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Summary

Camercial nurseries often grow containerized
amifer seedlings for extended periads to reach
predetermined size and shoot :root ratio targets
in order to enhance field survival. The conse-
quences of this practice are addressed. White
spruce (Picea glauca (Moench) Voss) , red spruce
(Picea rubens Sarg.) and eastem white pine
(Pirus strabus Li.) were grown in three hardwall
aotainer types and three mesh-covered soil plug
types. Seedlings were grom either (@) fara ghort
periad designed to produce sufficient rooting in
hardwall plugs to facilitate extraction and han-
dlingor (b) for an extended growing period, de-
signed to produce large seedlings with low
shoot :root ratios. At the end of four growing
seasang, the field growth of smaller seedlings
from short rearing regimes was consistently
greater than field growth of seedlings fromex-
tended rearing regimes. Inplications for nurs-
ery practice are discussed.

Key wards: field growth, hardwall containers,
mesh-covered plugs, seedling size, shoot:root
hr=wlo)

Resumé

Les pépiniéres camerciales alltivent sowent en
conteneurs des semis de résineux pendant de
langues périocdes pour atteindre des dojectifs
prédéterminés au depitre de la taille et durap-
port systéme racinaire/systéme foliacd (SR/SF)

dans lebut d’arélicrer la survie sur le terrain.

Les attars éodiat les effets de cette pratiqee.

Des jeunes plants d’ épinette blanche (Picea
glauca (Moench) Voss) , d’ &pinette rouge (Picea
rubens Sarg.) et de pinblanc (Pirus strabus L.)

att été aultivés dans trois sortes de aotenaurs
rigides et dans trois types de mottes entourées
d'un filet. Tls axt & ailtivés aubien a) padant
une courte période afin de produire assez de
racires dans les alvéoles rigides por en faciliter
l'extraction et la marutention, aubienb) pen-
dant e lague péricde pour produire des jaunes
plants de bame taille au faible ragoort SR/SF.
Aprés quatre saisons de végétation, la
croissance en plein chanp des plus petits samis
élevés pendant une courte période a été
réguliéreament plus forte que celle des samis qui
avaient été soumis a un élevage prolanggé. Les
auteurs discutent des répercussions de cette
amstatation sur les pratiques des pépiniéres.

Mots clés : conteneurs rigides, croissance en
plein chanp, mottes entourées d'un filet, rap-
port systéare raciraire/systare foliacs, taille des

semis
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INTRODUCTION

Incentives for developing aanifer seedlings with enhanced aanpetitive advantages have been provided by
restrictions an planting-site preparation by firve and mechanical scarification MNewtanet al. 1993) ard
reductians in ar elimination of the use of chemical herbicides (Jdoidmet al. 1998) . Varicus studies have
shown that larger seedlings have a growth advantage conpared to smaller seedlings in plantations,

especially when carpeting vegetation is vigorous (Dddos 1976, Walker and Jamsan 1980, ven den Driessche
1982, Caulfield et al. 1987, Sutherland and Newsare 1988, Newtan et al. 1993, South and Mason 1993) .

Marty of these studies irvolved barercot seedlings that were often grown at different densities in the
rursery to produce various seedling sizes, or they were conparisans between bareroot and container-
groan seedlirgs.

Studies canparing the field growth of container-reared seedlings have also demonstrated the advan-
tages of large seedlings over amell seedlings; containers with larger cavities were used to produce larger
seedlings (MdMirm 1982, Simpson 1991, Jdoidon et al. 1998) . MdMimm (1982) suggested that the use of
lare aotainer-gromn seedlings, without planting-site preparation, may e a feasible altermative toplanting
gmall aotainer stock on mechanically prepared sites. Gontainer stock quality must be maintained if the
performence expectations of larger seedlings are to e realized (MdVirm 1982) . A high root-growth
capecity is especially inportant for large aontainer-reared seedlings (Jdoidmet al. 1998) .

Tinmis arnd Tanaka (1976) suggested that growing aonifers in sare-sized container cells at increasingly
wider spacings produced seedlings with morphological characteristics, such as higher dry weight and
sturdiness, that inprove field performence. However, Salanius et al. (2000) have shown that, during the
hardening of mursery-grown seedlings in container aanfigurations at wide spacings, root growth within
the aonfines of the soil plug is excessive encugh to produce root densities that reduce subsequent root
growth in the field.

Arorent nirsery practice often relies an extended growing regimes in aatainers to attain predetermined
size gpecifications and to affect a lowering of the shoot :root ratio. The aultural lowering of shoot:root
ratios by extended rearing to produce Yalanced” seedlings capeble of resisting evapotrangpiration stress
after cutplanting, althouh inperative for bareroot stock, has been shown to e less necessary or even
counterproductive for aontainer-reared aanifers (Walker and Jamsan 1980, McGilvray and Barmett 1982,
Bamett and Brissette 1986, Bermier et al. 1995) . Bemier et al. (1995) suggested that low shoot :root
ratios for aontainerized aonifer seedlings may indicate an overgrown root system with large suberized
roots, tightly packed inside the aontainer cavity. The necative effects on seedling growth of increasing
root density within the aonfines of the container cavity, even before adequate root growth has cocourred
to bird the soil plug together, have been demmstrated (Salanius et al. 2000, Balisky et al. 1995, Endean
and Carlson 1975) .

Kinghorn (1978) suggested that root shaping and deformation comence as soon as arty roots extend
to the bourds of the container. Martinsson (1986) stated that no container system can satisfy the
demand for growing space for roots ard, therefore, the langer seedlings have been grown within the
axfines of container cavities the worse will ke the resulting root deformation. Barmett and Brissette
(1986) care to similar conclusions regarding diration in cotainers.



Our early work with a miltitude of hardwall aontainer seedling stock types (upublished) showed correla-
tiaons between field performence and either rirsery root weight or shoot :root ratio to e very poor while
correlations between field performance and shoot volure, shoot weight and stem diameter were high.
These doservatians were amnsistent with the finding that current photosynthate production is the pri-
mery energy source for the new root growth that is essential for good field perfaomence (Philipsan 1987,
van den Driessche 1987) . The effects of antainer-induced root defammities an plantation stability (Lindgren
ard Orlarnder 1978, Burdett et al. 1986) ard planted seedling growth rates carnpared to naturally regen-
erated seedlitgs (Halter et al. 1993) have received attention. However, there has rnot been a study specifi-
cally directed towards a canparisan of the field performence of early planted seedlings with seedlings
planted after externded rearing in the same container system.

The study presented here reports the field performence of three anifer species grown in three hardwall
ard three mesh-covered plug container types. The field growth performence of early planted seedlirgs is
conpared with the performence of seedlings that were exposed to prolanged rursery rearing designed to
lower shoot :root ratio ard increase seedling size.



MATERIALS AND METHODS

Three amifer gpecies were included in these experiments: white spruce (Picea glauca [Moench] Voss) , red
Spruce (Picea rubans Sarg.) , andwhite pine (Pirus strabus L.) . Seedlings were grown in three sizes of
hardwall miltipots and three sizes of JIFFY® mesh-covered plugs (Teble 1) .

Hardwall cavities were filled with amoist peat:vermiaulite (2:1) mix. They were seeded ard then a thin layer
of limestane grit was applied over the seed. Unexpanded JIFFY plugs (fine peat) were seeded and covered
with a thin layer of paper tissue, over which a thin layer of linestane grit was goplied tohold the seed in
plae.

Longer rearing time was allowed for formats with larcger soil plugs (Table 1) . A canparison Sunmer Crop,
seeded May 2, was grown in IPL 45-90 and Jiffy 96 only. All three species were seeded on each date.
Tnmediately after seeding, reqularmist irrication was agolied with a fertilizer solution (farestry starter)
at tenparts per million (pom) nitrogen for the 20-day germination period. Sugplemental light was sup-
plied for 2 hours each night to prevent lud fomation in regponse to short daylength. The greenhouse
was meintained at 25°C during the germination pericd.

When germinatiaon of the winter crops was aoplete, seedlings were thirmed to ane per soil plug or cavity
and they were moved into a greenhouse that was operated at a day temperature of 22°C and a night
tenperature of 18°C. During the first 2 weeks following the germination period, forestry starter solutian
was gpplied at 20 pomnitrogen. Irricatian with this solution was carried aut at least three times weekly,
sufficient toproduce loth soil satiration and drdp fram the bottamof the soil plug. This irrigation regime
ensured that nutrient concentrations would be the same in the soil plugs of all container types.

Teble 1. Sizes ard seeding dates of milti-pot and mesh-covered soil plugs

Container Top Diameter (mm)  Soil Volume (cm?) Seeding Date
STYROPLUG 415D 42 170 a/1

IPL 45-90 38 90 7/2
ROPAK 1-67 32 57 14/3
JIFEY 70 45 90 an

JIFFY 98 38 78 7/2

JIFFY 140 32 50 14/3




Forestry grower solution at 50 pomnitrogen was goplied fram 5 weeks after seeding until the crops were
heavily leadhed to lower soil nitriat levels. After leaching, the seedlirgs were irvigated with water fara
week to slow growth rates at the start of the hardening pericd (June 12-19) . Following this week of water
aoplication, forestry finisher solution was applied at 35 pomnitrogen, starting June 20. All winter-
reared crops were moved out of doors an June 27 to assist in the transition to less succulent growth
during hardening. That portion of the winter crop not sulomitted to extended rearing, was field planted in
mid-July over a period of 2 days. That portion of the winter crop that was subjected to extended rearing
ramined in the autside growing area until frost hardiness to -15°C was determined. These seedlitgs were
frozen for overwinter storage at the end of Octdeer, as is standard practice.

The summer crops, which were reared under the same rutrient, irrigation, and tenmperature conditions,
had supplemental night lighting withdrawn as leaching commenced on August 23. These crops, after
settinglud, received farestry finisher solution and extended gresrihouse aulture during hardening (Qolunoo
et al. 1989) . They were frozen for winter storage after frost hardiness to -15°C was determined.

The winter cragp of JIFFY plugs held in the nmursery for extended rearing developed marty root camectians
between adjacent soil plugs; this was also the case for JIFFYS reared as a sumer crop as a result of
extended root growth after bud set. These root comections had to be cut in order to separate the
seedlings fram each other. No cutting was required for the JIFFY winter crops that were cutplanted in
July as these plugs had very few fine root camections. Two cutting treatments were conpared for the
winter-reared crops held in the mursery for extended growing. Early root cutting was done Septarber 5
to allow healing of severed roots during the autum hardening periocd. The late root cutting was dane
Qctdoer 28, just befare the seedlirgs were placed in freezer starage; this treatment did not allow for ary
repair of severed roots. The root cutting for summer-reaved JIFFY 96 was aonducted Decanoer 12, just
kefare the seedlitgs were frozen.

There were a total of 40 seedlings for each treatment available for destructive sanpling ard 40 seedlings
available for cutplanting. The data for sumer-reared crops were dotained fram 20 seedlings for de-
structive measurements ard 20 seedlings for autplanting. The height and root collar diameter of each
seedling were measured just before winter-reared craps were to be early planted (July) or just before
winter crops from extended rearing or summer crops were frozen for winter storage. Soil was washed
from the roots, then all shoots and all roots from individual treatments were oven dried in a pooled
sample. The frozen seedlings were thawed for 48 hours at 20°C and planted divectly fram freezer baxes
the following May. Measuraments of height ard root collar diameter, both at the end of the rearing pericd
ard after several years of growth in the field, allowed camperisans of seedling volure, which was calcu-
lated by multiplication of root collar diareter (rod) squared times height (ht) ; this product (rocf.ht) hes
Ieen fourd to correlate well with seedling shoot weight (Kira and Shidei 1967, Ruehle 1982, Metlwven
1983, Wagner et al. 1989) . Pooled oven-dry shoot and root weights, determined at the end of mursery
rearing, allowed shoot:root ratics toke calaulated.



Seedlings were field planted in a farmer bareroot rursery in five-tree rows ruming north-south in tilled
strips ruming east-west . Population runoers were randonly assigned to the five-tree rows at the aut-
set, such that there were eight rows for each (four planted 1994, four planted 1995) of the winter-reared
treatments and four rows for each of the sumer-reared treatments. After early planting of winter-
reared crops in July 1994 was conplete, the remaining rows were unoccupied until seedlings that had
Ieen stored frozen were planted in May 1995. The five-tree rows were 38 am apart and the seedlings
within the rows were 25 an apart.

Field measuranments were carried aut inZAugust 1997. At this time, the winter crops planted in July 1994
had been growing in the field for four seasons. Their conterparts, which had been exposed to extended
nursery rearing and then frozen overwinter, hadbeen in the field for three growing seasans, as had the
sumer-reared crops which had also been stored frozen before cutplanting in May of 1995.



RESULTS

Hardwall

White spruce seedling volures for the three hardwall aontainer types, at the tine of planting arnd after
several growing seasans in the field, are shown in Fig. 1. Winter-crop seedlings that were planted fraom
frozen storage in May 1995 were larger, with reduced shoot :root ratios, then their comterparts were
when planted early in July 1994 (Table 2) . This advantage inplant size was lost when final field measure-
merts were doe in August 1997. The loss of this advantage inplant size was similar for each of the tlree
hardwall container types (Fig. 1) . The field performance of the white spruce summer crop reared in
IPL 45-90 containers, (frozen Decarber 12, 1994) was intermediate between the early planted and ex-
tended- reared winter craps; these seedlings resided in the aontainer cavities for a ansiderably shorter
period than the extended-reared winter crop. The planted shoot :voot ratios of both sumer-reared and
extended-reared winter crop seedlings from IPL 45-90 containers were lower than that of the winter-
crop seedlings when planted early in July 1994 (Teble 2) .

This field-response pattem was repeated for red spruce fram the three hardwall aontainer types (Fig. 2),
where early planted seedlitgs were larger in August 1997 than seedlings that had been held in the rirsery
to cain size and reduce shoot :root ratios befare planting inMay 1995 (Teble 2) . Althouch the field growth
of sumer-reared red spruce from TPL 45-90 containers was intermediate in volure between early planted
and extended-reared crops in August 1997, the mean shoot :root ratio of these sumer-crop seedlirgs
at planting was the sane as that for the extended-reared winter crop and much lower than that of the
red spruce winter-crop seedlings that were planted in July 1994 (Table 2) .
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Figrel. Mesnwvolures (+ SE) of early planted and extended-reared

white spruce seedlings grown in hardwall containers, at
planting and after several field seasanis.



Table 2. Sizes and seeding dates of multi-pot and mesh-covered soil plugs

White spruce Red spruce White pine
Container Crop Roots cut Planted Height (cm) RCD (mm) S/R Height (cm) RCD (mm) S/R Height (cm) RCD (mm) S/R
415D  Winter - 7/94 201054 26007 503 2377073 23"0.08 477 9.9"04l 26"0.06 3.7
415D Winter - 5/95 235"113 3.6"010 284 342"0.84 3.0"0.10 285 109"0.66 29"0.10 173
70 Winter - 7/94 1547054 19'"0.07 737 20.8"047 18"0.06 727 9.4"047 22"0.06 556
70 Winter 9/94 5/95 19.2"0.87 3.1"0.10 4.38 27.3"0.66 25'"0.08 510 10.3"056 29"0.10 3.39
70 Winter 10/94 5/95 191"0.85 3.0"0.1l 435 3237098 28"0ll 529 10.6"0.47 26'0.10 348
45-90  Winter - 7/94 179050 19"0.07 498 185"0.6! 16"0.07 500 94"0.30 17"0.04 413
45-90  Winter - 5/95 211"0.82 29"010 33! 283"090 23"0.09 3.68 102"0.38 23"0.07 L72
45-90  Summer - 5/95 215070 2.0"0.07 417 222057 17"0.08 3.68 84"0.37 15"0.10 2.00
96 Winter - 7/94 18."0.82 2.0"0.06 10.83 20.4"0.48 18"0.06 935 9.5"0.37 23"0.06 7.30
96 Winter 9/94 5/95 18.9"0.83 260.12 6.88 29.71.0l 24"0.08 899 104055 2.3"0.06 592
96 Winter 10/94 5/95 19.6"0.77 28"0.1l 6.26 29.7"1.03 24"0.09 925 9.6".033 23"0.07 6.29
96 Summer  12/94 5/95 222"0.97 20"0.1l 9.88 214088 19"0.08 560 7.2"0.27 14'0.08 758
67 Winter - 7/94 123"03! 15005 4.64 1357034 13"0.04 515 81020 17"0.06 3.95
67 Winter - 5/95 14.3"0.78 21"0.08 274 235"057 17"0.06 354 96"036 1970.06 159
140 Winter - 7/94 152"053 15"0.06 10.69 137044 12"0.05 850 8.0"0.20 L7"0.05 6.78
140 Winter 9/94 5/95 1717092 24"0.09 598 221"0.68 17"0.06 7.82 9.3"0.39 21"0.07 429
140 Winter 10/94 5/95 17.0"0.83 24'"0.08 6.68 20.0"0.97 16"0.09 6.26 8.8'"0.32 19"0.07 521
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Figure 2. Mean volumes (+ SE) of early planted and extended-reared
red spruce seedlings grown in hardwall containers, at plant-
ing and after several field seasons.

The results for the white pine craps reared in the three hardwall aontainer types (Fig. 3) show the supe-
rior field performance of the early planted winter crops in comparison with their extended-reared
counterparts. The field performence of the sumer-reared white pine was poorer than that of the ex-
tended winter crop even though its shoot :root ratio at planting was intermediate between that of the
extended-reared ard the early planted winter craps (Table 2) .

Jiffy
The graphic presentation of results from the JIFFY (mesh-covered plug) rearing system is more canplex
Iecause there were two groups of seedlings from the extended-reared winter craos. One of these groups
had bridging roots between adjacent plugs cut early (Septeamber 5, 1994) while the other group had root
camectians cut just before they were frozen for winter storage (Octdoer 28, 1994) .

Field performmance of white spruce crops reared in each of the three JIFFY formats for extended pericds
was merkedly inferior to their early planted comterparts (Fig. 4) . The volures of extended-reared winter-
crop white spruce at ocutplanting in May 1995 were generally double those of their July 1994 planted
counterparts at the end of their mursery residence, and the volure accunilation of these extended-
reared crops was less than half that achieved by the early planted groups after several field growing
seasans. The sumer-reared white spruce crop from JIFFY 96 had a shoot :root ratio that was interme-
diate between the ratio for extended-reared seedlings that were late cut and the ratio for early planted
winter crops at the time of planting (Table 2) . For winter-crop white spruce JIFFYs that were extended
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white pine seedlings grown in hardwall containers, at plant-
ing and after several field seasons.
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Figure 4. Mesnwvolures (+ SE) of early planted arnd extended-reared
(early and late root-cut) white spruce seedlings grown in
JIFFY plugs, at planting and after several field seasans.



reared, there was little difference in field performence between seedlings subjected to Septenber root
cutting (9/94) and those whose root camections were severed in late Octdboer just before they were
frozen for winter storage (10/94) (Fig. 4) .

Red spruce seedling volures for the three JIFFY types, at the time of planting and after several growth
seasans in the field, are shown in Fig. 5. Althouch the volure of extended-reared seedlings was much
higher than the volure of early planted winter-crop seedlings at the time of planting, the extended-
reared seedlings were ansiderably smeller after several field growing seasons. The sumer crop from
JIFFY 96 had a lower shoot :root ratio then either the early aut, late aut, or July 1994 winter crops at the
time of planting (Teble 2) . The field volure results for red spruce JIFFY seedlings whose roots were aut in
Septarber (9/%4) ar in late Octdoer (10/%4) are not amsistent; for JIFFY 70 and 140 sizes, late cutting
resulted inbetter volure acomilation in the field; however, far JIFFY 96, early auttirng resulted inketter
growth.

The volures of seedlings when planted in the field ard at final measurement in August 1997, for white
pine reared in the three sizes of JIFFY, are shown in Fig. 6. The field volure accumilation of extended-
reared crops was much lower canpared with the volume growth of early planted winter crops. The per-
formance of sumrer-reared seedlings in JIFFY 96 was intermediate between early and late root-cut
treatments, as was the case for red spruce. The shoot :root ratio of the sumer-reared seedlings was
higher then either the late-aut winter crop or the July-planted winter crop at the time of field planting.

The reason for extended rearing in camon mrsery practice is tobuild larger seedlings with inproved
survival ; mortality in this cugplanting study wes almost non-exd stant.
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DISCUSSION

Extended nursery rearing, which is commly practised to produce larger aontainerized conifer seedlings
with lower shoot : oot ratios for enhanced survival, has been shown to e ansistently conterproductive
to growth for three species of amifers in three hardwall and three mesh-covered plug container systars.
This supports the oonclusians of Bemier et al. (1995), who suggested that a low shoot :yvoot ratio for
axtainer-reared seedlings can indicate an overly develgeed root systemwith larce, urespansive, suber-
ized roots tightly packed inside the oontainer cavity. Seedlings with such dense root systems in the
containerized soil plug are often referred to as “rootlhound.” The results of the study presented here
sugoest that, if there is any relatianship between the shoot :root ratio of aontainer seedlings at planting
and their subsequent field perfomence, that relationship appears to be negative; crops with higher
shoot : root ratios grew best. Such a negative relationship between the shoot : root ratios of cutplanted
amtainer seedlings and height growth in the field was also reported by MoGilvray and Bamett (1982) .

The shoot :root ratios of seedlings reared in JIFFY systeams are always higher than those of seedlings
reared in hardwall systans with similar plug sizes because of higher seedling density. Higher density or
crowding of seedlings has leen shown to produce higher sheot :root ratios for amtainer-grown seedlings
(Salonius et al. 2000, Simpson 1991, Tinmis & Tanska 1976) ; the mesh-covered plugs in the JIFFY sys-
tems have no space etween adjacent soil plugs, but, inhardwall systars, there is always sore distance

Salanius et al. (2000) and Bemier et al. (1995) have referred to the importance of rapid root extension
to seedling performance after cutplanting. Based on the contention of Martinsson (1986) and the re-
sults of Balisky et al. (1995) and Barmett and Brissette (1986) regarding the effect of container resi-
dence time on root form, the poor field performance of the extended-reared seedlings in this study may
Ioe due to root deformation and the resultant decreased ability to rapidly extend new roots into the soil
an the planting site for water and rutrient acquisitian.

Rearing protocols for hardwal 1 -amtainer systams require sufficient root growth within the cavity tohold
the soil plug together, however the work of Endean and Carlson (1975) has shown that increasing root
density begins to restrict seedling growth very early during container rearing. Selby and Seaby (1982)
demonstrated the short time during which primery lateral roots could e formed after seed germinatian;
this short time suggests that primery lateral roots will usually ke sericusly deformed inmost aontainer
systeams. High correlatians between increasing root density in walled container systans, and decreasing
field root growth have been reported (Salanius et al. 2000) . The recrientation of primary lateral roots
fromhorizantal to vertical by cavity walls was identified by Kinghom (1978) as ane of the nost inportant
weaknesses in hardwall-container design. Seedlings reared in mesh-covered plugs have been shown to
experience less root defametian than those inwalled aontainers, even after prolaxed rearing (Balisky et
al. 1995) . Root deformation can ke eliminated entirely, if smll seedling size is acospted at planting;
seedlings in free-standing mesh-covered plugs like JIFFY can be planted any time after seeds have germi -
nated because root-plug integrity is supplied by the mesh. Thus seedlings in these systars can e planted
lefore any root deformation has occurred.



Although extended rearing produced growth disadvantages in both hardwall and mesh-covered plug rear-
ing systems, there are differences in the effects of extended rearing an roots in the two systems. All
roots produced in hardwall soil plugs are planted, althouch the root system of the extended-reared seed-
lings is more suberized, more densely packed, ard less resilient than the roots of seedlings reared for
shorter pericds. In the JIFFY systam, we have foud an increasing rindeer of active root tips of seedlings
are fourd to have grown into the root plugs of adjacent seedlings as autplanting is delayed; these roots
are lost durirng the autting geeration which is necessary to separate the individial cells franeach other
before planting. Burdett et al. (1986) speculated that pruning deformed aontainer-grown primery lateral
roots might allow these roots to resure their nomel horizantal growth habit after cutplanting. Bigras
(1998) has danmnstrated moderate field-growth increases, for extended-reared black spruce, as a result
of moderate root pruning and smell decreases in field growth as a result of heavy root daege by pruning.
Studies have not been doe to establish whether deformed lateral roots, pruned just kelow the root collar
in the ugper part of the soil plug, as they resure growth on the planting site fram the pruned kase, will
function similarly to primery lateral roots that have not undergone aonfinement deformetion. The results
of conparisans of early root cutting, designed to allow a pericd of regrowth ard repair, with cutting just
befare freezer staorage, do ot offer definitive guidance as to the best time to perform this gperatim.

Four manths of extended rursery rearing with either hardwall or mesh-covered plug systears, designed to
produce larger seedlings with lower shoot :root ratios, did not produce a field growth advantage and in
fact this cultural practice was shown to be conterproductive in this study. Better field performence
should e achieved with container seedlings whose root growth does not greatly exceed the capacity of
the soil plug. This point would ke reached when the roots of seedlings in hardwall aontainers bind the soil
plug aily sufficiently to facilitate extraction ard hardling without the soil falling off the roots. Formesh-
covered soil-plug systars, this point would e reached before any significant root growth between adja-
et soil plugs has ccorred.

Vigorous seedlings, with juvenile respansive roots, that develcp large stature ard sturdiness in the field

are nore effective than seedlings that achieve large stature and sturdiness in the rursery during ex-
tended rearing within the cnfines of the container system.
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