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Influence of Desert Saltbush Saponin 
on Germination1 

LEONARD R. ASKHAM AND DONALD R CORNELIUS 
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California; and Range Scientist, Crops Research Division, Agricultural Research 

Service, U. S. Department of Agriculture, Berkeley, California. 

Highlight 

A plant-produced chemical, saponin, was identified, extracted from desert 
saltbush, tested and quantitatively analyzed. Desert saltbush, Trigo pubescent 
wheatgrass, Harbinger medic, and California ephedra seeds were subjected to 
different concentration levels of leachates extracted from desert saltbush 
vegetation. These leachate solutions reduced the germination of desert saltbush, 
Harbinger medic, and Trigo pubescent wheatgrass. California ephedra germina- 
tion was stimulated at low leachate concentration but was retarded at higher 
leachate concentrations. 

The purpose of this study was to 
determine the presence of saponin 
in various parts of desert saltbush 
(Atriplex polycarpa (Torr.) S. 
Wats.) to analyze it quantitatively 
and to determine the effects of dif- 
ferent levels of saponin on seed 
germination. We tested leachate 
from the desert saltbush vegetation 
on germinating seed of four differ- 
ent plant species, as follows: desert 
saltbush; Trigo pubescent wheat- 
grass (Agropyron trichophorum 
(Link) Richt.), Harbinger medic 
(Medicago lit tordis Rohde), and 
California ephedra (Ephedra calif- 
ornica S. Wats.). 

l Cooperative investigations of the 
Crops Research Division, Agricultural 
Research Service, U. S. Department of 
Agriculture and the California Agri- 
cultural Experiment Station, Berkeley, 
California. Received October 24, 
1970. 

Desert saltbush has been rated 
as a highly palatable browse plant 
for domestic livestock and big game 
animals (Sampson and Jespersen, 
1963). Also, desert saltbush pro- 
vides excellent cover for quail and 
chukar on dry rangeland in central 
and southern California. Efforts 
to increase the stands of this spe- 
cies and other saltbush species have 
met with some difficulty due to 
poor seed germination. The pres- 
ence of saponin in seed of fourwing 
saltbush (Atriplex canescens (Pursh) 
Nutt.) was reported by Nord and 
Van Atta (1960) and was believed to 
inhibit germination of the seed. 
A growth inhibitor was likewise 
found by Cornelius and Hylton 
(1969) in seed of Atriplex @oZy- 
car-pa; it reduced germination but 
could be removed as a water soluble 
leachate and increase germination. 
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quin Irrigation District, N.S.W. Bull. 
of Council for Sci. and Ind. Res., 
Melbourne, Australia. No. 189. 

TUPPER, G. 1968. Annual Report, 
Division of Plant Industry, Common- 
wealth Sci. and Ind. Res. Organ., 
Australia. 

WILSON, A. D., J. H. LEIGH, AND W. E. 
MULHAM. 1969. A study of Merino 
sheep grazing a bladder saltbush 
(A triplex vesicariu) cottonbush (Ko- 
chia aphyllu) community on the Riv- 
erine Plain. Aust. J. Agr. Res. 20: 
1123-I 137. 

Considerable work has been ac- 
complished in determination of al- 
falfa and clover saponins because 
they are considered a factor in the 
bloat of ruminants. Thompson et 
al. (1957) reported that the saponin 
content in alfalfa meal was 0.12% 
and in Ladino clover 0.23% of the 
dry weight. 

Methods 

Desert saltbush plants were col- 
lected for this study in the Panache 
Hills near Mercy Hot Springs, Cal- 
ifornia. The collection area is in 
the foothills of the eastern slope of 
the coast range mountains approxi- 
mately 55 miles west of Fresno, Cal- 
ifornia. The climate is Mediterra- 
nean and the vegetation is an 
annual grassland community with 
some sparse shrubs as low overstory. 

Five desert saltbush plants were 
selected as representative of the gen- 
eral population in age, vigor and 
relative amount of green material 
present. Length, width, height and 
area of each plant were measured. 
Eight inches of succulent new 
growth was clipped from the outer 
portions of each plant to simulate 
browsing by livestock. The remain- 
der of the plant was cut to ground 
level and kept as a separate sample. 
The sample parts of each plant 
were dried at 72 C for two days, 
ground, weighed and stored in plas- 
tic lined paper bags. 

Each plant produced an average 
of 64 g of stems, twigs, and leaves 
per 268.80 square cm of soil sur- 
face area. This amount was used as 
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a standard. The material was 
ground, boiled in 250 ml of dis- 
tilled water for 20 minutes, cooled 
and filtered through cheesecloth to 
remove the coarser material. Three 
levels of leachate below the standard 
were prepared, each in 250 ml of 
water, by taking 32, 16 and 8 g of 
ground material. In addition two 
solutions were prepared by using 
128 and 192 g of ground material 
in 250 ml of water. The solutions 
were stored in Erlenmeyer flasks 
under refrigeration to prevent de- 
compositon by bacteria. 

80 

:, 
‘Z 

g 60 .- 
E 
k 
ul I LSMD = 0.79 

Since the original objective was 
to determine if the plant material 
itself held any saponin, a staining 
reagent was prepared, after the 
method of Van Atta and Guggolz 
(1958). This method resulted in 
the positive identification of sapo- 
nin in the leafy material of saltbush, 
and further indicated that the 
tender twigs have a more positive 
reaction than did the central ma- 
terial. These observations were 
closely related to those of Pedersen 
et al. (1967) who found that sapo- 
nin was mainly concentrated in the 
leaves of the alfalfa plant. 

0 2 4 6 8 IO 12 14 16 

Days 

FIG. 1. Germination rates of Medicago 
littoralis in Petri dishes as affected by 
concentrations of Atriplex polycarpa 
leachates. 

Results 

A saponin extraction method, 
closely following the work of Nord 
and Van Atta (1960) and, with the 
personal assistance of Mr. Jack Gug- 
golz, was developed. This extrac- 
tion yielded 2.493 g of saponin from 
215.49 g of leafy material which 
was 1.15 % saponin in the leafy 
material from desert saltbush on 
dry weight basis. To insure that 
the material was saponin, the stain- 
ing reagent test, as described under 
“Saponin Identification,” was made. 
The results were positive. 

Saponin inhibited or reduced ger- 
mination. The effect of saponin 
increased as the concentration of 
the saponin became greater. Each 
species of plant included in the test 
responded in a different manner; 
some were affected more than 
others by the occurrence of saponin. 

Harbinger Medic 
The germination of treated Har- 

binger medic was low in this ex- 
periment (Fig. 1). Over 70% of the 
seeds in the control solution (water 
only) germinated by the 14th day; 
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Square plastic petri dishes, 9 mm 
x 9 mm x 3 mm were used in mak- 
ing germination tests. A square blue 
blotter with 100 indentations fit in 
the bottom of each dish. Each level 
of the leachate and a control with 
distilled water were tested on four 
species of range plants; Harbinger 
medic, desert saltbush, Trigo pu- 
bescent wheatgrass and California 
ephedra. Each test included four 
replications with 25 seeds per petri 
dish per replication. 
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FIG. 2. Germination rates of Atriplex polycarpa in Petri dishes as affected by con- 
centrations of A triplex polycarpn leachates. 

10% germinated in the 8 g solution, 
and 5% in the 16 g solution. 
Stronger solutions of 32 g and over 
completely retarded germination. 
Almost all seeds turned black and 
were covered by a white feathery 
fungus. The results of this test 
showed significant mean difference 
of 0.19 and a variance of 0.09. 

Desert Saltbush 
Saltbush germination was lower 

than the Harbinger medic. Germi- 
nation of the control did not exceed 
10%; the 16 g solution achieved 
only 3%, and the 8 g solution only 
1% (Fig. 2). The other solutions of 
higher rates completely inhibited 
germination. Sixty percent of the 
utricles had been damaged by in- 
sects, leaving only 40% capable of 
germination. Readjusting the ger- 
mination rate, according to the 
percent of seed not damaged by in- 
sects, does not alter the fact that 
germination of desert saltbush is 
generally low. This phenomenon 
may be accounted for, in large part, 
by the presence of saponin in the 
seed coats, i.e., saponin appears to 
retard germination of the seed. 
The results (Fig. 2) were significant 
at the 1% level, with a variance of 
0.10. The least significant differ- 
ence at the 1% level was 1.16. 

California Ephedra 
This shrub has some grazing 

value and great drought resistance. 
It provides watershed cover and 
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FIG. 3. Germination rates of Ephedru caZifornica in Petri dishes Frc. 4. Germination of Agropyro?z trichophorum in Petri dishes 
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aids in gulley control on steep hill- 
sides and swales. The effects of 
saponin on the germination of seed 
of California ephedra were not as 
great as those found on desert salt- 
bush. The control set that received 
water only germinated 70% (Fig. 
3) and 49% in the 126 g solution. 
Germination in the 192 g solution 
deviated from the expected pattern, 
with germination slightly higher 
than in the 64 g solution. 

Stimulatory effects occurred with 
the 8 g, 16 g and 32 g solutions. 
The 8 g solution had a slight in- 
crease in germination over the seed 
germinated with water only. The 
16 g solution increased germina- 
tion to more than SO%, or 10% 
more than the control. The 32 g 
solution resulted in 70% germina- 
tion and exceeded the control after 
the 12th day of the test. These re- 
sults indicate that a large amount 
of saponin may be detrimental to 
germination of California ephedra, 
but that low rates are favorable 

to germination. The results for 
different levels of the solution were 
all significant at the 1% level with 
a least significant mean difference 
of 1.568 and a variance of 0.08. 

The results of this study are in 
agreement with the work of Varsh- 
ney and Faroog (1953) and Mishu- 
stin and Naumova (1955) who 
reported that saponin, in small 
quantities, stimulated germination. 
Nord and Van Atta (1960), working 
with fourwing saltbush, found that 
high concentrations of 1.0 or 5.0% 
saponin greatly reduced germina- 
tion, while a solution of 0.1% stimu- 
lated germination. The saponin 
content of vegetative material of 
desert saltbush was 1.15% on a dry 
weight basis. The 62 g solution had 
.285% saponin; 32 g solution, .lSO% 
saponin; 16 g solution, ,074s sapo- 
nin; and 8 g solution, .037% saponin. 
Therefore, with California ephedra, 
the .074% solution of saponin ap- 
pears to be the optimal concentra- 
tion for stimulating germination. 

Trigo Pubescent Wheatgrass 

Trigo pubescent wheatgrass 
showed a wide range of germina- 
tion between the control and the 
192 g solutions (Fig. 4). The seeds 
in the control treatment and in 8 g 
and 16 g solutions germinated rap- 
idly to the 5th day and then leveled 
off. The control treatment gave the 
highest germination, 60%, while the 
8 g, 16 g and 32 g solutions reduced 
germination. The 128 g and 192 g 
solutions showed the greatest re- 
duction in germination. Germina- 
tion did not begin until the 6th and 
8th days, respectively, and did not 
exceed 5% at the end of the experi- 
ment. 

Conclusions _ 

Saponin was definitely present in 
the vegetative parts of desert salt- 
bush, as shown by the staining 
method with acetic anhydride and 
sulfuric acid mixture. Quantitative 
extraction by use of the cholesterol- 
fullers earth method indicated a 



442 . TIEDEMANN ET AL. 

percentage content of 1.15 for sapo- 
nin from the leafy portions of the 
desert saltbush on a dry weight 
basis. 

The saponin reduced seed ger- 
mination in the case of desert salt- 
bush and Harbinger medic most 
markedly. Trigo pubescent wheat- 
grass and California ephedra had a 
higher percentage of germination 
and showed less inhibitory action of 
the saponin. Lower concentrations 
were stimulatory for germination of 
the California ephedra. 
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Four Perennial Southwestern Grasses to Shade1 

PHIL R. OGDEN 

tests this hypothesis by e;aluating 

three of these grasses can adapt to 

the response of the four species to 

shade9 whereas black grama is in- 

several levels of artificial shade in a 

tolerant of shade. This exneriment 

Range Scientist, Pacific Northwest Forest and Range Experiment Station,2 nursery plot study. 
Wenatchee, Washington; and Professors of Range hfanagement, Department of 

Watershed Management, University of Arizona, Tucson, Arizona. Methods 

Highlight 

A nursery plot study was conducted to determine if the observed relative abun- 
dance of Arizona cottontop, bush muhly, and plains bristlegrass under mesquite 
trees on native range was related to the ability of these grasses to adapt to shade. 
Plants of these species plus black grama which grows in open areas were sub- 
jected to shading only and shading after defoliation treatments using five levels 
of shade from 0 to 80%. Evaluation of morphological, physiological, and yield 
responses showed that all plants made their best growth in full sunlight; but 
Arizona cottontop, bush muhly, and plains bristlegrass displayed greater ability 
than black grama to adapt to shade. 

On a protected area of desert environmental variables. Three of 
grassland A near Tucson, Arizona, the perennial grasses of interest, 
Tiedemann (1970) found that dif- Arizona cottontop (Trichachne cal- 
ferences in production of perennial ifornica), plains bristlegrass (Setariu 
grasses between areas under mes- mucrostuchyu), and bush muhly 
quite (Prosopis julifloru) trees and (Muhlenbergiu porteri), had greater 
adjacent open areas were related to crown cover and forage production 

under mesquite canopies than in 
l Received October 14, 1970; accepted 

for publication March 6, 1971. 
the open, while black grama (Boute- 

2 Maintained by the Forest Service, 
Zouu eriopodu) showed the oppolsite 

U. S. Department of Agriculture, with tendency and was most abundant in 
headquarters in Portland, Oregon. open spaces between mesquite trees. 

Plants of the four grasses were 
collected from an upland desert 
grassland site with uniform soils 
at the Santa Rita Experimental 
Range south of Tucson, Arizona. 
Livestock had been excluded from 
the collection site for 30 years. 
Plants were selected for uniformity 
within species, excavated, placed in 
pots, and watered immediately. 

The plants were transplanted to 
ten 1% by 2.4-m field plots in a 
7.5- by 48.0-m border at the Tucson 
Plant Materials Center3 on March 
15, 1967. Location of four sub- 
samples of each species on a 4 x 4 
grid within each plot was randomly 
assigned. Two replications each of 
five levels of shade (0, 20, 40, 60, 
and 80%) were randomly assigned 
to the 10 plots. Mesquite trees in 

3 Operated by the Soil Conservation 
Service, U. S. Department of Agricul- 
ture. 


