
Fluctuations in Miserotox 

Concentration of Timber 

on Rangelands in British 

W. MAJAK, A. MCLEAN, T. P. PRINGLE, AND A. L. VAN RYSWYK 

0 

In 

Milkvetch 

Columbia 

Highlight: The variation in miserotoxin concentration (percent dry weight) of 
timber milkvetch (Astragalus miser var. serotinus) was ascertained for 19 sites 
throughout British Columbia. Determinations were based on recently developed 
methods of micro-isolation and derivatization of miserotoxin from fresh-frozen 
timber milkvetch samples. With the exception of one site, timber milkvetch 
located in fescue grassland areas yielded the highest miserotoxin values (5.8 to 
7.3%); whereas the lowest peaks (3.1 to 4.3%) were recorded in the medium- 
canopied forests of the Douglasfir-pinegrass community. Subalpine, Savannah, 
parkland, and semiopen areas of the montane forest exhibited intermediate 
miserotoxin maxima (4.3 to 5.8%). The data for 1973 suggest that grazing 
should be avoided in the fescue grasslands in spring and minimized in exposed 
forest areas. 

Miserotoxin (3-nitro-1 -propyl-B-D- 
glucopyranoside) is the poisonous 
prmciple that occurs in three varieties 
of timber milkvetch: Astragalus miser 
var. hylophilus (Rydb.) Barneby; A. 
miser var. oblongifolius (Rydb .) 
Cron.; and A. miser var. serotinus 
(Gray) Barneby (Williams and Norris, 
1969). These varities are widely sep- 
arated geographically and the distribu- 
tion of variety serotinus is limited to 
northern Washington, British Colum- 
bia, and western Alberta (Barneby, 
1956; Norris, 1970). Various estimates 
agree that 2 to 5% of the rangeland 
cattle are either chronically or fatally 
affected by timber milkvetch poison- 
ing in British Columbia (Bruce, 1927; 
MacDonald, 1952; B. C. Dep. of Agri- 
culture, 1967). The economic losses 
are magnified by reduced liveweight 
gains, calf crop losses, and forced 
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shipment of cattle (Nicholson, 1963; 
B. C. Dep. of Agriculture, 1967). 

Stermitz et al. (1969, 1972) con- 
ducted the original isolation and char- 
acterization of miserotoxin from A. 
miser var. oblongifolius and Hahn 
(1970) reported the purification of the 
aglycone of miserotoxin, 3-nitro-l- 
propanol, from the same variety. 
Majak and Bose (1974) have con- 
firmed recently the occurrence and 
identity of miserotoxin from A. miser 
var. sero tinus. 

The clinical signs of timber milk- 
vetch poisoning in cattle can be in- 
duced by equivalent doses of 3-nitro-l- 
propanol (Williams et al., 1969), the 
toxic metabolite of miserotoxin which 
is released in the rumen (Williams et 
al., 1970). Mosher et al. (1971) 
demonstrated with sheep that timber 
milkvetch toxicosis is accompanied by 
elevated serum glutamate oxaloacetate 
transaminase activity but that the 
blood levels of glucose and thiamine 
were unaffected. Intramuscular injec- 
tion of thiamine hydrochloride, how- 
ever, is used therapeutically with 
limited success in south central British 
Columbia (Nicholson, 1963). 

Researchers have proposed two 
approaches to timber milkvetch con- 
trol: Williams (1970) reported that 
toxicity of timber milkvetch can be 
reduced by the application of the 
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herbicides Silvex or 2,4,5-T, which 
depressed the level of miserotoxin by 
two thirds. Hall and Brink (1971), on 
the other hand, have advocated the use 
of nitrogen fertilizers to enhance the 
competitive growth of grasses produc- 
ing a concomitant decline in the popu- 
lation of timber milkvetch. The feasi- 
bility of these proposals for vast tim- 
bered rangelands is, however, 
questionable. 

The present study was conducted 
to elucidate the toxicity trends of 
timber milkvetch at 19 representative 
rangeland sites in British Columbia. 
Seasonal fluctuations in miserotoxin 
concentration of the variety serotinus 
were determined during the spring and 
summer of 1973 according to the 
recently developed method of Majak 
and Bose (1974). Accordingly, the 
results would contribute toward the 
formulation of range management 
guidelines. 

Materials and Methods 

Experimental Plots 

Uniform sampling sites, at least 100 
X 200 ft, were selected at the various 
locations in British Columbia de- 
scribed in Table 1. The soil at each site 
was classified (Canada Soil Survey 
Committee, 1970) by inspection and 
by consultation with soil survey per- 
sonnel of the B. C. Department of 
Agriculture, Kelowna. Relative tree- 
canopy covers were estimated as either 
medium (normally-stocked, montane 
forest, 20 to 35% cover), light (semi- 
open conditions such as parkland or 
Savannah, 0 to 20% cover), or zero 
(fescue grassland). 

Plant Samples 

Random sampling of timber milk- 
vetch at a given point in time pro- 
ceeded as follows: the aerial portions 
of 15 to 20 plants were excised 1 inch 
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Table 1. Vegetation classifications and physical features of plots 1 to 19. 

Plot no. Location Plant zone Plant community 
Elevation Slope 

(ft) Soil order Exposure (%I Canopy’ 
1 Lac du Bois 
2 Lac du Bois 
3 McQueen L. 
4 McQueen L. 
5 Pinantan L. 
6 Miner Mt. 
7 Greenstone Mt. 
8 Bonaparte R. 
9 Princeton 

10 Canoe Cr. 
11 Leighton L. 
12 Tatlayoko L. 
13 Pass L. 
14 Pass L. 
15 Bonaparte R. 
16 Bridesville 
17 Canoe Cr. 
18 Canoe Cr. 
19 Tunkwa L. 

Rough fescue 
I, 
l, 
,, 
,l 
,l 

Subalpine fir 
Douglasfir I, 

,, 
,, 
I, 
I, 
I, 
,l 
I, 
,, 
I, 
,l 

Rough fescue-eriogonum 
I, 
I, 
l, 
,I 
,, 

Alpine big sagebrush-pinegrass 
Douglasfir-rough fescue 
Douglasfir-pinegrass 

,# 
,, 
I, 
l, 
,I 
1, 
I, 
I, 
,, 
I! 

3000 
2950 
3200 
3200 
3150 
3000 
5684 
3000 
2600 
3960 
3800 
2750 
3150 
3175 
3115 
4700 
3500 
3900 
4000 

Chernozem - 
,I WNW I, E ,# SW ,, ssw ,, SW 

Brunisol ssw ,, S 
Luvisol SE 
Brunisol W I, 

,, W 
Luvisol SW I, SW 

,1 - 
I, W 

Brunisol - 
l, W 

Luvisol WNW 

2 0 
45 0 
27 0 
21 0 
11 0 
27 0 
38 L 
15 L 
5 L 

13 L 
1 L 

20 L 
30 L 
30 M 

2 M 
5 M 
2 M 
5 M 
5 M 

’ Canopy indicated by M (medium), L (light), and 0 (zero). 

above ground to make a combined 
sample of about 50 g; the fresh mate- 
rial was placed in plastic bags which 
were sealed and stored at - 10 C. Prior 
to analysis for miserotoxin, the fresh- 
frozen plants were sorted and diced at 
2’C, 5-g samples were pooled for 
duplicate dry weight determinations 
(55’C, 48 hr), and a 15-g sample was 
tared for extraction and maintained 
at - 10°C. 

Extraction of Miserotoxin 

The frozen, 15-g sample was ex- 
tracted twice with 100 ml boiling 80% 
ethanol in a Waring blender at high 
speed (two I-min spins). The suspen- 
sion was filtered on a Buchner funnel, 
the residue was washed with 250 ml 
boiling 80% ethanol, and the volume 
of the filtrate was adjusted to 500.0 
ml. A lOO-ml aliquot was concentrated 
to dryness in a rotary evaporator, 
suspended in a minimum amount of 
hot water, filtered (Buchner funnel, 43 
mm diam) through a bed of polyamide 
(Woelm) and Celite (1:3), and the 
filtrate was adjusted to 50.0 ml 
(extract 1). Extract 1 is the starting 
point for the micro-isolation of 
miserotoxin on stratified thin-layer 
plates. The chromatographic and 
detection methods as well as the 
quantitative calorimetric procedures 
(coupling reaction between 
miserotoxin and diazotized para- 
nitroaniline) have been described pre- 
viously (Majak and Bose, 1974). Ex- 
traction of fresh material was prefer- 
able since the concentration of misero- 
toxin could be reduced significantly if 
timber milkvetch samples were initi- 
ally oven dried and ground (Majak and 
Bose, 1974). The losses on drying may 
be partially attributed to the release 

and volatilization of the -aglycone. 
Since the extraction procedure was 
complete (as evidenced by thin-layer 
chromatographic checks of serial ex- 
tractions) and since interspersed dupli- 
cate extractions yielded the same 
miserotoxin values, a single extraction 
of each sample was found to be 
sufficient. Extract 1, however, was 
chromatographed twice (two, 0.05-ml 
aliquots) and the miserotoxin band 
was eluted and quantified in duplicate. 
These duplicates differed by less than 
5%. The seasonal, peak miserotoxin 
concentration measured for a given 
plot was used as an index of toxicity 
and the various plots were compared 
on this basis. 

Results and Discussion 

The 19 experimental plots encom- 
passed three plant zones: (1) rough 
fescue (Festuca scabrella); (2) Douglas- 
fir (Pseudotsuga menziesii); (3) subal- 
pine fir (Abies Zasiocarpa); and four 
plant communities: (1) rough fescue - 
eriogonum (Eriogonum heracleoides); 
(2) Douglasfir - rough fescue; (3) 
Douglasfir - pinegrass (C’alamagrostis 
rubescens); (4) alpine big sagebrush 
(Artemisia triden tata ssp . vaseyana) - 
pinegrass. Eighteen plots were situated 
in a parallelogram area (100 x 200 
miles) of the southern British Colum- 
bia interior and the remaining one 
(plot 12) was located in the Chilcotin 
district. The 19 sites represented a 
diversity of exposures, three soil 
orders, and elevations ranging from 
2600 to 5700 ft (Table 1). 

Fescue Grasslands (Plots 1 to 6) 
These sites, located on Black to 

Dark Brown Chernozemic soils, exem- 

plify the fescue grassland conditions of 
British Columbia and, with the excep- 
tion of plot 5, they exhibited the 
maximum miserotoxin concentrations 
(5.8 to 7.3%). The first experimental 
samples (May 4) were collected within 
a week of emergence and thus, a rapid 
synthesis of the toxin was reflected in 
the initial stages of growth (Fig. 1). 
The peak levels were associated with 
prebud and bud stages of growth 
followed by a decline occurring during 
bloom. Similar trends were described 
for plots 3 (“wet site”) and 4 (“dry 
site”) sampled during the summer of 
1972 (Majak and Bose, 1974). 
Although plot 5 reveals a second peak 
at the prepod stage, this is not 
observed for either plots 1 and 2 or 
the “dry site” (see above). Sampling 
beyond the flower stage for the re- 
maining sites (3, 4, and 6) was impos- 
sible due to extreme plant dessication. 
The short growing season for this 
group is attributed to the drought in 
the spring and summer of 1973. Pre- 
cipitation for the month of July, for 
example, was the third lowest on 
record (0.09 inches) at the Kamloops 
airport, and the previous 15 months 
exhibited precipitation below the 
30-year norm (Atmospheric Environ- 
mental Service, 1973). Excepting plot 
5, the peak miserotoxin concentra- 
tions occurred from the beginning of 
May to the beginning of June (1973), 
and there was no apparent relationship 
between these values and either slope 
or exposure. The pattern in plot 5 is 
enigmatic and whether it bears a rela- 
tionship to plot 13 (see below) re- 
mains to be seen (i.e. plots 5 and 13 
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Fig. 1. Variation in miserotoxin concentration (percent dry weight) of timber milkvetch collected in 1973and located in fescue grasslands 
(plots 1 to 6), semiopen areas (plots 7 to I2), and montane forests (plots 13 to 19). 

exhibited lower miserotoxin levels than 
would be predicted). 

Montane Forests (Plots 13 to 19) 

These sites represent various suc- 
cessional levels of the Douglasfir climax 
forest (Tisdale and McLean, 1957): 
Douglas fir forest (plots 13 and 14); 
Douglasfir - lodgepole pine (Pinus 
contorta) (plots 15, 17, 18, and 19); 
Douglasfir - western larch (Larix 
occidentalis) (plot 16). The areas are 
characterized by medium canopy (with 
the exception of plot 13 which was a 
small opening in a Douglasfir forest) 
and either Brunisolic or Luvisolic soils. 

Two basic trends are revealed by 
these groups (Fig. 1): plots 15, 17, 18, 
and 19, situated in typical lodgepole 
pine stands, exhibited peak concentra- 
tions (3.9 to 4.3%) from the beginning 
of June to the beginning of August; 
plots 13, 14, and 16, which are associ- 
ated with Douglasfir stands, showed 
peak values (3.1 to 4.0%) from the be- 
ginning of May to the beginning of 
July. Peak miserotoxin concentrations 
prior to flowering were evidenced, 
except for plot 19, where sampling was 
initiated at bloom and the earlier 
values were unknown. A secondary 
peak was associated occasionally with 
the prepod (plots 13 and 14) and the 
pod stages (plots 17, 18, and 19). 
Evidence of regrowth may account for 
the undulating profile in plot 19; 
similar observations were made for plot 
11 and the final sampling in plot 10, 
which showed an increment in misero- 
toxin concentration. 

Plots 13 and 14, situated on the 
same slope, differed on the basis of 
elevation (3 150 and 3175 ft respec- 
tively) and canopy. The persistence 

of moisture in the covered forest area 
(plot 14) reflects the perseverance of 
timber milkvetch and the extension of 
the miserotoxin interval. 

The trends indicate, therefore, that 
peak toxicity levels in the fescue grass- 
lands are approximately twice as great 
as those in successional forests of the 
Douglasfir - pinegrass community. No 
direct relationship was observable 
between miserotoxin values and either 
elevation, exposure, slope, or latitude. 

Semiopen Areas (Plots 7 to 12) 

Trends are not readily apparent 
among these highly diversified sites 
which encompass two plant zones and 
three plant communities characterized 
by light canopies and mostly 
Brunisolic soils. Although plots 9 to 
12 are found in the Douglasfir - 
pinegrass community they exhibit 
anomalous features in comparison to 
the normally-stocked forest areas 
(plots 13 to 19): plot 9, for example, 
was located in the open areas of a 
parkland; the western exposure of plot 
10, in a lodgepole stand, was adjacent 
to a marsh, and plot 11 was situated in 
a young lodgepole stand with a recent 
history of fire; plot 12 was found in an 
area of willow (SaZix sp.) and Douglas- 
fir reproduction with mature Douglas- 
fir trees occurring at dispersed inter- 
vals. Plot 8, on the other hand, was 
located in a Douglasfir - ponderosa 
pine (Pinus ponderosa) Savannah; and 
plot 7 was unique, bordering the upper 
edge of a subalpine fir - Engelmann 
spruce (Picea engelmanni) forest . 
Thus, on the basis of available light, it 
can be hypothesized that plots 7 to 12 
are characterized by conditions of 
intermediate light as compared to the 
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fescue grasslands (abundant light) and 
the normally stocked montane forests 
(depressed light). Peak miserotoxin 
concentrations for plots 7 to 12 (4.3 
to 5.8%) are also intermediary to the 
high values for the fescue grasslands 
(5.8 to 7.3%) and the low values for 
the normally stocked forests (3.1 to 
4.3%). Unlike the latter two groups, 
however, peak miserotoxin levels (Fig. 
1) were associated with bloom (plots 
7, 8, 9, and 12) and pod stages (plots 
7, 10, and 11) and, in this respect, the 
pattern resembles that of A. miser var. 
oblongifolius (Williams and Norris, 
1969). Variety serotinus, however, 
exhibited miserotoxin fluctuations of 
greater magnitude. 

Conclusions 

The results of this survey con- 
ducted at 19 rangeland sites in British 
Columbia indicate that, with the ex- 
ception of one site, the highest 
miserotoxin concentrations were 
attained in the fescue grasslands during 
the spring. Concomitantly, the 
medium-canopied Douglasfir - lodge- 
pole pine forests revealed significantly 
lower maxima while exposed forest 
areas exhibited intermediate peaks. 
The corollary suggests, therefore, that 
timber milkvetch poisoning could be 
controlled, in part, by avoiding the 
fescue grasslands in spring and mini- 
mizing grazing in exposed forest areas. 
The incidence of poisoning, however, 
is also a function of the rates of timber 
milkvetch ingestion and toxin absorp- 
tion. A Hereford steer (479 lb), for 
example, can die with 4.5 hours after 
the direct administration (by stomach 
pump) of 2.24 lb of dried timber 
milkvetch containing 2.1% misero- 
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toxin (Williams et al., 1969). Thus, 
affection frequency is related also to 
timber milkvetch density and range 
quality. Well-managed “high toxin” 
ranges could conceivably result in 
fewer cases of poisoning than over 
grazed “low toxin” areas which were 
depleted of grasses, thus increasing the 
relative proportion of timber 
milkvetch. 
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Delayed Germination of Cheatgrass Seed 

A. C. HULL, JR., AND W. THERON HANSEN, JR. 

Highlight: Cheatgrass seeds germinate readily and usually near 100% shortly 
after collection. Generally, practically all seeds that fall to the ground germinate 
and plants emerge with favorable conditions in the fall, during the winter, or in 
early spring. In this study, an average of 692 cheatgrass plantsIft= emerged the 
first year. In th e same soil samples, 273 seedsfft= did not germinate but pro- 
duced plants when these seeds were brought into favorable conditions in the 
greenhouse. When these ungerminated seeds remain in the soil-litter mass in the 
field, they germinate and emerge more slowly than seeds brought into the green- 
house. Seeds that remain in seedheads over winter germinate slowly but with a 
high percent when placed in a germinator. Nitrogen at 80, 160, 320, and 640 
lb/acre caused the number of plants that emerged in the field to decrease 
slightly as the rate of fertilizer increased. 

Cheatgrass (Bromus tectorum L.), 
an aggressive introduced winter an- 
nual, is well adapted to large areas of 
rangeland, especially in the western 
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United States. Though cheatgrass pro- 
duces large volumes of feed, it has 
many undesirable characteristics, and 
rangeland values would be improved if 
cheatgrass could be replaced by more 
desirable forage species. Replacement 
is difficult, however, because cheat- 
grass produces abundant seed and 
seedlings that compete with and often 
prevent successful establishment of 
seedlings of perennial grasses (Evans, 
1961; Hull, 1963; Harris, 1967; Klomp 

and Hull, 1972). To successfully reveg 
etate cheatgrass areas with more desir- 
able species, we must eliminate cheat- 
grass seeds and plants. 

Cheatgrass seeds in dry storage re- 
main viable for several years. Seeds 
stored in a laboratory up to 11.5 years 
germinated from 95 to 100% (Hulbert, 
1955). Seeds stored in unheated sheds 
up to 12 years germinated 98 to 100%. 
Seeds stored from 28 to 40 years did 
not germinate (Hull, 1973).’ 

Many workers have reported that 
cheatgrass seeds germinate in the fall, 
winter, or early spring and that prac- 
tically all of the seeds germinate as 
soon as conditions are favorable (Warg, 
1938; Chepil, 1946; Stewart and Hull, 
1949; Hulbert, 1955; Klemmedson 
and Smith, 1964). Klemmedson and 
Smith (1964) observed regrowth from 
new tillers in late spring, after plants 

’ Also, unpublished file data. 
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