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Pubescent and intermediate wheatgrasses averaged 
a 1% decrease. 

These three wheatgrasses have also spread well 
on other seedings in this area. In 1946, 12 species 
were seeded for grazing studies. By 1963 fairway 
wheatgrass had spread to 438% of its original 
seeded area. Pubescent wheatgrass had spread 2 10% 
and intermediate wheatgrass 115% (Hull and 
Klomp, 1966). 

Studies show that these 3 wheatgrasses are 
adapted to this area and for 25 years they have 
grown well together in this study. If used only 
for early spring grazin, Q this mixture could pro- 
vide a variety of feed and excellent ground cover. 
However, if late spring or summer grazing is de- 

sired, seeded areas now grazed indicate that differ- 
ential palatability makes it desirable to plant these 
species singly. 
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Highlight 

Exposure of alkali sacaton seeds to 
light for a few seconds after imbibition 
delayed germination 24 hr, exposure 
for 9 to 13 hr delayed germination 
28 hr, exposure for more than 13 hr 
delayed germination 72 hr, and con- 
tinuous exposure reduced germination 
40%. 

In previous studies on factors 
affecting the germination of alkali 
sacaton (Sporobolus airoides Torr.), 
the growth chamber was pro- 
grammed for 8 hr in light and 16 
hr in darkness (Knipe, 1967; 1969). 
These tests were started at 8:00 AM 
at the start of the light period. 

l Forest Service, U.S. Department of 
Agriculture, with central headquarters 
maintained at Fort Collins in co- 
operation with Colorado State Uni- 
versity; author is located at Albu- 
querque in cooperation with the 
University of New Mexico. Research 
reported here was conducted in co- 
operation with the Bureau of Land 
Management, U.S. Department of the 
Interior. It is extracted from a dis- 
sertation completed in partial ful- 
fillment for the Ph.D. in Range 
Management, Department of Water- 
shed Management, IJniversity of Ari- 
zona. Received May 5, 1970; accepted 
for publication July 3, 1970. 

Seeds exposed to light during the 
first 8 hr of each test showed no 
appreciable germination until 
about the 48th hr. On one occasion 
when a test was started at 4:00 PM, 
the time corresponding to the start 
of the 16-hr dark period, a con- 
siderable number of seeds germi- 
nated by the 24th hr. This 
indicated that alkali sacaton is 
negatively photoblastic, at least 
during the early or pregermination 
stage. 

titularly true in grasses. In Rules 
for Testing Seeds (Association of 
Official Seed Analysts, 1960) light 
is specified as a requirement for 
more than 60 grass species. The 
germination requirements for al- 
kali sacaton, or any other species of 
the genus, were not specified. 

The purpose of this study, there- 
fore, was to determine the effect of 
light on germination of alkali 
sacaton. 

Literature Review 

Comprehensive reviews of experi- 
mental work on light effects and 
germination have been made by 
Evenari (1956), Toole et al. (1957), 
and Hendricks and Borthwick 
(1963). Unfortunately, most of the 
research has been restricted to a 
very few species; there are innumer- 
able papers dealing with light re- 
quirements of lettuce (Lactuca 
sat&a) and Phacelia tanacetifolia. 
Sauer and Struik (1964) found that 
most kinds of crop seeds are in- 
different to light, and that germina- 
tion of many weed seeds is pro- 
moted by light. Germination of 
only a few species is known to be 
inhibited by light. 

Prior to the turn of the century, Apparently, very little research 
photoblastism was thought to be an has been done on the effect of 
isolated phenomenon restricted to light on the germination of grasses. 
very few species (Evenari, 1965). Cumming and Hay (1958) found 
The first cases of negative photo- that wild oats (Avena fatua) ger- 
blastism were described in 1903. minated only 10% when surface 
We now know that both phe- planted, but 65% when planted at 
nomena are widespread. Research a depth of 1 inch. Koller and 
has shown that light is required for Roth (1963) found that Panicum 
optimum germination in a large turgidum germinated best in dark- 
majority of species, and that it in- ness olr when held for 24 hr in 
creases the rate of germinatioa in darkness and in light. thereafter. 
many others. This relatioa is par- The presence of light at any time 
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Table 1. Germination (%) of alkali sacaton seeds exposed to light for the time 
specified after 30 min imbibition. 

Duration of 
exposure to light 

None 
Flash 
30 seconds 
1 minute 
5 minutes 

Germination at various 
hours after start of imbibition 

24 48 72 

89a 93ab 96a 

80bcd 93a 94ab 

8lbcd 94a 94ab 

74cd 93ab 93ab 

80bcd 88abc Slbcd 

all treatments, except the constant 
exposure, so that seeds received the 
specified exposure but once during 
the 72 hr period. The study was 
terminated after 72 hr because pre- 
vious research has shown that, for 
all practical purposes, germination 
of alkali sacaton seeds is completed 
by this time. 

Results and Discussion 

The results show that germina- 
tion of alkali sacaton is inhibited 
by light (Table 1). Short exposures 
primarily delayed germination, 
while the more lengthy exposures 
not only delayed but also reduced 
total germination. 

10 minutes 

20 minutes 

30 minutes 

1 hour 

3 hours 

5 hours 

7 hours 

9 hours 

11 hours 

13 hours 

15 hours 

17 hours 

19 hours 

21 hours 

Continuous 

83ab 

76bcd 

85c 

84cd 

89bcde 

90bcd 

80bcd 

79bcd 

76bcd 

82bcd 

72de 

64ef 

58f 

60f 

23g 

20g 
18gh 

19gh 

12h 

82cde 

88abc 

87abc 

87bc 

88abc 

82cde 

8lcde 

77de 

84cd 

8lcde 

75e 

87abc 

92abc 

92abc 

87cde 

89bcd 

92abc 

93ab 

94ab 

85de 

82ef 

77f 

74e 74f 

54 59 

All values in columns not followed by the same letter are significantly different: all 
values in rows not underscored by the same line are significantly different (.05 level, 
Tukey procedure). 

during the first 24 to 72 hr of in- 
cubation did not inhibit germina- 
tion if the seeds were held in 
darkness thereafter; in fact, this 
procedure actually hastened the 
start of germination. 

Koller and Negbi (1959) found 
that germination of Oryzo~sis mili- 
acea was restricted by either con- 
stant light or darkness. The dark- 
imposed restriction was broken by 
a single illumination period be- 
tween 1 and 28 days after the start 
of imbibition. Although not so 
stated by the authors, it appears 
that 0. miliacea requires light at 
some time during the incubation 
period for optimum germination. 

Wright and Bal tensperger (1964) 
found that germination of black 
grama grass (Bouteloua eriopoda) 
was as high in light as in darkness, 
but that germination was more 
rapid in darkness. 

Procedures 

To determine if alkali sacaton 
is negatively photoblastic, seeds 
were placed in black petri dishes on 
moist blotters and allowed to im- 
bibe modsture for 30 min at 90 F. 
After imbibition the seeds were sub- 
jected to light treatment of 1,000 
ft-c intensity for periods ranging 
from flash exposure to constant 
exposure (exposure for the duration 
of the study; Table 1). Flash ex- 
posure and exposures of 30 set and 
1 min were obtained by removing 
the petri dish lids and replacing 
them after the desired exposure. 
Extended exposures were obtained 
by replacing the black petri dish 
covers with clear covers for the 
specified time. Germinated seeds 
were counted and removed from 
the dishes every 24 hr for 72 hr. 
Triplicate dishes were prepared for 

After 24 hr, germination of seeds 
kept in darkness was significantly 
better than that of seeds which re- 
ceived light for all periods rang- 
ing from flash to continuous ex- 
posure with the exception of those 
exposed for 10 min. The insig- 
nificant difference between dark- 
ness and 10 min exposure appeared 
to be due to shading of the petri 
dishes exposed 10 min by other 
dishes above and around them. 
Similarly, seeds exposed 1 min did 
not germinate significantly better 
during the first 24 hr than those ex- 
posed 10 min. With the exception 
of seeds kept in darkness, seeds 
exposed 10 min were the only ones 
whose germination did not increase 
significantly from 24 to 48 hr after 
the start of the study; in other 
words, this was the only treatment 
in which exposure to light did not 
significantly delay germination dur- 
ing the first 24 hr after imbibition. 

The same phenomenon was evi- 
dent, and to a much greater extent, 
from the 48th to the 72nd hr after 
start of imbibition: germination of 
seeds in darkness and exposed 
flash through 10 min did not in- 
crease significantly from 48 to 72 
hr. This is understandable if we 
assume these short exposures were 
not sufficient to delay germination 
for more than 48 hr. We would 
then also have to assume that 
longer exposures would delay ger- 
minatioa longer, with the amount 
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of delay proportional to the length 
of exposure. This was not the 
case, however; germination of seeds 
exposed 20 and 30 min increased 
significantly from 24 to 48 hr, 
whereas germination of seeds ex- 
posed 10 min did not. Table 1 
shows other such irregularities. 

some of the seeds for more 
than 48 hr but less than 72 hr. 

3. Generally, exposure for more 
than 13 hr not oInly delays 
but significantly reduces final 
germination. 
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Nature of Phytomer Growth in Blue Gramal 
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Graduate Assistant and Professor of Agronomy, 
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Highlight 

The pattern and relative growth rates of the individual phytomers of blue 
grama were determined. A mature blue grama shoot from the site had an 
average of 13 complete phytomers. The first six phytomers appeared to be 
initiated in the growing season prior to the one in which the plant reached 
maturity. Internodal elongation of over 100 mm in a period of two weeks 
was not uncommon. In most instances the internodes did not elongate before 
the sheath and blade reached maximum length. The leaf of the last phytomer 
was initiated just prior to the middle of June. Mature sheath length varied 
from 15 mm in phytomer 13 to nearly 80 mm in phytomers 11 and 12. Blade 
length varied from 4 mm in phytomer 2 to 134 mm in phytomer 10. 

lPublished with the approval of the 
Director as paper No. 2782 Journal 
Series, Nebraska Agriculture Experi- 
ment station. This paper was pre- 
sented at Session C: Morphology, De- 
velopment and Physiology of Range 
Plants. 23rd Annual Meeting, ASRM, 
Denver, Colorado, February 11, 1970. 
Received February 26, 1970; accepted 
for publication August 28, 1970. 

Growth is quantitative while de- 
velopment is qualitative. The total 
grolwth of a plant, when plotted on 
a graph, will generally be repre- 
sented by a sigmoid curve. The 
sigmoid curve can be separated into 
three parts: (1) early period of slow 
gro(wth, (2) central period of rapid 
growth and (3) final period of 
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slow gro’wth (Curtis and Clark, 
1950; Bonner and Galston, 1952). 

A phytomer has been described 
as a segment of the shoot, or phyton 
unit. It is an internode together 
with the leaf at its upper end and 
a bud at its lower end. The bud 
may be represented only by a meri- 
stematic region. The leaf and bud 
are on opposite sides of the axis. A 
phytomer is a unit of structure of 
the shoot (Evans and Grover, 1940). 

Each new grass leaf begins ex- 
pansion inside the folded sheaths of 
the older leaves. When the leaf tip 
emerges fro’m the enclosing sheath, 
the blade unrolls, the ligule is dif- 
ferentiated and the meristematic 
activity in the blades ceases. The 
leaf sheath ceases to grow when the 
ligule is exposed (Bonnett, 1936; 
Sharman, 1942). 

Blades and sheaths of most suc- 
cessive grass leaves, formed prior 
to flower initiation, tend to become 
progressively longer, but continue 


