fir. Spring storage was better than autumn storage. 

27. Bean, S.D. 1963. Can bundled seedlings survive freezing? Tree 
Plant. Notes 58:20-21. 

Pinus strobus, ~. taeda, and ~. echinata all died after 

36 hours at 180 F, the latter 2 after 12 hours.' 

28. Bjorkman, E. 1956. Om 1agring av ta11-och granp1antor. ,(Storing 
pine and spruce plants.) Norrlands SkogsvForb. Tidskr. 
4:465-483. 

Storing pine and spruce in plastic bags prevented desicca-

tion at controlled temperatures for up to 5~-8 months, with 

best results at OOC. At 2-30 C molds jeopardized survival, 

and at _30 C survival dropped off for the longer storage 

period. Mortality was higher for temperatures -10 to _200 C. 

Extreme changes in temperature upon removal from refrigeration 

increased mortality. Treatment with a pentachlorophenol 

preparation for mold control proved satisfactory for 2 months' 

o storage at 2-3 C. (From author'S English summary.) 

References 26-28 



31. 

29. Bland, W.A. 1962. Use of clay solution in seedling packaging. 

30. 

Tree Plant. Notes 51:15. 

Dipping tree roots in a suspension of sand-free fire-

brick or pipe clay kept roots moist during cold storage for 

up to 6 weeks, without moss. 

Brad~c, V., and Struha, K. 1967. 
of seedlings in po1ythene.) 

(Experience with the storage 
Lesn. Pro 46(8):360-361. 

Several years of unsuccessful trials with winter stor-

age of Douglas-fir and Scotch pine in polyethylene bags were 

attributed to the length of storage and an inability to 

package seedlings dry. (From For. Abstr. 29(2):2254.) 

31. Bradley, K. 1959. Refrigerated storages. Am. Nurseryman 
110(5):104. 

General comments given relative to overwinter cold 

storage, with no experimental data presented. Mentions 

need for good air circulation, as dead spots can heat up 

32. Breen, J.R.C. 1968. Overwinter refrigerated storage of nursery 
stock. Dep. Lands For. Ont., Can., Wkly. Rep., Dist. of 
Lindsay, for week ending Nov. 4, 1968. 

Reports on overwinter storage of white spruce and jack 

pine seedlings in bundles at 32-34oF. Results of planting 

included in Bunting, 1970. 

References 29-32 



33, Brenneman, D,L. 1965. Automatic mudding of seedling roots, 
Tree Plant. Notes 71:1-4. 

Dipping in clay kept roots moist longer than on 

untreated plants and reduced heating within bundles, 

34. Bressy, G. 1968. (Storage of conifer seedlings in a refrig
erator.) Monti e Boschi 19(4) :17-24. 

Pinus strobus was successfully stored for several 

32, 

months on racks with roots between layers of moss at 

o 1 C and high relative humidity, (From For. Abstr. 39(2): 

2247.) 

3S. Brix, H. 1960. Determination of viability of loblolly pine seed
lings after wilting. Bot. Gaz. 121(4):220-223. 

Leaf moisture content of 110 percent (dry weight basis) 

was critical for survival, as determined by root regenera-

tion. 

36, Brown, R.M. 1971. Cold storage of forest plants: A review. 
Q. J. For. (in press). 

A general review, especially of British experience, 

with recommended designs for buildings. 

37. Bunting, W.R. 1970a. Overwinter cold storage of nursery stock, 
Northeastern Area State and Priv. For., Northeastern Area 
Nurserymen's Conf., Orono, Me., Aug. 11, 1970, Proc.:4S-49. 

White spruce, red pine, and white pine stored better 

overwinter at _30 C than at 1.SoC, and survival and height 

growth were better for trees stored in polyethylene bags than 

for those stored in bales, trays, or with bales inserted in 

polyethylene bags. White spruce and white pine stored in bags 

and kept at _30 C survived and grew better than freshly dug 

controls. References 33-37 



33. 

38. Bunting, W.R. 1970b. Preliminary report - Cold storage experiment, 
Orono nursery 1968/69. Onto Dep. Lands For., Nursery Notes 25. 

See Bunting, 1970a. 

39. Burgar, R.J., and Lyon, N.F. 1968. Survival and growth of stored 
and unstored white spruce planted through the frost-free 
period. Onto Dep. Lands For., Res. Rep. 84. 

Spring cold storage did not affect survival of white 

spruce, but growth decreased progressively for plantings 

during late spring and summer. 

40.· Byrd, R.R., and Peevy, C.E. 1963; Freezing temperatures affect 
survival of planted loblolly and slash pine seedlings. 
Tree Plant. Notes 58:18-19. 

o Seedlings died when stored at 20 F, or lower, for more 

than 48 hours. 

41. Chedzoy, J. 1968. Storage requirements for nursery stock. Intrmt. 
Nurserymen's Assoc., 8th Annu. Meet., Tree Nursery, ~FRA, 
Indian Head, Sask., Can., (Proc.): 66-68. 

Lodgepole pine and white spruce seedlings survived over-

winter cold storage better when lifted in October rather than 

in late September. Spring storage for 1 month in kraft-

o p'olyethylene bags at 1-2 C proved satisfactory. 

42. Christie, D. 1968. Storage requirements for nursery sto.ck. 
Intermt. Nurserymen's Assoc., 8th Annu. Meet., Tree Nursery, 
PFRA, Indian Head, Sask., Can., (Proc.): 64 ~65 . 

Describes storage methods and facilities for British 

Columbia nurseries, and for greenhouse and horticultural 

crops. 

References 38-42. 



34. 

43. Cossitt, F.M. 1961. Seedling storage in bales. Tree Plant. Notes 
45:4-12. 

Loblolly pine stored in bales, kept in a cool place, 

and watered frequently with a probe reaching to the center 

of bales survived better than heeled-in stock. The author 

warns against freezing loblolly pine. 

44. Cram, W.H., Lindquist, C.H., and Thompson, A.C. 1966. Tree pack
ing and storage studies. Tree Nursery, PFRA, Indian Head, 
Sask., Can., 1965 Summer Rep.: 12-14. 

Among several methods tested, polyethylene wrappings 

provided best protection against desiccation during storage. 

Mudding roots was not as good as packing with wet moss. 

Survival in fall transplanting increased with later date of 

lifting and was positively correlated with decreasing mois-

ture content (fresh weight basis), which indicates improved 

maturity of the plants. 

45. Davies, E.J.M. 1968. Scarce resource. Scott. For. 22(4):291-299. 

Includes a review of cold storage, with designs for 

facilities. 

46. Deffenbacher, F.W. 1951. Refrigerated storage of coniferous 
seedling stock. For. Tree Nurserymen's Conf., Portland, 
Ore., Proc.: 10-13. 

See Deffenbacher and Wright, 1954 

References 43-46 



35. 

47. Deffenbacher, F.W., and Wright, E. 1954. Refrigerated storage 
of conifer seedlings in the Pacific Northwest. J. For. 
52(12):936-938. 

o Storage of up to 6 months at 33--35 F and relative humid-

ity over 90 percent proved successful for Douglas-fir, 

Noble fir, ponderosa pine, and Sitka spruce. Molds developed 

o at temperatures above 35 F, and dehydration was common at 

higher and lower temperatures. Better results were obtained 

from packing seed~s in bundles than for storing them in 

crates or bulk. Storage had no noticeable permanent effect 

upon mycorrhizal fungi. Shingle tow or sphagnum gave com-

parable results as a packing material, except for ponderosa 

pine where sphagnum-packed seedlings showed poor survival. 

For the first 6 months, greater moisture was found in roots 

than tops, but thereafter, moisture decreased progressively 

within roots. However, moisture remained high for 12 months 

before dropping sharply. Seedlings packed in sphagnum 

retained greater moisture than those packed in shingle tow. 

48. DeVries, H.H. 1966. Storage of nursery stock. Onto Dep. Lands For., 
Can., Nurserymen's Meet., Swastika Dist., June 1966 (Proc.):34-36. 

A general discussion without experimental data. 

49. Dick. J. 1963. First-season survival and growth of stored Douglas
fir, Noble fir, and ponderosa pine planting stock. Weyerhauser 
Co., Centralia, Wash., For. Res. Note 51. 

Compared to freshly dug stock, trees lifted in mid-March 

and stored 5, 10, and 15 weeks in polyethylene bags at temp-

eratures just above freezing survived better than those stored 

at outdoor temperatures with roots in water. Height growth 

during the first year was better for stored than for freshly 

dug plants. (From For. Abstr. 24(4):4930.) References 47-49 



36. 

50. Dick, J. 1964. Rutex treatment of ponderosa pine planting stock. 

51. 

Tree Plant. Notes 65:14-15. 

Rutex treatment did not improve survival of stock stored 

from March 20 to May 6, and in one instance reduced it. 

Dierauf, T.A., and Marler, R.L. 
rooted seedling survival. 
Dev. Occas. Rep. 27. 

1967. Clay dipped vs. bare 
Va. Div. For., Dep. Conserv. Econ. 

Clay dipping increased seedling survival slightly, but 

even clay-dipped stock required protection from exposure. 

52. Dierauf, T.A., and Marler, R.L. 1969. Loblolly pine cold-storage 
planting study. Va. Div. For., Dept. Conserv. Econ. Dev., 
Occas. Rep. 31. 

Survival and height growth decreased with increased 

periods of storage of up to 100 days, but survival and height 

growth was better for earlier than later lifting and planting 

dates. No consistent differences were observed between clay-

dipped seedlings and those packed in sphagnum and excelsior. 

Freshly dug controls were not included. 

53. Duffield, J.W., and Eide, R.P. 1959. Polyethylene bag packing of 
conifer planting stock in the Pacific Northwest. J. For. 
57(8):578-579. 

Storage of Douglas-fir at 32-350 F for 4 months in enclosed 

plastic bags resulted in freedom from mold, possibly as a 

result of top-spraying with fungicides or rabbit repellents. 

No data given. 

References 50-53 



54. Eliason, E.J. 1962. Damage in overwinter storage checked by 
reduced moisture. Tree Plant. Notes 55:5-7. 

37. 

Recommends procedures for overwinter storage, based on 

past experience. 

55. Eliason, E.J., and Carlson, D. 1962. Tests with tree packing 
materials. Tree Plant. Notes 54:17-18. 

Tests of sphagnum, excelsior, and chopped hay as pack

ing on trees stored up to 5 weeks at 5~70oF showed no 

significant difference in survival related to differences of 

packing materials. 

56. Evans, R.L. 1962. Material handling comes to the nursery. 
Tree Plant. Notes 53:15. 

Describes palletized handling system for overwinter cold 

storage. 

57. Faulkner, R. 1957. The storage of one-year conifer seedlings. 
For. Comm., Lond., Rep. For. Res. 1956:123-131. 

General comments given relative to unrefrigerated 

overwinter cold storage of Japanese larch, lodgepole pine, 

and Sitka spruce, without experimental data. Studies showed 

Sitka spruce hardiest for storage. 

58, Faulkner, R., and Aldhous, J.R. 1957. Handling and storage of 
plants. For. Comm., Lond., Rep. For. Res. 1956:35. 

When wrapped in various materials and exposed for 10 or 

20 days, survival of seedlings with moisture content exceed-

ing 80 percent (dry weight basis) was over 90 percent. Those 

with moisture content below 30 percent did not survive. Poly-

ethylene wrapping gave best results. 

References 54-58 



38. 

59. Faulkner, R., and A1dhous, J.R. 1958. Handling of plants. For. 
Comm., Lond., Rep. For. Res. 1957:34-36. 

Studies of short-term exposure extended information on 

the relation between moisture content and survival. See 

Faulkner and A1dhous, 1957. 

60. Faulkner, R., and A1dhous, J.R. 1959. Plant handling and storage. 
For. Comm., Lond., Rep. For. Res. 1958:35-37. 

Storage in polyethylene bags under open sheds for vary-

ing periods from mid-November to mid-May gave generally sat-

isfactory results for late-lifted, early planted stock. Stock 

having wet foliage at time of lifting gave poorer results, 

although molding was not considered a great hazard. 

61. Flint, H.L., and McGuire, J.J. 1962. Response of rooted cuttings 
of several woody ornamental species to overwinter storage. 
Am. Soc. Hortic. Sci., Proc. 80:625-629. 

Survival of rooted white spruce cuttings was improved 

when dusted with Captan before storage for 6 months at 

o 0 32 F or 40 F. 

References 59-61 
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62. Fowells, H.A., and Schubert, G.H. 1954. Planting stock storage 
in the California pine region. U. S. Dep. Agric., For. 
Serv., Calif. For. Range EXp. Stn., Tech. Pap. 3. 

Pinus ponderosa, ~. jeffreyi, and P. lambertiana sur

o vived satisfactorily after storage at 41 F for 2, 4, and 6 

weeks. Fall storage at 380 F resulted in decreased sur-

vival after 4 weeks, but reasonably satisfactory results 

(81 percent survival) after 4~ months storage. Best storage 

o temperature appeared to be about 36 F. Temperatures of 

230 F and OOF killed plants. Grading plants by size or pres-

ence of hard-winter bud' did not indicate substantial differ-

ence in survival. Vermiculite or peat moss proved better 

for packing than did sawdust or shingle tow. Conditioning 

plants for 1-2 weeks at 5SoF before planting did not improve 

survival. (From For. Abstr. 15(4):3528.) 

63. Gilmore, A.R. 1961. The carbohydrate reserves of loblolly pine 
(Pinus taeda L.) roots in relation to early survival of out
planted seedlings. D.F. thesis, Duke Univ. 

Carbohydrate reserves were reduced in roots of seedlings 

that had been heeled-in or kept in cold storage. Found a 

correlation between carbohydrate reserves and survival, but 

not between N-content, CHO/N ratio, or shoot length and sur-

vival. (From Diss. Abstr. 21(12):1961(3576).) 

64. Goor, A.Y., and Barney, C.W. 1968. Forest Tree Planting in 
Arid Zones. Ronald Press, N.Y. 

A general guide, with a paragraph that recommends stor-

age for short periods only. 

References 62-64 
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6S. Gradi, A. 1968. (Air conditioned stored for the (cold) storage 
of plants of forest species). Ital. For. Mont. 23:181-194. 

A general description. 

" 66 .. Gramsch, W. 1963. Zur Uberwinterung von Forstpflanzen im 
Einschlag. (Overwintering Scots pine seedlings by heeling
in.) Soz. Forstwes. 13(10):310-312. 

1-0 plants heeled-in overwinter at the forest edge gave 

significantly higher survival and growth after planting out 

than spring-lifted stock. 

67. Grieve, W.G., and Barton J.H. 1960. Operations guide for TVA 
forest nurseries. Tenn. Valley Auth., Clinton, Tenn.:49. 

General comments on storage in cool basements, recommend-

ing refrigerated storage when seedlings are kept for more 

than 3 or 4 days. 

68. Haas, P.D. de, Wennumuth, G., and Bunemann, G. 1962. (Cold stor
age of woody nursery plants. 

I. Problems of climatology and technology 

II. Problems of horticulture and physiology 

III. Attack by Botrytis and Fusarium on woody plants in cold storage. 

IV. Comparison of jacket cooling at _2oC with direct cooling 
at+l.SoC and with heeling-in.) 

Gartenbauwissenschaft 27(2,3):199-230, 231-246. 

At lOC, a relative humidity of 98 percent could not be 

maintained without humidifiers. At lower relative humidity, 

losses of moisture and dry matter reduced survival and growth. 

High relative humidity favored attack by Botrytis and Fusarium, 

which were partially controlled with trichloronitro-benzene. 

Refrigerated storage gave better results than heeling-in, and 

_2oC was better than 1.SoC for suppressing molds. (From For. 

Abstr. 26(2):2139.) References 6S-68 
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69. Hamm, H.W., and Lindquist, C.H. 1969. Tree storage and packing. 
Tree Nursery, PPRA, Indian Head, Sask., Can., 1968 Summ. Rep.: 18. 

Por Colorado blue spruce and Scotch pine stored overwinter 

in sea~ed polyethylene bags for 204 days, mudding roots greatly 

reduced survival compared to plants with washed and untreated 

roots. o Storage at 24 P reduced survival as compared to stor-

age at 350 p, especially for pine. Poorer survival at 240 p 

appeared to result from desiccation of the seedlings. 

70. Hamner, J.G., and Broerman; P.S. 1967. A comparison of three 
packaging methods for slash pine seedlings. Tree Plant Notes 
18(4):3-4. 

Under unstated conditions, only polyethylene-lined 

bags gave good survival after 8 weeks' storage. 

71. Harvey, G.M. 1961. Effects of refrigeration and shipping on 
sugar pine field survival. Tree Plant. Notes 45:17. 

Por seedlings packed in washed cedar shingle tow and 

bundled in vapor barrier paper with tops exposed, survival 

decreased significantly with increased length of on-site 

storage after 5~ months refrigerated storage at 33-35
0 p. 

72. Hellmers, H. 1962. Physiological changes in stored pine seed
lings. Tree Plant. Notes 53:9-10. 

Por Jeffery pine and ponderosa pine, reduced field sur-

vival of stored seedlings seemed related to disappearance 

of starches, but not correlated to water content of needles 

or with enzyme activity (by tetrazolium test) in roots or 

stems. Starch was present throughout freshly dug stock lifted 

at various times, but only in roots of plants stored 4~ 

months. References 69-72 
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73. Herrmann, R.K. 1962. The effect of short-term exposure of roots 
on survival of 2-0 Douglas-fir stock. Tree Plant. Notes 52:28-30. 

Among seedlings lifted in April and stored for 2-3 weeks 

at 350 F, mortality increased slightly with increasing time 

of exposure beyond one-half minute. Puddling roots in soupy 

mud before exposure improved survival. 

74. Herrmann, R .. K. 1964. Effects of prolonged exposure of roots on 
survival of 2-0 Douglas-fir seedlings. J. For. 62(6):401-403. 

Survival and growth after exposure for 5 to 120 min-

utes depended upon the time of lifting, duration of storage, 

and length of exposure. Seedlings lifted in winter with-

stood prolonged exposure better than those lifted in the spring 

or in the fall. Extended storage increased susceptibility 

to exposure. 

75. Herrmann, R.K. 1967. Seasonal variation in sensitivity of Douglas
fir seedlings to exposure of roots. For. Sci. 13(2):140-149. 

Winter-lifted seedlings were less sensitive to expos-

ure than stock lifted at other times. Presents for various 

species a tabulation of previously published data pertain-

ing to root exposure trials. 

76. Hocking, D. 1971a. Effect and characteristics of bud pathogens 
of cold-stored white spruce and lodgepole pine seedlings. 
Can. J. For. Res., in press. 

Decreased survival and growth were correlated to a Moldi-

ness Index. Among fungi isolated and studied at storage 

o temperatures near 0 C, only Epicoccum purpurascens infected 

dry foliage, whereas 9'other fungi infected surface-

moist foliage. 
References 73-76 



43. 

77. Hocking, D. 1971b. Nursery practice for cold storage of con
iferous seedlings in Canada and the United States. Tree 
Plant. Notes, in press. 

A survey of cold storage practice revealed that most nur-

series are equipped with refrigerated cold storage facil-

ities. Most nurseries controlled temperatures in the range 

of 33--40oF, but exercised little control over relative humid-

ity. Most species have been successfully stored for 4-7 

months, excepting southern ?ines. 

78. Hocking, D., and Ward, B. 1971. Late lifting and storage over
winter frozen in plastic bags gives good survival of white 
spruce in Alberta. Tree Plant. Notes, in press. 

Stock lifted October 20 survived better than stock lifted 

October 13. Plastic bags prevented desiccation, with or with-

out added peat moss. Molding was almost wholly absent dur

ing storage for 203-214 days at _30 C. Best survival was 87 

percent, for stock packaged in plastic bags without peat. 

Observations of starch content (by iodine test) showed con-

sistent trend towards decreasing starch with increasing dur-

ation of storage. But at time of planting, starch was pres-

ent in roots of seedlings in all treatments. 

79. Hodges, C.S. 1961. Freezing lowers survival of three species 
of Southern pines. Tree Plant. Notes 47:23-24. 

Loblolly, slash, and longleaf pines proved susceptible 

o to freezing at 20 F, even for as short as 6 hours. 

References 77-79 
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80. Holmes, G.D., and Faulkner, R. 1955. Experimental work in nurs
eries. For. Res. Comm., Lond., Rep. For. Res. 1953/54:5-18. 

Scotch pine, lodgepole pine, and Japanese larch were 

lifted at monthly intervals from November to March and stored 

without refrigeration by a variety of methods. Best results 

were obtained from heeled-in outdoor storage. 

81. Holst, M.J. 1956. Scion storage and graft protection in the 
spring grafting of red pine. Can. Dep. For., For. Res. Div., 
Tech. Note 29. 

Eighty percent of grafted red pine scions took after 

deep-freeze storage, but only 57 percent survived after 

cold storage above freezing. 

82. Hopkins, G.M. 1938. Survival of nursery stock after cold storage. 

83. 

Fox For. Notes 11. 

Storage of white spruce and white pine at 3l-330 F from fall 

through mid-July led to poor survival, which suggests that 

stock stored overwinter must be planted earlier in the year. 

Iukov, R. 1964. (The storing of planting stock in water before 
planting.) Sumar. 17(3/4):97-106. 

84. Jacobsson, F. 1955. Vinter Forvaring av hostupptagna plantor. 
(Winter storage of plants lifted in autumn.) Skogen 42(7):126-127. 

Plants were stored successfully in open wooden boxes at 

outdoor temperature, or heeled-in at the planting sites. 

85. Jankowski, E.J. 1966. New seedling packing material available. 
Tree Plant. Notes 79:9. 

A blanket of felted wood fibres retained moisture well, 

proved easier and cleaner to store and use than sphagnum, 

and was less expensive. References 80-85 
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86. Jorgensen, E., and Stanek, W.K.L. 1962. Overwinter storage of 
coniferous seedlings as a means of preventing late frost 
damage. For. ehron. 38(2):192-202 .. 

Black and white spruce, and jack, red, and white pine 

were stored in root cellars where temperatures in root zones 

of bales stayed between 120 and 340 F, and air temperatures 

o ranged from 12-40 F. Pines tended to desiccate more than 

spruces. For white spruce, plants stored for 5 months were 

more resistant to late spring frost occurring after planting 

than was spring-lifted stock. 

87. Kahler, L.H. 1961. Cold storage of multiflora rose seedlings 
and hardwood stock. U. S. Dep. Agric., For. Serv., Reg. 9, 
State Nurserymen's Meet. Cadillac, Mich., Rep.:13-l6. 

88. 

Multiflora roses dipped in 1000 ppm phytoactin molded 

less than checks. 

Kahler, L.H., and Gilmore A.R. 1961. Field storage of cold 
stored loblolly pine seedlings. Tree Plant. Notes 45:15-16. 

Loblolly pine did not survive cold storage at 360 F' unless 

lifting was delayed until mid-December or later, after the 

stock hardened off and became dormant. 

89. Kappen, L. 1967. Physiologische Einflusse der Kuhlhausel
agerung auf die Douglasie (Pseudotsuga 'menziesii . (Mi!b.J 
Franco) 1. Frostresistenz und Zuckerspiegel von Kuhlhaus
pflanzen. (Psyiological effects of cold storage on Douglas
fir. 1. Frost resistance and sugar content of cold-stored 
plants.) Allg. Forst.-und Jagdztg. 138(8):181-5. 

Stock lifted in January and stored for 4 months at 

_1 0 to _20 C, showed better resistance to frost than unstored 

stock. Storage caused no important change in content of 

reducing or non-reducing sugars. 
References 86-89 
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90. Koall, H.E. 1965. Geholz lagerung in der Baumschule bei direk
tor Einwirkung des Raumklimas. (Storing woody nursery stock 
in directly conditioned rooms.) Dtsch. Baumsch. 17(9):260-264. 

Describes designs of different cold storage installa-

tions. (From For. Abstr. 28(1):547.) 

91. Konvalina, J. 1964. (The storage of tree seedlings in plastic 
bags.) Lesn. Pro 43(9):394-396. 

92. Kramer, P.J. 1933. The intake of water through dead root systems 
and its relation to the problem of absorption by transpiring 
plants. Am. J. Bot. 20:481-492. 

Roots that are dead may still take up and transmit water, 

depending on the cause of death. Roots killed by desiccation 

cannot transmit water as well as roots killed by heat or ether. 

93. Kreuger, K.W. 1963. Compounds leached from western red cedar 
shingle tow found toxic to Douglas-fir seedlings. U. S. Dep. 
Agric., For. Servo Res. Note PNW-7. 

Soaking roots of 2-month-old seedlings for 76 hours in 

a solution of 1000 ppm polyphenol, or 160 ppm thujaplicin 

leached from fresh red cedar sawdust, caused death of most 

seedlings and stunting of others. At lower concentrations 

and shorter immersion times fewer died, especially among 

dormant stock. 

References 90-93 
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47. 

Kreuger, K.W. 
seedlings. 

1968. Shingle tow packing material for conifer 
U. S. Dep. Agric., For. Servo Res. Pap. PNW-63. 

Thujaplicins depressed respiration of actively growing 

roots of Douglas-fir seedlings. Seedlings died when roots 

were packed for 1 week in unleached red cedar sawdust, 

whereas those packed in leached sawdust survived. The author 

concludes that packing seedlings in shingle-tow probably does 

not cause heavy losses of stock, but may retard growth. 

95. Lanquist, K.B., and Doll, J.H. 1960. Effect of polyethylene and 
regular packing methods on ponderosa pine and Douglas-fir 
seedlings stored overwinter. Tree Plant. Notes 42:29-30. 

Seedling of ponderosa pine and Douglas-fir seedlings sur

vived storage in polyethylene bags for 6 months at 33-340 F 

and high relative humidity, without adverse effect upon sur-

vival and vigor. 

96. Lavender, D.P. 1964. Date of lifting for survival of Douglas
fir seedlings. Ore. State Univ., For. Res. Lab., Res. Note 49. 

Seedlings survived and grew less well when lifted before 

December or after buds began to swell in spring. The effects 

were more pronounced among stored than unstored plants. 

(From For. Abstr. 26(3):401.) 

97. Lavender, D.P., and Wright, E. 1960. Don't lift Douglas-fir 
seedlings too early. Timberman 61(8):54-55. 

Lifting before December reduced survival and growth. 

References 94-97 



98. Leech, R.H. 1959. A second look at a nursery stock packaging 
experiment. For. Chron. 35(1):36-49. 

Por stock stored without refrigeration in bales or in 

crates, methods of packaging only slightly affected survival 

and did not affect growth. Lengthening storage adversely 

affected both survival and growth. 

99. Leech, R.H. 1961. Moisture relations of nursery stock. Onto 
Dep. Lands Por., Res. Pap. 45. 

Among various treatments, watering nursery beds one-

half hour before lifting resulted in decreased survival and 

growth. 

100. Leslie, A.P. 1945. Storage of planting stock over winter. Onto 
Dep. Lands Por., Res. Rep. 5. 

Various coniferous species were stored at or near freez-

ing in an insulated unrefrigerated storage room, or at 

l40 F or Oop under refrigeration. Storage at or near freez-

ing gave generally satisfactory results. Past freezing to 

Oop killed nearly all trees. Slow freezing to l40 p gave 

satisfactory results for all species. 

101. Limstrom, G.A. 1963. Forest planting practice in the Central 
States. U. S. Dep. Agric., Agric. Handb. 247. 

Recommends: (1) cold storage at 33-350 p if trees are 

held more than 1 week; (2) do not stack bundles; and (3) 

minimize storage time. 

References 98-101 
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102. Lindberg, S.O. 1951. Nymetod for forvaring av skogstruds plantor. 
(A new method for storing plants.) Skogen 38(12*):128-130. 

Under refrigerated storage, plants can be kept up to 

10 weeks while waiting for planting sites to thaw in northern 

Sweden. (From For. Abstr. 13 (4) : 3798.) 

103. Lindquist, C.H. 1970. Plant storage studies. Tree Nursery, 
PFRA, Indian Head, Sask., Can., 1969 Summ. Rep.:17-l8. 

Delaying lifting in fall up to October 28 (last date 

tested) progressively improved survival, especially for stock 

stored without covers. For storage at 350 F, survival was 

better among plants kept under polyethylene covers than in 

open, and those stored without moss than with moss packing. 

104. Lindquist, C.H., and Elliott, T. 1968. Spring storage of 
conifer transplants. Tree Nursery, PFRA, Indian Head, Sask., 
Can., 1967 Summ. Rep.:28-29. 

Survi val was brice as good among transplants lifted 

:1ay 3 and stored at 34oF, than among stock lifted :.1ay 19. 

105. Long, J.R. u.d. Do's and don't's when handling planted stock. 
Br. Columbia For. Servo Leafl. 

Reference incomplete as cited. 

106. Lutz, J.~., and Hardenburg, R.E. 1968. The commercial storage 
of fruits, vegetables; and florist and nursery stocks. U. S. 
Dep. Agric., Agric. Handb. 66. 

A general guide with descrilltions of storage facilities. 

References 102-106 



so.. 

107. Mac Irving , R. 1967. Physiological relationships of dormancy and 
cold hardiness in woody plants. Abor. Mich., U. S. Am. 

Reference incomplete as cited. 

108. Mahlstede, J.P. 1954. Handling evergreens for shipment. Am. 
Nurseryman 100(8):12-13,88-96. 

Completely enclosing plants in polyethylene film gave 

good survival, especially for larger stock. Discusses 

handling of ornamental evergreens. 

109. Mahlstede, J.P., and Fletcher, W.E. 1960. Storage of nursery 
stock. Am. Assoc. Nurserymen. 

110. 

111. 

112. 

Reference incomplete as cited. 

Mahlstede, J.P., and Kirk, L.K. 1954. Polyethylene: a solution 
to nursery shipping problems. Am. Nurseryman 100(4):7-8, 57-64. 

Discusses results of tests, (mostly with perennial and 

deciduous plants such as strawberries, rose bushes, etc.), 

using polyethylene bags to transport nursery stock to retail 

markets. Comments about shipping methods and procedures. 

Melzer, E.W. 
larch.) 

1963. (Extending the spring planting period for 
Arch. Forst. 12(9):895-901. 

Larix decidua 2-0 stock lifted on October 15, root-

pruned and heeled-in, survived better than stock lifted 

March 3 and treated similarly, except when the March-lifted 

stock was kept heeled-in for at least 8 weeks. (From For. 

Abstr. 25(2):2133.) 

Moises, J. 1958. 
the winter.) 

(Storing forest plants in nylon bags during 
Allg. Forst. 2. 69(21/22). 

References l07~112 
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113. Mulder, D., Tappiener, J.C., and Hansen, H.H. 1964. (Phenology 
of early shoot and root development in Pinus ponderosa plant-

114. 

ing stock in California.) Allg. Forst-und Jagdztg. 135(8):189-204. 

Compared development of heeled-in versus cold-stored 

plants. Cold storage and heeling-in at cool sites slowed 

growth of roots and tops as compared with heeling-in at warm 

sites. New roots arose earlier and in greater numbers on 

plants taken from warm heel-in beds. Root growth could not 

be inferred from top growth, or from the size, morphology, 

and development of terminal buds. (From For. Abstr. 26(1):67.) 

Mullin, R.E. 1956. Moisture retaining materials for nursery stock 
packaging. Onto Dep. Lands For., Div. Res., Res. Rep. 34. 

Tests using commercial sphagnum moss, locally collected 

moss, or poplar excelsior with or without a wetter, in unre-

frigerated spring storage, showed no significant differences 

in first year mortality attributable to packing material. 

Long duration storage led to increased losses. 

115. Mullin, R.E. 1958. An experiment with wrapping materials for 
bales of nursery stock. Onto Dep. Lands For., Res. Rep. 37. 

Tests of spring-stored nursery stock kept unrefrigerated 

in bales wrapped with burlap, burlap with waxed paper, or 

polyethylene showed no significant differences in first year 

survival related to wrapping method. However, mortality 

increased with duration of storage and with occurrence of 

freezing temperatures shortly after planting. 

References 113-115 
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116. Mullin, R. E. 1966. Overwinter storage of baled nursery stock 
in northern Ontario. Commonw. For. Rev. 45(3):224-230. 

Includes a review of literature dealing with overwinter 

cold storage. Tests showed survival of Picea glauca and 

Pinus resinosa was adversely affected by uncontrolled cold 

storage mostly below OoC (minimum - lSoC). but rising to SoC 

during March. Methods of packing and age of plants influenced 

survival. 

117. Mullin, R.E., and Bunting. W.R. 1970. Frozen overwinter stor
age for red pine. Tree Plant. Notes 21(4):15-17. 

Red pine stored overwinter both frozen and unfrozen by 

various packing methods showed best results from frozen stor-

age in plastic bags. Frozen bales placed inside polyethylene 

bags also gave good results. Survival was slightly less for 

stored stock than freshly dug controls. Height growth data 

given. 

118. Nelson. W.A .• and Anderson. H.W. 1966. Handling of large nurs
ery stock. West. For. Conserv. Assoc .• 10th Bienn. West. 
For. Nursery Counc. Meet., Proc. 1966:33-41. 

119. Neugebauer. W.O. 1963. (Protection against frost in cold storage .. ) 
Forstpflanzen - Forstsamen 2:5-7. 99.8 F7728. 

Discusses methods of cold storage for Douglas-fir, and 

times of planting out. 

120. Neugebauer, W.O. 1965. (Forest plants from the refrigerator.) 
Allg. Forstz. 20(49). 

Reference incomplete as cited. 

References 116-120 
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121. Neugebauer, W.O. 1966. Forst technische Umschau Rationalisierung 
in Forsbaumschulen durch Kulhauslagerung. (Rationalization 
in forest nurseries through refrigerated storage.) Forstarchiv. 
37(10):235-236. 

Abies alba (silver fir) and Picea omorika (Serbian spruce) 

do not store well. Douglas-fir needs wrapping. Discusses 

practical experience in nursery work and afforestation. (From 

For. Abstr. 28(2):2180.) 

122. Novotny, V. 1963. (Results of trials concerning the storage of 
plants in polyethylene bags in 1962-63). Lesn. Pro 42(9):396-398. 

See Novotny, 1966. 

123. Novotny, V. 1966. (Results of storing conifer seedlings in poly
thene in the winter of 1965-66.) Lesn. Pro 45(11):487-489. 

Survival of Douglas-fir and Scotch pine stored overwinter 

in polyethylene bags in unrefrigerated cold cellar was as 

good or better than fresh-lifted stock. (From For. Abstr. 

28(4):5578.) 

124. Novotny, V. 1967. (Storage and transport of Douglas-fir (plant
ing stock) in polythene bags.) Lesn. Cas. 13(5):445-454. 

A more detailed version of the results in Novotny, 1966. 

(From For. Abstr. 29(1):557.) 

125. Nyland, R.D. 1970. A progress report about overwinter cold 
storage of conifers in New York State. Northeastern Area 
State Priv. For., Northeastern Area Nurserymen's Conf., Orono, 
Me., Aug. 11, 1970, Proc.:39-44. 

Summarizes results of refrigerated cold storage research 

in N.Y.S. and offers recommendations for storage procedures, 

without presenting experimental data. 

References 121-125 
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126. Oglaend, I. 1961. Planter i plastpose. Nor Skogbr. 7(19):655. 

Unrefrigerated spring storage in sealed plastic bags 

was satisfactory for 1 month, but after 2 months molds 

severely damaged the stock. (From For. Abstr. 23(2):1964.) 

127. Oldenkamp, L., Blok, H., and van Elk, B.C.M. 1969. Opslagperiode 
en bewaarmethode van Zaailungen van Bosplantsoen. (Cold 
storage of tree seedlings.) Ned Bosbouw. Tijdschr.4l(1):23-29. 

Tested lifting and planting dates and storage tempera-

tures for several conifers, plus for Douglas-fir the influence 

of wrapping in polyethylene and fertilization with Nand K 

before lifting. Lifting after December but before February 

was generally best. o Storage at 1 C was generally better than 

at _2oC. Fertilization of Douglas-fir before lifting had 

no influence on survival upon outplanting after storage. (From 

authors' English summary.) 

128. Oldenkamp, L., and van Elk, B.C.M. 1967. (The storage period 
for forest plants.) Proefstn. Boomkwe., Boskoop, Jaarb. 1966. 

Conifers were stored at lOC or _2oC between lifting 

dates from October to February, and planting dates from March 

to September. Best survival and growth were obtained with 

plants lifted in mid-January and planted in April. Almost 

all plants lifted in October died, especially when stored 

at _2oC. (From For. Abstr. 29(1):554.) 

References 126-128 
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129. Ostermann-Halstenbek. 1959. Die verlangerte Pflauzzent; Nord
westdeutscher Forstverein-Bericht Uber die Tagung in Kiel. 
Ber. Tag. Nordwestdtsch. Forstver. 1959(1960):70-75. 

For a wide range of species, seedlings and transplants 

showed good survival and growth after storage for from 105 days 

to a full year at -2 to _80C. (From For. Abstr. 22(2):237.) 

130. Ostermann, M. 1964. (Further experience in delaying the growth 
of nursery plants by deep freezing.) Forst-und Holzw. 
18(19):406-409. 

131. 

132. 

o Storage for up to 8 months at -5 C gave generally good 

results even with hardwoods, but not for Douglas-fir from 

seed of German origin. (From For. Abstr. 26(2):2140.) 

Pike, G.W. 
stock. 

1933. Temperature only one factor in storing nursery 
U. S. Dep. Agric., For. Serv., Plant. Q. 2(2). 

Reference incomplete as cited. 

Radulescu, S., and Stanescu, C. 1968. 
fer seedlings in polythene bags.) 

(Winter storage of coni
Rev. Padurilor 83(7):342-345. 

Pinus sylvestris, Picea abies, and Larix decidua were 

successfully stored in sealed polyethylene bags overwinter 

in unrefrigerated cellars and sheds, where temperatures gen

erally did not rise above 100C. Douglas-fir did not store 

successfully. (From For. Abstr. 31(1):642.) 

133. Radwan, M.A. 1969. Animal repellents - effects on soils, trees, 
and tree storage. West. For. Conserv. Assoc., West. For. 
Nursery Counc., Proc. 1968:65-68. 

Thiram did not affect survival or growth when applied 

before or after storage of Douglas-fir. 

References l29~133 
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134. Radwan, M.A., Dodge, W.E., and Ward, H.S. 1967. Effect of stor
age on subsequent growth and repellency of Douglas-fir seed
lings sprayed with TMTD. Tree Plant. Notes 18(4):10-13. 

Cold storage reduced survival and growth of thiram-

sprayed seedlings, but not more than those of unsprayed seed-

lings. Increased length of storage reduced repellency of the 

thiram, possibly by loosening the sticker. 

135. Read, R.A. 1968. Storage requirements for nursery stock. 
Intermt. Nurserymen's Assoc., 8th Annu. Meet., Tree Nursery, 
PFRA, Indian Head, Sask., Can., (Proc.}:56-63. 

A general review with recommendations, but containing 

no experimental data. 

136. Revel, J. 1965. Cold storage of 2+0 Douglas-fir seedlings in 
multiwall bags. Br. Columbia For. Serv., Unpub1. For. Res. 
Rev. EP. 582-1964, March 1965. 

Plants can be successfully stored at 34-36oF for 6 months 

if lifted before mid-February, or if planted before mid-May. 

Excess of wet mud on roots or foliage may cause losses from 

"slimy mold." 

137. Roe, E.I. 1949. Frozen red pine planting stock shows fair 
survival. J. For. 47:566. 

138. 

Sixty-one percent of red pine seedlings survived plant

ing after 2~ months storage at 140 F in frozen sphagnum moss. 

Rohmeder, E. 
plants.) 

1961. (On the problem of co1dhouse storing of young 
Allg. Forstz. 16(32):463-464. 
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139. Roy, D.F. 1966. Effects of a transpiration retardant and root 
coating on survival of Douglas-fir planting stock. Tree Plant. 
Notes 79:10-12. 

140. 

Seedlings sprayed or dipped in transpiration retardant 

after packaging in shingle-tow and vermiculite and wrapped 

with waterproof paper did not survive as well as untreated 

stock. 

Rusten, A. 1965. iWinter storage of plants.) 
Skogplantesk., Xrsskr. 1964, 1965 (31-32). 

Extr. from Nor. 

General comments given about overwinter cold storage, 

including use of fungicides, bundling, plant containers, 

wrappings, and temperature and humidity of cold storage 

depots. (From For. Abstr. 27(3):3854.) 

141. Ruth, R.H. 1953. Survival and growth of fresh and stored 
planting stock. U. S. Dep. Agric. For. Serv., Pacif. 
Northwest. For. Range Exp. Stn. Res. Note 93. 

142. 

Ten-year height and survival observations showed no 

difference between stored and freshly dug plants of Douglas-

fir and Port-Orford cedar. 

Sandvik, M. 
planter. 
plants.) 

1957. Problemer med lagring og transport av gran
(Problems concerning storing and transport of spruce 
Nor. Skogbr. 6:1-4. 

Results from fall lifting and heeling-in overwinter 

were better than those for spring lifting. (From author's 

English summary.) 

References 139-142 
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143. Sandvik, M. 1959. Vinterlagring av skogplanter i skur og paa 
kjolelager. (Winter storage of planting stock in a shed or 
in cold storage.) Nor. Skogbr. 4(8):231-233. 

During two different years, experiments to store 2-0 

Siberian larch, 2-0 pine, and 2-0 and 2-2 spruce, for 7 months 

under various conditions, showed good survival with: 1) larch 

stored on an earth floor of a shed at uncontrolled above-

freezing temperature; 2) larch stored in a moist atmosphere 

at uncontrolled temperature; and 3) pine and spruce stored 

at l-4°C with relative humidity at 99-100 percent. Storage 

at ~2oC and 80 percent relative humidity resulted in dry-

ing out and heavy mortality of larch and spruce. Pine stored 

o from October 29 to May 27 at 1-4 C and 99-100 percent rela-

tive humidity grew twice as fast as did non-dormant seedlings 

transplanted directly from seedbeds. 

144. Sandvik, M. 1962. Building refrigerated stores for forest 
plants., Nor. Skogplantesk., ~rsskr. 1963:21-62. 

Comments and designs given for construction of refrig-

erated storage facilities. (From Transl. For. Comm., Lond. 

No. 161 (1963).) 

145. Sandvik, M. 1963. Methods of speeding up growth: Refrigerated 
storage of coniferous plants during winter. Rep. to 1st 
Sess. Joint Working Party on Tech. of For. Ext. and Restora
tion. Nor. For. Res. Inst. Vollebekk, Nor. 

Discusses principles, practice, and design of direct-

cooled and jacket-cooled cold storage facilities. Gives data 

for respiration and carbohydrate metabolism during storage. 
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146. Sandvik, M. 1967. Bygging av Kjolelager for skogplanter (Construc
tion of cold storage for nursery stock.) Nor. Skogplantesk., 
~rsskr. 1967. 

Describes designs and methods of use for cold storage 

facility and ancillary equipment. 

147. Schmidt-Vogt, H. 1963. (First experiments in delaying growth 
of forest plants by cold storage.) Forst.-und Holzw. 
19(5):85-86. 

In experiments to prevent frost damage when planting 

stock from lowland nurseries on upland sites, Norway spruce, 

Scotch pine and larch seedlings were lifted in November, 

December, and February, and kept for 2-8 months in a cold 

room at l-2oC and 90-95 percent relative humidity before 

being planted out on an upland site in April, May, June, 

or July. After 2 years, mean survival was 89 percent. 

Length of storage, and bundling versus no bundling, had no 

effect on survival. Survival was best (95 percent) for 

seedlings planted in July, and poorest among those planted 

in June. Scotch pine survived least of all species tested. 

(From For. Abstr. 25(4):5024.) 

148. Schultz, R.P., and Wilhite, L.P. 1967. Operational summer plant
ing of slash pine. U. S. Dep. Agric., For. Servo Res. 
Note SE-80. 

Unrefrigerated storage for 4-6 days reduced survival by 

15-30 percent. 

References 146-148 



60. 

149. Shearer, R.D. 1970. Storage of western larch, ponderosa pine, 
and lodgepole pine planting study. U. S. Dep. Agric., For. 
Serv., Intermt. For. Range Exp. Stn., Unpub1. file rep., 
2470 Si1vic. Pract. (4100). 

o Temperatures within bags stacked 5-6 deep were 7-14 F 

warmer than ambient temperature of 350 F. 

150. Simon, C.L. 1961. Effects of lifting date, cold storage and 
grading on survival of some coniferous nursery stock. 
J. For. 59(6):449-450. 

Spring cold storage of Picea enge1manni, Pinus contorta, 

and Pinus ponderosa for up to 3 months did not significantly 

reduce survival compared with controls planted the day after 

lifting. Trees survived less well when lifted 2-4 weeks 

after buds started to swell. 

151. Slayton, S.H. 1970. Storing baled red pine, black spruce, and 
white spruce overwinter feasible in Upper Michigan. Tree 
Plant. Notes 21(4):15-17. 

Storage of red pine, black spruce and white spruce 

overwinter at 27-30oF and 97-100 percent relative humidity, 

in sphagnum-packed bales, showed decreased first-year survival, 

but with results comparable to fresh-dug controls by the 

third year. o At 33-35 F some molds developed on stored plants. 

152. Snyder, W.E.J., and Hess. C.E. 1956. Low temperature storage 
of rooted cuttings of nursery crops. Am. Soc. Hort. Sci., 
Proc. 67:545-548. 

Ornamental varieties of Juniperus communis and Thuj.a 

occidental is stored overwinter in closed polyethylene bags 

at 31, 35, or 390 F did not grow as well as potted ones kept 

overwinter in the greenhouse. Taxus cuspidata stored at 390 F 

survived comparable to controls. (From For. Abstr. 18(3):2795.) 
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153. Solbraa, K. 1967. (Temperature recordings during cold storage 
of spruce plants.) Nor. Skogplantesk., ~rsskr. 

Reference incomplete as cited. 

154. Sowash, R.O. 1936. Cold storage of seedlings and its effect 
upon survival in the field. U. S. Dep. Agric., For. Serv., 
Plant Q. 5(4):9-11. 

ISS. Staal, E. 1964. (Storing plants in water.) Skogen 51(4):108. 

Seedlings survived outplanting satisfactorily 'after 

8 weeks storage (packed close together) in shallow water 

within containers or ditches. For storage exceeding 1 week, 

the water should be cool and the plants shaded. (From For. 

Abstr. 25(3):3491.) 

156. Stefansson, E. 1949. Lagringskorsok med granplantor. (Storage 
experiments with Norway spruce plants.) Skogen 36(9):117-118. 

Good first-year survival observed with 3-0 plants stored 

unrefrigerated for 14 days indoors or out and packed with 

sphagnum, in paper-wrapped bundles or in boxes. After 26 

days, indoor treatments molded and outdoor tre~tments desiccated. 

157. Stoeckeler, J.H. 1950. How long can conifers be held in spring 
by cold storage? U. S. Dep. Agric., For. Serv., Lake States 
For. Exp. Stn., Tech. Note 343. 

White pine, jack pine, and red pine lifted during the 

first week of May and stored at 500 F for up to 5 weeks showed 

95 percent survival after replanting in the nursery. Growth 

was reduced progressively by increasing duration of storage. 
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158. Stoeckeler, J.H., and Jones, G.W. 1957. Forest nursery practice 
in the Lake States. U. S. Dep. Agric., Agric. Handb. 110. 

159. 

Comments given about overwinter cold storage, without 

providing experimental data. Suggests that within tightly 

packed bundles of seedlings, temperature might be 1~20oF 

above ambient. 

Stoeckeler, J.H., and Slabaugh, P.E. 
practice in the prairie-plains. 
Handb. 279. 

1965. Conifer nursery 
U. S. Dep. Agric., Agric. 

A general guide, with recommendations for cold storage. 

160. Stone, E.C., and Schubert, G.H. 1959a. The physiological 
condition of Ponderosa pine (Pinus ponderosa Laws) plant-
ing stock as it affects survival after cold storage. J. For. 
57(11):837-841. 

Differential effects of survival noted between nurseries 

with different lifting and shipping schedules. Storage of 

1-3 months at lOC showed survival increasing with each 2-week 

delay in lifting up to mid-November, and a significant decrease 

in survival for each month added to the storage time. For 

seedlings lifted in November, elongation of lateral roots 

significantly decreased with each added month of storage. 

But for stock lifted after November 1, the effect changed. 

Survival and root elongation were correlated to seed source 

location. 

161. Stone, E.C., and Schubert, G.H. 1959b. Ponderosa pine planting 
stock studies indicate that time of lifting and length of stor
age before replanting influences survival of Ponderosa seed
lings. Calif. Agric. 13(3):11-12. 

See Stone and Schubert, 1959a. 
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162. Szymanski, B. 1960. Wstepne wynikibadan nad wp1ywen do1owania 
sadzoneksosay przez zime no ich wzrost nayprawie. (Prelimin
ary results of tests on the effect of lifting Scotch pine 
seedlings for the winter, and their growth after planting 
out.) Sylvan 104(5):73-81. 

Seedlings lifted in autumn and stored overwinter in 

pits gave lower survival and growth 2 years after planting 

than did spring-lifted stock. (From For. Abstr. 22(3):476.) 

163. Tarrant, R.E. 1964. Top and root moisture content of stored 
Douglas-fir planting stock. U. S. Dep. Agric., For. Servo 
Res. Pap. PNW-13. 

For 2-0 Douglas-fir packed in moist shingle-tow and with 

tops exposed, and stored at 350 F and 95 percent relative 

humidity for 8 weeks, roots gained moisture faster than 

tops. Also, roots lost moisture faster than tops during sub-

sequent slow drying. Moisture differences were related to 

plant size. The author speculates that poor survival may 

result from planting trees having roots that desiccated 

during storage. 

164. Tarrant, R.F.~ Isaac, L.A., and Mowat, E.L. 1951. Progress 
report on Deschutes 1950 test on ponderosa pine field plant
ing. U. S. Dep. Agric., For. Serv., Pac. Northwest For. Range 
Exp. Stn., Unpub1. Rep., Feb. 7, 1951. 

Seedlings survived 2 weeks' storage better when packed 

in shingle tow, but with 4 or 6 weeks' storage, survival 

was better for those packed in sphagnum moss. "Transp1antone" 

offered no significant advantage. Untreated stock per-

formed well. 
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64. 

165. 'Toy, S.J., and Mahlstede, J.P. 1960. Prolonging dormancy of 
nursery stock by increasing the concentration of carbon diox
ide in the storage atmosphere. J. Am. Soc. Hort. Sci. 
75:774-784. 

166. Trampe, W.P. 1960. Chemical treatment of nursery stock for 
better storage. Ohio Nursery Notes 29, and Minn. Nursery
men's News 7 (9.& 10). 

Recommends use of Captan or pentachloronitrobenzene 

to control molds, especially of Botrytis ~. 

167. Tutygin, G.S., and Veretennikov, A.V. 1968 (The effect of dura
tion of cold storage on the survival and growth of seedlings.) 
Lesn. L. 11(6):11-14. 

2-0 seedlings of Scotch pine and Norway spruce were 

lifted in spring before growth started, and stored for up 

o to 84 days at 0-3 C and 90-92 percent relative humidity. 

Observation of needle pigments, survival, and height growth 

indicated that pine should not be stored more than 40 days, 

and spruce not more than 53 days. (Prom Por. Abstr. 31(1):643.) 

168. Ursie, S.J. 1956. Bale storage effective for loblolly pine 
seedlings. J. For. 54(12):815-816. 

In Mississippi, cold storage of loblolly pine for up to 

37 days at 33-350 p in broken and unbroken bundles gave better 

results than·from storage in unheated warehouses or planting 

insandbeds. However, survival was high for all treatments. 

Duration of storage had no apparent effect upon survival and 

growth. 
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169. Ursic, S.J. 1956. Bale storage of loblolly seedlings. U. S. 

170. 

Dep. Agric., For. Serv., South. For. Notes 103. 

Loblolly pine seedlings can be successfully stored in 

standard Forest Service bales for up to 5 weeks. Survival 

o was 95 percent for bales stored at 34 F, 93 percent for bales 

kept on racks in an unheated warehouse, 91 percent for hee1ing-

in after opening the bundles, and 90 percent for hee1ing-

in with bundles unbroken. Differences were slight for 

first-year height growth. 

Ursic, S.J. 1960. 
Miss. Farm Res. 

Pit satisfactory for storage of pine seedlings. 
23(11):2. 

In northern Mississippi, storing bales seedlings of 

loblolly pine in earth pits proved as effective as the rack 

and cold storage methods recommended earlier. See Ursic, 1956. 

171. Ursic, S.J. 1961. Pit storage of baled loblolly seedlings. 
Tree Plant. Notes 45:13-14. 

Storage for 1, 2, or 4 weeks in earth pits where temp

o eratures averaged 45 F proved as effective as cold storage 

at temperatures just above freezing. 

172. Ursic, S.J. 1963. Kraft polyethylene bags recommended for 
packing and storing loblolly seedlings. Tree Plant. Notes 
47:23-28. 

Packaging in kraft-polyethylene bags proved satisfact-

ory for 3 months cold storage or 3 weeks unrefrigerated 

storage. Recommends including moss when plants are stored 

without refrigeration for more than 3 weeks. 
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173. Ursic, S.J. 1964. Packing, shipping and storing loblolly seed
lings in kraft-polyethylene bags. U. S. Dep. Agric., For. 
Serv., Reg. 8 For. Nurserymen's Conf., Proc.:65-67. 

See Ursic, 1963. 

174. Ursic, S.J., Williston, H.L., and Burns, R.M. 1966. Late plant
ing improves loblolly survival. U. S. Dep. Agric., For. 
Servo Res. Pap. SO-24. 

Seedlings taken from bales held up to 6 weeks in cold 

storage survived better than unstored stock planted in 

December. Includes storage recommendations. 

175. Vaartaja, O. 1955. Storage molding of maple seedlings. Can. 

176. 

Dep. Agric., Div. FOr. BioI., Bimon. Prog. Rep. 11(1):3. 

Found that packaging in peat was more effective than 

fungicide treatment in controlling molding during storage. 

van den Driessche, R. 1970. Studies on frost-hardiness of 
Douglas-fir seedlings. Br. Columbia For. Serv., Unpubl. Rep. 

Frost hardiness of both non-hardy and hardy seedlings 

was unchanged by storage within plastic-lined bags in dark

ness at 2oC. Holding plants in darkness at _4oC did not 

reduce hardiness after 3 weeks. 

177. Venn, K. 1967. A preliminary study of spraying spruce plants 
to control fungus attack during cold storage. Nor. Skogbr. 
13(21):553, 559-60. 

During storage at _2oC, untreated plants escaped fungus 

injury as well as 2-2 plants sprayed with fungicide in the 

nursery beds before lifting, or those dipped before packing. 

o At temperatures above 0 C, even treated plants were damaged. 

(From For. Abstr. 29(2):2257.) 
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178. Wakeley, P.C. 1954. Planting the southern pines. U. S. Dep. 
Agric., Agric. Monogr. 18. 

The author observed erratic results with longleaf and 

slash pine when stored at 35-4loF in small sphagnum and burlap 

bales. 

179. Way, R.D., and Maki, J.E. 1946. Effects of pre-storage treatment 
of hardwood and pine seedlings with alpha-napthalene acetic 
acid. Bot. Gaz. 108(2):219-32. 

180. 

Pine seedlings were susceptible to injury from treatment 

with alpha-napthalene acetic acid. In unrefrigerated storage, 

dormancy of treated plants lasted a maximum of 1-2 months. 

(From For. Abstr. 9(1):50.) 

Wilhite, L.P. 1966. Summer planting of slash pine shows promise 
in Florida. U. S. Dep. Agric., For. Servo Res. Pap. SE-23. 

Refrigerated storage for 3 days resulted in higher sur-

vival in most plantings than unrefrigerated storage for the 

same period. 

181. Williams, R.D., and Rambo, R. 1967. Overwinter cold storage of 
red and white pine transplants successful in northern Indiana. 
Tree Plant. Notes 18(2):21-23. 

Storage for 4 months showed that white pine became dorm-

ant later than red pine. Red pine survival showed no diff-

erence between stored and freshly dug stock for various methods 

of handling. But storage significantly reduced survival of 

white pine, the effect being attributed to pre-dormancy· lifting. 

Transplants stored better than seedlings. 
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182. Williston, H.L. 1964a. Seedling storage in refrigerated cars. 
Tree Plant. Notes 65:20. 

Seedlings in polyethylene-lined kraft bags, or bales, 

could be stored in refrigerated railroad cars for 3~ months. 

At 20-60oF, temperature was higher inside bundles and bags 

than in air around them, but inside the bags the temperature 

changed slower than that of the surrounding air. 

183. Williston, H.L. 1964b. Refrigerated-car storage of loblolly pine 
seedlings highly successful. U. S. Dep. Agric., For. Servo 
Res. Note SO-13. 

See Williston, 1964a. 

184. Williston, H.L. 1965. Moss not needed in kraft-polyethylene 
bags during loblolly pine seedling transport and cold storage. 
Tree Plant. Notes 72:10-11. 

Seedlings stored in bags without packing material were 

held in co~d storage 12 weeks with no adverse effect on first-

year survival. Adding moss improved survival if seedlings 

were stored unrefrigerated. 

185. Williston; H~L. 1967. Clay slurry root dip impairs survival of 
loblolly pine seedlings in Mississippi. Tree Plant. Notes 
18(4):28-30. 

o Seedlings survived storage at 34 F in kraft-polyethylene 

bags better when bare rooted than when first clay dipped. 

However, clay dipping afforded some protection against post-

storage exposure for up to 30 or 60 minutes. 
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186. Wilner, J. 1953. study of effect of storage and time of trans
planting on survival of certain broadleaf and evergreen seed
ling. For. Nursery Sta., Indian Head, Sask., Can. 1953. 

187. 

Presents tabular data for 3 years' studies under prairie 

conditions with various species, including ~. sylvestris, 

P. glauca, and~. pungens. (From For. Abstr. 17(1):371.) 

Wilner, J., and Vaartaja, O. 1958. 
seedlings during cellar storage. 

Prevention of injury to tree 
For. ehron. 34(2):132-138. 

Scotch pine, hardwood seedlings, and hardwood cuttings 

stored in a cellar by various methods consistently gave good 

results when roots were packed in damp peat moss. Pre-

storage treatment with fungicide increased survival only 

slightly, or was injurious. At 3~38oF, the stock remained 

dormant. But if relative humidity dropped to 85 percent, 

desiccation occurred. At 28-30oF, drying and mold growth 

decreased. 

188. Winjum, J.K. 1963. Effects of lifting date and storage on 2+0 
Douglas-fir and Noble fir. J. For. 61(9):648-654. 

Storage of Douglas-fir and Noble fir lifted at 4-week 

intervals and stored at 2°C gave good survival for several 

lifting dates, except in autumn and spring when non-

reducing sugar content was low. The author suggests using 

non-reducing sugar content as an index of favorable lifting 

time. Among fall- and spring-lifted stock, root production 

was reduced by storage. 
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189. Wycoff, H. 1960. Refrigerated storage of nursery stock. 
Tree Plant. Notes 42:32-33. 

Describes methods for refrigerated cold storage, 

without giving experimental data. 

190. Y1i-Vakkuri, P., Rasanen, P., and Hi11i, A. 1968. Taimiental 
vivarastoinnista ja sen vaikutiksesta mannyn taimien istutusk 
elpoisuuteen. (Overwinter cold storage and its effect on the 
field survival and growth of planted Scots pine.) Acta 
For. Renn. 88. 

Results showed that winter cold storage in tightly 

closed bags did not increase mortality compared to lifting 

in the spring. Soaking the roots of stored plants after 

storage did not affect results. No molds were found on 

stored plants. Variance analysis and correlations of the 

many measured characteristics of planted seedlings (initial 

height, shoot length, final height, needle length, number 

of new buds, vigor grade) indicated that shoot length 

would probably give an adequate picture of the developmental 

potential of the plant. (From authors' English summary.) 

191. Young, G.Y. 1942. Root rots in storage of deciduous nursery 
stock and their control. Phytopath. 33(8) :656-665. 

With indoor cold storage, disease incidence was less 

than one-half percent. With outdoor storage, stock hee1ed-

in in soil had very low incidence (0.1 percent) of root rot, 

but incidence among stock stored outdoor in shingle tow 

was 100 percent. Fusarium~. was always present, and 

Alternaria ~. was common. Both were successfully inocu-

1ated. See also Krenger, 1967. 
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