When to Measure Seedling Quality in Bareroot Nurseries.

David G. Sinpson?

Abstract.--Quality of bareroot conifer nursery stock is neasured
(1) during the grow ng phase, (2) before lifting, and (3) before
out pl anting. The appropriate tests to nake at each tines are

di scussed.

Seedling quality can be described or neasured
using a wide range of techniques and procedures
(Burdett 1983; Chavasse 1980; Ritchie 1984). The
rational e for assessing seedling quality, in particular,
the principles and procedures for those seedling
quality tests presently used on an operational basis
are summarized in Ken Munson's paper (this
proceedi ngs) .

The purpose of ny paper is to discuss which, and
perhaps nore inportantly, when are these seedling
quality tests used in bareroot nurseries. In the
bareroot seedling production cycle, there are three phases
when seedling quality tests are used: (1) during the
growi ng season, (2) prior to lifting, and (3) prior to
field planting.
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MEASURES MADE DURI NG THE GROW NG SEASON

Measur ement of seedling quality, particularly
seedling nmaterial attributes (Rtchie 1984) during the
growi ng season, can hel p the nurseryman produce a maxi num
nunber of sal eabl e seedlings. Mrphol ogical
nmeasurenents of hei ght, stemdianeter and dry weights when
taken at intervals over a grow ng season can be used to
generate growth curves (fig. 1) for crops. These
curves, when repeated for several years, can provide a
reasonabl e prediction of crop inventories. As well,
"fine tuning" of fertilizer, root culturing and
irrigation regi nes can be nade so that the maxi mum
nunber of target quality seedlings are produced.

In British Colunbia, tissue nutrient |evels
(N:P:K:Ca: My) of 1+0 Dougl as-fir (coastal and interior
varieties), white spruce, |odgepol e pine and Sitka spruce
have been deternined annual ly in m d-Cctober since 1968 (van
den Driessche 1984). The results of these tests when
considered along with the size of the 1+0 seedlings,
the target sizes of the 2+0 crop and the "nornmal"
nutrient levels for a particul ar species x nursery
conbi na-
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Fi gure 1.--Shoot height and stem dianeter growth of 2+0 interior spruce
bareroot seedlings at Skimkin Nursery, Salnmon Arm B.C Each sanpl e point
represents 200 to 250 seedlings.



tion are used to develop the fertilizer regine for the
second growi ng season.® Nutrient analysis during the
growi ng season is usually used to determine if
deviations in projected growth rates, or physical
abnornalities, such as chlorosis, are nutrient-related.

For operational use, the nobst conmon neans to
assess plant noisture stress is to nmeasure xyl em pressure
potential (XPP) using the pressure chanber
nethod (deary and Zaerr 1980; R tchie and H nckley 1975;
Waring and Cleary 1967). Misture stress applied during
the grow ng season has been reported to result in growh
reductions in several conifer species (Dykstra 1974; d erum
and Pierpoint 1968; Kaufrmann 1977; Schulte and Marshal | 1983;
Timms and Tanaka 1976; Young and Hanover 1978). The
ef fectiveness of plant noisture stress as a cultural tool to
nmani pul ate seedling growth nmay interact wth dayl ength.

Bl ake et al. (1979) noted that nmild noisture stress
(pre-dawn xpp of -0.4 to -0.8 MPa) was nost effective in
reduci ng shoot:root ratios and apical height growth, while
increasing root nmass and stemdiameter if the stress
was applied in md-July before natural dayl engths
shortened. Moisture stress may al so be a useful
cultural tool in the "hardening" process, particularly with
those conifers indigenous to regions with m d-sunmer
drought, which do not respond quickly to shortening

dayl engths, or are grown in nurseries wth [ onger dayl engths
(Lavender 1985). Young and Hanover (1978) found dorrmancy coul d
be i nposed using water stress in Col orado bl ue spruce, even
under 24-hour days; however, this inposed dornancy

(qui escence) was rel eased on re-watering. Proleptic, or
lammas growth in Douglas-fir can also be limted by water
stress (Blake et al. 1979).

Wth the exception of cold hardiness deter-
mnations, perfornmance attributes (R tchie 1984) are not
usual |y neasured during the grow ng season. Nurseries
experiencing frosts early or late into the grow ng seasons
of ten undertake col d hardiness testing to determne if
irrigation for frost protection is required.

MEASURES MADE PRI OR TO LI FTI NG

Seedling quality assessnments nade at this
time are done so for two reasons: (1) to describe the
stock quantity and quality for the nursery custoner, and
(2) to ensure seedlings destined for col d/frozen storage are
lifted at a time of nmaximum "storability".

Material attributes, such as standard norpho-
| ogi cal assessments, and in sonme cases, special
measurenents of resting bud gross norphol ogy (Thonpson
1985) or needl e primordia nunber (Col onbo and Cdl um 1984;
Col ombo et al. 1982) are appropriately measured at
this tinme. Tissue nutrient analysis can be done as there
may be field performance benefits obtained from
increased tissue
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nutrient levels (Landis 1985). Misture stress (XPP) at
lifting can have adverse effects on field perfornmance of
stored seedlings (Daniels 1978). Mnitoring of XPP using the
pressure chanber nethod (A eary and Zaerr 1980; R tchie and
H nckl ey 1975; Waring and deary 1967) during the lifting
period woul d seem a worthwhile process to minimze the
stresses associated with lifting, sorting and grading of
nursery stock (Burdett and S npson 1984).

Choice of lifting date can be based on a number
of factors: operational considerations, such as staff
availability and nursery field access; past experience, or
"lifting w ndows" for specific seedlot x nursery
conbi nations (Jenki nson 1984); or sone neasure of seedling
physi ol ogy (Burdett and Sinpson 1984) which predicts
post-storage vigor or field perfornmance potential. It
is inmmterial which neans of deciding on a lifting
date is used so long as the nmethod(s) sel ected ensure
the seedlings provided to the customer at planting tinme
wi Il survive and grow.

In British Colunbia, past experience too often has
been found to be an unreliabl e neans of determining a
lifting date to ensure optinmum post st orage seedling
vigor. The lifting wi ndow method (Jenki nson 1984) used
wi th apparent success in California and the chilling
hour accunul ati on nethods used in tario (Millin and
Hut chi nson 1978) have not been widely used in British
Col unbi a principally because of the |arge nunber (>1500) of
seedl ots and species (17) grown in our nurseries. The w de
geographic (48.5 to 60°N and 114 to 139°E) and consi derabl e
el evational range (0-2000 n) of seed origins would require
considerabl e effort to generate seed source lifting
wi ndows. Thus, it was for both practical and phil osophical
reasons that research effects were directed towards con-
si deration of several physiological variables which may
predi ct post -storage because of a direct causal
relationship, or sinply by correlation.

Dor mancy and tissue cold hardi ness appear to
be the nmost useful perfornmance attributes neasurabl e prior
to lifting (Garber and Mexal 1980; Burdett and Sinpson
1984). Several techniques to measure dornancy have been
used, and are reviewed by Lavender (1985) and Ritchie
(1984). Mtotic activity of meristematic shoots (buds), a
material attribute, nmay be a useful tool for predicting when
tolift conifer seedlings as Carlson et al. (1980) observed a
reduction of nmitotic activity in Douglasfir as fall
progressed. Further research is needed, however to
ascertain the predictive value of prelift mtotic activity
nmeasurenments as a neans of deciding when to lift to
overw nter storage. Dor mancy rel ease index (R tchie 1982,
1984; Rtchie and Dunl ap 1980) al so may be a useful tool
in choosing lifting dates. Dormancy rel ease index
measur emrent, however, requires 10 to 60 days. This tine
requirenent limts the practical application of the
t echni que.

Col d hardi ness has been inplicated as being
correlated with seedling storability and thus may be
useful in choosing lifting dates (Burdett and Si npson

1984). Several nmethods of nmeasuring



ti ssue cold hardiness are avail able and have been anply
reviewed by derum (1985), Ritchie (1984), Tinmms

(1976) and Warrington and Rook (1980). Presently in
British Colunbia, an operational prelifting cold hardiness
testing program has sanpl ed seedlings fromnearly 25
nurseries. The test utilizes a controlled freeze at 6°C
hr'lto -18°C followed in 4 to 10 days by an assessnent of
foliage nortality. If foliage nortality due to the
freezing test is less than 25% seedlings are judged suitable
for lifting to overwinter (ca. 4 to 8 nonths) frozen (-2°Q
storage. The accuracy of the lifting recomendations are
checked by deternining root regeneration potential after 6
nonths, -2°C cold storage. In Ontario, an electrical
conductivity method (Colombo et al. 1984) of measuring
cold hardiness is used to determne if seedlings are
sufficiently hardy to overw nter out-of-doors. These
conductivity nethods, along with the nore rapid differential
thermal anal ysis (DTA) technique (Becwar et al. 1981; Sakai
1979, 1982; Wallner et al. 1982) are presently being

eval uated as quicker (6 to 48 hours) nethods of assessing cold
hardi ness such that safe lifting dates can be sel ected.

MEASURES PRI OR TO PLANTI NG

Fall and winter lifted seedlings that receive
overwi nter cold storage may exhibit noisture stress in
storage if |ifted when under noisture stress, packaged
incorrectly such that tissue water is lost, or subject to
tenmperature fluctuations during the storage period so that
wat er condenses on the inside of the nulti-wall Iiner
bags. The pressure chanber techni que has proved a useful
nmonitoring tool to ensure proper lifting, storage and
handling practices are followed. In nmy experience, it is
very rare to find overwi nter stored seedlings with XPP | evel s
less than -0.5 MPa unl ess gross mi shandling has
occurred. On the planting site, however, bareroot
seedl ings are susceptible to noisture | oss during the
handl i ng process which nay i npede growth (Coutts 1982).
Using the pressure chanber on the planting site can
serve to educate field staff as to their handling
effects on seedling water relations. It should be
not ed, however, that
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Fi gure 2.--Day/ ni ght tenperature regine effects on root
growth potential (R@) of Engel nann spruce cont ai ner-
grown seedlings. Each sanple point represents the
mean nunber of new roots >10 mmin a 16-seedling
sanpl e.

whol e plant XPP may not be a sensitive enough
nmeasure to detect damage to fine roots (Coutts 1981).

Presently, there are only two perfornance

attributes which are used to neasure seedling quality
at, or shortly before, planting. The vigor test
devel oped at Oregon State University (Hermann and
Lavender 1979) has been shown (MCreary and
Duryea 1985) to be well correlated with field survival.
Unfortunately, in many circunstances, the 30 days
required for danage to develop linmts the useful ness
of this test. Root growth potential

(RGP) testing (Ritchie 1985) using a variety of test
conditions and durations has shown generally strong
correlation to field performance (Day 1982,

Sutton 1980, 1983; Burdett 1979; Burdett et al.

1983; Ritchie and Dunlap 1980). Ritchie (1985)

descri bes the tests devel oped by Stone and his

col | eagues (Stone 1955; Stone and Schubert 1959(a),

1959(b); Stone and Jenkinson 1970). The standard RGP
test requires 28 days; in British Colunbia, a 7-day test
peri od has been found adequate for

growth of large nunbers of newroots in most species x stock
types. The RGP test conditions are somewhat arbitrary,
but shoul d be chosen such that (1) the strongest correl ations
with field performance are obtained, and (2) the best
differentiation between | ow and nedi um vi gour stock is
attained. For |odgepol e pine, 30°C day/25°C ni ght
tenperature regi nes and a 16-hour day with a

Phot osynthetic photon flux density (PPFD) of 400 nol *°
m2 seemto produce the nost nunber of new roots
(Burdett 1979), while for white spruce and Dougl as-fir,
cool er regines appear to result in greater nunbers of new
roots (figs. 2 and 3). Present operational practice in
British Colunbia is to use the warnmer 30°CQ 25°C regi nmes for
all species as satisfactory correl ati on between RGP and field
per f ormance has been denonstrated in our najor species
(spruce, |odgepol e pine, Douglas-fir) (Burdett et al. 1983;
Si npson unpubl . data) at these tenperatures, and all species
grown in British Colunbi a have been observed to produce
roots at these tenperatures. Research underway nay,
however, result in changes to these conditions in the
future if better correlation with field performance and/ or
better differentiation of |ow and nedi um vi gour seedl ots
can be obtai ned.
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Fi gure 3.--Day/ night tenperature reginme effects on root
growm h potential (RGP) of Douglas-fir (interior
variety) container-grown seedlings. Each sanpl e point
represents the nean nunber of new roots >10 nmin
a 16-seedl i ng sanple.






SUMVARY

In bareroot nurseries, seedling quality should be
neasured using the appropriate tests and during the

appropriate phases of the production cycle, these are:

Production phase uality test

Growing — Morphology

- Nutrient levels

- PMS

~ Cold hardiness

Pre-lifting - Morphology

- Nutrient levels
- PMS
- Dormancy status

- Cold hardiness

Pre-planting ~ PMS

- Vigour test

- RGP

Operational objective(s)

- Production targets from curves

— Ensure maximum growth rates
- Avoid deficiencies/excesses

- Ensure maximum growth rates
- Dormancy induction

- Frost protection

- Stock descriptions

- Possible correlation to field performance
- Avoid stress at lifting

- Predict storability

- Predict storability

-~ Avoid storage and handling stress
- Correlated with field performance

— Correlated with field performance

ACKNOWNL.EDGVENT

Data presented in figure 1 was kindly provided
by M. B. Taylor, quality control technician at the B.C
Mnistry of Forests' Skimkin Nursery, Salnmon Arm B.C

LI TERATURE Cl TED

Becwar, MR, C Rajashekar, K H Hanson-Bristow
and M J. Burke. 1981. Deep undercooling of
tissue water and winter hardiness linitations
in tinberline flora. Plant Physiol. 68:111-114

Bl ake, J., J. Zaerr and S. Hee. 1979. Controlled
noi sture stress to inprove cold hardi ness and
nor phol ogy of Douglas-fir seedlings. For. Sci
25:576- 582

Burdett, A.N. 1979. New nethods for nmeasuring root
growth capacity: their value in assessing
| odgepol e pine stock quality. Can. J. For. Res.
9:63-67

Burdett, A.N. 1983. Quality control in the pro-
duction of forest planting stock. For. Chron
59: 132-138.

Burdett, A.N. and D.G Sinpson. 1984. Lifting,
gradi ng, packaging, and storing. | n Forest nursery
manual : Production of bareroot seedlings (Duryea and
Landis, eds.) Nijhoff/Junk Publ. for For. Res. Lab.
O S. U, Corvallis, Oe. pp. 227-234

Burdett, A N, D.G Sinpson, and C. F. Thonpson. 1983
Root devel opnent and pl antation establishnent
success. Plant and Soil 71:103110

Carlson, WC., WD. Binder, C O Feenan and
C.L. Preisig. 1980. Changes in mtotic index
during onset of dormancy in Douglas-fir seedlings.
Can. J. For. Res. 10:371-378

Chavasse, C.G R 1980. Planting stock quality: a
review of factors affecting perfornmance. N Z J. For.
25:144-171

Cleary, B.D. and J.B. Zaerr. 1980. Pressure chanber
techni ques for nonitoring and eval uating seedling
water status. N.Z. J. For. Sci. 10:133-141

Col ombo, S.J. and K.D. Odlum 1984. Bud devel opnent
in the 1982-83 overw ntered black spruce
cont ai ner seedling crop. Ont. Mn. Nat
Resources For. Res. Note 38. 4 p.

Col onbo, S.J., C. G erumand D. P. Webb. 1982. Bud
devel opnent in black spruce container stock. Ont.
Mn. Nat. Resources For. Res. Note No. 32. 5 p.

Col onbo, S.J., D.P. Webb and C. G erum 1984. Frost
hardi ness testing: an operational nonitoring
manual for use with extended greenhouse culture
Ont. Mn. Nat. Resources For. Res. Rep. No. 110.
14 p.

Coutts, MP. 1981. Water relations of Sitka spruce
seedlings after root dammge. Ann. Bot. 49:661668.



Coutts, M P. 1982. Effects of root or shoot exposure
before planting on water relations, growth, and
survival of Sitka spruce. Can.

J. For. Res. 11:703-7009.

Daniels, T.G 1978. The effect of wi nter plant
noi sture stress on survival and growth of 2+0
Dougl as-fir seedlings. MS. thesis. Ore. St.
Univ., Corvallis, Ore. 86 p.

Day, R.J. 1982. Evaluating root regenration
potential of bareroot nursery stock. In Proc.

I ntermountain Nurserymen's Assoc. Meeting. Can.
For. Serv. Infor. Rep. NOR- X-241. pp. 83-86.

Dykstra, G F. 1974. Drought resistance of | odgepole
pine seedlings in relation to provenance and tree
water potential. B.C. For. Serv. Res. Note 62. 7

p.

Garber, MP. and J.G Mexal. 1980. Lift and storage
practices: their inpact on successful
establ i shment of southern pine plantations.

N.Z.J. For. Sci. 10:72-82.

G erum C. 1985. Frost hardi ness of coniferous
seedlings: principles and applications. | n Proc.
Eval uating seedling quality: principles,
procedures, and predictive abilities of major
tests. (M Duryea, ed.). For. Res. Lab., Oe. St.
Univ., Corvallis, Oe. pp. 107-123.

G erum C. and G Pierpoint. 1968. The influence of
soi|l noisture deficits on seedlings growth of
three coni ferous species. For. Chron. 44:26-29.

Her mann, R. K. and D.P. Lavender. 1979. Testing
the vigor of coniferous planting stock. Oe. St.
Univ. For. Res. Lab. Res. Note No. 63. 3 p.

Jenkinson, J.L. 1984. Seed source lifting w ndows
i mprove plantation establishment of Pacific slope
Dougl as-fir. I n Seedling physiology and
reforestation success (Duryea and Brown, eds.).

Ni j hof f/ Junk Publ. Dordrecht, The Netherl ands.
pp. 115-141.

Kauf mann, M R. 1977. Soil
effects on growth of
23:317-325.

Landis, T.D. 1985. Mneral nutrition as an index of
seedling quality. I n Proc. Evaluating seedling
quality: principles, procedures, and predictive
abilities of ngjor tests (M Duryea, ed.) Oe. St.
Univ. For. Res. Lab., Corvallis, Ore. pp. 29-48.

Lavender, D.P. 1985. Bud Dormancy. |n Proc.

Eval uating seedling quality: principles, procedures,
and predictive abilities of najor tests (M
Duryea, ed.) Oe. St. Univ. For. Res. Lab.,
Corvallis, Ore. pp. 7-15.

McCreary, D.D. and M L. Duryea. 1985. OSU vigor test:
principles, procedures and predictive ability. In
Proc. Evaluating seedling quality: principles,
procedures, and predictive abilities of major tests
(M Duryea, ed.) Oe. St. Uhiv. For. Res. Lab.,
Gorvallis, Ge. pp. 8592

Mullin, R'E and R E. Hutchinson. 1978. Fall lifting
dates, overwi nter storage, and white pine seedling
performance. For. Chron. 54:261-264.

Ritchie, G A 1982. Effect of freezer storage on bud
dormancy release in Douglas-fir seedlings. Can. J.
For. Res. 14:186-190.

tenperature and drought
Monterey pine. For. Sci.

Ritchie, G A 1984. Assessing seedling quality. In
Forest nursery manual : Production of bareroot
seedlings (Duryea and Landis, eds.)

Ni j hof f/Junk Publ. for For. Res. Lab., Oe. St.
Univ., Corvallis, Ore. pp. 243-259.

Ritchie, G A 1985. Root growh potential: prin-
ciples, procedures, and predictive ability. In
Proc. Evaluating seedling quality: principles,
procedures, and predictive abilities
of major tests (M Duryea, ed.) Oe. St. Univ.
For. Res. Lab., Corvallis, Oe. pp. 93-105.

Ritchie, GA and J.R Dunlap. 1980. Root growth
potential: its developnent and expression in
forest tree seedlings. N Z J. For. Sci. 10:
218-248.

Ritchie, G A and T.M Hinckley. 1975. The pressure
chanber as an instrunent for ecol ogical

research. Advances in Ecol ogical Res. 9:165-
254,

Sakai, A. 1979. Freezing avoidance nmechanism of
prinmordial shoots of conifer buds. Plant and
Cel | Physiol. 20:1381-1390.

Sakai, A. 1982. Extraorgan freezing of wi nter buds of
conifers. I n Plant cold hardiness and freezing
stress. Vol. 2 (P.H Li and A Sakai, eds.).
Academ ¢ Press, NY. pp. 199-2009.

Schulte, P.J. and P.E. Marshall. 1983. Growth and
wat er relations of black |ocust and pine seedlings
exposed to controlled water stress. Can. J. For.
Res. 13:334-338.

Sutton, R F. 1980. Planting stock quality, root growth
capacity, and field perfornmance of three boreal
conifers. N Z. J. For. Sci. 10:54-71.

Sutton, R F. 1983. Root growth capacity: relationship
with field root growth and perfornmance in
out pl anted jack pine and blue spruce. Plant and
Soi |l 71:111-122.

Stone, E.C. 1955. Poor survival and the physio-

I ogi cal condition of planting stock. For. Sci.
1: 90-94.

Stone, E.C. and J.L. Jenkinson. 1970. Influence of
soil water on root growth capacity of ponderosa
pine transplants. For. Sci. 16:230239.(cited by
Ri tchie 1985).

Stone, E.C. and G H Schubert. 1959(a). Seasonal
periodicity in root regeneration of ponderosa pine
transplants -- a physiol ogical condition. Proc.
Soc. Aner. Foresters. pp. 154-155. (Cited by
Ri tchie 1985).

Stone, E.C. and G H. Schubert. 1959(b). The physio-
| ogi cal condition of ponderosa pine (Pinus ponderosa
Laws.) planting stock as it affects survival after
cold storage. J. of Forestry 57:837-841. (Cited by
Ritchie 1985).

Thonpson, B.E. 1985. Seedling norphol ogi cal eval uation
- what you can tell by looking. I n Proc. Evaluating
seedling quality: principles, procedures and predictive
abilities of major tests (M Duryea, ed.) Oe. St.
Univ. For. Res. Lab., Corvallis, Ore. pp. 59-71

Timms, R 1976. Methods of screening tree seedlings
for frost hardiness. In Tree Physiology and Yield
I mprovenent. (Cannell and Last, eds.) Academc
Press, NY. pp. 421-435.

Tinmmis, R and Y. Tanaka. 1976. Effects of container
density and plant water stress on growh and cold
har di ness of Dougl as-fir seedlings. For. Sci.
22:167-172.




van den Driessche, R 1984. Soil fertility in forest
nurseries. I n Forest nursery manual: Production
of bareroot seedlings (Duryea and Landis, eds.)

Ni j hof f/Junk Publ. for For. Res. Lab., Ore. St.
Univ., Corvallis, Oe. pp. 63-74.

Wallner, S.J., J.E. Bourque, T.D. Landis, S.E. MDonal d
and R W Tinus. 1982. Cold hardiness testing of
container seedlings. | n Proc. 1981 Intermuntain
Nurserymen's Assoc. Meeting. Can. For. Serv. Info.
Rep. NOR-X-241. pp. 21-25.

Waring, R H and B.D Cleary. 1967. Plant Moisture
Stress: evaluation by pressure bonb. Science

155: 1248- 1254.

Warrington, 1.J. and D. A Rook. 1980. Eval uation of
techni ques used in determning frost tol erance of
forest planting stock: a review N Z.J. For. Sci.
10: 116-132.

Young, E. and J.W Hanover. 1978. Effects of
tenperature, nutrients and noisture stresses on
dormancy of bl ue spruce seedlings under
continuous light. For. Sci. 24:458-467.



