TECHNICAL
characteristics similar to sulfur. Selenium appears to be the most mobile
of the elements discussed.
In spite of the apparent solubility
and mobility of some isotopes in the
soil, placement and sampling techniques could be devised to minimize
leaching. For example, isotopes could
be injected when soil moisture content
was near or below field capacity. At
this moisture level, movement of isotopes in soil solution would be restricted because of unsaturated flow
conditions and a marked decrease in
water movement through soil. Rapid
uptake of some isotopes suggests that
an adequate
activity measurement
could be obtained shortly after placement and thereby minimize leaching
problems.
Conclusions
Our evaluation of the uptake of
fourteen isotopes showed Cu, Cr, I,
MO, and Se were, with few exceptions,
well suited for use as tracers with the
species and soil used. These isotopes
can be determined in the presence of
each other by gamma-ray spectrometry.

Large Seeds Produce More,
Better Alkali Sacaton Plants1
0. D. KNIPE
Associate Plant Ecologist, Rocky Mountain Forest and Range Experiment
Station, Albuquerque,
New Mexico.

Highlight
Larger seeds of alkalai sacaton germinated better and faster than the
smaller sizes. Seedlings from larger
seeds emerged from deeper depths and
had a higher growth rate.
lRocky Mountain Forest and Range
Experiment
Station, Forest Service,
U.S. Dept. of Agriculture, with central headquarters maintained at Fort
Collins in cooperation with Colorado
State University; author is located at
Albuquerque in cooperation with the
University of New Mexico. Research
reported here was conducted in cooperation with the Bureau of Land
Management, U.S. Dept. of the Interior. Received October 15, 1969;
accepted for publication January 27,
1970.

NOTES

In our opinion, these results can be
extrapolated for use with other species
of perennial and annual grasses and
annual forbs. These isotopes can also
be used in soils with low organic matter, near neutral reaction, and loamy
texture. Further study is needed to
evaluate: (1) isotope uptake by perennial forb and shrub species; (2) isotope
uptake from soils with acid or alkaline
reaction, high organic matter, and very
light or heavy texture; and (3) leaching of isotopes from zone of placement.
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During the course of previous work
I observed considerable variation in
seed size of alkali sacaton (Sporobolus
In addition, it apairoides
Torr.).
peared that the larger seeds had a
higher percentage
germination
and
that they germinated more rapidly
than the smaller seeds.
The purposes of this study were to
determine seed size classes and the
relation of seed size to (1) time required for germination, (2) total germination, and (3) emergence in alkali
sacaton.
The larger and/or heavier seeds of
grasses have generally been found to
produce seedlings of greater vigor than
seedlings produced by the smaller seeds.
Several workers have found that the
heavier and/or larger seeds within certain grass species emerge better and
from deeper depths than the smaller
and/or lighter seeds (Hunt, 1954; Kittack and Patterson, 1962; Milton, 1935;
and Rogler, 1954). A number of workers have reported that larger seeds result in better stands and more vigorous
seedlings (Harkness, 1965; Kneebone,
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1956; Kneebone and Cremer, 1955;
Rogler, 1954; and Tossell, 1960).
Procedures
Six seed size classes were delineated
by passing thoroughly cleaned seeds
(caryopses free of lemma and palea)
through screens with 28 x 28, 30 x 30,
32 x 32, 34 x 34, and 36 x 36 openings per square inch. Seeds held by
(that would not pass through) the 28 x
28 screen were designated size 1, those
held by the 30 x 30 screen as size 2,
etc. Size 6 seeds were those which
passed through the smallest (36 x 36)
screen. The percentage (weight basis)
of seeds in each size class, and the
number of seeds per pound, was determined for each of six seed lots.
To determine the effect of seed size
on the rate of germination of alkali
sacaton, a 30-day germination test was
run on four replications of 100 seeds
of each of the six seed sizes from the
1966 seed lot. The seeds were germinated on doubled layers of standard
blue germination paper in 4-inch petri
dishes in a controlled-environment
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Table
1. Percentage
of seeds (weight basis)
per pound in six lots of alkali sacaton.

NOTES

per size class and number

of seeds

Seed lot1
Size class

RP1964

1

47
19

70
18

12
10
5

7
3
1
1

2
3
4
5
6
Seeds/lb.

7

RP1965

RP1966
42
22
20
7
5
3

RP1967

PMNM-184

88
8

44
18
22
8
5
3

2
1
1
1

PMNM-Cl4
42
36
13
7
2
1

Avg,
all lots
56
20
12
6
3
3

smaller
seeds did not approach
maximum germination
until
the seventh
day. The larger seeds of alkali sacaton
were not only more viable
but they
also germinated
faster.
Seedling emergence
in pots with size
1 seed was significantly
higher than in
pots with size 3 seed at all depths of
seeding. Seed size 1 had a higher emergence
(%) from the l-inch
planting
depth than was obtained
with size 3
seeds from the Y&inch depth:
Size 1

Size 3

1

89as
83a

1%

22b

50
15b
0

Inches

1 Seed lots RP were collected by the author in the Rio Puerto watershed about 60
miles northwest of Albuquerque,
New Mexico during October of the indicated year.
The other two lots were obtained from the New Mexico Plant Materials Center, Los
Lunas, New Mexico.

germination
chamber.
The
chamber
was programmed
for 8 hours
light
daily at 90 F and 16 hours darkness at
70 F; relative humidity ranged from 95
to 98 percent.
Previous
studies have
shown that these conditions
are adequate for germination
of alkali sacaton
(Knipe,
1967). A seed was considered
as germinated
when both radicle and
plumule
had broken
through
the seed
coat.
The effect of seed size on emergence
from different
depths of planting
was
studied by planting
seeds of sizes 1 and
3 in a greenhouse
in 2-quart
pots in
sterile sandy loam soil at depths of 1/2,
1, and 13/ainches.
The pots were subirrigated
to saturation
at the start of
the study;
additional
waterings
were
not necessary.
This study consisted
of
6 replications
of 15 seeds per pot. The
temperature
of the greenhouse
ranged
from 80 to 90 F, and the relative
humidity ranged from 60 to 70 percent.
Percent
emergence
was determined
for
the 14th day after planting.
To determine
the effect of seed size
on root and shoot growth,
a separate
set of pots,
identical
to those
described above but with 8 replications,
were seeded with sizes 1 and 3 at a
depth of 1/4inch. The seedlings which
emerged
in these pots were excavated
-those
in 4 pots 7 days after planting,
and those in the other 4 pots 14 days
after planting-and
the lengths of their
roots and shoots determined.
Results
of each of the studies were
analyzed
as a randomized
complete
block,
those from the latter
study as
unequal
subsample
numbers
because
the number
of seedlings
per pot was
not constant.
The
germination
and
emergence
percentages
transwere

formed
to
percentages

arc sin of square
prior to analysis.

Results

and

root

of

Separating
seeds of several
lots of
alkali sacaton
into six size classes revealed a considerable
variation
in the
percentage
of seeds per size class among
lots (Table
1); the number
of seeds
per pound
also varied
among
lots,
ranging
from more than one to more
than
two million
per pound.
Over
half of the seeds were in size class 1,
the largest seeds.
Three days after the start of the germination
test the smallest
seeds (size
6) had the lowest percentage
germination; each successively
larger size was
significantly
better .a This relationship
continued
with one minor
exception
for all sizes for the duration
of the 30day period (Table 2). The germination
percentage
of size 1 approached
maximum on the third day, whereas
the

Table
2. Germination
(%) of six
after 2, 3, 7, 14, 21, and 30 days.

The growth
rate (cm) of seedlings
from the large seeds greatly exceeded
that of the small seeds, especially
with
respect to root growth:
Root

Discussion

2 All significant
differences
specified
this paper were at the .05 level.

depth
$&

2,000,OOO 1,435,OOO 1,550,OOO 1,040,OOO 2,240,OOO 1,540,OOO 1,634,OOO

in

length

Shoot length

Days

Size 1

Size 3

Size 1

Size 3

7

2.34
4.5

0.9

2.1

1.4

2.2

2.2

1.8

14

Conclusions
The results indicate
that the larger
seeds, by virtue of more rapid germination and development,
produce
seedlings better
adapted
to establishment
in harsh areas.
It is possible
that establishment
of plants from the larger
seeds contributes
greatly
to natural
regeneration
natural

arid regions.
ings

would

operations
of

of

alkali

conditions
The

large

arid

success

probably
were

sacaton

in

be

under

and

semi-

of field

seed-

enhanced

restricted

to

the

if
use

seeds.

3Any two valu es followed by the same
letter
are not significantly
different
(.05 level, Tukey
procedure).
4All values between
seed size 1 and 3
at a given age are significantly
different (.05 level, Tukey
procedure).

sizes of

alkali

sacaton

seed

(lot

RP1966)

Days after start of test
Seed size

2

3

7

14

21

30

1
2
3
4
5

6
4a1
2a
3a
la

80
58
47
42
32

83
68
59b
58b
47

83
68
59b
59b
48

6

2a

17

81
67
57b
57b
47
25

26

26

83
68
59b
59b
48
26

1 Any two values in a column not followed by the same letter are significantly
(Tukey procedure .05 level).
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Vegetative Reproduction
of
Fourwing Saltbush in
New Mexico1

of Biology, The University
Mexico,
Albuquerque,
New Mexico.

Highlight
Root sprouting
was found to be an
important
method
of reproduction
in
some stands of four-wing
saltbush
in
New Mexico.
The importance
of vegetative
reproduction by root sprouts in the palatable
and
nutritious
Southwestern
shrub,
fourwing
saltbush
(Atriplex
canescens
(Pursh) Nutt.),
has not been reported
previously
in the literature.
Hervey
(1955) found plants
in Colorado
that
had sprouted
from adventitious
buds
on root
crowns
or from the underground
portion
of the stem, but he
made no mention
of
vegetative
reproduction.
tensen,
and Plummer
vegetative
reproduction
and A. nuttallii.

other
forms of
Nord, Chris(1969) reported
in A. gardneri

lThis
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a cooperative
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the
Rocky
Mountain
Forest
and Range
Experiment
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Forest
Service,
U.S. Department
of Agriculture,
Fort
Collins,
Colorado,
and was part of a
master’s degree thesis at the University
of New Mexico.
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Resources,
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Another
site (SW Ya Sec. 12, T.l2N.,
R.4E.)
was on the water diversion
terraces of the steep west-facing
slope in
the Bernalillo
Watershed
near Bernalillo, New Mexico.
The species at this
site was introduced
in the late 1950’s
as part of the revegetation
efforts of
the watershed
project.
Of 50 young
plants examined,
96% were found to
be of root sucker origin.
The soil on
this
site
was gravelly
sandy
loam.
Again,
the average
distance
of root
sprouts
from the parent
plant was 4
ft and the maximum
was 8 ft.

ROBERT G. WOODMANSEEZ
AND LOREN D. POTTER
Department
of New

TOSSELL, W. E.
1960.
Early seedling
vigor and seed weight in relation
to

FIG. 1. Mature, 3 ft tall, fourwing saltbush (upper right) with attached, 2 ft
tall, seed-bearing sprout (lower left).

In the summers of 1967 and 1968, we
found root suckers from the extensive
lateral roots just below the soil surface
in three stands of four-wing saltbush in
central
New Mexico.
In these stands
the sprouts appeared
to be an important means of reproduction.
At one site (SE l/a Sec. 6, T.l5N.,
near
Fort
Wingate,
New
R.17W.)
Mexico,
roots of 100 young-appearing
plants
of fourwing
saltbush
were examined
to determine
the nature
of
their
origin
in the alluvial
soil of
heavy clay loam to clay. Seventy-seven
percent of the plants were determined
to be of root sucker origin.
The average distance of the young sprout from
the parent
plant was about 4 ft, and
the greatest
distance was 8 ft (Fig. 1).

Root
sprouts
of fourwing
saltbush
were also located
on a steep, rocky,
limestone,
northwest-facing
slope
in
Lower Las Huertas
Canyon,
south of
Placitas,
New Mexico
(SW l/a Sec. 15,
T.l2N.,
R.5E.).
Young
plants of different
origins
were not counted,
but
it was apparent
that vegetative
reproduction
was common.
Vegetative
reproduction
in fourwing
saltbush appears to occur infrequently,
but in areas such as Fort Wingate,
reproduction
by root sprouts as far as 8
ft from the parent bush is important.
This

method

of reproduction

is prob-

ably much more efficient
and dependable than sexual reproduction.
More
investigations
should be made to determine
if root sprouting
is due to
genetic variation
or edaphic conditions.
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