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resulted in invasion by o t h e r 
grasses if seed source was readi- 
ly available. The crested wheat- 
grass in the “community” pas- 
ture produced the lowest her- 
bage yield, the least g r o u n d 
cover and left the soil most sus- 
ceptible to erosion. 

The blue grama seeded in 
these plantings made a very 
poor showing. Surviving plants 
had very poor vigor and many 
of the clumps were half dead. 
Blue grama is a natural constitu- 
ent of the range in this area and 
its performance in the seedings 
was much poorer than expected. 
It is suspected that the poor per- 
formance was due to the use of 
unadapted seed from a southern 
source. 

Practically no Sandberg blue- 
grass was left in any of the plots. 
It is regrettable these plantings 
were not studied earlier. As it 
is, no information is available on 
stand establishment, composition 
and yield of the plantings when 
they were young. 

Summary 
In 1940 plantings of crested 

wheatgrass and mixtures of na- 
tive species were made on for- 
merly cultivated land in Prairie 
County, Montana. Green needle- 
grass and western wheatgrass 
were the dominant native spe- 
cies used in the mixtures. These 
plantings have been grazed since 
1942. A study of the plantings 17 
years after seeding brought out 
these points: 

Herbage yield by the na- 
tive mixture was 58 percent 
greater than for crested 
wheatgrass in a pasture 
grazed April 15 to Decem- 
ber 15 annually for 16 
years. 
Herbage yield of the native 
mixture was 36 percent 
greater than for crested 
wheatgrass in the pasture 
used for spring and winter 
grazing. 
The native mixture con - 
trolled erosion considerably 
better than the crested 
wheatgrass. 

4. 

5. 

6. 

Continuous use April to 
December permitted an in- 
crease of needle-and-thread 
grass in the mixture seeded 
area and a reduction in the 
vigor and yield of the 
crested wheatgrass. 
With spring and winter 
grazing, green needlegrass 
increased and encroached 
on the adjoining crested 
wheatgrass strips. 
For long time production 
and erosion control under 
the conditions studied, mix- 
tures of native species are 
better for range reseeding 
than crested wheatgrass 
alone. 
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Velvet mesquite (Prosopis 
juliflora var. velutina (Woot.) 
Sarg.) reproduces only from 
seed. Therefore, the germination 
rate and longevity of the seed in 
the soil affect not only the spread 
of the species but also reinvasion 
after control. Germination, as 
used in this paper, refers to coty- 
ledon emergence from seeds 
buried in soil 1 inch below the 
surface. Longevity refers to the 

length of time seeds remain via- 
ble in soil. 

Mesquite seed in dry storage 
remains viable indefinitely. Mar- 
tin (1948) reported 60 percent 
germination of 44-year-old mes- 
quite seed that had been stored 
in a Tucson herbarium. Six years 
later Glendening and Paulsen 
(1955) obtained 60 percent ger- 
mination from another sample of 
the same lot of seed. Germina- 

tion tests have not been made on 
older seed, but there is no reason 
to expect a rapid decline of via- 
bility when the seed is stored in 
a dry atmosphere and moderate 
temperature. 

Glendening and Paulsen 
(1955) studied the germination 
and longevity of mesquite seed 
buried in the soil. They reported 
on germination for a 4-year pe- 
riod and longevity for a 2-year 
period. This paper is based on 
subsequent observations of the 

1In cooperation with the University 
of Arizona. 
aForest Service, U. S. Department of 
Agriculture, with headquarters at 
Fort Collins, Colorado, in coopera- 
tion with the Colorado State Univer- 
sity. Author stationed at Tucson, 
Arizona in cooperation with the 
University of Arizona. 
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same study to cover a lo-year 
period. 

Materials and Methods 
Mesquite seeds were planted 

in the soil in fenced exclosures 
on the Santa Rita Experimental 
Rang@ in August, 1948. Repli- 
cate installations were made at 
elevations of 3000, 3800, and 4000 
feet. Mean annual rainfall is ap- 
proximately l&15, and 17 inches, 
respectively; soil types are Tu- 
bat gravelly clay loam, Sonoita 
sandy loam, and Whitehouse 
gravelly loam, respectively, for 
the three areas. The areas have 
similar plant cover and slope ex- 
pCXLlIY% 

The seeds used in this study 
were collected from the 1948 seed 
crop of two trees. Prior to the 
study germination tests of hulled 
seed and seed still in pod seg- 
ments were made on moist filter 
paper in Petri dishes. Hulled 
seed gave a 20 percent germina- 
tion after scarification, for a 
total of 96 percent. None of the 
seed still in pod segments ger- 
minated on moist filter paper. 

Germination 

The rate of germination was 
tested by taking soil from each of 
the areas and packing it into 
l-gallon cans that had been 
dipped in tar. Six cans were 
then buried at each area with 
the tops of the cans level with 
the soil surface. Three cans con- 
tained 50 hulled seeds planted 1 
inch below the soil surface. The 
other three cans contained 50 
seeds still in the pod segments 
planted at the same depth (Fig. 
1). Hardware cloth was placed 
over all of the cans to prevent 
disturbance by birds and ro- 
dents. 

Seedling emergence was 
checked at weekly intervals dur- 
ing the summer rainy season and 
monthly during the rest of the 

3Maintained by the Rocky Mountain 
Forest and Range Eqxriment Sta- 
tion about 30 miles south of Tucson, 
ATiZO?MZ. 

year for 2 years after the start of 
the study. Thereafter, checks 
were made only during the sum- 
mer rainy season. When seed- 
lings emerged they were counted 
and then removed carefully so 
that the seeds still in the ground 
were disturbed as little as pos- 
sible. 

Longevity 

Only hulled seeds were used in 
the seed-longevity tests. Fifty 
hulled seeds, together with a 
small amout of soil, were put 
into each of 12 one-half-pint fruit 
jars at each elevation. The jar 
covers were punctured and a 
piece of blotting paper was 
placed inside the jar lid. The 12 
jars at each location were di- 
vided into four sets of three jars 
each. Three jars were scheduled 
for excavations 2, 5, 10, and 20 
years after burial. The jars were 
buried under 6 inches of soil 
with their long axes parallel to 
the soil surface (Figure 1) to 
prevent the direct entrance of 
water. 

After excavation, germination 
tests were made by putting the 
seeds on moist filter paper in 
Petri dishes and storing them in 

a dark chamber. Seeds that 
failed to germinate in 3 weeks 
were nicked with a file to break 
the seed coat and again stored in 
the dark. Seeds were discarded 
if they had not germinated 2 
weeks after being nicked with a 
file. 

Results and Discussion 
Germinafion 

The results of the field ger- 
mination study are given in 
Table 1. Most of the seed at the 
two lower elevations germinated 
in 1949-the first year after they 
were planted-and a few more 
germinated in 1950 and 1951. At 
the highest elevation, approxi- 
mately as many seeds germinat- 
ed in 1950 as in 1949. Very few 
seeds germinated after 1951. 
None have germinated since 
1954. 

Elevation and soils had no ap- 
parent effect on germination, but 
there was a highly significant 
difference between hulled seed 
and that in pod segments. Only 
15.8 per cent of the hulled seed 
germinated as compared with 
44.7 percent of seed planted in 
pod segments. Some physical 
and chemical actions during de- 



96 TSCIIIRLEY AND MARTIN 

Table 1. Mesquite seeds germinating each year affer planting (150 planted seeds represented in each column). 

3000-ft. 3800-ft. 4000-ft. 
elevation elevation elevation Mean 

Year In pod 
segments 
Percent 

Hulled 
Percent 

In pod 
segments 
Percent 

Hulled 
Percent 

1948 ___________ _____._ ____ ____ 0.0 
1949 _.... __ ..___.. _ . ..__.__.. _ 39.4 
1950 _ _ . . . . .._._....._ __.._... _ 2.0 
1951 -.._ .__..___.. _ .____.____ _ 0.0 
1952 -...._... _ ..-. _ _..__..--.. 0.0 
1953 . .._ ._..._.__.. _ ____.._.. _ 0.0 
1954 -.-..--..--.-- _..__._ _.--_ 0.0 
Total ________________________ 41.4 

1.3 
8.0 
1.3 
0.0 
0.0 
0.0 
0.0 ~-- 

10.6 

0.0 
48.0 

6.7 
2.7 
0.0 
0.0 
0.0 __- __ __ 

57.4 

1.3 0.0 
13.3 18.0 
6.0 17.3 
0.7 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

21.3 35.3 

In pod 
segments 
Percent 

Hulled 
Percent 

0.0 
5.3 
7.3 
1.3 
0.0 
0.7 
0.7 ~__ 

15.3 

In pod 
segments 

Percent 
Hulled 
Percent 

0.0 .9 
35.1 8.9 

8.7 4.9 
.9 0.7 

0.0 0.0 
0.0 0.2 
0.0 0.2 

44.7 -15.8 

composition of the pod apparent- 
ly increase the permeability of 
the seed coat. 

Much of the seed eaten by do- 
mestic livestock passes through 
the digestive system unharmed. 
Deposition of seed in manure 
provides a favorable habitat for 
germination because of adequate 
and prolonged moisture. The 
combination of seed germination 
following its passage through a 
digestive system and the high 
germination percentage of seed 
buried in pod segments is an 
ecological adaptation well de- 
signed to perpetuate the species. 

Germination occurred almost 
entirely during the summer 
rainy season, which usually 
starts in July and continues 
through August. Temperatures 
in late May, June, and Septem- 
ber are high enough for germina- 
tion, but moisture is usually in- 
adequate. Some germination did 
occur when rain fell during the 
May-June and September dry 
periods. 

Longevity 

Root fragments found in the 
jars at the time of excavation are 
adequate evidence that condi- 
tions were favorable for ger- 
mination. Soil moisture was not 
determined in jars excavated 2 
and 5 years after burial. Jars 
buried for 10 years had soil mois- 
ture percentages of 1.59,4.01, and 
8.31, respectively, for the 3000-, 
3800-, and 4000-foot elevations. 

The essential data on the 

longevity of seed in soil under 
approximately natural condi- 
tions are given in Table 2. The 
recovery of apparently sound 
seed decreased from 63 percent 
after 2 years of burial to 47 and 
10 percent, respectively, after 5 
and 10 years of burial. It is of 
interest, however, that the ap- 
parently sound seed recovered 
after burial for 10 years still had 
high germination percentage. 
Such seed could, presumably, 
still germinate under natural 
conditions. In fact, one live, re- 
cently-germinated mesquite 
seedling was found in one of the 
jars at the 4000-foot level. 

Summary 
The rate of germination and 

longevity of velvet mesquite 
seeds were studied. Rate-of-ger- 
mination tests showed that most 
of the seeds germinated in July 
and August of the summer fol- 
lowing an August planting date. 
Only 15.8 percent of the hulled 
seed germinated, but 44.7 per- 
cent of the seed planted in pod 
segments germinated. Longevity 
tests showed that some seeds are 
still viable after 10 years of 
burial even where soil moisture 
has been adequate for germina- 
tion. The discovery of one live, 
recently-sprouted seedling shows 

Table 2. Condition of recovered mesquite seed after 2, 5. and 10 years of 
burial and fhe germination percentages of fhe apparently sound 
seed. 

Percentage Percentage 
Years Percentage of recovery of germination 
after Elevation, seed germi- apparently of apparently 

burial feet nated or rotted sound seed sound seed 

2 3000 37 63 83 
3800 54 46 94 
4000 19 81 91 

Mean 37 63 89 

5 3000 56 44 85 
3800 71 29 91 
4000 33 67 92 

Mean 53 47 89 

10 3000 89 11 82 
3800” 95 5 80 
4000 86 14 95 

Mean 90 10 86 

*One jar containing 50 seeds was not found. The percentages are based on 
the original 100 seeds in the remaining two jars. 
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that germination can occur after GLENDENING, GEORGE E. AND HAROLD Agric. Tech. Bull. No. 1127. 50 pp. 
10 years of burial in soil. A. PAULSEN. 1955. Reproduction MARTIN, S. CLARK. 1948. How long 

and establishment of v e 1 v e t will mesquite beans remain alive 

LITERATURE CITED 
mesquite as related to invasion of in the soil. Arizona Stockman 14- 
semi-desert grasslands. U. S. Dept. (3) : 34-35. 

Effects of Site and Season on Oxalate 
Content of Halogeton 

C. WAYNE COOK AND DILLARD H. GATES 

Research Professor and Graduate Assistant, respectively. 
Utah Agricultural Experiment Station Research Project 
411, conducted in cooperation with the U. S. Bureau of 
Land Management. 

Introduction 
The i n v a s i o n of halogeton 

(Halogeton glomeratus) on 
range lands of the Intermoun- 
tain West has done much to 
bring these lands into public at- 
tention. Large sums of money 
have been spent for study and 
control of this plant. 

The soluble oxalates in this 
plant are toxic to livestock when 
consumed in large quantities 
over a short period of time. For 
this reason, a knowledge of the 
factors which affect the oxalate 
content is important. Therefore, 
a study was designed to deter- 
mine the ox a 1 ate content of 
plants on various soils during 
different seasons of the year. 

Study Areas 
The sites on which halogeton 

was studied were located on salt 
desert areas in northwestern 
Utah (figure 1) . All sites were 
on relatively flat bottomlands or 
low terraces developed f r o m 
lake-laid sediments of old Lake 
Bonneville. 

Six separate vegetation types 
were se 1 e c t e d which were 

1 Credit is given to David Williamson 
for chemical analysis of plant ma- 
terial and to James Thorne for 
chemical analysis of the soil. 

thought to have been formerly 
dominated, respectively, by 
greasewood (Sarcobatus vermi- 
culatus), kochia (Kochia ves- 
tita), greasewood-kochia mix- 
ture, sagebrush (Artemisia tri- 
dentutu), shadscale (Atriplex 
confertifolia), and w i n t e r f a t 
(Eurotia Zanata). These areas 
were almost devoid of the origi- 
nal native vegetation and, be- 
cause of mismanagement, they 
supported vigorous stands of 
halogeton at the t i m e of the 
study. 

Methods and Procedures 
Soil sampling: Trenches ap- 

proximately 7.5 feet deep, 1.5 
feet wide, and 20 to 25 feet long 

were excavated in each of the 
six areas. Soil samples were col- 
lected from each zone of the soil 
profile from each trench for 
chemical analysis. 

Root studies: R o o t studies 
were made in the exposed sides 
of the open trenches. By use of 
an ice pick, root systems of 
halogeton were traced on both 
sides of the trenches. Detailed 
graphs were drawn for several 
halogeton plants showing lateral 
spread of the roots and depth of 
penetration. The trenches were 
dug about the first of August; 
therefore, halogeton plants were 
about five months of age. 

Plant sampling: Beginning in 
August and continuing through 
April of the following spring, 
halogeton herbage was collected 
periodically near each trench. 
This material was air-dried and 
separated into two fractions, one 
containing the leaves and seeds, 
and the other the stems. These 
separate fractions were then an- 
alyzed for soluble oxalates. 

To ascertain the effects of 
leaching by rain and melting 

FIGURE 1. An experimental area heavily infested with halogeton. 


