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Introduction
On sites assigned to intensive culture of eastern cottonwood (Populus deltoides BARTR.) in the lower Mississippi
River flood plain, soil moisture availability is a major
determinant of productivity. Variations in moisture characteristics of sites are usually related to soil texture, which
ranges from sandy loams to heavy clays. Trees on sites of
both textural extremes are commonly subjected to severe
drought in late summer.
Cottonwood improvement programs in the region are
designed to develop clones suitable for a variety of sites.
Thus genotype-site interactions are major considerations
in breeding. Differential response to moisture stress may
be an important source of interaction variance.
This paper describes a pot study of genetic variation
among 30 cottonwood clones growing under both favorable
and stressful soil moisture regimes. The objectives were to
determine how moisture stress may alter variation patterns and to provide information on variation in relationships between leaf, stem, and root growth.

Methods
In March 1966, 300 meta1 pots (51 cm wide, 46 cm high)
were filled with approximately 0.07 cubic meter of Commerce loam and arranged outdoors in a nursery in five
replications of 60 pots each. Each replication consisted of
two rows of 30 pots. Soil surface was mulched with peasized gravel, and pots were drained by four 2.5 cm diameter
holes near the base.
Unrooted stem cuttings (length, 13 Cm; diameter, 4-10
mm) from 30 randomly selected clones were randomly assigned to pots in each of the ten 30-pot rows. On March 30,
four cuttings were planted near the center of each pot with
their tops flush with the surface of the mulch. After establishment, plants were thinned to one per pot.
Each of the two rows of pots in replications was randomly
assigned to one of two soil moisture regimes. The first was
a "control" regime of watering daily or twice daily to
maintain near-optimum soil moisture conditions for growth.
The second, a stress regime, was created by covering pots
with waterproof covers and watering plants individually
only after incipient wilt of the apex was observed a t 8 : 00
AM; the soil was saturated when these plants were watered. Pot covers consisted of a hardware cloth frame covered
with lightweight waterproof sacking. Plants grew through
an 8-cm wide hole in this Cover. Water was added to the
pot through the hole.
Dates of rewatering were recorded for individual stressed
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tinuously optimum soil moisture regime while stressci?
plants were subjected to drying cycles. Treatments were
started on May 23, when plants were approximately 20 cm
high (as measured from the surface of the mulch). During
the test, 10 randomly selected plants in each of the two
treatments were measured every third day to obtain a record of height-growth patterns.
Treatments were continued until September 9; a t this
time all plants were still foliated and making apical growth.
Final measurements included total height, stem diameter
a t 8 cm above the soil surface, and dry weight of leaves,
stems, and roots. Leaves were picked from plants, placed
Roots were washed free
in paper bags, and dried a t 50".
of soil with firehoses under moderate pressure. A negligible
amount of root (< 2.0 g oven-dry weight per plant) was lost
in washing. While the greatest proportion of small roots
was found within a 15-cm-wide area adjacent to pot sides
and bottom, the root systems did not appear severely "potbound". Stems and roots were air-dried in a low-humidity
greenhouse a t approximately 38O C.
Specific gravity of 10-cm-long sections of stem taken a t
the base of plants was determined with the maximummoisture technique (S MITH, 1954). Fiber samples were taken
adjacent to the cambium from the Same sections in three
replications and mounted on glass slides by standard techniques (F ARMER and WILCOX, 1966). Mean fiber length of
samples was based on measurement of 50 whole fibers a t
50X.
Combined analyses of data took the form of a split-plot
design, and a randomized block design was used for separate analyses of data from the two treatments. Significance
was tested a t the 0.05 level of probability. Broad-sense
heritability based on these analyses was computed as follows:

a2i: = genetic (clonal) variance
a2,, = environmental variance

Relationships between leaf weight and stem and root
weights were investigated by covariance analyses, and by
analyses of variance in ratios of stem and root weights to
leaf weight, i. e., stem weight
leaf weight.

Results
General Response to Moisture Stress
Typical patterns of growth for favorable and stress treatments are illustrated in Figure 1. The stressed plants were
watered an average of four times during the test. The first
drying period was 35 to 40 days, and apical growth had
stopped a t around 30 days. Later cycles were increasingly
shorter as plants grew larger and depleted soil moisture
more rapid1y.
Clonal variation in wilting response was evaluated
through an analysis of the number of days in the second
drying cycle (late June to late July). Since some variation
in plant size was apparent, an analysis of covariance was

