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Abstract.--Because carbohydrate reserves decline with

Il ong-term storage, it is inportant

to know whet her this

depletion will affect subsequent survival and growth after
planting. Sufficient target starch concentrations which

enabl e the seedling to buffer

depl etion during storage

little evidence to support the node

itself against reserve
been defined. W found

of a target

(pre-storage) root starch concentration. No seedling

target can be viewed al one
preconditioned to grow but

If the seedling is not
reserves are plentiful, a poor

correl ati on between carbohydrate reserves and survival or

growth is to be expected.

| NTRODUCTI ON

Car bohydrate reserves have essenti al
functions in trees. Reserves are utilized for
mai ntaining living tissue (maintenance
respiration) as well as providing substrates for
growth (growth respiration). During certain
peri ods of the year, trees may rely heavily on
stored reserves for growmh or for buffering
agai nst environnental stress and injury (Waring
and Schl esi nger 1985).

Roots generally contain the |argest
concentration of nonstructural carbohydrates and
are often considered the primary storage organ
(Loescher et al. 1990). However, the mechanisns
responsi bl e for causing root reserves to be
mobi | i zed and how they are trans |ocated are not
wel | understood; additionally, specific
rel ati onshi ps between reserve carbohydrates and
tree survival or growth have not been clearly
establi shed (Duryea and McClain 1984, Loescher
et al. 1990).

Car bohydrate reserves occur primarily in
the formof starch and sugars, with starch
generally being the nost abundant form of
carbohydrate reserve in tree species (Little
1970, d erum 1980). Accunul ated root starch
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reserves may supplenent spring root growth
(Wargo 1979). At the time of initiation, starch
concentration in fine roots determ nes how | ong
the fine roots survive (Marshall and Waring
1985).

The notion of achieving or maintaining a
target or optinum amunt of stored carbohydrates
in nursery seedlings comes fromthe concept that
cul tural practices which reduce reserves nmay
ultimately decrease field survival, root growth,
and shoot growth (Duryea and McClain 1984,
Marshall 1985). Nursery practices that could
depl ete reserves are those which influence
phot osynt hesis and respirati on. These include
a) grow ng seedlings at high seedbed densities
(reducing light), b) inducing dormancy by
decreasing irrigation (reducing avail abl e soi
noi sture and increasing | eaf tenperature), and
c) altering fertilizer regime (increasing
avail abl e nutrients causing |large respiratory
costs) (Marshall 1985, MNabb 1985).

The potential for depletion of carbohydrate
reserves is especially high with long-termcold
storage in the dark (MCracken 1979, Ritchie
1982). The fixation of carbon is halted, but
respiration continues even at storage
tenperatures slightly bel ow freezing.

Addi tionally, the photosynthetic machinery may
be dammged in storage (MCracken 1978),
necessitating recovery and repair of

phot osynt hetic nechani snms after planting. Wth
the popularity of fall lifting and long-term
freezer storage in the Northwest (Hee 1986), we
ask the question: should seedlings be cultured
to achieve target reserve concentrations prior
to storage?



THE MODEL

Marshal | (1985) presented a hypothetica
situation comparing the carbohydrate reserve
concentration of two seedlings at lifting,
during storage, and after planting (fig. 1).
Bot h seedlings decline in carbohydrate
concentration with storage, but the seedling
that survives and grows is the one with
sufficient pre-storage reserves (upper line).
These reserves provi de an adequate buffer for
| osses due to: nmintenance respiration (during
storage), re-organization of the photosynthetic
apparatus (after planting), and using reserves
in preparation for shoot elongation (prior to
starch accunul ati on).

The appropriateness of this nodel can be
exam ned by determining if there is a
rel ationshi p between carbohydrate reserves and
outplanting growh or survival with and wi thout
storage. If different storage treatments create
cl asses of seedlings with different reserve
concentrations, we would expect seedlings with
very low reserves to die or grow poorly.

TEST OF THE MODEL
Met hods

In an ongoing investigation into the
effects of fall lifting and | ong-term storage
on seedling physiology (Om and Schuch 1987),
ponder osa pine (Pinus ponderosa) seedlings were
lifted 3 tines in the fall (Sept., Oct., and
Nov., 1987), stored overwinter at -1.5 °C, and
conpared with seedlings lifted and handl ed
conventionally (Mar., 1988, cold storage, 2-4 °C
for 2 weeks). Seed for the bareroot seedlings
were sown in 1986 and grown with standard
cul tural regines used at the USDA Forest Service
Bend Pine Nursery in central Oregon (44° 5 N
121° 16° W 1100 m el evati on).
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Figure | .--Hypothetical carbohydrate reserve
concentration (% dry weight) of two
seedlings at lifting, through storage, and
after planting. One seedling (top)
survives; the other (bottom), with
i nadequat e reserves, dies (Adapted from
Mar shal | 1985).

Root starch concentration (% dry wei ght)
was determined at lifting and after storage
using an enzymatic (a - anyl ase and
anyl ogl ucosi dase) di gesti on nethod (Rose et al
1990) .

Seedl i ngs were outplanted on a vacant field
at the nursery in March 1988. We neasured
several responses at the end of the grow ng
season, including survival (%, height (cm
gromh (cm final height - initial height), and
fascicle length (m). We also planted seedlings
at a forest site in April 1988; however, the
ranking of treatnents was simlar so only the
Bend data is included in this paper. Coincident
wi th outplanting, a 30-day root growth potentia
test was initiated in a greenhouse. W neasured
the percent of seedlings that initiated new
roots, and the dry weight (ng) of new roots.

Data analysis is not conplete, so the means
and significance of the differences anong neans
shoul d be considered prelimnary. To determ ne
the rel ationship between initial root starch and
subsequent field performance, field response
vari abl es were regressed against initial root
starch.

Resul ts

Root starch concentration declined in
storage so that at the tinme of planting (after
storage), there was a significant difference in
starch anmong the treatnents (table 1). However
there appeared to be little relationship between
initial root starch and subsequent root
initiation or field survival and growth.
Septenmber-lifted seedlings had | ow root starch
the |l owest root initiation and dry wei ght of new
roots, and the poorest field performance. This
woul d be consistent with the nodel.

On the other hand, Novenber-lifted
seedl ings had | ow root starch, high root
initiation, and the highest survival and growth
(table 1). This result conflicted with the
nmodel .

Al'l correlations between initial root
starch and field response vari able were
nonsi gni ficant (P>0. 05) with the exception of
survival. However, initial root starch
accounted for only 21 percent of the variation
in first-year survival (fig. 2). Field surviva
and growth appeared to be nore closely related
to the capacity of seedlings to grow new roots
and not initial starch concentration (table 1).

DI SCUSSI ON

In terms of field performance, our ability
to create a precise nodel failed. Carbohydrate
reserve status has been qualitatively associated
with tree survival or growth (Hellnmers 1962
W nj um 1963, Puttonen 1980), but strong
quantitative relationships have not been



Table 1.--Root starch concentr
and after storage, new root
seedlings with new roots af
of new roots),
first-year
after four
aver aged over
seed source.

first-year field survival
growth (cm of ponderosa pine seedlings
lifting and storage treatnments.
2 seed sources and 4 replications per
Means down a colum with different

ation (% dry weight) before
initiation (% of

ter 30 days, ng dry weight
(%, and

Means are

letters are significantly different (p<OQ 05).

I&iaIL Root asfttaerrc:h (% Root initiation after 30 days1 First-year:
% wi th my new Survi val Growt h

lifting? st orage new roots root weight (% (cm
Sept 2.3a 0. 04b 15 ¢ 2 a 24 ¢ 2 c
Oct . 1.8b 0. 06b 47 b 7 a 66 b 4 b
Nov 0. 9c 0. 05b 78 a 9 a 84 a 5 a
Mar . -- 1.70a 80 a 8 a 80 ab 4b

lRoot initiation in a 30-day greenhouse test, coincident with outplanting.

2pfter lifting - before storage.

reported (Ronco 1913, Little 1974, Ritchie
1982). Factors such as storage condition, site
condi tion at planting, nethod of carbohydrate
anal ysis, and reserve carbohydrate quantified
(e.g., starch, sugar, or total) probably
influence the range of results reported in the
literature (Marshall 1985).

Furt hernmore, carbohydrate reserves and new
root growth are generally poorly related (van
den Driessche 1978, Ritchie and Dunl ap 1980,
Ritchie 1982, Rose and Wil es 1984, MNabb 1985,
Rei d 1986). Current photosynthates or other
shoot factors may control new root growth in
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Figure 2.--Relationship between first-year field
survival (% and initial root starch
concentration (log % dry weight).

conifers (Shiroya et al. 1966, Gordon and Larson
1970, Marshall and Waring 1985, van den

Driessche 1987), although there are likely to be
di fferences in species response (Philipson 1988).

O her factors which could influence root
growt h include auxin or other plant growth
regul ators. Auxin stinulates root prinordia in
tree roots (Coutts 1987). In ponderosa pine,
exogenous applications of auxin to seedlings
positively affected new root growth, but not the
el ongation of old roots (Zaerr 1967); however,
Lavender and Hermann (1970) could find no
positive effect on root growth from external
application of growth regul atory conpounds.
They concluded that a transl ocatabl e substance
fromfoliage was necessary for root growth.
Zaerr and Lavender (1974) concluded that the
substance controlling root growh was not
car bohydrate al one.

Therefore, if carbohydrate reserves are
avail abl e, but the root or shoot is not
preconditioned to grow (e.g., having the right
bal ance of growth regulators), then a poor
correl ation between reserves and growth is to be
expected. Dougl as-fir (Pseudotsuga nenziesii)
seedling roots are highly sensitive to exposure
in the fall (Hermann 1967); therefore, if any
root dammge occurs with fall lifting, it wll
likely alter future performance, irrespective of
carbohydrate status. Simlarly, if the plant is
ready to grow and environmental conditions allow
a positive carbon bal ance, new root growth may
be nore reliant on current photosynthate (van
den Driessche 1987), resulting once again with a




poor correlation. Stored reserves are nore
important if photosynthesis cannot keep up with
respiratory demands (e.g., poor site conditions,
van den Driessche 1987).

We only neasured starch concentration; yet,
sugars can make up a large fraction of the total
nonstructural carbohydrate pool (MCracken 1979,
Ri tchie 1982). Interconversion anong
carbohydrates is rapid and nuch nore needs to be
| earned about function and allocation of
carbohydrates before we categorize them as
met abolically active versus storage (MCracken
1979).

In a current study, we found that seedlings
wi th new roots consistently had | ess noisture
stress and hi gher root starch content relative
to seedlings that do not initiate new roots.
Thus, root starch may indicate overall seedling
vitality (functioning root system and hi gh water
use efficiency) even though its predictive val ue
was questionable in this study. Bigg (1990),
however, has prelimnary evidence that suggests
the doubling of winter root starch concentration
in Dougl as-fir coincides with the lifting w ndow
and the end of dormancy.

CONCLUSI ONS

No seedling target can be vi ewed al one.
Plentiful starch reserves are insignificant if
the seedling is not ready to grow, or has been
damaged. A stressed seedling nay accunul ate
starch if growth is slowed nore than
phot osynt hesis (Marshall 1985). Target starch
concentrations, in combination with other
factors (e.g., nutrients and root volune) wll
af fect perfornmance depending on site
conditions. On a favorable site, seedlings with
| ow starch may do as well as seedlings with high
reserves. Using starch as a predictor,
therefore, has the same problens as using root
growth potential alone (Landis and Skakel 1988).

In the study discussed in this paper, there
was little evidence to support the nodel of a
target root starch concentration to enhance
survival and growth after planting. However
this does not dimnish the inportance of
mai ntai ning reserves. Cultural practices that
cause stress could reduce photosynthetic
capacity or increase respiratory | osses.
| nadequat e reserves could create nitrogen
deficiency because of insufficient carbon
substrates for root growh (Loescher et al
1990). The nobilization of sugars is inportant
for mmintaining favorable water relations
(Levitt 1980) and nmmy be related to frost
har di ness (Sakai and Yoshida 1968, Levitt
1978). Future research for using starch as a
target should account for other biochem cal or
physi ol ogi cal conditions of the seedling, as
well as site conditions.
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