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The seeds are enclosed in a hard seed husks. Also, some seed which The vetch should also be tested for 
husk and are glabrous. The seed pods failed to germinate the first year, ger- 
contain IO-12 seeds and the seed cap- 

use as a cover crop and to improve 
minated when planted again the next soil fertility in citrus and fruit or- 

sules contain 1-2 seeds (Fig. 2). Both year. These characteristics of germi- 
pods and capsules normally mature nation may enable survival of the spe- 

chards. It may also be useful to hold 

from May 20-30. When planted in ties in the central Anatolia region of 
sand dunes and as pasture in gravelly 

December or January they mature Turkey where the climatic conditions 
or wooded areas. Much research on 

toward the end of June. are severe. other possible uses is needed. 

Discussion 

The germination characteristics of 
this vetch are important. The percent 
of aerial seeds germinated was higher 
than germination of subterranean 
seeds. Within 3 days after germina- 
tion, 90.5% of the aerial seeds had 
germinated. The germination rate of 
subterranean seeds was 75%. How- 
ever, seeds which did not germinate 
were able to germinate after being in 
contact with moisture for 60-80 days; 
this wetting is required to crackle the 

The subterranean seeds are never 
lost and continuously produce annual 
crop covers. The cutting or grazing 
of the green portions of the plant will 
not affect the production of these seeds. 
Also, it was observed at Tarsus that 
stems aboveground were not damaged 
by frost in January 1963-1964, al- 
though temperatures dropped below 
-12C. Nor were subterranean stems 
damaged. Plants often dry up in the 
Cukurova region of Turkey where it 
is quite hot by June. However, it is 
possible to get a large seed crop if seed 
is planted early and grown in winter. 

4% 
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Effects of Temperature and Blue grama (Bouteloua gracilis It was determined by Olmsted (1943) 

Daylength on Axillary Bud (H.B.K.) Lag.) is abundant throughout that tiller growth in Bouteloua is more 

and Tiller Development in the Great Plains of the United States rapid under short photoperiods than 

Blue Gramal 
and in portions of Canada and Mexico. when grown under long day photo- 
This drought-tolerant grass is not only periods. It was concluded that cessa- 
an important forage for grazing ani- tion of elongation of individual axes 

J. STUBBENDIECKZ mals but is valuable in restoration of during the shorter light periods re- 
AND D. F. BURZLAFF depleted ranges and abandoned crop- sulted in continued production of basal 

Graduate Assistant in Agronomy and 
Professor of Agronomy, University 

of Nebraska, Lincoln. 

Highlight 

A study was conducted to determine 
the nature of tiller development and 
the influence of light and temperature 
on growth and development of the 
axillary buds and tillers of blue grama. 
An axillary bud, enclosed in a pro- 
phyllum was found at each node of 
the culm. The development of the 
axillary bud into a tiller is a function 
of temperature. Controlled increase of 
temperatures in early spring increased 
the rate of axillary bud and tiller de- 
velopment in blue grama. The data 
also indicate that controlled reduction 
in length of photoperiod decreased the 
growth of axillary buds and develop- 
ment of tillers. 

velop an understanding of the nature of 

land. Like most forage plants, it rk- 

tiller development in blue grama and 
the factors controlling it. Once these 
are understood it will be possible to 

sponds to different intensities of de- 

develop controlled grazing systems. 

foliation or grazing. 
This study was undertaken to de- 

Axillary buds on proaxes of grasses 
may develop new shoots, and these 
new shoots may again develop new 
shoots at their nodes. This process is 
called tillering (Rechenthin, 1956). 
It has been reported that tillering in 
blue grama begins simultaneously with 
the development of the secondary root 
system, and that there is an average of 
about one root per tiller (Weaver, 
1930 and Riegel, 1941). 

It has been pointed out that the 
effect of day length on tillering is fre- 
quently confused by its effect on earli- 

tillers. The apical meristems remained 

ness of flowering in many grasses 
(Alberda, 1957). 

active for longer periods during long 

Increased tillering 
with decrease in day length has been 
found in many grasses whose flower- 

light periods, which resulted in slower 

ing is hastened by long days (Gardner, 
1942). Tillering may be affected by the 

rates of basal tiller initiation. 

quantity or total energy of light rather 
than by the photoperiod (Hamid, 
Blaser, and Brown, 1966). 

lPublished with the approval of the 
Director as paper No. 2536, Journal 
Series, Nebraska Agriculture Experi- 
ment Station. Received February 26, 
1969; accepted for publication April 
24, 1969. 

2Present address: Big Spring Field Sta- 
tion, Big Spring, Texas. 

Growth of existing tillers in Lolium 
spp. was found to be sensitive to tem- 
perature and there was a high cor- 
relation of tiller growth with tempera- 
ture for some species of Phalaris and 
Festuca (Cooper, 195 1 and Williams 
and Biddiscombe, 1965). However, the 
optimum temperature for tillering may 
be lower than the optimum tempera- 
ture for growth (Barnard, 1964). 

Experimental Site and Procedures 

The study site was located near the 
Scotts Bluff Experimental Range in 
southern Sioux County, Nebraska. 

The average annual precipitation at 
the Scotts Bluff Experiment Station, 
seven miles south of the study area, 
is 12.78 inches (U.S. Department of 
Commerce, 1963). The precipitation 
at the study site was 15.46 inches for 
the period from February 15 to Oc- 
tober 5, 1967. Most of the precipita- 



tiou comes as heavy rain in the spring 
and summer. 

The predominant soil at the study 
rite ia Valentine fine sand. The pH 
rangcs from 7.1 in Ibe surface lew 
inches to 8.1 in tire 18-36” depth. The 
bulk density for the surface three feel 
is 1.44 g/cc. 

Four grasses comprised the majot- 
portion of the vegetation cover and the 
forage produced in the area. They were 
blue grama, prairie sandreed (Cala~ 
mouilfa longifolia (Hook.) Scribn.), 
needleandthread (St@ comata Trio. 
and Rupr.), and sand dropseed (Sporob- 
olus cyptandrus (Torr.) A. Gray). 

An area was selected that had a 
high percentage of blue grama. On 
March 16, 1967, portable greenhouses 
(Fig. 1) were placed over two of the 
7 x 7 ft plots. The greenhouses were 
covered with ,014 inch clear, polyvinyl 
chloride plastic. 

For the purpose of limiting photo- 
period, a bet of frames was constructed 
and covered with ,006 inch black, poly- 
ethylene plastic. These frames were 
placed around one greenhouse at 7:00 
pm and removed the following morn- 
ing at 8:00 am. This process was 
carried out each day from March 17 
to May 17, 1967. The greenhouses 
were remo,xzd from the plots on May 
II), 1967. 

The amount of precipitation rwas 
measured in a standard rain gauge. 
The volume of water that would fall 
on a 49 ft2 zarea at each rainfall was 

cak.ulated and that iml”“nt was the,, 
applied with sprinkler can to each 
greenhouse plot. 

Soil and atmospheric tcmperaturer 
were cacb recorded with two, thrre- 
pen, distance thermographs. A tcm- 
pcrature sensing unit was placed three 
inches below and parallel to the soil 
surface in cacb plot. A second fcm- 
perature sensing unit was placed six 
inches above and parallel to the soil 
rurface in each plot (Fig. 1). 

Recorded tcmpcraturcs were corn 

xrted to dcgrce-hours. A degrec- 
hour represents 1 C for a one-hour 
time duration. The degree-hours above 
and below 10 C (established critical 
temperature) were determined by mea- 
suring the total area delineated by the 
10 C line on the recording chart and 
the temperature-recording pen with II 
compcnaatinp polar planimeter. Dig 
vision of the area by a factor repre- 
scnting one degree-hour yielded the 
total degree-hours above or below IO C 
for any 24 hour period. 

Starting on March 17, 1967, plant 
collections were made at weekly inter- 
vals from each plot. The final collcc- 
tion was made on July 28, 1967. 

The preserved plants were dissected 
in reverse order of their collection 
dates. This allowed the development 
to be more easily traced. The four 
plants that showed the most develop- 
ment for each plot and collection date 
were selected, and the length of the 
prophylla and the tillers were recorded 
to tire nearest millimeter. 

Results and Discussion 
In this study, a single shoot was 

considered to he vegetative material 
separated from other plant material 
hy the preacnce of a prophyllum and 
with at least one lateral root developed 
from a node immediately below the 
prophyllum. The prophyllum is the 
first leaf of the shoot (Fig. 2). It is a 
two-keeled structure which encloses the 
arillary hod (Hit&cock, 1951). 

The axillary buds were tiller pri- 
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mordia, but nor all devclopcd into 
tillers. In this study, an axillary bud 
was said to have reached develop 
mental maturity when tbc new aboo~ 
emerged from the propbyllum. Al thir 
point, the axillary bud became a 
tiller (Fig. 3). 

The rcardta of this study indicate that 
light and Lemperature alfectcd t1,2 time 
at which axillary buds of blue grnma 
dcl-cloppd into tillers. 

l’he plants in the rraiural~day plot 
bad measurable elongation 01 axillary 
buds on March 3 I. This date was one 
week before measurable axillary bud 
growth occurred in the control plot, 
and three weeks before it occurred in 
the short-day grcPnhallse plot. Mea- 
SUrable tiller development occurred in 
the natural-day greet~bouse plot on 
.April 28. This date was four weeks 
before measurable tiller growth oc- 
curred in the control plot, and five 
weeks before it occurred in the sbort~ 
day greenhouse plot. ‘1’1~ variation 
between plants within dates and treaty 
ments can be explained by tbc small 
number (four) OF shoots dissected for 
eilch treatlncnt at racl, &lw 

Attempts to associate growth phe- 
mxnena with variations in abovc- 
ground wmperature accumulations 
were not successful. The soil tempera- 
ture represented more closely the tcm- 
perature of plant tissue at or iust below 
the soil’s surface. Consequently it 
should be expected to be somewhat 

more influeniial on grcwth procvsxas 
in early spring. 

Soil trmpcraturrs, ab mcasurcd by 
accumulated degree-hours (above or 
below 10 C), were lower for the abort- 
day greenhouse than tar tither the 
natural-day greenhouse or the control 
plot. This was a result of two facmrs: 
(1) the amo~tnt of incident light was 
decreased by rcdoction of the pboro- 
period and (2) the extra layer of black 
plastic had somcwbat of an insulating 
effect and tcmpcratures failed to iw 
Crease as rapidly in the morning as they 
did within the natnral~day greenhouse. 
Z basis for developing an understand- 
ing of the rffects of trmpcrature and 
light on arillary bud ;md tiller Deb 
xlopment is shown in ‘l’able 1. Ccr- 
tain soil~tempcrsture plxnomen;r UL- 
curred before the buds and tillers 
grew to tbr cxlent tllat increase in six 
could be observed and meaaurcd. An 
accumulation ol at least 300 degrcc- 

hours (above 10 C) occurred prior to 
the time that axillary bud develop- 
ment reached a measurable growth of 
1 mm or more, and an accumulation of 
over 2,700 degrec~houra (above IO C) 
occurred prior to tiller development. 
The accumulation of degree~bours 
(above 10 C) was lower for the natoral- 
day greenhouse plot than either of the 
other treatments at the time of mea- 
surable prophyllum and tiller develops 
ment. 

The quantity of light may also affect 
the rate of axillary bud and tiller de- 
velopment (Table I). ‘This possibility 
is illustrated by comparing the accum- 
ulated degree-hours at the time of 
measurable bud growth of the control 
and natural-day greenhouse plots with 
the short-day greenhouse plot. The 
plants in the short~day greenhouse plot 
required more than twice as many 
degree~hours (above 10 C) before mea- 
surable bud development occurred and 
approximately one-third more dlegree~ 
hours (above 10 C) before tiller de- 
velopment could be measured, as come 
pared to Ibe plants irom the colrtr”, 
alld naturalMay plots. 

The accumulated degree-hours (beg 
low 10 C) were lower in the short-day 
grecnhouae that at the control plots 
(Table 1). ‘This suggests that the delay 
in initiation of axillary bud derelop~ 
ment of blue grama in the short-day 
grrenbouse, beyond that exhibited by 
the cunuo1 plot may bare resulted 
iram reduced photoperiod rather than 
from tcmpcraturc differenlial. 

The accumolated degree-hours ln 
!ow JO C were similar at tbc time of 
measurable axillary bud and tiller Deb 
velopment for the short~lay grccn- 
110usc and control pluts. A \ma,,er 
amount was recorded for the natural- 
day greenhorw plot. 

It has been rcporwd that tbc nu,,,. 
1)t.r and total length of tillers increased 
at, or rhortly after, reproductive culm 
elongation ceased (Olmsted, 1943). 
There wa, an incrcae in the number 

Table 1. Accumulated degree-hours of soil temperatures above and below IO C 
(establishrd critical temperature) at the time of measurable axillary bud and 
tiller growth for each treatment. 
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of tillers the first week in July. This 
date coincides with the time at which 
the reproductive culm was reaching its 
maximum length. 

Conclusion 
Tillers of blue grama develop from 

axillary buds that are located at the 
node of each phytomer. The axillary 
bud is partially enclosed in a spe- 
cialized leaf sheath (prophyllum). The 
development of the axillary buds and 
tillers was delayed when the plant was 
maintained under artificial short-day 
photoperiods. 

The increase in temperature associ- 
ated with the natural-day greenhouse 
as compared to the control resulted in 
tiller development four weeks earlier in 
the season. With the combination of 
lower temperatures and controlled 
photoperiod there was an additional 
one week delay of tiller development. 
The major increase in tiller develop- 
ment was associated with the mid-June 

8 

dates which coincided with the 
tion of the reproductive culm. 

elonga- 
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Ground Markers Aid Five test sites were selected to evalu- 1:4600. Lengths of the flight lines 

in Procurement and ate the usefulness of large-scale 70 mm varied between 250 and 3,000 ft. 

Interpretation of Large-Scale color and color infrared aerial photog- To assure photo coverage of spe- 
raphy to detect and identify features 

70 MM Aerial Photography1 in the range 
cific areas, and to provide control for 

environment. These photo interpretation and measurement, 
areas were located in various vegeta- ground markers were used to: (1) guide 

RICHARD E. FRANCIS tion types: (1) mixed grassland-shrub the aircraft, (2) provide precise scale 

Assistant Range Scientist, Rocky 
Mountain Forest and Range Experi- 

ment Station,2 Fort Collins, Colorado. 

Highlight 

Butcher paper, surveyor stakes, lath 
strips, plastic letter-number codes, 
paper plates, and drop-panel markers 
were all useful for marking range 
ground features, providing strict flight- 
line control, and interpreting resultant 
aerial photographs. All markers were 
both highly detectable and resolvable 
at the largest scale of 1:600. All 
markers remained visible, yet some be- 
came less resolvable, at the smaller 
scales of 1:2400 and 1:4600. 

l Received April 3, 1969; accepted for 
publication August 9, 1969. 

2 Forest Service, U.S. Department of 
Agriculture, headquarters maintained 
at Fort Collins, in cooperation with 
Colorado State University. Research 
reported here was conducted in co- 
operation with David M. Carneggie, 
School of Forestry, University of Cali- 
fornia, Berkeley, California; the 
Forest Remote Sensing Project of the 

types within the Harvey Valley Range 
Allotment of the Lassen National 
Forest in northeastern California, (2) 
mountain grassland type of the Black 
Mesa Experimental Forest and Range 
in southwestern Colorado, (3) mixed 
shrub type in the Corral Creek area of 
Middle Park in northwestern Colorado, 
(4) ponderosa pine-bunchgrass type of 
the Manitou Experimental Forest in 
southcentral Colorado, and (5) open 
pinyon-juniper type with a shrubby 
understory near McCoy in northwest- 
ern Colorado. 

Flight lines for each study area were 
flown at approximately 300 to 2,300 ft 
above the terrain to procure photo- 
graphs between the scales of 1:600 and 

Pacific Southwest Forest and Range 
Experiment Station, Berkeley, Cali- 
fornia; research personnel of the 
Rocky Mountain Forest and Range 
Experiment Station; and Colorado 
Department of Game, Fish, and Parks, 
Fort Collins, Colorado. The research 
was supported partly by the National 
Aeronautics and Space Administra- 
tion’s Earth Orbital Spacecraft Re- 
source Survey Program. 

determination, aid (3) assure positive 
identification of ground features po- 
tentially detectable on the aerial 
photographs. 

The markers provided a means of 
determining the exact location and 
subsequent positive identification of 
items seen in the aerial photographs. 
These pre-marked range features, as 
viewed in the photographs, were used: 
(I) for comparative identification of 
marked to unmarked items, (2) to de- 
velop photo interpretation keys, (3) to 
train photo interpreters, (4) to ad- 
minister photo interpretation tests to 
judge the usefulness of the photographs 
for detection and identification of spe- 
cific range features, (5) to develop 
photogrammetric techniques, and (6) 
to determine the limits of resolution 
for various ground markers and range 
features. 

The work reported here describes the 
kinds of ground marking techniques 
used, their usefulness, and points out 
the detectability and resolvability of the 
markers as seen on the resultant aerial 
photographs. 


