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fail. 

Contour furrows may retain run- 
off water to induce the establish- 
ment of native or introduced species, 
but the success of these structures is 
dependent on soil characteristics. 
In general, soils of medium to fine 
texture have shown the most con- 
sistently beneficial responses. At 20 
different sites in Colorado, Mon- 
tana, Utah, and Wyoming, it was 
found that nuttall saltbush (Atri- 
plex nuttallii) responded more fa- 
vorably to contour furrowing than 
any other species (Branson, Miller, 
and McQueen, 1966). Nichols (1964) 
also found increases of nuttall salt- 
bush forage yield with furrowing. 
These shrubs were more robust and 
covered a greater total ground area. 
Although no data were given, he 
observed that these shrubs had more 
seed stalks with a much heavier 
seed set. 

It is generally agreed that in- 
creases in forage yield with contour 
furrowing is a result of water reten- 
tion. Attempts have been made to 
measure this increased soil moisture 

l Approved by the Director of the Utah 
Agricultural Experiment Station as 
Journal Paper No. 1043. This work 
was financially supported by the 
Bureau of Land Management and 
Bureau of Reclamation, U. S. Depart- 
ment of the Interior. Received June 
11, 1970; accepted for publication Sep- 
tember 25, 1970. 

2 Presently Postdoctoral Fellow, De- 
partment of Botany, University of Al- 
berta, Edmonton, Alberta. 
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Highlight 

The phenology of galleta (Hihriu jamesii), shadscale (Atrifdex confertifoliu), 
nuttall saltbush (A. nuttallii) and mat saltbush (A. corrugutu) was studied to 
determine the effect of contour furrows on their vigor. Four years following 
treatment of the areas, the plants within 1 meter of the furrows were larger 
than control plants at least 3 meters from the treatments. Phenological index 
scores indicated earlier spring growth for the Atriplex species, and a longer 
summer and fall growth period for all species near furrows. Seed yields were 
significantly greater for plants near the furrows, providing a sustained seed 
source for natural establishment when artificial seedings in the salt desert area 

storage (Dickenson, Langley and 
Fisher, 1940; Branson et al., 1966; 
Winkworth, 1963). Hancock (1968) 
conducted a detailed study of water 
storage around gully plugs and fur- 
rows on nuttall saltbush and mat 
saltbush-dominated sites near Cisco, 
Utah in the immediate area of the 
present work. In general, greatest 
soil moisture storage occurred 46 to 
6 1 cm (18 to 24 inches) below the 
soil surface. Lateral movement in 
the furrows was restricted to the 
immediate periphery of the water 
retention area. The structures con- 
tributed an increase of 0.68 cm (0.26 
inches) of available water storage on 
treated versus untreated range dur- 
ing 1967. Although moist of the 
increase resulted from retention 
of runoff from rainstorms, drifting 
snow caught by the furrows may 
occasionally increase effective soil 
moisture. 

The objectives of the present 
study were to find if plants, already 
established at the time of contour 
furrow construction, benefited by 
water retention. If growth was initi- 
ated earlier in the spring, more ef- 
ficient use od the available water 
would be realized and the period of 
grazing might be lengthened. If 
summer growth was greater, the 
available forage may be greater and 
more cover and litter would aid in 
lessening runoff and erosion. Also, 
if there was a longer photosynthetic 
period, this might result in greater 

299 

seed yield. This added seed source 
would be very important in light of 
the many failures of seeding exotic 
species in salt desert shrub areas. 

Study Area and Methods 
The study area was located in the 

Grand River Valley, through which 
the C’olorado River flows, close to 
the village of Cisco, Utah. The area 
lies on a thick (700-1500 m) layer of 
Mancos shale. The landscape is dis- 
sected by arroyos forming badlands 
where the shale is not covered by 
coarser textured alluvium. 

The climate of the study area is 
arid. U. S. Weather Bureau records 
show a mean annual precipitation 
of 16.23 cm (6.39 inches) for 1953- 
1966 at Cisco. This varied from 
10.18 cm (4.01 inches) in 1962 to 
35.53 cm (13.99 inches) in 1957. 
Peak precipitation occurs during 
the months of September, October, 
and November, with a secondary 
peak in the winter and early spring. 
This later precipitation falls pri- 
marily as snow. Since spring snow- 
melt slowly releases the water it is 
the most valuable for soil moisture 
storage in the clay soils of the nuttall 
and mat saltbush areas. Summer 
precipitation consists of local, in- 
tense, short duration summer thun- 
derstorms that contribute little to 
soil moisture storage. 

The numbers of rainy days (0.25 
cm or more per day) per month does 
not vary greatly. June and July 
have had an average of 0.8 and 1.2 
days, respectively, while August and 
September each have had 2.8 days 
of heavy rain for the 1953-1966 
period. 

To supplement the available pre- 
cipitation data, standard storage 
gauges were weighed in the spring 
to determine the amount of winter 
precipitation and a weighing type 
recording rain gauge was used from 
March to October. These gauges 
were within 1.6 km (1 mile) of all 
study areas. 

Open pan evaporatioa measured 
during 1968 at Green River, Utah 
by the U. S. Weather Bureau re- 
corded a high of 7.5 mm per day in 
June with May and July having 6.0 
and 6.8 mm average losses per day, 
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Table 1. Phenological stages and their 
corresponding numerical scores used 
to follow the effect of contour fur- 
rowing on galleta and three salt 
desert shrubs. 

Table 2. Precipitation received by the study area from October 15, 1965 to 
October 4, 1968. Winter precipitation was taken from storage gauges and 
summer precipitation (> 0.25 cm) from a recording raingauge. 

Phenological stages 

1966 
Date 

Oct. 15/65 
to Feb. 8/66 
Apr. 11 
May 9 

11 
12 

*June 30 
July 1 

21 
28 

Aug. 1 
11 
31 

Sept. 11 
19 

Oct. 3 
7 
11 

Precip. 

6.89 
.97 
.25 
.81 
.30 

1.52 
.20 
.38 
.33 
.25 
.30 

2.18 
.18 
.30 
.38 
.99 
.23 

1967 1968 
Date Precip. Date Precip. 

Oct. 16/66 Oct. 15/67 
to Mar. 25/67 5.57 to Apr. Z/68 10.54 
May 5 .28 4pr. 6 .25 

26 .25 18 .38 
28 1.02 19 .38 

June 12 .25 May 12 1.27 
13 .51 June 9 .38 
14 .46 July 4 .51 

f8 .18 31 .63 
July .38 Aug. 1 1.02 

16 1.19 9 .25 
24 .20 14 .46 

Aug. 7 1.78 Sept. 14 .25 
Oct. 4 .76 

Ecore Galleta Shrubs 

1 

2 

3 

4 

5 4 leaf stage 

6 5 leaf stage 

7 Boot 

8 Head 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Winter 
dormancy 

Growth 
initiation 

2 leaf stage 
3 leaf stage 

Hard seed 
Seed scatter 
Summer 

dormancy 
(lea’ves pale 
green to 
brownish) 

Regreening 
of leaves 

Blade de- 
velopment 

Boot 
Head 
Hard seed 
Seed scatter 
Dormancy 

Winter dormancy 

Leaves regreening 
and buds swelling 

Twigs elongating 
Floral buds 

developing 
Flowers opening 
Fruit developing 
(male flowers dead) 

Fruit disseminating 
(male flowers 
fallen) 

Summer dormancy 
(leaves gray green) 

Buds swelling 
Twigs elongating 
Floral buds 

developing 

Flowers opening 

Fruit development 

Fruit disseminating 
Summer dormancy 
Buds swelling 
Twigs elongating 

respectively. LQW relative humidi- 
ties and high wind speed contrib- 
uted to this high evaporation rate 
(R. W. Wein, unpublished data). 

Detailed soil-vegetation relation- 
ships in the area have been reported 
by West and Ibrahim (1968). They 
described four distinct habitat types. 
Three of the habitat types treated 
with furrows were dominated by 
shadscale-galleta (A triplex con- 
fertifolia-Hilaria jamesii), nuttall 
saltbush-galleta (Atriplex nuttallii- 
Hilaria jamesii), and mat saltbush 

(Atriplex corrugata), respectively.3 
The soil profiles were correspond- 
ingly coarse textured, loamy, and 
clayey. 

In 1962-l 964, the experimental 
areas were treated with gully plugs 
and furrows by the Bureau of Land 
Management with funds provided 
by the Bureau of Reclamation. 
This treatment was expected to hold 
runoff water from summer storms 
and reduce the sediment load to the 
Colorado River. This would, in 
turn, slow the deposition of silt in 
Lake Po’well and justify other pro- 
posed reservoirs. It also' was thought 
that increased soil moisture around 
the structures might help increase 
vegetal cover to retard soil erosion 
and increase forage yields for do- 
mestic livestock. 

The furrows were two years old 
at the start of the study. Furrow 
depths averaged 30 cm (12 inches) 
and furrow widths averaged ap- 
proximately 46 cm (18 inches) and 
furrow lengths ranged fro,m 3 to 
9 m (lo-30 ft). The area disturbed 
was about 12 to 16 percent. Only 
furrows that effectively held runoff 
were studied. Furrows were chosen 

3 Nomenclature follows Harrington 
(1964). 

at random within exclosures (to pre- 
vent grazing by domestic livestock) 
on study areas with plant communi- 
ties dominated by shadscale and 
galleta, nuttall saltbush and mat 
saltbush. Twenty plants of each spe- 
cies were chosen at random within 
1 m of the uphill side of the furrows 
and compared to 20 control plants 
that were in the interfurrow areas, 
at least 3 m away from the furrows. 

Phenological studies of native pe- 
rennials were initiated in the spring 
of 1966 and continued through the 
1968 growing season. Stages of 
growth on furrowed versus control 
plants were scored by a method de- 
scribed by West and Wein (1971). 
At approximately two week inter- 
vals each plant was observed and 
assigned a score based on the pheno- 
logical sequences shown in Table 1. 
Only when all parts of a plant 
reached a growth stage was it given 
a full number score. If, for example, 
a shrub was in the twig elongating 
stage but 10 percent of the floral 
buds were developing the assigned 
score would be 3.1. The same plants 
were scored throughout the study 
with the exception of plants killed 
by rotdents. In additioa, the mat 
saltbush study was moved closer to 
the nuttall saltbush lo,cation in the 
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spring of 1967 because of poor ac- Table 3. Mean phenological scores for galleta and three species of Atriplex for 
cess to the first area. furrow and, control treatments during the 1966-1968 growing seasons. 

For the 1967 and 1968 growing 
seasons, seed yields expressed as Galleta Shadscale Nuttall saltbush Mat saltbush 

total seed weights and weight per Date Furrow Cont. Furrow Cont. Furrow Cont. Furrow Cont. 
100 seed were taken just before seed 1 fXh 
shatter for species of Atriplex. Be- ‘J”” ^ _ Amil 
cause 01 the prolonged maturatioa 
and shattering of galleta seed, only 
the seed stalks were counted. On 
September 25, 1968, shrub diam- 
eters and heights were measured on 
the species of Atriplex and clone 
diameter and basal leaf length mea- 
sured for galleta to determine 
whether treatments had affected the 
size of shrub or clone. 

Analysis involved t-tests to deter- 
mine whether there was a statisti- 
cally significant difference between 
the mean phenology score for con- 
trol plants and for those near fur- 
rows on each date. For the seed 
measurements of the shrubs, only 
the female plants were used. The 
smaller n was used to determine the 
tabular t when the groups had un- 
equal numbers. A one-tailed t-test 
was also used for the plant size mea- 
surements. 

Results 
The precipitation measured at 

the study site during the phenolo’gy 
study is given in Table 2. The first 
reading of the year was the winter 
precipitation received since the last 
reading of the previous fall. The 
summer rains were measured by a 
recording raingauge. Since only 
rainfalls of 0.25 cm or more caused 
runoff to accumulate in furrows 
only rainfalls greater than this are 
given. 

There were a greater number of 
summer sto’rms in 1966 but each of 
the three years had at least two 
storms that dropped more than 1 
cm of precipitation on the area. 
Winter precipitation was quite low 
for 1967 as compared to the heavy 
winter snowfall and early spring 
rains of 1968. 

Mean phenological scores for the 
four species during the 1966-1968 
growing seasons are given in Table 
3. Differences discussed below are 
statistically significant at the P .05 
level or less. 

L 

May 
June 

July 

Aug. 

Sept. 
Oct. 

1967 
April 

May 
June 
July 

Aug. 

1968 
March 
April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

2 2.8 2.7 3.0 3.0 2.6 2.6 1.8 1.8 
16 4.7 4.8 2.9 2.9 2.5 2.4 3.0 3.2 
30 5.6 5.7 3.8 3.6 4.0 4.3 4.1 4.1 
14 6.6 7.2 5.6 5.6 5.0 5.3 5.2 5.1 
7 7.5 8.2”” 6.0 6.0 5.3 5.6 5.9 5.9 

22 8.5 9.1 5.9 5.8 5.5 5.9 5.8 6.0 
6 9.3 9.4 6.2 6.0 6.2 6.1 6.0 6.5 

19 9.8 9.7 6.1 6.0 6.3 5.9 6.2 6.1 
2 10.0 10.2 6.3 6.1 6.4 6.0 6.3 6.4 

16 11.0 11.1 6.3 6.3 6.3 6.6 6.2 6.4 
30 12.1 11.2* 6.5 6.5 6.6 6.7 6.5 6.4 
14 12.9 11.6” 8.3 8.3 8.5 8.2 8.9 8.6 
2 13.7 11.7** 8.0 8.1 9.0 8.0** 9.6 8.6”” 

16 16.8 17.3 8.7 8.7 9.4 s.3** 10.0 9.0”” 

2 3.2 3.1 3.5 3.1” 3.2 1.9** 3.4 
29 6.0 5.6 4.4 3.9” 4.5 3.3”:‘: 3.8 
20 7.1 6.8 6.0 5.4 5.5 7.2”” 6.7 
15 8.0 7.4 11.4 10.0”” 5.6 9.7”‘” 12.3 
6 9.8 9.2 13.9 14.7”‘” 6.0 14.s** 12.4 

30 10.0 10.1 14.0 14 g** 7.0 15.2”* 13.9 
29 9.6 10.2 15.2 15.0 10.4 15.4”” 17.4 

2.2”” 
2.7”“’ 
8 O”:% 
9.8”# 

15.0”” 
15.0”” 
15*5*:3 

17 1.0 1.0 2.3 

1 3.1 3.0 2.8 
15 4.4 4.4 3.0 
29 5.6 5.5 4.6 

13 6.1 5.7 4.6 
27 7.2 6.4*$: 4.9 

10 7.9 7*0** 4.8 
24 9.8 9.8 6.3 

5 10.1 10.5** 6.3 
20 10.8 10.9 7.0 

2 10.8 10.8 6.6 
14 12.0 11.7 6.7 

1 12.4 11.4** 7.4 
12 17.3 18 O$::k 7.8 
25 18.0 18.0 8.0 
18 18.0 18.0 8.0 

1.9”” 
2.2” 
3.0 
4 1”” . 
4.7 
4.8 
4.9 
6.3 
6.4 
7.0 
6.5 
6.7 
7.5 
7.9 
8.0 
8.0 

3.3 2.32:” 4.3 3.5”” 

3.6 3.2 3.8 3.0 
3.9 3.7 4.9 4.3*‘:::: 
4.6 4.5 5.1 4.8 
5.0 4.9 5.7 5*1** 
5.6 5.6 6.0 6.0 
6.0 6.0 6.0 6.3*‘:’ 
6.1 6.3” 6.7 7.0* 
6.1 6.4” 7.0 7.1” 
7.0 7.0 7.4 7*7** 
7.2 7.3:$* 7.2 7.3”” 
7.4 7.6”” 7.4 7.8** 

8.9 8.0** 9.2 8.4”* 
9.4 8.0”” 9.5 s.1** 
9.5 8.1”” 9.4 8.3”” 
9.5 8.O’F” 9.5 8.3”” 

* Treatment means significantly different at P .05. 
** Treatment means significantly different at P .Ol. 

Galleta growth generally started then until after dormancy in 
during the last week of March, August, there were no differences. 
and furrowing did not appear to From the end of August until the 
influence the starting date. Differ- first week in October, the furrowed 
ences between furrowed and control clones sustained green coloration, 
groups, of clones in 1966 occurred growth of leaves, and new seed head 
during June, when the control formation while the control clones 
clones headed out earlier. From were closer to dormancy. By mid- 
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Table 4. Mean seed and vegetative measurements per plant for galleta and three salt desert shrubs for furrow and 
control treatments. 

Species Treatment 

Total seed 
weight (g) 

1967 1968 

Total seed 
stalks 

1967 1968 

Weight per 
100 seeds (mg) 

1967 1968 

Plant Plant 
diameter (cm) height (cm) 

1968 1968 

Galleta Furrow 
Control 

Shadscale Furrow 
Control 

Nuttall 
saltbush 

Mat 
saltbush 

Furrow 
Control 

Furrow 
Control 

- - 25”:s 10”” 
- - 7 4 

6.98 24.43” - - 
0.00 5.34 - - 

6.94” 24.03”” - - 
0.00 2.27 - - 

1.40 14.26” - - 
0.00 2.40 - - 

- - 33.5* 
- - 23.5 

0.7112”” 0.5730 46.6 24.9 
0.0000 0.5293 37.0 22.8 

1.1885 0.8738”* 43-o** 
0.0000 0.5433 25.2 

0.3333”” 0.3972 50.3”“’ 
0.0000 0.3989 27.8 

14.8” 
9.8 

15.0”” 
9.9 

11.7”” 
9.0 

+ Treatment means significantly different at P .05. 
## Treatment means significantly different at P .Ol. 

October, all clones were approach- 
ing final fall dormancy. For the 
1967 growing season, both the con- 
trol and furrowed clones exhibited 
similar phenological sequences. 
From the end of May to mid-June 
of 1968, the furrowed clones were 
advanced further than control 
plants at the five leaf, boot, and 
head stages. Toward the end of 
June, both groups of clolnes ap- 
proached the seed scatter stage. The 
July 5th reading indicated that the 
control clones were closer to dor- 
mancy, while the furrowed clones 
still had green leaves. Both groups 
approached dormancy about the sec- 
ond week in August. From then 
until the second week of September, 
the furrowed clones had more green- 
ing of leaves and blade develop- 
ment, and also stayed photosyntheti- 
cally active longer, as’ indicated by 
the less mature stage on September 
12. A few new heads were counted 
on the furrowed clones on Septem- 
ber 1. By the end of September, the 
dormancy of all clones was com- 
plete. 

Shadscale phenological scores 
showed a very different pattern. 
Both groups of shrubs showed simi- 
lar phenological sequences during 
the summer of 1966. In April of 
1967 shrubs, close to the furrows 
showed a mo’re advanced stage of 
growth during twig elolngation and 
the development of floral bud 
stages, but during May, low soil 
moisture because of low winter pre- 

cipitation, arrested growth in both 
treated and control groups of 
shrubs. The shrubs still retained a 
light green color, however. Follow- 
ing late May rains, the furrowed 
shrubs resumed flower development 
and flower opening, while the con- 
trol shrubs, remained in the twig 
elongation stage. During July, the 
furrowed shrubs produced and dis- 
seminated seed, while the control 
shrubs were closer to dormancy and 
had not produced seed. By the end 
of August, both groups of shrubs 
had become dormant, and the re- 
growth in the furrowed group be- 
fore final dormancy was insignifi- 
cant. Initial spring growth in 1968 
was more advanced in the furrowed 
shrubs up to the twig elongation 
stage in April because of the abun- 
dant and effective winter precipita- 
tion (Table ‘2) that increased mois- 
ture storage in the furrows. By 
April 15, both groups had reached 
the twig elongation stage. Two 
weeks later, the furrowed group was 
nearer the open flower stage but 
throughout the remainder of the 
season both groups of shrubs fol- 
lowed similar development. 

The phenological index scores for 
nuttall saltbush and mat saltbush 
can be discussed together because 
of their similar reactioa to treat- 
ment. In 1966 similar phenological 
development was scored between 
the two treatments until October, 
when regrowth was greater in the 
furrowed group. At all dates for 

1967, there was a difference between 
the treatment means. Shrubs near 
furrows showed advanced stages of 
development through the end of 
April. By mid-May the control 
shrubs had become dormant. After 
late May rains, nuttall saltbush near 
furrows remained green until the 
end of July. Mat saltbush near 
furrows went dormant for a short 
period at the end of May but 
quickly recovered. The control set 
of both species reached a second 
dormancy the first week of July, 
and only slightly broke dormancy 
by the end of that month. At the 
end of August, the shrubs near 
furrows once again had greater re- 
growth. Both nuttall and mat salt- 
bush shrubs’ near furrows initiated 
growth earlier in mid-March, 1968. 
In addition, mat saltbush furrowed 
shrubs had advanced development 
as floral buds developed, began to 
open, and developed fruit by mid- 
May. Nuttall saltbush did not show 
this pattern. Slower advancement 
toward dormancy was generally re- 
corded for both species of shrubs 
near furrows from June 10 until 
mid-August. Shrub leaves near 
furrows remained green after seed 
shedding. Through September to 
mid-October the treated group 
showed greater regrowth. 

Seed and vegetative measure- 
ments of the four species are shown 
in Table 4. Total seed yields for 
the furrowed plants were 2 to 10 
times greater in 1968 than in 1967. 
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Furrowed clones of galleta grass had 
a greater number of seed stalks for 
both 1967 and 1968, and at the ter- 
mination of the study, the mean 
clone diameter and mean basal leaf 
length also were greater than for 
the control plants. Shadscale had 
greater mean total seed weight in 
1968 and mean weight per 100 seeds 
in 1967 for the shrubs within one 
meter of the furrows. Other mea- 
surements were not different. Nut- 
tall saltbush and mat saltbush near 
furrows were taller and larger in 
diameter at the end of the study. 
Nuttall saltbush near furrows had 
greater seed weights than the con- 
trol plants both years. Only in 1 of 
the 2 years were the mean total seed 
weights and mean weight per 100 
seeds greater for mat saltbush near 
furrows. 

Discussion 

The results of the phenology 
study agreed with the increase in 
plant production associated with 
contour furrowing measured by 
others (Branson et al., 1966; Dicken- 
son et al., 1940; Nichols, 1964). Soil 
water storage measurements taken 
by Hancock (1968) near Cisco, indi- 
cate that the results from the phe- 
nology study could probably be ex- 
trapolated to plants growing near 
the gully plugs as well. A pilot 
study in 1968 of the root habits of 
the Atrifdex shrubs indicated a lat- 
eral spread of over 1 m from the 
base of the plant. Thus, water could 
be utilized from at least this distance 
around the gully plugs. 

Furrowing hastened initiation of 
spring growth for the salt desert 
shrubs, but not for galleta because 
the latter is a warm season plant. 
This early spring growth would 
make more efficient use of available 
moisture, as the evapotranspiration 
rate is much lower at this time of 
year. Galleta, although not respond- 
ing to moisture in early spring, 
responded to rain from summer 
thunder showers, likely because of 
its relatively shallow rooting system 
(Moore and West, unpublished 
manuscript) and the relatively high 
infiltration rate of the soil where 

this species occurs (G. B. Coltharp, 
unpublished data). 

The phenology ratings showed 
that furrowing produced longer 
periods of photosynthetic activity 
during the summer and late fall, in 
2 of the 3 species of A triplex studied. 
This resulted in larger shrubs near 
the furrows. These shrubs would 
yield more available forage, and also 
would, presumably, offer mo’re pro- 
tection to the soil during summer 
thunderstorms. 

The rates of development of fur- 
rowed and control shadscale plants 
did not differ as much as those for 
the other two species of Atriplex 
during the summer. This probably 
occurred because of the higher in- 
filtration capacity of the surface 
soils in areas occupied by shadscale 
as compared with soils of the other 
habitat types. This greater infiltra- 
tion capacity resulted in less runoff 
into the furrows. Insect damage 
also may have been a contributing 
factor in nullifying any difference 
between scores. Nysius ericae Schill., 
known as the false chinchbug, ate 
the leaves of both furrowed and 
control shadscale shrubs. 

The relationship between heavy 
summer rain and plant growth near 
the furrows was quite evident in 
several cases. Galleta near furrows 
had greater regrowth from the end 
of August until the first week in 
October of 1966 as a result of water 
accumulating after the heavy rain 
on August 3 1. Galleta also showed 
response to the May 12 and August 
1 rains in 1968. At the May 27 and 
the June 10 readings, the plants 
near the furrows were closer to the 
flowering stage than were the coQ- 
trol plants. Also by the end of 
August the furrowed clones had 
greater regreening of leaves than 
the controls. Nuttall and mat salt- 
bush responded to the August 31 
rain in 1966, as well, but data col- 
lected Octo,ber 2 and October 16 in- 
dicated that these furrowed species 
responded somewhat mo,re slowly. 
These two shrub species sho,wed a 
less pronounced and more delayed 
response to the 1968 heavy summer 
rains than did galleta. 

In contrast to the heavy summer 
rains, the light July and early Au- 
gust rains of 1966, which occurred 
when the potential evapotranspira- 
tion rates were high, apparently 
made little contribution to plant 
growth. The light rains of Septem- 
ber and October of 1966 and 1968 
may have had some value for plants 
as evidenced by the extended fall 
growth of nuttall and mat saltbush. 

The amount of precipitation re- 
ceived during the winter months 
and the resulting soil moisture 
storage play a major role in plant 
growth, particularly if spring rain- 
fall is low. The data from 1967 and 
1968 illustrate this point. Winter 
and spring precipitation was only 
5.57 cm in 1967 as compared to 
10.54 cm in 1968. In 1967 the con- 
trol shrubs elf Atriplex became al- 
most dormant toward the end of 
May. These plants began growth 
after the May 28th rain, but because 
deep soil moisture was lacking, they 
became dormant again in July. The 
furrowed plants were not as seri- 
ously affected. 

The evenly distributed storage of 
soil moisture before the spring of 
1968 prevented dormancy in the 
species of Atriplex until late in the 
fall. As a result, the difference be- 
tween the phenology scores of con- 
trol plants and those near furrows 
was not great until later in the year 
when summer rains permitted more 
regrowth of the shrubs near the 
furrows. 

Increased plant vigor resulted in 
a greater yield of larger seeds from 
plants near furrows, as well. The 
positive effect of both winter and 
summer rainfalls on the total seed 
production of furrowed plants is 
amply demonstrated. Differences 
between years for the control plants 
did not show this great difference 
because of the lack of as much soil 
moisture storage. 

Little is known about the longev- 
ity of seeds of these species, other 
than that the hard seeds of Atriplex 
species may remain viable for several 
years under laboratory conditions 
(Beadle, 1952). It must be assumed 
that the production of more viable 
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seeds would enhance the invasion 
of indigenous species into available 
niches such as, the furrow bolttom. 
Established native species in the im- 
mediate area of the erosion control 
structures would ensure a moire con- 
stant, viable seed source from year 
to year. This seed source becomes 
more imno’rtant when introduced 

duction of a more substantial seed 
source from indigenous species. 
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Samples of seven native and four introduced clovers were collected from 
widely scattered areas in Wyoming and southern Montana. Most of the samples 
were collected at bloom stage during two successive growing seasons. The levels 
of calcium, phosphorus, magnesium, sodium, potassium, sulfur, colbalt, copper, 
iron, manganese, molybdenum and zinc in these plants were measured. Levels 
of calcium were fairly high and extremely variable, ranging from 1.12 to 5.74%. 
Magnesium contents were quite variable with a range of 0.22 to 0.97%. Con- 
siderable variation in the levels of cobalt, range 0.09 to 1.75 ppm, exists and 
there were indications of species differences in accumulating ability under identi- 
cal conditions. Copper accumulating capacity apparently varies from species 
to species and appears to be in direct contrast to cobalt accumulating ability. 
The range of copper was 7.0 to 49.5 ppm. Iron varied over a wide range with 
some unexpected high values. The levels of iron varied from 222 to 3329 ppm. 
Contents of manganese ranged from 39 to 250 ppm with higher levels being 
found in samples of alsike and white clover from the mud volcano areas of 
Yellowstone National Park. Amounts of mineral elements present in the clover 
samples were high enough to provide an adequate plane of nutrition for con- 
suming livestock and wild game. 

Clovers are important forage clovers grow on the range and also 
plants in Wyoming as well as other on cultivated areas. Extensive travel 
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soil type, elevation, moisture sup- 
ply, length of growing season, and 
grazing pressures. Three species of 
native clovers collected in this study 
were located on limited acreage in 
one 01 at most a few sites in Wyo- 
ming and apparently require cer- 
tain specific conditions and seem to 
tolerate only slight deviations from 
the optimum. Native clovers are ex- 
tremely variable in appearance and 
growth habits and may grow where 
one would least expect to find them. 
The cultivated clovers are scattered 
throughout the western states on 
cultivated areas as well as oa many 
areas where they have escaped from 
cultivation. The clovers are rated 
as valuable plants by livestock 
producers and game management 
personnel and knowledge of their 
mineral composition will be of con- 
siderable value. 

Review of Literature 

A rather detailed description of 
the appearance, collection sites, 
growth habits, and preferred habi- 
tat for certain native clovers was 
presented by Hamilton (1961). The 
appearance and growth habits of 
the introduced clovers are familiar 
and will not be discussed. The com- 
mon names used are those proposed 
by Kelsey and Dayton (1942) and 


