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Possible Effects of Weather Modification 
(Increased Snowpack) on Festuca Idaho- 
ensis Meadows 

T. WEAVER AND D. COLLINS 

When compared with undrifted sites, meadow sites with artificially induced drifts 
have shorter growing seasons, higher average growing season temperatures due to 
the absence of a cool spring, similar growing season soil water availabilities, and 
slightly less available nutrients due to leaching. Community composition, plant 
production, and plant phenology were affected slightly by doubling snow pack to 
12-dm and were affected considerably by quadrupling snow pack to 24-dm. Though 
larger increases in snowfall might, it seems unlikely that 2&30% increases in winter 
precipitation would significantly affect the vegetation of Feshrca iduhoensis 
meadows. 

Operational seeding of winter oro- 
graphic clouds might increase snowfall 
in the Rocky Mountains by 20 to 30% 
(National Research Council 1973; 
Weaver and Super 1973). Weisbecker 
(1972) argues that the benefits of an 
operational program to downstream 
service areas (additional summer water 
and perhaps flooding) would outweigh 
the small adverse effects felt in the 
target areas (lengthened skiing season, 
shortened grazing-logging-mining- 
tourist season, increased avalanches, 
and interference with transportation). 
Several reports summarize the effects 
of added snow on tundra (Teller et al. 
1975), subalpine forests (Teller et al. 
1973; Knight et al. 1975), and moun- 
tain grasslands (Frank 1973 ; Weaver 
1974; Knight et al. 1975). The possible 
effects of seeding agents have been 
considered by Cooper and Jolly ( 1970)) 
Klein and Sokal ( 1973), Teller and 
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Cameron ( 1973), Weaver and Klarich 
(1973), White (1973), and Knight et al. 
(1975). 

Additional snow deposited by cloud 
seeding programs might lie as a 
uniform sheet (20% increase = ap- 
proximately 90 mm of water), be 
redeposited in deep drifts (most likely), 
or be blown out of the mountain range 
(Costin et al. 1961). In the first case, 
snow packs would be uniformly 20- 
30% deeper. In the second case they 
would be doubled or quadrupled, but 
localized; and in the third case there 
would be no effect. 

Weaver (1974) contrasted the “cli- 
max’ ’ vegetation of naturally occurring 
early melting, middle melting, and late 
melting sites in a series of Festuca 
idahoensis meadows; snow packs at the 
middle and late melting sites were 
approximately twice and four times 
those at the early melting sites. This 
report describes the responses of the 
vegetation in one of these meadows to 
an experimental doubling and quad- 
rupling of snowpack. 

Methods 
The study area lay in a Festuca 

idahoensis-Agropyron caninum (Mueggler 
and Hand1 1974) meadow in the Bridger 
Range, 19 km northeast of Bozeman, 
Mont., and at an altitude of 2,380 m. Soils 
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of the site are loamy typic cryoboralls; 
average annual precipitation is about 960 
mm, with 125 mm (13%) falling as rain in 
the June to August growing season; average 
July maximum and minimum temperatures 
are 22°C and 8°C; average January maxi- 
mum and minimum temperatures are -5°C 
and- 10°C; and the frost-free season is 
about 70 days. The vegetation and climate 
of the study area are described in more 
detail by Weaver (1974), and the vegeta- 
tion and climate of similar meadows in the 
Gravelly Range are described by Mueggler 
( 197 1, 1972). The vegetation of the study 
area has received little grazing since the 
1930’s when it was fenced to provide 
forage for the horses of rangers staying at 
the nearby Bangtail U4.S. Forest Service 
Ranger Stat ion. 

Sites with normal snowpacks (3 to 6 dm) 
were compared with sites with 12 dm and 
24 dm of snow; the latter were created with 
snowfences, which were removed each 
summer to avoid shelter effects (Marshall 
1967). The 12-dm treatment, approximate- 
ly 30 x 30 m in size, was created by 
installing five 1.2 X 30 m snowfences at 
6-m intervals across the path of prevailing 
winds. The 24-dm treatment, approximate- 
ly 30 X 50 m in size, was created by 
installing 2.7 x 30 m snowfences at 10-m 
intervals across the path of prevailing 
winds. The 6-dm treatment was not snow- 
fenced. The fences were first installed late 
in the summer of 1968. 

The physical effects of the treatments 
were contrasted by the following methods: 
(1) Snow water contents were determined 
by standard methods with a Federal snow 
sampler (Chow 1964). (2) Dates by which 
the snow drift melt had occurred were 
determined by periodic visits. (3) Rates of 
soil warming after snow melt were deter- 
mined by distance thermographs with 
sensors buried at 25 cm and parallel to the 
earth’s surface. (4) Soil water stresses were 
determined with plaster blocks (Taylor et 
al. 196 1) calibrated in a pressure membrane 
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apparatus. The blocks were buried in sets of 
three (at 10,25, and 75 cm) at five regularly 
spaced points in each treatment and read at 
weekly intervals during the field season. 
(5) Available elements were compared in 
soils collected on October 16, 1974. Four 
samples were taken from the top 15 cm of 
the soil in each treatment with an Oakfield 
sampler; each sample consisted of ten 
subsamples equally spaced in the treatment 
area. The soils were analyzed by the 
Montana State University Soil Testing 
Laboratory as follows: potassium, calcium, 
magnesium, and sodium were extracted 
with l-m ammonium acetate and deter- 
mined by atomic absorption; phosphorus 
was determined by a modified Bray 
method; nitrate was determined by the 
phenoldisulfonic acid method; organic 
matter was measured calorimetrically after 
dichromate oxidation; and the pH was 
determined on a 1:2 soil water paste. 

6 dm drift ,O 

Soil 
depths 25 

75 

12 dm drift ,O 

Soil 
depths 25 

75 

24 dm drift 

Soil 
,O 

depths 25 
75 

L L L h 

Jul ‘Augl *I Jun' Jut ‘Aug’ Sepl ” Jun’Jul ‘Aug’Sepl ” Jun’ Jul ‘Augl ‘Jun’Jul ’ 
1970 1971 1972 1973 1974 

Fii. 1. Soil water stresses at IO, 25, and 75 cm in a Festuca idahoensis grassland treated with 6-dm 
(normal), 12-dm, and 24-dm snowdrijis for six winters. Clear areas indicate soil water stresses of 
O-2 bars, hatched areas indicate 2-10 bar stresses, and blackened areas indicate stresses greater 
than 10 bars. 

The vegetational composition of the 
6-dm, 12-dm, and 24-dm plots was com- 
pared after 6 years of treatment by the 
canopy coverage method of Daubenmire 
(1959). On August 29, 1974 twenty-five 2 
x 5-dm plots were placed at regular 
intervals over each area treated. The cover 
of each plant species present was recorded 
as O-5%, 5-25%, 25-50%, 50-75%, 
75-95%, and 95-100%. Means and stand- 
ard errors were calculated by using mid- 
points of the classes observed, i.e., O-5% 
= 2.5%. Plant names follow Hitchcockand 
Cronquist ( 1973). 

Phenologic responses of major plant 
species to the 6, 12, and 24-dm drift treat- 
ments were recorded in five permanent 1 x 
10-m plots in each treatment area. Phases 
recorded included green leaf (before and 
after flowering), buds, flower, fruit, fruit 
ripe (being shed), and leaves dry. Flower- 
ing data are emphasized here because their 
determination is least likely to have varied 
between observers. Flowering is recorded 
in Figure 3 only if flowers were present in 
three of the five plots observed. Grasses 
entered the flowering stage when the flower 
was in the boot, entered the fruiting stage 
when the seed was hard, and entered the 
ripe stage when the seed was shed. 

Aboveground standing crops on the 6-, 
12-, and 24&n drift sites were measured 
seven times in 1969; six times in 1970, 
197 1, and 1972; three times in 1973; and 
once in 1974. Plots were clipped fortnightly 
beginning on June 5, 1969, June 8, 1970, 
June 15, 1971, and June 12, 1972. The 
1973 clips were made on June 2 1, July 16, 
and August 2 1. The 1974 clip was made on 
August 29. Material was clipped at ground 
level, separated by species (or species 
group), dried at 60°C and weighed. Ten 
quadrats were clipped in each treatment at 
each sampling period. In 1970-74,0.5 x 1 
m-plots were chosen at random from pre- 
established blocks. In 1969, 2 x 5dm 
quadrats were “thrown at random” and 
clipped materials were pooled by species, 
which prohibited calculation of standard 
errors for 1969 data. Litter was collected by 
hand. 

Results and Discussion 
Physical Effects 

The physical effects of installing 
snowfences in a mountain meadow 
were (1) accumulation of snow in 
proportion to snowfence height and (2) 
effects related to the presence of that 
snow. Snow accumulated in unfenced 
areas to depths of about 6 dm, in the 
lower snowfence areas to depths of 
about 12 dm, and in the higher snow- 
fence area to depths of about 24 dm. 
The shallow snow areas melted free 
earlier than drift sites did; approximate 
melt dates from the 6-dm, 12-dm, and 
24-dm areas were May 1, May 16, June 

2, 1969; May 24, June 2, and June 15, 
1970; and May 15, June 5, and June 19, 
197 1, respectively. After snowmelt the 
soils of drifted areas warm rapidly to 
temperatures similar to those of sur- 
rounding areas due to the “clothesline 
effect” (Tanner 1957): in June of 1971, 
for example, soil temperatures at 25 cm 
rose in 4 days from 0°C to the 10°C of 
soils in adjacent drift-free areas. With 
the melting of the snow on the three 
sites, vastly different amounts of water 
must have entered the profiles since no 
overland flow was noticed; on April 11, 
1970, water equivalents on the 6-dm, 
12-dm, and 24-dm sites were 114 + 15 
mm, 478 + 8 mm, and 937 + 28 mm, 
respectively. Melting snow and May- 
June rains provide the 25 to 30 cm of 
water needed to bring the soil profile to 
field capacity on all treatments, so all 
sites have similar initial water contents 
(Buchanan 1972 and Fig. 1). Excess 
water percolates through the profile and 
must leach soluble materials from it: (1) 
Soils at large natural-drift sites general- 
ly contain significantly less available 
magnesium, potassium, sodium, and 
nitrate and have lower conductivities 
than do those under nearby driftless 
sites (Weaver 1974); and (2) after 5 
years of treatment soils of the 12- 

Table 1. !Mected characteristics of soils subjected to snowpacks of 6-dm (normal), 12-dm, and 
24_dm for six winters. Means are given with their standard errors. 

Belowground biomasses were compared 
on the 6, 12, and 24-dm drift plots on 
August 29, 1974. A 2.05-cm diameter soil 
core 30 cm long was taken from each plot 
clipped for determination of aboveground 
biomass and divided into three 10 cm 
sections. The core sections were then 
soaked in Calgon solution and sieved wet. 
Roots retained by a 0.5 mm screen were 
pooled with decantable organic matter, 
dried at 6O”C, weighed, ashed (600”(Z), and 
reweighed. Belowground biomass is ex- 
pressed on an ash-free basis. 

Organic matter (%) 
PH 
Conducivity (nunhos) 
Nitrogen NO3 (ppm) 
Nitrogen NH4 (ppm) 
Phosphorus (ppm) 
Potassium (ppm) 
Calcium (ppm) 
Magnesium (ppm) 
Sodium (ppm) 

Maximum snow depth 

6dm 12dm 24 dm 

6.02 IL 0.23 6.02 zk 0.17 5.66+- 0.11 
6.23 2 0.10 6.10 k 0.00 6.00 + 0.00 
0.44 -+ 0.08 0.33 2 0.00 0.23 2 0.00 
1.71 + 0.20 2.37 + 0.26 2.102 0.13 

29.44 k 25.60 29.01 k 10.00 26.05 2 6.91 
16.38+ 1.17 17.00 2 3.14 20.50 + 2.47 

553.00 !I 20.00 453.00+ 7.00 435.002 9.00 
2780.00 k 92.00 2810.00 + 60.00 2692.00 k 38.00 

460.80 + 20.40 460.80 2 8.40 434.40 5 8.40 
75.902 4.60 75.90 2 6.90 64.402 4.60 
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and/or 24-dm sites are generally poorer 
in most elements than are those of the 
6-dm site (Table 1). Despite leaching, 
more phosphorus is available on drift 
than driftless sites, perhaps because the 
soils there are more acid. 

Relative to driftless (6 dm) sites, 
drift sites have (1) slight nutrient 
deficiencies, (2) similar initial soil 
water availabilities, (3) higher average 
growing season temperatures, and (4) a 
shorter growing season due to a 
relatively late start and a similar closing 
date. As demonstrated by melt dates 
given above, the growing season be- 
gins as much as a month later on drift 
sites than on driftless sites. If the 
growing season is closed by hard frosts 
or snow, it affects all sites simul- 
taneously. More often the growing 
season is closed by drought: soil water 
was usually exhausted from the upper 
25 cm of the driftless area by late July 
or early August; soil water was usually 
exhausted from the upper 25 cm of the 
12-cm drift area almost simultaneous- 
ly, and soil water was usually ex- 
hausted less than 10 days later on the 
24-dm drift site (Fig. I ). The relatively 
rapid exhaustion of water from the 
filled soil profile of the 24-dm drift site 
is almost certainly due to the strong 
evaporative power of air movement 
from large relatively dry areas across 
much smaller relatively moist areas 
(Tanner 1957). Advection is also 
responsible for the high average grow- 
ing season temperatures; after snow- 
melt plants are plunged, without 
experiencing a cool spring, into 
summer. 

Vegetation Response 
Vegetation composition, production 

of various plants, and phenologies of 
important plants were recorded as 
indicators of effects of the physical 
differences associated with different 
snow pack treatments on the vegetation 
originally occupying the site. 

The vegetational composition of the 
driftless plot (6-dm) differs significant- 
ly from the vegetational composition of 
initially similar plots treated with 
increased snow-packs ( 12- and 24-dm) 
for 6 years. ( 1) Festuca idahoensis, 
Danthonia intermedia, Erigeron spe- 
ciosus, and Arenaria congesta dis- 
appear from drift sites; Bromus mar- 
ginatus, Galium boreale, and Collomia 
linearis increase on drift sites; and 
Stipa richardsonii, Lupinus argenteus, 
Agoseris sp., and Achilles millefolium 
are little affected (Table 2). Under 

Table 2. Aerial cover of species after 6 years of ddm, 12-dm, and 24-dm drift treatments. 
Means and standard errors are given for all species occupying over 2% of any area. 

Drift treatment 

Cover 

Snow decreaser species 
Festuca idahoensis 
Litter 
Danthonia intermedia 
Erigeron speciosus 
Arenaria congesta 

Snow neutral species 
Lupinus argenteus 
Achilles millefolium 
Agoseris species 
Stipa richardsonii 

Snow increaser species 
Bare ground 
Galium boreale 
Agropyron caninum 
Bromus marginatus 
Collomia linearis 

6dm 

25.1 + 2.4 
16.6 2 2.9 
6.3 2 1.2 
6.2 & 2.5 
2.4 + 0.4 

10.9 + 2.4 
3.1 20.5 
2.6 ? 0.8 
3.9 ?I 1.1 

5.2 k 1.8 
5.0 + 1.3 
4.7 + 1.8 
0.0 + 0.0 
0.0 + 0.0 

12dm 

7.6 + 1.3 
8.6 2 4.3 
3.9 t 1.1 
1.3 + 0.6 
1.8 + 0.3 

5.9 2 1.3 
4.8” 1.1 
2.8 2 0.7 
0.2 2 0.2 

28.9 2 4.4 
9.0 * 1.3 
4.0 2 1.2 
0.0 + 0.0 
2.0+- 1.0 

24 dm 

1 .o 2 0.3 
4.2 2 3.4 
0.4 2 0.2 
2.0 * 1 .o 
0.7 * 0.3 

8.0 2 2.2 
1.9 k 0.6 
2.8 ? 0.8 
2.6 5 1.5 

35.9 ‘- 3.6 
11.2k3.2 
7.7 2 1.3 
3.0 I? 2.0 
9.3 t 1.7 

longer treatment Achilles millefolium to the quality of the decreasers. (2) The 
and Lupinus argenteus will likely amount of bare ground exposed is 
become decreasers, while Agoseris sp., greater on drift than driftless sites, both 
Galium boreale, and Stipa richardsonii after 6 years (Table 2) and at naturally 
will be snow neutral as they are in occurring sites near equilibrium 
natural drift sites in adjacent meadows (Weaver 1974). (3) Litter on the 6-dm, 
(Weaver 1974). Weaver (1974) lists 12-dm, and 24-dm drift sites covered 
other snow increaser and decreaser 17%, 9%, and 4% of the ground, 
species and discusses their biological respectively; its decline may be due to 
characteristics; note that his labeling of decreased production of lignaceous 
dates and soil depths in Table 2 of the grasses, increased gopher use (Bleak 
1974 paper is reversed. Given equal 1970; Haglund 1972; Steinhoff 1973; 
production, the forage quality of the vs Weaver 1974), or high decompo- 
increasers would apparently be similar sition rates on snow-covered sites 

a 

I 969 1970 1971 1972 1973 1974 

Fig. 2. Maximum standing crops in a Festuca idahoensis grassland treated with 6-dm, 12-dm, and 
24-dm snowdriftsfor 6 years. (a) Total standing crop is indicated; the contributions of other grasses 
(stippled) and Festuca idahoensis (blackened) are also shown. (b) Forb standing crops and the 
contribution of Lupinus argenteus (blackened) are indicated. (c) Standing crops of litter and 
standing dead are shown; weights contributed by standing dead are stippled. Vertical lines indicate 
standard errors. 
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(Bleak 1970; Emerick 1973). A 
dynamic view of the high rates of 
‘ ‘decomposition’ ’ under deep snow is 
presented in Figure 2: production was 
both high and similar on the 6-dm, 
12&n, and 24-dm treatments in 1972, 
but in the following summer litter was 
much less on the 12- and 24-dm drift 
sites than on the 6-dm drift site. 

Annual production was estimated (1) 
as the maximum standing crop and (2) 
as the sum of the maximum standing 
crops of each species (or group of 
species) separated (Kelly et al. 1974; 
Singh et al. 1975). Maximum standing 
crop data are presented (Fig. 2) to make 
1969-1972 data comparable with 1973 
-1974 data, which were based on fewer 
clips. For 1969-1972 the sum of 
species peaks estimate was 1.27 
times as great as the maximum 
standing crop; this value is near the 
“general” 1.26 proposed by Singh et 
al. (1975). Total 1969-1972 produc- 
tion on the 6-dm driftless site consisted 
of 25% Festuca idahoensis, 10% Agro- 
pyron caninum, 3% Carex spp., 4% 
Danthonia inter-media, 4% Koeleria 
cristata, 7% miscellaneous grasses, 
11% Lupinus argenteus, 4% Arenaria 
congesta, 2% Achilles millefolia, 3% 
Agoseris spp., 4% Erigeron speciosus, 
3% Cerastium arvensis, 3% Galium 
boreale, and 9% miscellaneous forbs. 

After 6 years, standing crops and 
annual production are apparently lower 
on drift than on driftless sites, and the 
differences may be expected to increase 
as succession proceeds. (1) Total 
production on the 12-dm site is less 
than (or equal in 1973) that of the 6-dm 
site; the difference is statistically signi- 
ficant (5% level) in 197 1 and 1972; and 
the difference may be due in part to a 
tendency for soils there to dry before 
those of the 6-dm site (Fig. 1) as they 
arc slightly shallower. Total production 
on the 24-dm site was less in 1970, 
significantly less in 197 1 and 1973, and 
was never significantly greatei than 
that of the 6-dm site. Billings and Bliss 
(1959), Emerick (1973), Knight et al. 
( 1973), and Weaver ( 1974) report 
production declines with shortened 
growing seasons. Weaver’s report 
(1974) suggests that equilibrium pro- 
duction on the 12- and 24-dm sites 
might be approximately 90% and 25% 
of the production on the 6-dm site. (2) 
Total graminoid production was lower 
on drift than on driftless sites in all 
cases except on the 24-dm site in 1972; 
grass production in this case was due to 
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the unusually great growth of Agro- 
pyron caninum in mid-August. At 
equilibrium, early melting sites are 
expected to have higher graminoid 
frequencies than do middle melting 
sites (slightly) or late melting sites 
(considerably) (Weaver 1974). The 
production of Festuca idahoensis, the 
dominant grass in the meadows studied, 
declines with increasing snow pack in 
every year (Fig. 2). The contribution of 
Festuca idahoensis to total production 
in the 24-dm treatment also declined 
over the 1969-1974 period (17%, lo%, 
8%, 9%, 4%, and l%), but this trend 
was not seen in the 12-dm treatment. 
The production of other grasses also 
showed trends consistent with those 
suggested by the 1974 cover data (Fig. 
2). (3) Forb production tended to be 
higher on the drift than on the driftless 
sites in every year except 197 1. The 
differences are statistically significant 
in 1973 only. The production of the 
dominant forb of the study area, 
Lupinus argenteus, has not been af- 
fected by 6 years of added snow; its 
production does not vary consistently 
between treatments within years; and 
its contribution to the total production 
of the 24-dm site, 1969-1974, shows 
no clear trend (21%, 17%, 19%, 7%, 
14%) and 10%). On large natural drift 
sites of the area, forb frequencies, 
including that of Lupinus argenteus, 
are lower than on driftless sites 
(Weaver 1974). (4) Belowground bio- 
mass in the top decimeter of the soil is 
significantly greater on the driftless site 
than on the drift sites, but no statistical- 
ly significant differences were ob- 
served at 1 CL20 cm or 20-30 cm (Table 
3). 

Phenologic Response 
Both the beginning and ending of the 

blooming period were later for plants 
occupying the 24-dm drift site than for 
plants on the 6-dm driftless site (Fig. 
3). For early blooming plants (e.g., 
Dodecatheon conjugens through 
Festuca idahoensis in Fig. 3), bloom- 
ing was simultaneous on the 6-dm and 

Table 3. Root biomass (g/m*) after 
and standard errors are given. 

6 years of 6-dm, 124lm, 

12-dm sites even though the 12-dm site 
usually melted at least 10 days later 
than the 6-dm site. For many later- 
blooming plants (e. g . , Cerastium 
arvense , Arenaria congesta, Achilles 
millefolium, and Companula rotundi- 
folia), blooming was later on the 12-dm 
drift site than on the 6-dm driftless site. 
Blooming time in plants of the second 
group may be controlled by accumu- 
lated heat units, while in the first group 
blooming may be more strongly in- 
fluenced by day length, i.e., given a 
minimum development time, often not 
satisfied on the 24-dm drift site, all 
plants bloom simultaneously. Among 
the “photoperiodic plants” note the 
strong tendency of Agropyron caninum 
to begin flowering near June 25. 

If one assumes that the first fruits 
shed are products of the first flowers 
produced, he finds relatively constant 
maturation times, which tend to be 
shortest for later-blooming species and 
which are apparently shortened in the 
face of drought stress. Maturation 
times observed in the 6- and 24-dm drift 
areas were Senecio integerrimus 3 1 +- 1 
day, Agropyron caninum 60 rf~ 2 days, 
Festuca idahoensis 58 + 2 days, 
Cerastium arvense 54 +_ 4 days, 
Arenaria congesta 40 + 3 days, 
Lupinus argenteus 35 + 3 days, 
Achilles millefolium 4 1 2 1 day, 
Danthonia intermedia 32 t 1 day, 
Erigeron speciosus 4 1 + 4 days, and 
Galium boreale 33 + 3 days. Matura- 
tion times may possibly be shortened in 
the face of drought stress for some 
species. When water stress was not 
experienced by Festuca idahoensis 
(1972) on the 24-dm site, maturation 
time was 63 days (cf. the 58-day 
“normal”); but when water stresses 
were experienced early (August 1, 
1970 and 197 1) maturation times 
dropped to 37 and 38 days, respective- 
ly . Similarly, maturation times in moist 
1972 and dry 1971 were 73 and 30 
days, 41 and 36 days, 36 and 22 days 
for Agropyron caninum, Achilles 
millefolium, and Danthonia inter- 
media, respectively. 

treatments. 

Drift treatment 

Root depth 

O-10 cm 
lo-20 cm 
20-30 cm 

6dm 12dm 24 dm 

1849 + 172 14252 61 1394 + 153 
576 2 48 849 2 230 697 + 77 
303 + 38 455 + 54 394 k 67 
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Fig. 3. Time lines show thefloweringperiods of 14 species on sites with maximum snowpacks of 6-dm, _. - 

Emerick, J. 1973. Snowfence experiments. In: 
H. Teller, J. Ives, and H. Steinhoff (eds.), The 
San Juan Ecology Project. Interim Rep. for 
Bur. of Reclam. Contract 14-06-D-7052. 

12-dm, and 24-dm. Bracketed areas indicate the beginning and ending oj’ the jlowering period; 
Colorado State Univ., Fort Collins. 

numbers indicate the first and last blooming observed in I969 (9); 1970 (0); 1971 (I); I972 (2); and 
Frank, E. 1973. Snow amount in relation to 

streamflow and herbage production in western 
1973 (3). 

less than the 12-dm, “middle melt” 
treatment) and if the snow lay flat, 
resultant changes in the vegetation 
should be small, cumulative, and 
perhaps undetectable. If, on the other 
hand, most of the snowfall increases 
were deposited in drifts, drift size 
would be increased slightly and the 
vegetation now at their edges would be 
converted rather quickly to that now 
found under natural drifts. 
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THESIS: TEXAS A&M UNIVERSITY 

Phenology, Nutrient Composition, Digestibility, and Utilization of Heath 
Aster (Aster ericoides L.), by Muhammad Sani Kallah, MS, Range Science, 
1974. 

A study of heath aster (Aster ericoides L.) was conducted in Brazos 
County, Tex., between October 1972 and May 1973. Only about 17% 
of heath aster achenes from field collections made in late fall were 
germinable. In no case was a seedling of heath aster established under 
greenhouse conditions. Similarly, no heath aster seedlings were 
observed under field conditions. 

Heath aster regenerated readily from detached rhizomes with intact 
or decapitated apices and from two-node sections. The apical meristem 
of intact rhizomes dominated sprout development from all lateral buds 
preceding it. There was no significant bud inhibition in rhizomes with 
decapitated apices. Serially excised rhizome segments closer to the 
mizome apex developed more rapidly. In all trials, lateral buds 
released from apical dominance developed new rhizomes which 
regenerated plants. 

Heath aster was in full bloom by November with profuse rhi- 
zomatous growth. Rhizomes developed into winter rosettes which 
bolted by late February or early March. Rosettes and young elongating 
plants had lanceolate leaves. There was a progressive decrease in leaf 
size and increase in axillary branching with increasing degree of 
maturity. Average leaf length and width reduced from 4.5 cm and 5.4 
mm to 2.1 cm, and 1.6 mm, respectively, between March 3 and May 
20. Axillary bud growth began when average plant height was 12.8 
cm. Axillary shoots elongated more slowly (0.5 to 5.8 mm per day) 
than did the primary stem (2.2 to 24.1 mm per day). Growth rate of 
primary stems was greater in April than in March or May. Plant height 
and length of the third elongating axillary branch were significantly 
correlated (r = 0.97). 

Significantly less total nonstructural carbohydrates (TNC) were 

extracted when the procedure was terminated at the takadiastase level 
than when followed by acid hydrolysis. Thus, the predominant non- 
structural polysaccharides stored in heath aster were probably 
fructosans. Percentages of TNC varied with growth stage between 
20.0 to 28.6 in rhizomes; 11.2 to 25.3 in roots; 4.5 to 15.5 in stems; 
and 3.6 to 17.2 in leaves. High TNC levels were recovered from 
rosettes and fully elongated plants, while TNC levels were lower at 
bolting and anthesis. 

Nitrogen content declined from 1.1% in herbaceous stems to 0.1% 
in caudices. Nitrogen increased steadily in leaves to 2.3% in March 
but declined to 1.8% and then appeared to remain relatively constant 
for the remainder of the study. The in vitro coefficients of digestion 
(COD) varied fom 81% to 73% in leaves, and 60% to 25% in stems. 
Percentages of ash ranged from 8.7% to 13.5% in leaves and 2.4% to 
11.1% in stems. Variations in COD and ash content of dry matter 
related to stages of development were greater in stems than in leaves. 

Heath aster, when compared with Texas wintergrass, tall dropseed, 
silver bluestem, and dallisgrass, was utilized in similar amounts. 
Percent utilization of each species by cattle was limited by forage 
availability rather than by grazing preference. Utilization of heath 
aster ranged from less than 1% to 6% during the period March 3 to May 
20. There were no significant differences between percent utilization 
of the species at the particular period. 

Grazing affected heath aster growth by enhancing the release of 
axillary buds on caudices. Grazing reduced TNC content of stems and 
roots, although it had no significant effect on TNC content of leaves or 
nutrient content or heath aster. 
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germinable. In no case was a seedling of heath aster established under 
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observed under field conditions. 

Heath aster regenerated readily from detached rhizomes with intact 
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of intact rhizomes dominated sprout development from all lateral buds 
preceding it. There was no significant bud inhibition in rhizomes with 
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released from apical dominance developed new rhizomes which 
regenerated plants. 

Heath aster was in full bloom by November with profuse rhi- 
zomatous growth. Rhizomes developed into winter rosettes which 
bolted by late February or early March. Rosettes and young elongating 
plants had lanceolate leaves. There was a progressive decrease in leaf 
size and increase in axillary branching with increasing degree of 
maturity. Average leaf length and width reduced from 4.5 cm and 5.4 
mm to 2.1 cm, and 1.6 mm, respectively, between March 3 and May 
20. Axillary bud growth began when average plant height was 12.8 
cm. Axillary shoots elongated more slowly (0.5 to 5.8 mm per day) 
than did the primary stem (2.2 to 24.1 mm per day). Growth rate of 
primary stems was greater in April than in March or May. Plant height 
and length of the third elongating axillary branch were significantly 
correlated (r = 0.97). 

Significantly less total nonstructural carbohydrates (TNC) were 

456 

extracted when the procedure was terminated at the takadiastase level 
than when followed by acid hydrolysis. Thus, the predominant non- 
structural polysaccharides stored in heath aster were probably 
fructosans. Percentages of TNC varied with growth stage between 
20.0 to 28.6 in rhizomes; 11.2 to 25.3 in roots; 4.5 to 15.5 in stems; 
and 3.6 to 17.2 in leaves. High TNC levels were recovered from 
rosettes and fully elongated plants, while TNC levels were lower at 
bolting and anthesis. 

Nitrogen content declined from 1.1% in herbaceous stems to 0.1% 
in caudices. Nitrogen increased steadily in leaves to 2.3% in March 
but declined to 1.8% and then appeared to remain relatively constant 
for the remainder of the study. The in vitro coefficients of digestion 
(COD) varied fom 8 1% to 73% in leaves, and 60% to 25% in stems. 
Percentages of ash ranged from 8.7% to 13.5% in leaves and 2.4% to 
11.1% in stems. Variations in COD and ash content of dry matter 
related to stages of development were greater in stems than in leaves. 

Heath aster, when compared with Texas wintergrass, tall dropseed, 
silver bluestem, and dallisgrass, was utilized in similar amounts. 
Percent utilization of each species by cattle was limited by forage 
availability rather than by grazing preference. Utilization of heath 
aster ranged from less than 1% to 6% during the period March 3 to May 
20. There were no significant differences between percent utilization 
of the species at the particular period. 

Grazing affected heath aster growth by enhancing the release of 
axillary buds on caudices. Grazing reduced TNC content of stems and 
roots, although it had no significant effect on TNC content of leaves or 
nutrient content or heath aster. 
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