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Abstract.-- 1 nproper handling of seedlings can
cause increased nortality and reduce growh
fol l owi ng outplanting. Container grow ng systens
reduce physical handling inmpacts on tree
seedl i ngs; however, containerization does not
al leviate the need for careful handling. To
determne if noisture-stress conditioning (MSC)
can inprove seedling tol erance to harsh handli ng,
containerized Pinus eldarica seedlings were
subj ected for 8 weeks to two growi ng regines, well
wat ered and watered only when wilted at dawn
(noi sture-stress conditioned, M5C). Handling
treatnents consisted of a factorial conbination of
days wi thout water (0, 2 and 4 days) and a 90-
m nute incubation at either 20, 25 or 30° C
Shoot water potential and new root production over
14 days was used to evaluate the effects of poor
handl ing. MSC treatments bufferred the effects of
handl i ng treatnments on shoot water potential. MC
seedl i ngs al so had an average 33% greater new root
production than well-watered controls. As
handl i ng treatnents becane nore severe, new root
production was reduced in control seedlings, with

little change in MSC seedlings.

| NTRODUCTI ON greenhouse. The handl i ng process ends

Handling is often overlooked as a

when the seedlings are planted and nany
factors in the process can inpact

seedl i ng performance. These factors

i nclude tenperature stress, noisture

in plantation establishnent stress, root desiccation, physical

success. The handling process begins
when seedlings are lifted, renmoved from
refrigerated storage or shipped fromthe
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damage to the seedling and duration of
stress inposition. In nost pre-plant
and planting situations, handling
stresses are often caused by a

conbi nation of these factors.

Root s exposed for prol onged
periods of time becone so dry they no
| onger function in water and m neral
upt ake, and as loci for new root
devel opnent. Rough seedling handling
can cause simlar reductions of seedling
quality (Marx and Hatchell 1986, South
and Stunpff 1990).

Root exposure and physical damage
to the seedling can reduce survival
(Figure 1). Mre specifically, exposure
to elevated tenperatures, |low hunmdity
and rough handling can severely reduce
transpl ant success. Switzer (1960)
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Figure 1.--Effects of exposure
temperatures and duration on
survival of conifer seedlings
(Mexal and Scuth 1991).

found exposures as brief as 5 mnutes at
18°C reduced bareroot loblolly pine
survival . However, the inpact of
exposure time is strongly influenced by
tenmperature. Dierauf and Marler (1971)
found 30-and 60-m nute exposures at 13°C
reduced survival by 14% and 20%
respectively. The exposure effect was
nmore pronounced at 18°C, with reductions
of 38% and 50%

Rough handl i ng practices can al so
i nfl uence bareroot seedling survival.
Dr oppi ng bags of bareroot Sitka spruce
(Picea sitchensis) seedlings once, from
a height of 3 neters, reduced root
growt h potential (RGP) (Tabbush 1986).
As the nunmber of drops increased, RGP
and survival decreased concomtantly.

Cont ai neri zed seedlings have
i ncreased resistance to mishandling.
This is attributed to the root ball (or
pl ug; nedia, water and roots) of
contai neri zed stock (Fancher et al.
1989). The root ball and contai ner
protect root systens and cushi on rough
handl i ng. Containerized stock is not
conpletely protected fromthese factors
in the case of extrenely harsh handling.
Cont ai neri zed seedl i ngs can be
susceptible to the tenperature and
noi sture stresses associated with the
handl i ng process.

Ti ssue-water status is a critical
factor in a seedling’s ability to
wi t hstand handling stress. Misture-
stress conditioning (MSC) inproves
drought tolerance in plants (Seiler
1985, Zwi azek and Bl ake 1989).
However, the benefits of short,
subl et hal exposure of plants to droughts
is relatively short-term (Morgan 1984),
but the effects can be | ong enough to
i ncrease tol erance to harsh handling.

The purpose of this study was to
exam ne the effects of MSC on contai ner-
grown el darica pine (Pinus eldarica)
seedling tol erance to water stress and
root exposure, as neasured by new root
producti on.

VETHODS AND MATERI ALS
Pl ant Materi al

Seed used in this study was
obtai ned froma stand of open-pollinated
el darica pine at the Fabian Garcia
Research Center (FGRC) in Las Cruces,
NM and sown on January 29, 1990. The
seed was germnated and grown in 175-cc
R-L Tubes (Ray-Leach Corp., Oregon, USA)
containing a 2:1:1 (v/v/v) peat
noss: perlite vermculite mxture.
Seedl i ngs were grown under anbient |ight
condi tions, supplenented with the |ight
from 100-watt incandescent bul bs to
mai ntain a 16-h photoperi od. G eenhouse
tenmperatures ranged from18.5 - 24°C
during the day to 13 -24°C during the
night. Relative humdity in the
greenhouse ranged from40 - 70% during
the day to 65 - 95%during the night.
Seedlings were fertilized weekly with 15
m of a Peter’s Conifer G ower nutrient
solution (150 ppmN, 22.5 ppm P, 118.5
ppm K). Seedlings were kept in these
growi ng regines until July 25, 1990,
when 400 seedlings were selected to be
treated. Seedling selection was based
on norphol ogi cal uniformty.

Moi sture Availability Treatnents

Seedl ings were randomy placed in
one of two noisture availability
treatnent |evels (200 trees per |evel).
One level was a well-watered control,
and the second | evel consisted of
wat eri ng seedlings only when the shoot
was wilted at dawn. Misture
availability treatment was applied for 8
weeks. Seedlings remained in the
greenhouse throughout treatment
i nposition. Seedlings were fertilized
every 2 weeks with 15 ml of a Peter’s
Coni fer Hardener nutrient solution



(50.00 ppm N, 109.10 ppm P, 69.17 ppm
K).

Handl i ng Treat nents

A factorial arrangement of handling
treatnments consisted of three |evels of
|l ast watering date and three | evels of
exposure tenperature. Last watering
date levels consisted of 1) watered
i medi at el y before exposure treatnent,
2) watered 2 days before exposure
treatnment and 3) watered 4 days before
exposure treatnment. Treatnents
i nvol ved renovi ng the seedlings from
their tubes and placing themin a
tenperature controlled incubator at
either 20, 25 or 30°C for 90 minutes

Seedl i ng Measurenents

Root col | ar diameter and shoot
length were measured for each seedling
before and after noisture availability
treatment inposition. Root collar
di aneter was neasured to the nearest 0.1
mm Shoot |ength, fromthe cotyl edon
scar to the tip of the grow ng apex, was
neasured to the nearest 1.0 mm

Shoot water potential, osmotic
potential at full turgor, and osnotic
potential at incipient plasnolysis were
nmeasured during noisture availability
treatment inposition. Measurenments were
taken on the upper 2 cm of the shoot of
three seedlings at approximately 2-week
intervals on two seedlings per noisture
availability treatnent |level. This was
done with a Schol ander Pressure Bomnb
(PMB Corp. Corvallis, OR) with a graphic
pressure vol une anal ysi s procedure
descri bed by Schulte and Hi nkley (1985).

Fol | owi ng the 90- m nute exposure
and again after new root production
i ncubation, shoot water potential was
measured at the root collar of two
seedl i ngs from each wat er *handl i ng* MsC
treatnent.

New r oot production was used to
test seedling response to handling
treatments. New root growth was

eval uated using a 14-d aeroponics system

(Harrington 1991). New root growth was
expressed by an increase in root vol une.
The techni que involves rinsing the root
system free of the grow ng medi um
measuring the initial volune of the root
systemgravinetrically and nmeasuring the
vol une again after incubation in the
root growth tanks (Harrington 1991).

Statistical Analysis

The conditioning (noi sture
availability) portion of the study was a
conpl etely randoni zed desi gn. There
were 200 seedlings used per noisture
availability treatnent |level to define
shoot hei ght and root collar growt h.
Shoot hei ght and root collar growth were
anal yzed usi ng anal ysis of vari ance.

Anal ysis of variance was used to exam ne
the effect of noisture availability
treatnent levels on plant water
relations during treatnent inposition.

The handl i ng treat ment design
consi sted of a factorial arrangenent of
three | evels of last watering date and
three | evel s of incubation tenperature
The experimental design was a random zed
conpl ete bl ock design w th bl ocking by
root growth analysis tank. All anal yses
were perfornmed using SAS Version 5.0
(SAS Institute, Cary, NO.

RESULTS

Moi sture availability significantly
i npacted seedling growth. Shoot
el ongati on and root collar dianeter
growth were reduced 45% and 57%
respectively, in MSC seedlings (Figure
2). Root systemvolume was al so reduced
32% in MSC seedlings. Wile not tested
MSC seedl i ngs appeared to have a nore
pronounced blue foliage color and nore
dead needl es than control s.
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Figure 2.--Effecta of moisture stress
conditioning en reot collar growth
(mm} ;, shoot growth (cm) and, final
root volume (cc) following 8 weeks
of moisture availlability treatment.
* denotes significant difference.



Predawn water potentials and
osnmotic potentials at full turgor and
i nci pient plasnolysis were significantly
i nfl uenced by noisture availability
treatnents foll owi ng MSC treat ment
imposition (Figure 3). MSC seedlings
had | ower water and osnotic potentials
follow ng treatment inposition.
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Figure 3--Effects of noisture stress
condi ti oning on shoot water
potential. GCsnotic potential at
full turgor and, osnotic potential
at incipient plasnolysis follow ng
8 weeks of noisture availability
treatnent. * denotes significant
di fference.

MSC seedl i ngs tended to have hi gher
shoot water potentials than control
seedl i ngs during the dry-down exposure
(Figure 4a). However, the only
significant difference occurred at 2 d
wi thout water. After 14 d in the root
growth chanber, all treatnents had
recovered to about -0.64 MPa, except the
control treatnent which went 4 d without
wat er (Figure 4b).

MSC seedl i ngs al so had hi gher water
potentials followi ng exposure to high
tenperature (Figure 5a). Again, after
14 d in the root growth chanber, water
potentials increased for both treatments
(Figure 5b). However, controls averaged
0.5 to 1.5 Mya | ower than MSC seedlings.
MSC appeared to prevent the inposition
of severe stress and to speed the
recovery to pretreatnent water
potenti al s.
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Figure 4--a. Shoot water potentials of
control and MSC seedlings by days
wi t hout water prior to new root
i ncubation. b. Shoot water
potentials of control and MsC
seedl i ngs by days without water
foll owi ng new root incubation. *
denotes significant difference.

Days without water had a negative
i mpact on new root production of control
seedlings (Figure 6). RGP decreased
linearly with increasing stress.
Furthernmore, RGP was related to shoot
wat er potential at the beginning of the
RGP test. Following 4 d without water,
RGP was reduced 56% conpared to control
seedlings at the O d | evel. Conversely,
MSC seedl i ng new root producti on was not
affected by days without water. New
root production averaged 0.58 cc,
regardl ess of treatnent.

As exposure tenperature increased,
new root production in MSC seedlings
i ncreased, while the opposite was true
for control seedlings (Figure 7). RGP
of MSC seedlings at 30°C was 30% greater
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Figure 5.--a. Shoot water potentials of
control and MSC i rmedi ately
foll owi ng exposure to high
tenmperatures. B. Shoot water
potentials of control and MSC
exposed to high tenperatures
foll owi ng new root growth
i ncubation. * denotes significant
di f f erence.

than at 20°C. Conversely, RGP of
control seedlings at 30°C was 30% | ower
than RGP at 20°C. MSC seedlings appear
better adapted to harsh conditions of
both water stress and heat.
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Figure 6.--Effect of noisture stress

condi tioning on new root production
by the nunber of days wi thout water
prior to new root growth

i ncubation. * denotes significant
di fference.
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Figure 7.--Effect of noisture stress
condi ti oning on new root production
foll owi ng seedling exposure to
ei ther 20, 25, or 30°C for 90
m nutes. * denotes significant
di f f erence.

DI SCUSSI ON

Treatment Effects

Moi st ure-stress conditioning
treatment resulted in both decreased
root collar growth and hei ght growh.
This was al so found in previous studies

(Harrington 1991,

Sei l er

1985, Seiler

and Johnson 1988, O Reilly et al. 1989).
In western hem ock seedlings, degree of



branching is al so reduced by noisture
availability, further contributing to
reductions in shoot size (OReilly et
al . 1989). Moisture-stress conditioning
also resulted in smaller root systens.
O her researchers have found simlar
reduction in MSC bl ack al der and
loblolly pine (Seiler 1985, Seiler and
Johnson 1988) .

Moi sture-stress conditioning
effects were evident by the second week
of treatment, with MSC seedlings having
36% | ower osnotic potential at ful
turgor relative to control seedlings
This constituted 78.6% of the overall
adj ustnent for the 8-week treatnent
period (Harrington 1991).
Hydroponically cultured bl ack spruce
(Picea mariana) seedlings showed
consi derabl e osnotic adjustnment after
only 1 week of noisture-stress treatnent
(Zwi azek and Bl ake 1989). This
i ndi cates sone conifer seedlings can
nore readily adjust to stressful
envi ronments. To obtain an appreciabl e
gain in drought tolerance, specifically
osnotic adjustnment, nmay take only 2
weeks. Such a short exposure can
m nimze the growth | osses caused by
such a treatnent, while providing the
physi ol ogi cal benefits of osnotic
adj ust ment .

Handl i ng Effects

Stresses inposed during handling
can influence the overall magnitude of
transpl anting stress as defined by
Rietvel d (1989). He defines transpl ant
stress as both a condition
(physi ol ogi cal state value) and a
recovery process (tinme function)

Handl ing effects can influence both the
state of the seedling and its ability
to recover and acclimate to its new
envi ronment .

Ti ssue water status is a critica
factor in seedling ability to wthstand
transpl ant stress. Water stress can
detrinentally affect al nost every
physi ol ogi cal process in a plant.
Handl i ng can severely inpact the water
status of a seedling. The shift in
reforestation practices to a nore
i ntensi ve and expensi ve contai ner system
was, in part, caused by problens
associated with the handling process.
Whi | e containerization can mnimze the
physi cal effects of handling, poor
handl i ng can reduce the physi ol ogi ca
qual ity of container-grown seedlings.

Moi st ure-stress conditioning
effectively buffered the effects of
handl ing treatnents on seedling water
rel ations. As days without water
i ncreased, MSC seedlings consistently
mai nt ai ned hi gher shoot water potentials
relative to control seedlings. As
handl i ng i ncubati on tenperatures
i ncreased, MsSC seedlings al so naintained
hi gher shoot water potentials than
control seedlings. Seedlings receiving
MSC, and subjected to the nbst severe
treatnent inposed (4 d without water and
a 90 minute incubation at 30°C), had
shoot water potentials 0.45 MPa hi gher
than controls imrediately follow ng
treatment. These data indicate MSC
reduces the detrinmental effects of harsh
handl i ng on seedling physiology. This
is further supported by the root
production dat a.

Across all handling treatnents, MC
seedl i ngs produced nore new roots than
control seedlings. Elevated exposure
t enper at ures enhanced new root
production of MSC seedlings. New root
production was 10% greater at 25°C, and
30% greater at 30°C than root production
at 20°C. The opposite was found in
control seedlings with reductions in new
root production of 30.6% at 25°C and
35.3% at 30°C. Feret et al. (1985) also
denonstrated a 35-m nute exposure of
bareroot |oblolly pine seedlings
resulted in a 35%decline in root growth
potenti al .

The exposure effects on new root
production observed here denonstrate
effects of exposure on seedling
per f ormance. However, reductions in
survival attributable to exposure can be
variabl e. Bareroot loblolly pine
seedl i ngs exposed for 1 h at 18°C had a
58% reduction in survival (D erauf and
Marl er 1971). In another study, an
exposure as brief as 10 mnutes at the
sane tenperature resulted in a 30%
reduction (Sw tzer 1960). Summari zi ng
data from several studies, Mexal and
South (1991) found exposure tenperature
was correlated with survival of southern
pi nes. Exposure to high tenperatures
m ght cause conplete nortality after as
little as 1 h, while 2 h exposure to
| ower tenperatures mght cause no nore
than 25% nnortality. Research indicates
this sensitivity can be aneliorated by
the conditioning treatnents the
seedl ings receive in the nursery.



CONCLUSI ONS

These results denonstrate how
cont ai neri zed el dari ca pine seedlings
can acclimte quickly to reduced water
| evel s, and that MSC enhances their
ability to generate new root tissue. It
appears MSC can effectively noderate the
effects of harsh handling (el evated
exposure tenperatures and intervals
wi thout water) in containerized eldarica
pi ne seedlings. As increasing nunbers
of private, noncommercial |andowners
begin planting trees as part of state
and national reforestation prograns, it
wi |l be necessary to produce seedlings
nore resilient to the effects of
m streatnent. Misture stress
condi tioning may be one practice that
will helpinthis effort.
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