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South Dakota State University, Brookings 

Highlight 

Biennial sweetclover was seeded into a Dense Clay Range 
Site that was severely depleted by drought and overgrazing. 
Seeded in 1962 without seedbed preparation, sweetclover 
has reseeded naturally, and remained a compatable asso- 
ciate with the native vegetation during the five-year study. 
Combined grass and sweetclover production averaged 1804 
lb/acre annually compared to 750 for the control. The 
grass component was increased by an average of 373 lb/acre 
as a result of legume supplied nitrogen. Western wheat- 
grass vigor and forage protein were also improved. Native 
perennial grasses were not reduced in abundance by sweet- 
clover competition. Sweetclover appears well adapted as a 
legume for rangelands with heavy clay soils in western 
South Dakota. 

Legumes can provide an important source of 
nitrogen for associated grasses, enabling a mixed 
stand of legumes and grass to be much more pro- 
ductive than grass growing alone. In the Northern 
Great Plains, grass-legume combinations have been 
used almost exclusively for hay, irrigated pastures, 
and introduced early spring pastures. With few 
exceptions, this practice has not been exploited ex- 
tensively for increasing the productivity of native 
ranges. Application of this principle appears to 
have great potential if suitable legumes are avail- 
able for rangeland seeding. 

It is generally agreed that native legumes were 
once a more important component of grasslands, 
but that intensive grazing by domestic livestock has 
reduced their abundance. Difficulty of establish- 
ment plus limited seed sources have restricted ef- 
forts to reestablish native legumes. Presently, the 
introduction of cultivated legumes into native 
rangelands may offer the more promising approach 
to increasing forage production by legume associa- 
tion. 

Biennial sweetclover (MeGlotus officinalis) is an 
introduced legume naturalized on many ranges in 
western South Dakota. It is very abundant on cer- 
tain ranges in so called “clover years” when con- 
ditions are favorable for germination and growth. 

lPublished with the approval of the Director, South Dakota 
State University, Agricultural Experiment Station, Brook- 
ings as Journal Series 855. Research was conducted while 
the authors were stationed at the U. S. Irrigation and Dry- 
land Field Station, ARS, USDA, Newell, South Dakota. 
Received November 19, 1968; accepted for publication May 
12, 1969. 

Recognition of the value of sweetclover as a range- 
land legume could lead to management conducive 
to its propagation and greater application of this 
practice. 

Seeding sweetclover into native range was one 
of eight treatments applied in the spring of 1962 
to find means of increasing production and accel- 
erating the recovery of range depleted by drought 
and overgrazing. Results of this study (Nichols, 
1969) indicated that seeding sweetclover into west- 
ern wheatgrass (Agropyron smithii) range was the 
most effective treatment attempted for increasing 
productivity of a Dense Clay Range Site. The 
sweetclover portion of that study was continued 
and expanded to more fully evaluate its value as 
a legume for range seeding and is reported in this 
paper. 

Review of Literature 

Studies from several geographic locations have shown the 
value of legumes. Williams et al. (1956) stated that seeding 
legumes, phosphorus fertilization, and grazing management 
increased grazing capacity threefold in the annual grasslands 
of California. Jones and Winans (1967) also working in 
California reported that seeding subterranean clover (Tri- 
folium subterraneum) produced forage that was as high in 
protein during the winter period as where 80 lb N/acre 
had been applied. In Oregon, Bedell (1968) stated that the 
most important forage species for dryland pasture improve- 
ment was subterranean clover due to its high yield, rapid 
growth, superior nutritive value, and ability to grow well 
with perennial grasses. 

Sweetclover, seeded with crested wheatgrass (Agropyron 
desertorum) in Montana, produced more forage than either 
the grass or legume seeded alone (Gomm, 1964). Lorenz 
and Rogler (1962) reported that sweetclover added to an old 
stand of crested wheatgrass in North Dakota showed no 
advantage in production due to stand loss, but that the 
addition of alfalfa increased yields comparable to crested 
wheatgrass fertilized with 30 lb N/acre. 

In South Dakota a synthetic variety of alfalfa (Medicago 
spp. var. Travois), which has root proliferating characteris- 
tics, has been developed for potential use in pasture and 
range seeding (Rumbaugh et al., 1965). Stand evaluation of 
grazing type alfalfas interseeded into dryland pastures and 
ranges in 16 locations in South Dakota were reported by 
Rumbaugh and Thorn (1965). Initial stands were considered 
successful at 7 locations, failures at 7, and partially success- 
ful at 2 others. The persistence and influence of alfalfa on 
range productivity has not been reported for these locations. 

A management program involving sweetclover and alfalfa 
has been successfully applied by a Montana rancher to in- 
crease production on rangeland (Miles, 1967a, 1967b, and 
1967c). 

Study Area and Procedures 

The study area was in the Northern Great Plains approxi- 
mately 12 miles northeast of Newell, South Dakota, on 
rangeland classified as a Dense Clay Range Site. Soils of 
this range site are moderately deep, high in clay content 
(60-65%), and slowly permeable. Soluble salts and pH are 
not considered adverse to plant growth. The natural vege- 
tation consists predominantly of cool-season species. Western 
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Table 1. Forage production (lb/acre ovendry) from seed- 
ing biennial sweetclover into deteriorated Dense Clay 
Range Site in 1962 compared to untreated range, 196% 
1967. 

Untreated 

range 

Seeded 

range 

Increase 

lb/acre percent 

Total forage 

1963 (2)l 511 
1964 (1) 698 
1965 (1) 1063 
1966 (2) 444 
1967 (1) 983 

Average 740 

Perennial 
grass portion” 

1963 511 
1964 - 

1965 1063 
1966 444 
1967 983 

Average 750 

3032”“2 2521 493 
949” * 251 36 

1833”* 770 72 
950”” 506 114 

2257** 1274 130 

1804 1064 144 

358ns - 153 - 30 
Not separated - - 

1424”” 361 34 
625” 181 41 

2085”” 1105 112 

1123 374 50 

l Denotes year of biennial sweetclover plant development: (1) = 
seedling year; (2) = second year. 

2 ++ = significantly different (P < 0.01); * = significantly dif- 
ferent (P < 0.05); ns = non-significant (P > 0.05). 

3 Primarily western wheatgrass with a small amount of green 
needlegrass. 

clover, was consistently greater than grass pro- 
duction from the control. In 1963, sweetclover 
production was very high and may have offered 
sufficient competition to lower grass production, 
especially since the perennial grasses were recover- 
ing from a depleted condition. Even though grass 
production was lower in 1963, percent frequency 
data (Table 2) does not indicate that the abundance 
of perennial grass was adversely affected by sweet- 
clover competition. 

Vigor of western wheatgrass, as indicated by pe- 
riodic seasonal height measurements, was increased 
by sweetclover association both in 1966 and 1967 

Table 2. Frequency (percent) of occurrence of vegetation 
on range seeded to sweetclover in 1962 compared to un- 
treated range, 1963-1967. 

Perennial grass’ Sweetclover Other forbs 

Control Treated Control Treated Control Treated 

1963 (2)2 7.6 9.2ns3 - 2.0 35.6 33.1 
1964 (1) 36.0 29.6ns - 33.9 9.9 6.4 
1965 (1) 35.0 34.4ns - 17.3 4.4 2.1 
1966 (2) 28.0 35.8”” 0.5 19.8 4.0 1.0 
1967 (1) 15.8 23.0”’ - 12.2 2.8 1.0 

1 Primarily western wheatgrass with small amounts of green 
needlegrass. 

2 Denotes year of sweetclover plant development: (1) = seedling 
year; (2) = second year of biennial growth habit. 

3 ns = non-significant (P > 0.05), ** = significantly different 
(P < 0.01). 
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FIG. 2. Growth curves for western wheatgrass on control plots 
compared with western wheatgrass and biennial sweetclover 
growing in association, 1966 and 1967. In 1966, sweetclover was 
in its second year of growth and in 1967 it was in the seedling 
stage. Time of flowering and seedset are similar for sweetclover 
and western wheatgrass (approx. June IO-July 10, 1966). 

(Fig. 2). Western wheatgrass plants were more vig- 
orous in the spring and maintained a faster rate of 
growth, making the date of grazing readiness some- 
what earlier. For example, in 1966, the height of 
western wheatgrass growing with clover was 22.4 
cm (8.8 inches) on May 12 compared to 16.4 cm 
(6.5 inches) where sweetclover was not present. By 
the latter part of August, after which very little 
additional growth occurred, western wheatgrass 
with sweetclover was 6 cm (2.4 inches) and 11 cm 
(4.3 inches) taller than the control in 1966 and 
1967, respectively. Color of western wheatgrass 
grown with sweetclover was noticeably darker 
green, also indicating an increase in plant vigor. 
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FIG. 3. Percentage crude protein of western wheatgrass on con- 
trol plots compared to western wheatgrass and biennial sweet- 
clover growing in association, 1966 and 1967. 

With the exception of later growth initiation in 
the spring, seasonal growth, time of flowering, and 
seedset of sweetclover correspond closely to western 
wheatgrass. These similarities in phenology are 
conducive to seasonal grazing management bene- 
ficial to both components. For example, early 
growing season deferment would benefit the cool- 
season perennial grass, as well as permit sweetclover 
seedset, which is necessary for stand maintenance. 

Plant protein. -In 1966, percent crude protein of 
western wheatgrass was increased by growing in 
association with sweetclover (Fig. 3). These differ- 
ences were evident throughout the growing season 
and carried into the winter months during plant 
dormancy. In 1967 the differences in protein per- 
cent were evident early in the growing season but 
disappeared after June. Two diverse growing sea- 
sons may have influenced these differences. Favor- 
able growing conditions in the spring of 1967 re- 
sulting in taller growth form (Fig. 2) and higher 
grass production (Table 1) may have decreased 
differences in grass protein percentages between 
treatments. Increasing soil nitrogen on nitrogen 
deficient soils whether from commercial sources 
(Cosper and Thomas, 1961; Burzlaff et al., 1968) or 
from legumes (Wagner, 1954) has been shown to 
increase plant protein percentage, but may be in- 
fluenced by seasonal growing conditions (Johnson 
and Nichols, 1969). 

From the standpoint of the grazing animal, pro- 
tein content of western wheatgrass during the early 
part of the growing season would be adequate re- 
gardless of treatment. The principal advantage of 
higher grass protein when growing in association 
with sweetclover was the increased length of time 
that protein was at an adequate level as the growing 
season progressed and protein content declined. 
Of more importance, was the much higher protein 
percentage of the sweetclover forage throughout 
most of 1966 and 1967. Percent crude protein of 

the sweetclover was higher than western wheatgrass 
protein for both years, even into the winter months 
when essentially all leaf material had fallen from 
the sweetclover. Animals that graze a mixture of 
sweetclover and grass would be able to maintain 
a diet more nearly adequate in protein and possi- 
bly other nutrients much longer than where the 
selection is limited to nearly pure stands of western 
wheatgrass. A diversified plant cover of different 
classes of vegetation has been shown to be more 
desirable from the standpoint of the grazing ani- 
mals diet than a single forage class (Cook and 
Harris, 1968). Weaver and Albertson (1956) stated 
several reasons why a variety of grasses and other 
plants in the Great Plains were desirable, including 
greater yield, longer green feed period, higher nu- 
trient value, and effects of insect damage may be 
lessened. 

Soil nitrogen as determined by the Kjeldahl 
method (Chapman and Pratt, 1961) was signifi- 
cantly higher (P < 0.01) from plots where sweet- 
clover was grown. Samples (composite of 20 loca- 
tions within each of four replications) taken from 
the O-4 inch depth at the end of the 1967 growing 
season contained 1.11 percent nitrogen where 
sweetclover was growing, compared to 0.95 percent 
for the control. Although both values are low, soil 
nitrogen was consistently higher in all replications 
and averaged 17 percent more in plots growing 
sweetclover. 

Sweetclover has been used extensively and is well 
recognized as a “soil builder” for cropland. It also 
appears to have value on rangeland as a source of 
nitrogen for associated grasses, especially in areas 
where commercial fertilization may not be eco- 
nomically feasible. Legumes have the advantage 
of being able to supply nitrogen on a self sustain- 
ing basis as long as stands are maintained. 

Competition .-Adding an additional component 
of vegetation such as sweetclover to the existing 
stands of perennial grass could be expected to offer 
competition. However, forage production with the 
exception of 1963 (Table l), percent frequency 
(Table Z), and plant vigor (Fig. 2) of western 
wheatgrass were all enhanced by the addition of 
sweetclover. This essentially indicates that low soil 
nitrogen limits potential grass performance on 
this site, and that sweetclover competition was not 
sufficient to suppress the response from legume- 
supplied nitrogen. The addition of sweetclover to 
the existing vegetation did not replace the peren- 
nial grasses or reduce their abundance. On the 
contrary, by 1966 and 1967 significant increases 
(P < 0.01) in percentage frequency of perennial 
grass were noted for plots where sweetclover was 
grown in association with grass. There is also some 
indication that other forbs (primarily weedy in- 
vaders) were less abundant where sweetclover was 
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growing, suggesting that the sweetclover occupied 
the niche of annual forbs. 

Early in the study when the perennial grasses 
were sparse and recovering from a depleted condi- 
tion, sweetclover was robust, but as the perennial 
grasses recovered and became more competitive, 
sweetclover was reduced in stature and assumed a 
role more commensurate with the associated grass. 
The height of sweetclover did not exceed that of 
the associated grass in 1967 (seedling year sweet- 
clover) and only slightly in 1966 which was second- 
year sweetclover (Figures 1 & 2). Sweetclover and 
western wheatgrass are considered compatible as- 
sociates capable of coexisting in a manner advan- 
tageous to the associated grass on the Dense Clay 
Range Site. 

Adaptability of the Dense Clay Range Site to 
Growing Sweetclover.-The soil and vegetation 
type of the study area are well adapted to natural 
reproduction of sweetclover. Frost action forms a 
surface mantle of loose, friable, soil which appar- 
ently aids in covering seed and provides a suitable 
environment for seedling development. Also, 
ground cover on this type of range, dominated 
primarly by western wheatgrass, is sufficiently 
open for sweetclover seedlings to establish. From 
1962 when sweetclover was seeded, adequate stands 
have been present each year (Table 2). Natural re- 
seeding has been successful every 2 years. In 1964 
when seedlings died during the latter part of the 
growing season due to insufficient moisture, hard 
seed established new stands in the spring of 1965. 

Although not occurring during the study, several 
unfavorable years may limit sweetclover establish- 
ment and growth. Biennial growth habit which 
necessitates seedling establishment every two years, 
and difficulty of seedling establishment were listed 
by Gomm (1964), as two common limitations for 
sweetclover when used as a dryland legume. These 
factors have not been a problem in this study. 
Ability to circumvent adverse environmental con- 
ditions by means of seed dormancy could be con- 
sidered a beneficial adaptation. If seedset occurs 
periodically, stands of sweetclover are potentially 
available whenever growing conditions permit. By 
contrast, perennial legumes which must withstand 
environmental stress as a living plant may be more 
easily eliminated from a stand unless readily re- 
established by natural seeding. 

Substantial acreages of rangeland in western 
South Dakota are well adapted to growing sweet- 
clover. Soils of approximately % million acres are 
typical of the study location with similar areas in 
southeastern Montana and northeastern Wyoming. 
Since its introduction into the western portion of 
the State, and subsequent escape from cultivated 
fields and roadside seedings, it has spread over 
large areas by natural means, primarily on range- 

lands which have heavy clay soils that are com- 
monly termed “gumbo.” Regionally some ranchers 
have seeded sweetclover on native ranges by air- 
plane. It appears that extensive areas could be 
benefited by artificial seeding and management de- 
signed to increase and maintain sweetclover abun- 
dance. Although management suggestions to main- 
tain stands of sweetclover were not a part of this 
study, numerous contrasting examples of differ- 
ences in abundance can be readily observed. Sweet- 
clover is most consistently present on winter use 
ranges or on areas that are not heavily grazed dur- 
ing the early spring growing season. This suggests 
that deferment during these periods can be help- 
ful in maintaining sweetclover as a component of 
the vegetation. 
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Highlight 
Although the demand of Alaska’s increasing population 

for beef is largely met through inshipments, observations 
are made of the current and potential systems of range 
cattle production and marketing in Southwest Alaska nec- 
essary to capture a larger share of the State’s beef market. 
While climate and vegetation in this area are favorable 
for large increases in beef cattle production, breakthroughs 
are needed in current systems of production, transportation, 
and marketing. Of particular importance is the need for 
rangeland development and management, an inexpensive 
source of feed concentrates, and the establishment of mod- 
ern slaughtering and marketing facilities. 

Alaska’s major commodity industries in 1966 
were fisheries, with a valued production of $174.5 
million; forest products valued at $67.8 million; 
and oil and gas with production valued at $50.2 
million (Table 1). The value of agricultural pro- 
duction in 1966 amounted to only $5.5 million. 
Among the major commodity industries, the aver- 
age increase between 1960 and 1966 of the value 
of products sold annually has been substantial for 
all except agriculture, which experienced an aver- 
age increase of only two percent. 

The slow growth of Alaskan agriculture, the high 
cost of importing food to feed a growing popula- 
tion, and the possession of undeveloped land re- 
sources have focused the attention of public 

lReceived October 10, 1968; accepted for publication March 
29, 1969. 

2This paper exp resses the authors’ personal views. The 
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ceived from John G. McNeely, Donald S. Moore, William 
F. Lagrone, and Lynn Rader. The comments received from 
W. E. Burton, Agricultural Experiment Station, Palmer, 
and B. W. Silcock, State Director, Bureau of Land Manage- 
ment, Anchorage are also appreciated. 

agencies and others upon the possibilities for fur- 
ther agricultural development. 

Alaska’s population in 1968 numbered some 
274,000, up 37 percent since 1960 (Bureau of the 
Census, 1968). The State today produces less of 
its food supply than any other State in the Union, 
and at no time has it produced more than 8 per- 
cent of the food products consumed by its people 
(Federal Field Committee for Development and 
Planning in Alaska, 1966). Expenditures for food 
takes 20 to 25 percent of the average family budget. 
At prices that average 25 percent higher than those 
in Seattle, local production of a significant portion 
of the State’s food supply would permit the supply 
of dollars in Alaska to do more within its economy. 

Range Livestock Potential 

The factors responsible for limiting agricultural 
development are primarily economic and technical, 
not climatic, although some of the major obstacles 
to agricultural expansion include all three (Loll, 
1967). Generally, the cost of production on Alas- 
kan farms is high due in part to high labor costs. 
Although farm wage rates are higher in Alaska 
than in other States, the average rate is only one- 
third of the rate paid for seasonal construction 
labor (Loll, 1967). This situation leads to consid- 
eration of agricultural enterprises low in labor re- 
quirements such as range livestock. 

Approximately 5 million acres of land in Alaska 
can be used for livestock grazing, excluding exten- 
sive rangelands which are suitable for use by rein- 
deer and muskox (Loll, 1967). A large portion of 
this currently used or potential rangeland is in 
southwestern Alaska, including the Aleutian Is- 
lands, the Kodiak Island Group, and the Kenai 
Peninsula. Here, the maritime climate and vege- 
tation combine to furnish a capacity for yearlong 
grazing of large cattle herds. Although lying fur- 
ther north than Moscow, Southwest Alaska has a 
much warmer climate than island groups of similar 
latitude. Brushed by the Japanese current as it 
sweeps northeastward along the coast of the Alaskan 
Peninsula into the Gulf of Alaska, the islands have 
experienced only a dozen or so years out of the 
past 70 when the temperature dropped below zero 


