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act. Black alder seedlings were exposed to 12
5 of sublethal water stress by watering only
Jvisibly wilted. Control seedlings were watered
arly throughout the treatment period. Stressed
ings exhibited significant osmotic adjustrment of
04 MPa. The water siress treatment also
icantly reduced leaf size, increased epicuticular
content, and increased the root-shoot ratio, The
mse of leaf conductance to decreasing leaf water
niial was influenced by the previous water stress
iment. Stressed seedlings had a much lower
al leaf conductance, but showed a gradual drop
af conductance as leal water potential decreased;
gas, control seedling leal conductance fell
dly. These morphological and phySiological
ifications in response to moisture stress have the
ntial for significantly impréving <hlack ‘alder
ught tolerance.
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merous morphological ‘and physiological factors
involved in the overall drought avoidance of
ody plants. These factors involve mechanisms that
ease absorption or reduceCwater loss and may
ude: maintenance of water(status in the plant by
adjustment, water storage, and reduction in
size; reduction of water/loss by stomatal closure,
& deposition on leal” surfaces and abscission of
yes; maintenance ~of water absorption during
lods of low soil moisture through the production
deep, highly bratiched root systems and reduction
the energy load on leaves by production of smaller
ewer leaves, changes in leaf angle and increases in
vective cooling {Hinckley et al., 1981; Kozlowski,
& Kramer, 1983a). Prior exposure to water stress
en modifies these factors responsible for drought
erance, ultimately resulting in improved drought
erance or acclimation to water stress (Clemens &
fies, 1978; Matthews & Bover, 1984; Osonubi &
ies, 1978; Tibbits & Bachelard, 1981,

lack alder [Afws glutinosa (L.} Gaertn], an
norhizal, nitrogen-fixing, woody plant capable of
ghing commercial timber size has shown strong
atial for use in many forestry systems (Gordon
Dawson, 1979). However, this species is very
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intolerant of water deficits, particularly as a young
seedling (McVean, 1956a, b). This study examined
the possibility_of improving black alder’s drought
tolerance by exposing seedlings to  prolonged,
sublethal water stress. Several morphological and
physiolegical parameters known to be important in
drought tolerance were evaluated,

Black alder seeds were germinated and grown in a
greenhouse in Ray Leach Super Cells (164 cm?, 4 ¢m
diameter, 21 cm long) for a 5-week period. During
this initial growth period seedlings were propagated
and inoculated as described previously (Seiler &
Johnson, 1984). Seedlings were then transplanted
into 1 dm? (11 ¢m diameter) plastic pots containing a
nursery soil with a loamy-sand texture. Following 4
more  weeks of growth under the conditions
described previously (Seiler & Johnson, 1984), one-
half of the seedlings were subjected to 12 wecks of
sublethal water stress where seedlings were watered
only when visibly wilted. The remaining seedlings
continued to be watered daily and served as controls,

For the final 2 weeks of the treatment period
scedlings were moved into a controlled environment
chamber at 23°C day/17°C night, a relative
humidity ol 35% and a I6-h photoperiod with an
average of 150 ymolm™? 57! of photosynthetically
active radiation (PAR) at the top of the plant
canopy. i :

Following the treatment period the leal surface
area of the second lully expanded leaf from the
terminal apex was measured. To avoid destructive
sampling of the leaf, the leaf shape was truced onto
paper. cul out, and measured on a model AAM
Automatic Area Meter (Far East Mercantile Corp.,
New York). Leaves from six plants per treatment
were measured.

The epicuticular wax content was determined on
four seedlings per treatment. The first fully expanded
leaf produced during the treatment period was
removed from the seedlings and the outline traced on
paper for later determination of surface area. Wax
was removed from the leaf surface by dipping it for
30s into §cm?® of chloroform. The chloroform-wax
mixture was then filtered through Whatman no. |
filter paper into a preweighed glass test tube. The
chloroform was then evaporated to dryness under
nitrogen and the test tube reweighed 1o determine net
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wax content {Trimble er al, 1982). Wax was
expressed as mg cm ™ ¢ of leaf surface area.

Leaf water potential components were measured
on six seedlings per treatment. All seedlings were
watered and leaf water potential measured the
following day with a pressure chamber (Scholander
et al., 1965). Immediately following the water
potential measurement, four leaf strips (approsxi-
mately 0.3mx3.5cm) cut from interveinal tissue
were placed into chambers, frozen in liquid nitrogen
and osmotic potential measured using thermocouple
psychrometers (model PSTS5-05, Wescor, Inc.,
Logan., UT). Sample chambers and procedures were
as described previously (Seiler & Johnson, 1934)
Turgor potential was estimated as the difference
between water and osmotic potential measurements.

To determine the response of leafl conductance to
decreasing leéal’ water potential, three seedlings per
treatment were rewalered and drought imposed by
withholding water for 2 weeks. Leal conductance
was measured over the 2 weeks as soil water was
depleted. This parameter was measured on the same
leal over the course of the experiment using a steady
state porometer {Mull balance porometer, Interface
Instruments, Corvallis, Crregon) followed
immediately by a leaf water potential measurement
taken on a separate leaf using a pressure chamber.
Conductance was measured at ambient humidity
(55%) with an average vapour pressure deficit of
1.37 (£0.15) kPa.

Shoot and root dry weight, and root-shoot ratio
{g/g) were determined on four seedlings from each
treatment after oven drying at 60°C 1d awconstant
weight,

The experiment was arranged as%a completely
randomized design. Leal surface area.cuticle \wax

content, water potential components, and biomi
parameters were separated statistically using a g8
Leafl conductance data were analysed using rege
sion techniques,

The water stress treatment reduced leal osmal
potential over 0.40 MPa, resulting in a significa
increase in turgor potential (Table 1), Osmo
adjustment of this magnitude has not been repor
previously in black alder; however, Seiler & Jo
(1984) found a decrease in osmotic potential |
0.13 MPa in black alder plants stressed similarly
5 weeks. It is probable that the longer treatm
period used in this study resulted in the furl
decrease in osmotic potential.

This shift in osmotic potential in water sine
seedlings has important implications for improg
black alder drought tolerance. Osmotic adjustm
allows the mainienance of both water poter
gradients and turgor in plants during prolong
periods of water stress, thus allowing fof
continuation of photosynthesis, stomatal opel
and growth (Kramer, 1983h, Turner & Jones, 1%

Cuticular wax content was enhanced significal
by the water stress treatment, increasing over f
from 0.0864in control seedlings to (.138 mg of
per em” of leaf area in stressed seedlings (Tabled
similar_effect has been found in cotton and soyl
where wax deposition was increased through #
stress (Clark & Levitt, 1956; Weete er al., 1978

Levitt (1980) reported that mesic plants, sud
black alder, may lose up to half as much W
through the cuticle, with stomata closed as they
with stomata open. The importance of leaf way
determining water loss through the cuticle has
emphasized by Korlowski (1982) and Pall
(1982)., Therefore, this response could plag

Tahbe 1. Leaf swater poténtial components of black alder seedlings as affected by 12
weeks of water stress®

Treatment

Water potential — Ogmotic potential

Turgor potential

(MPa)
Contrel — 063 + 0.06% A —1.64 + 008 A 103 +£ 009 A
Woater stressed — .70+ 016 A —207+0.16 B .37+ 0.15 B
*Witer stressed seedlings were watered only when visibly wilted: means followed

by the same letter within a column do not differ significantly {x=10.05).

GE

Table 2. Black alder seedling morphology as influenced by 12 weeks of water stress®

- Epicuticular
Surface

Tregiment Wik comtent

(mg cm ') arca per leal {cm®)
Control DL0EG 4+ 001FA 4724+69 A
Water stressed 0038 £ 002 B 223+£13B

Shoo Rt
weight (g) weight (g)

Root shoet
ratio (g'g)
128 A 1.05 + 0.06 A

567+ 050 A 586
1.5 142 +00% B

!
2504014 B 2+ 0.20 B

*Watcr stressed seedlings were watered only when visibly wilted; means followed by the same letter within a column do pot
dilfer significantly {x = (.03).
t5E.
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Fipure 1. Black alder leaf conductance as affected by leal’ water potential and water stress conditioning. Control (@, ——I.

log,G, = 3.6 — 8.4 (WP) + 3.22 (WP?) + 3.76 log, (WP), R® = 0.69. Siressed (O, - - -), log, G, = — 181

R =0.35. WP = water potential, G, = leal conductance.

fficant role in improving black alder’s walter
ponservation, particularly  when water stress 1S
fdeveloping and stomata are beginning to close.

Water stress in black alder resulted in- the
production of significantly smaller leaves. Surface
area of leaves on stressed seedlings was redueed over
§7%, compared to control seedlings (Table 2). In
addition, although no actUiledata were collected,
siressed plants were observed 10 also @roduce fewer
new leaves,

Stressed seedling shibot biemass was reduced more
by water stress than was root biamass, resulling in a
large increase in pOaP-shoot <ratio (Table 2). The
relationship between/ raot dhsorplive capacity and
shoot transpirational demand is an important factor
in the ability of plants to survive and grow under
gonditions  of “sail” apd) atmospheric water stress
(Pallardy, 1982). Therefore, reduced leaf size and
mereased rool-shoot ratio are likely to result in an
mproved water balince, particularly when soil water
begins to become Timiting.

Smaller leaf\size has often been associated with
species or sced sources from xeric sites. Smaller
leaves not omly result in reduced transpirational area,
but alsoimprove heat exchange and lessens the
distance that water must travel from main xylem to
thecoutermost edge of a leaf (Pallardy, 1982). All of
these factors are likely to improve seedling per-
formance during periods of water defeit.

The prior water siress treatment significantly
muvenced the response of leal conductance to
decreasing leal water potential (Fig. 1). The lines
presented in Fig. | are based on regression equations
developed by first screening variables using stepwise
meression procedures. Final equations were chosen
based on  residual analysis. C statistics, and

gnificance  of slope estimates. The lines are
presented to illustrate the general trends,
Control seedling leal conductance was suppressed

0227 (WP,

at the highest water potentials. This initial low leaf
conductance is difficult to explain. However, it could
be related to the turgor balance between subsidiary
cells, epidermal cells and guard cells. Possibly at these
highest water potentials, subsidiary cells or sur-
rounding epidermal cells maintain an advantage over
guard cells in terms of turgor potential, with the
result being decreased leaf conductance. Turgor
balance between guard cells, subsidiary cells and
epidermal cells has been implicated in the control of
stomatal conductance in past studies (Edwards,
Meidner & Sheriff, 1976; Johnson & Ferrell, 1983).

Another explanation may be that the initial low
leal  conductance was ' due 1o soil  flooding
immediately following rewatering and is simply a lag
in the recovery from flooded soil conditions.
Whatever the case, conductance guickly recovered,
and reached values over 63% higher than stressed
seedlings. However, conductance in control seedlings
fell very quickly and few measurements could be
taken below —1.3 MPa due to severe wilting.

Water-stressed seedlings had much lower conduc-
tance values which would greatly reduce (ranspira-
tion and water use. These seedlings were able to
maintain leaf conductance for a longer time and to
much lower leal water potentials. Seedlings did not
wilt until water potentials were well below
— 1.5 MPa and one seedling maintained turgor and
conductance to a water potential of —2.6 MPa,

In pre-stressed seedlings, little or no recovery in
leal conductance occurred upon rewatering {Fig. 1).
This stable decrease in leal conductance as a result of
the previous walter stress treatment has also been
found in loblolly pine (Pinmus raeda L.) (Seiler, 1984).
Control of water loss through changes in leaf
conductance is known to be an important factor
affecting drought tolerance of tree species (Bennett &
Rook, 1978; Kozlowski, 1982). The decrease in leaf
conductance would enable pre-stressed secdlings to




222 J. R. SEILER

conserve water and function longer during periods of
waler  deficit  but  would however limit
photosynthesis,

Data in Fig. 1 does not appear to support the
conclusion that the increased wax content which
occurred in the stressed seedlings (Table 2) 15 actually
decreasing cuticular transpiration, Minimum leaf
conductance under stress (stomata closed) in both
treatments is  approximately equal, roughly
0.05cms™'. However, leaf conductance under near
zero turgor conditions may not accurately reflect
cuticular transpiration in a fully rehydrated condi-
tion. Possibly, at the higher water potentials,
cuticular transpiration is lower in pre-siressed
seedlings and this may be contributing to the lower
overall leaf conductance found in pre-stressed
seedlings (Fig. 1). Data, however, 1o support this
conclusion was not obtained.

In conclusion, exposing black alder seedlings to
prolonged, sublethal water stress resulted in the
modification of numerous physiological and
morphological parameters, all important in drought
tolerance. These modifications acting in combination
with one another show the potential for greatly
improving the water conservation and overall
drought tolerance of black alder seedlings.
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