
Reprinted from Journal of Range Management

Vol. 39, No. 6, November 1986, 540-546

Purch*Md by th« U.S. Department of
Agriculture far Otfletml uM

Establishment of Range Grasses on Various Seedbeds at

Creosotebush [Larrea tridentata] Sites in Arizona, U.S.A.,

and Chihuahua, Mexico

JERRY R. COX, MARTHA H. MART1N-R., FERNANDO A. IBARRA-F., AND HOWARD L. MORTON

Abstract

Perennial grasses were seeded by drilling or broadcasting on 4

mechanical and 3 herbicidal weed control and/orseedbed prepara

tion treatments at 4 semidesert grassland sites invaded by creo

sotebush (Larrea tridentata) in the Chihuahuan and Sonoran

Deserts. The cultivars 'Cochise' Atherstone lovegrass (Eragrostis

lehmanniana X Eragrostis trichophera) and 'Catalina' Boer love-

grass (Eragrostis curvula var. conjerta) lovegrasses were initially

established and persisted in 6 ofthe 8 plantings on disk plowed and

disk plowed plus contour furrowed seedbeds. These grasses were

established and persisted in 2 of the 5 plantings made in creosote-

bush stands treated with tebuthiuron [AT-(5-(l,l-dimethylethyl>-

l,3,4-thiadizol-2-yl)-Ar-;V'-dunethylurea] at 0.5, 1.0, and 1.5 kg

a.i/ha rates. Grasses established initially on two-way railed and

land imprinted areas usually died within 3 or 4 years.

Creosotebush (Larrea tridentata), a woody perennial shrub, has

invaded the semidesert grasslands within the Chihuahuan and

Sonoran Deserts of North America (Humphrey I9S8, Buffington

and Herbel 1965, Hastings and Turner 1965). As creosotebush

densities increase, perennial grass densities decline (Anderson et al.

1957). Therefore, it is desirable to replace creosotebush with per

ennial grasses to reduce soil erosion, increase infiltration, and

provide forage for domestic livestock.
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For the past 90 years creosotebush management has consisted of

mechanical tillage to reduce creosotebush competition and prepare

a seedbed for seeding perennial grasses (Cox etal. 1982). Mechani

cal tillage disturbs surface soils and aids in rainwater infiltration

(Jordan 1981), but seedings at creosotebush site were seldom suc

cessful and the treated area is usually reinvaded by creosotebush or

annual forbs and grasses (Cox et al. 1984a).

Pelleted tebuthiuron [JV-(5-( 1,1 -dimethylethy1)-1,3,4-thiadiazol-

2-yl)-.iV-JV-dimethylurea] effectively controls creosotebush (Jac-

oby et al. 1982) and perennial grasses can be established if grass

seeds and pellets are applied at the same time (Baur et al. 1977).

Grass seedlings, however, may not survive if pellets are applied

after seeds germinate because seedling roots encounter the herbi

cide as it moves through the upper soil profile (Baur 1979).

The semidesert grasslands of the southwestern U.S.A. and

northern Mexico are ofgreat importance to the livestock industry,

but the chances of reestablishing forage grasses are low because of

erratic precipitation in summer. Therefore, it is important to

address the effects of precipitation on plant establishment, persis

tence, and forage production.

More than 300 forb, grass, and shrub species have been sown at

400 locations in the southwestern U.S.A. and northern Mexico

during the past 90 years (Cox etal. 1982). A successful seeding was

more likely to occur if seed ofthe following species were sown prior

to the summer rains: (I) 'A-68' Lehmann lovegrass (Eragrostis

lehmanniana), (2) 4A-84' and (3) 'Catalina' Boer lovegrass (E.

curvula var. conferta), (4) 'Cochise' Atherstone lovegrass (E. leh

manniana X E. trichophera), (5) 'S-75' Kleingrass (Panicum color-

alum), (6) 'Premier'sideoats grama (Bouteloua curtipendula), and

(7) 'common' buffelgrass (Cenchrus ciliaris).

Researchers have evaluated either the relationships between

mechanical seedbed preparation and grass establishment or chem

ical seedbed preparations and grass establishment, but have not

attempted to directly compare both seedbed preparations. The

purpose of this study was to compare establishment potential and

persistence of7 perennial grasses sown in mechanically and chemi

cally prepared seedbeds.

Methods

The study was conducted at the Santa Rita Experimental Range
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Table 1. Site characteristics and soil classification for seeding study sites at Santa Rita Experimental Range (SRER) Arizona, U.S.A. and at Ranchos La

Reforms, Los Pozos and El Toro, in Chihuahua, Mexico.

Sites

SRER

La Reforma

Los Pozos

El Toro

Elevation

970

1,500

1,400

1,380

Mean1 precipitation

Summer

190

240

150

160

Winter

130

160

105

110

Mean

extreme temperature1

Max.

44

37

40

42

Min.

0 p

4

-16

-10

-13

Series

Anthony

Kimbrough

Jerag

Algerita

Soils

Classification2

loamy, thermic, Typic Torrifluvent

loamy, mixed, thermic, shallow Petro-

calcic, Calciustoll

loamy, mixed, thermic, shallow,

Petrocalcic Ustollic Paleargid

loamy, mixed, thermic, coarse,

Ustollic Typic Calciorthid

'Means are from COTECOCA. (1978), Green and Martin (1967).

'Soil classification is from Soil Survey Staff (1975).

(SRER), 40 km south of Tucson, Ariz., in the Sonoran Desert;

Rancho La Reforma, 60 km east of Parral, Chihuahua; Rancho

Los Pozos, 20 km northeast of Aldama, Chihuahua; and Rancho

El Toro, 100 km east of Villa Ahumada, Chihuahua; all are within

the Chihuahuan Desert.

Elevation is least at SRER, intermediate at Los Pozos and El

Toro, and greatest at La Reforma (Table I). Precipitation distribu

tion is approximately 60% in summerand 40% in winter at all sites.

Freezing temperatures infrequently occur in winter at SRER, but

are common in winter and spring at La Reforma, Los Pozos, and

El Toro. Slope inclination varies from 2 to 16%at La Reforma, and

from 0 to 5% at the other 3 sites. Surface soil textures at the 4 sites

are sandy loam and a caliche hard pan is present from 5 to 100 cm.

Creosotebush is the predominant shrub species except at La

Reforma where it shares codominance with whitethorn (Acacia

constricta) and shrubby senna (Cassia wislizenii). Desert zinnia

(Zinnia pumila) and mariola (Parthenium incanum)ate present at

SRER. Whitethorn, mesquite (Prosopis spp.), and tarbush (Flou-

rensia cernua) are present at Los Pozos and El Toro.

Each study site was fenced to exclude livestock in summer 1981.

The following 8 seedbed preparations were applied on SO by 100-m

plots: (1) untreated check, (2) two-way railing, (3) disk plowing, (4)

disk plowing plus contour furrowing, (5) land imprinting, and

tebuthiuron pellets containing 20% active ingredient (a.i.) hand

applied at rates of (6) 0.5, (7) 1.0, and (8) I.S kg/ha.

Three 2.65-m lengths of railroad steel were bolted together to

form a triangle and weighted with rocks (approximately 770 kg).

The rail was pulled over the plot twice in opposite directions. A

standard 3-bottom disk plow on a 3-point hitch weighing 500 kg

was used at the Mexican sites, and a pull-type 3-bottom disk plow

weighing 2,000 kg at SRER. Both disk plows had 64-cm disks

which penetrated soils to 30 cm. A border disk constructed contour

furrows at 10-m intervals.

The land imprinter, fabricated from 1.27-cm steel plate, con-

sisted of 2 nondirectional geometric forms (V-pitterand pit-digger)

welded on separate 1 by I m cylinder capsules. Capsules were

linked on an axle shaft. Capsules were Tilled with water, and iron

boxes located at the front and rear were filled with rocks to aid in

soil penetration (Dixon and Simanton 1980). Total weight was

approximately 4 metric tons.

The tebuthiuron pellets were distributed on 20 swaths, spaced 5

m apart along the 100-m plot length, and on 10 swaths, spaced 5 m

apart along the 50-m plot width. The clay pellets were 3.2 mm in

diameter and approximately 4.8 mm in length.

Mechanical seedbeds were prepared between 15 June and 17

July in 1981, and between 26 May and 27 June in 1982. Land

imprinted seedbeds were prepared at all sites only in 1982. The

herbicide was applied in May both years.

Seeds of 'A-68' Lehmann lovegrass, *A-84' and 'Catalina' Boer

lovegrass, 'Cochise' Atherstone lovegrass, 'S-75' Kleingrass, 'Pre

mier' sideoats grama and 'common' buffelgrass, hereafter referred

to as species, were either drilled across all seedbeds or hand broad

cast on mechanically prepared seedbeds. Buffelgrass was seeded

only at Los Pozos in 1981, but at all sites in 1982.

Table 2. Density and forage production of range grasses averaged over 7 or 8 seedbed preparations following drill seeding in summer 1981 and 1982 at
Santa Rita Experimental Range, Arizona, U.S.A.

Seeded

1981

1982

1981

1982

Year

Evaluated1

1981

1982

1983

1984

1982

1983

1984

1983

1984

1983

1984

A-68

C

4

e

'

1"
I5C

47"
94"

Cochise

1"
2*

3*
6*

11'

lb
7*

212*

351*
217b
417*

Lovegrasses

A-84

b

b

b

b

I'
b

c

80'

37'

129'

81"

Grass

Catalina Kleingrass

lb 1
2' 2

4* 1

6* 1

7" 7
3* 1

4b 1

178*

164"
236'"
223"

59

109

110

134

b

i

X

Sideoats grama

3*

2*

1"
1"

3'

l"
lc

I42b

151**
\\y*

Buffelgrass

g.b

2*b
lc

283*

I84bc

'Means in rows followed by the same letter are not significantly different (a = 0.05) by Duncan's multiple range test.
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Fig. 1. The relationship between drill seeding and hand broadcast seeding subplots within an S~ploi group ofchemical and mechanical seedbeds.

With the exception ofbuffelgrass and sideoats grama, seed were

sown with a precalibrated half-size rangeland drill in 5 rows spaced

31 cm apart at SRER in 1981 and at all sites in 1982. Planting

depths ranged from 0 to 2.5 cm because of rough terrain and drill

inaccuracy. Buffelgrass and sideoats grama glumes had not been

removed and seed would not pass uniformly through the drill.

These species were hand broadcast directly into furrows after the

drill passed.

At the Mexican sites in 1981 and at all sites in 1982, seed were

hand broadcast immediately after two-way railing, disk plowing,

and disk plowing plus contour furrowing. When a plot was to be

land imprinted in 1982, seed were either hand broadcast on the soil
surface or drill coulters were raised and seed deposited directly on

soil. After seed had been sown, the plot was imprinted.

Subplot size for each species was 1.5S by SO m (77.5 m2) in drill

seeded areas and 7 by 11 m (77 m2) in hand seeded areas. Lovegrass

seeds were sown at pure live seed (PLS) rates of 1.5 kg/ ha, Klein-

grass at 2.0 kg/ ha, buffelgrass at 3.0 kg/ ha, and sideoats grama at 5
kg/ha(Hussand Aguirre 1974, Jordan 1981). Seed were planted by

hand and drill at the same PLS rates on mechanically prepared

seedbeds to allow a comparison of the 2 planting techniques.

Data Collection

Twenty 30 by 60-cm quadrats were randomly selected within

each seeded subplot. The 2 exterior drill rows and the outer 1 m of

the hand broadcast subplots were omitted. We counted the

numbers ofseeded species in all quadrats, and clipped plants at the

soil surface in 5 randomly selected quadrats. Forage was estimated

in the remaining 15 quadrats (Pechanec and Pickford 1937) and

clipped areas were omitted in future sampling dates. Clipped sam

ples were dried in a forced-draft oven at 40° C for 48 h, and dry

weights from undipped field samples estimated using regression

techniques (Campbell and Cassady 1949).

We measured plant density annually in fall 1981-1984 on sub

plots sown in 1981, and in fall 1982-1984 on subplots sown in 1982.

We measured forage production in fall 1983 and 1984 on subplots

sown in 1981 and 1982. Rainfall was measured on site.

Experimental Design

Each study area was divided into 2 parts; I for treatment in 1981

and I for treatment in 1982. Each part was subdivided into 24 plots,

50 by 100 m. The experimental design was a randomized block with

3 replications.

Six grasses were drill seeded across 7 seedbeds in 1981 at SRER,

and 7 grasses were drill seeded across 8 seedbeds in 1982 at all sites.

Space and lack of equipment maneuverability limited a complete

randomization of species; therefore, species were randomized

within each block (Fig. I). Because seedbed preparations and

grasses are randomized at different levels, the design is a strip-

block (Federer 1967). There is no main plot in the design and we

tested seedbed preparations, grasses and the seedbed preparation

by grasses interaction with the same error term.

Six grasses were hand broadcast on 3 mechanically prepared

seedbeds at 2 sites, and 7 grasses at 1 site in 198I;and 7 grasses hand

broadcast on 4 mechanically prepared seedbeds at 4 sites in 1982.

Seedbeds and grasses were completely randomized and the design

was a split-plot, with seedbeds as main plots and grasses as sub

plots (Fig. 1).

Density and forage production data from the 20 quadrats within

each subplot were averaged and the mean considered a replication.

The amount and distribution of summer rainfall was highly varia

ble among sites in the same year, and among years at the same site.

Table 3. Mean density and forage production of 6 or 7 grasses on 8 seedbed preparations following drill seeding in summer 1981 and 1982 at Santa Rite

Experimental Range, Arizona, U.S.A.

Seeded

1981

1982

1981

1982

Year

Evaluated1

1981

1982

1983

1984

1982

1983

1984

1983

1984

1983

1984

Control

0c

0b
lb
lb

2C
lc
.be

4"
42C

IOd
80c

Two-way

Railing

2b
1*

2*
.b

8b
2b
2b

I36b
118*
202b
158b

Mechanical Seedbeds

Disk

Plowing

2b
1*

4*

lb

12"
jib

3.b

226*

99bc
385*

215*

Disk Plowing plus Land

Contour Furrowing Imprinting

Density (Plants/m2)

2"
2.b

■ b

14* 4C

4" lc
4' 1*

291*

142b
466* 12*
290* 153b

Chemical Seedbeds

Aclivi

0.5

0c

2*
2.b

3"

4,'

lc

2"

5IC

148b
137C

99C

: Rate Tebuthiuron

1.0

0'

2'
2.b

4*

3C

lc
3.b

29e

203"
8IC

224*

1.3

0c

1*

2*"
4*

y

i

4"

I8C

232*
J7od

2O6*b

■ Means in rows followed by ihe same letter are not significantly different (a = 0.05) by Duncan's multiple range test.
Of
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Table 4. Density and forage production of range grasses averaged over 3 mechanical seedbed preparations following hand broadcasting in summer 1981 at
3 sites in Chihuahua, Mexico.

Grass

Year

Site

La Reforma

Los Pozos

El Toro

La Reforma

Los Pozos

El Toro

Evaluated1

1981

1982

1983

1984

198P

19822

19832

19842

1981

1982

1983

1984

1983

1984

1983J

19842

1983

1984

A-68

0d
0c

0"
0b
2"
2"
2b
1'
2e

4C

2'

2"

0"
0c

6'
12"
19"
35"

Cochise

9'

2"
1*

1*

7'"
4"
2"
2"

32*

14"
10*"
4*

1"

7"
II"
23"
59*

87*

Lovegrasses

A-84

0d
0c

0"
0"
0c

0c

0c

0c

2"
2C

2C

I"

0"
0e

0e

0c

10°

9<

Catalina Kleingrass

Densitv (Plant*'"^

8C

l"
1*

0"
5'b
5"
2"
2"

39'

16"
9"
4*

51*

11*
1*

1*

9*

10*

3"
1"

36*

21*"
15"

5'

—For3DC Product! *■*"* '*»'""»'^

i*

oe
14"
5"

25"
36"

1'

38*

14"
8"

28"
33"

Sideoats grama

30b
9*
1'

1*

4"
2"
2b
1"

44'

23"
12'"
5'

■ a

18"
6"
8"

21"
24"

Buffelgrass

10*

11'

6*

2"

66*

43'

'Means in rows followed by the same letter are not significantly different (a = 0.05) by Duncan's multiple range test.
'Grazed by cattle.

Because of this, statistical comparisons are site specific for seedbed

preparations and grasses within a year. Data were subjected to

analyses of variance to determine differences (o = 0.05) among

seedbed preparations, grasses, and the seedbed preparations by

grasses interaction. Interactions were not significant; therefore,

only differences among seedbed preparations and grasses are pre

sented. A Duncan's new multiple range test was used to separate

means (Steel and Torrie 1960).

Results

Drill Seeding

Summer thunderstorm activity began prior to mechanical

seedbed preparation and planting at SRER in 1981. Soil moisture

observations while disk plowing indicated penetration to 30-cm

depths; however, the surface 10 cm was dry when seeds were drilled

on IS and 16 July. A 10-minute storm deposited 20 mm during 17

July. After the storm, runoff was observed exiting control and

chemically prepared seedbeds, but not mechanically prepared

seedbeds. We observed 'Cochise'and 'Catalina'lovegrasses, Klein-

grass, and sideoats grama seedlings during late July on mechani

cally prepared seedbeds, while no seedlings were observed on

control and chemically prepared seedbeds.

Some 'Cochise', 'Catalina', and 'A-84' lovegrasses, Kleingrass,

and sideoats grama seedlings which germinated in July 1981 were

present on the mechanically prepared seedbeds in fall 1981 (Tables
2 and 3), although late July and August were dry (Fig. 2). All

grasses were present on all seedbed preparations in fall 1983 and

1984. Grass seedling emergence in herbicidal treatments in fall
1982 indicated that seed sown in soil might have remained viable

for more than one growing season. Seedlings might have survived

because the herbicide had leached from the upper soil profile (Baur

1979, Ibarra-F. 1984) and shrub competition for water and nut

rients decreased (Mutz and Scifres 1975).

Immediately after mechanical seedbed preparation and planting
in 1982 the summer rainy season began. Storms occurred at 3- to
5-day intervals with 209 mm recorded by 15 August. By 20 July
seedlings ofall species were observed in mechanical, chemical, and
control seedbeds.

Initially sideoats grama densities were greatest in the 1981 plant

ings, while 'Cochise' lovegrass and buffelgrass densities were great-

1981

JIN FCB MAR in W JW M. AIM

Months

OCT NOV 0£C

Fig. 2. Monthlyamounts ofprecipitation (mm)from 1981 to 1984 at Santa

Rita Experimental Range (SRER). Arizona, U.S.A., La Reforma, Los

Pozos and El Toro, Chihuahua, Mexico.

est in the 1982 plantings (Table 2). However, by 1984 'Cochise'and

'Catalina' lovegrass densities were greater (a = 0.05) than the other

grasses in both the 1981 and 1982 plantings. Increases in 'Cochise'

and 'Catalina' lovegrass densities between 1983 and 1984 are

attributed to seed germination at cooler temperatures, fall precipi

tation, and chemical seedbed preparation.

Seeds of grasses sown in the field were germinated under simu

lated summer, fall, winter and spring soil temperature regimes.

'Cochise'and 'Catalina'lovegrass seeds germinated in summer, fall

and spring regimes (Martin-R. and Cox 1984) while the remaining
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Table 5. Mean density and forage production of 6 or 7 grasses on 3
mechanical seedbed preparadons following band broadcast seeding In
summer 1981 and 3 sites in Chihuahua, Mexico.

Site

La Reforma

Los Pozos

El Toro

La Reforma

Los Pozos

El Toro

Year

Evaluated1

1981

1982

1983

1984

198P

I9822

19832

19843

1981

1982

1983

1984

1983

1984

19832

1984>

1983

1984

Two-way

Railing

Disk

Plowing

Disk plowing

Plus contour

furrowing

Density (Plants/ m2)

16* 17* 15'
1" 5' 5"

0b
0b

2b
3b
lb
0b

16b
6b
2b
0b

1*

I*

8'

6'

3*

1"

33"

I8m

11'

6'

1'

6*

7

3*
1*

29*

16'

12'

8*

Forage Production (g/m2)

0b
0b
3b
0b
4b
0b

1*

6'

17*

I4m

38*

52*

1

15'

29*

14'

38*

52'

■ Means in rows followed by the same letter are not significantly different (a = 0.05) by
Duncan's multiple range test.

'Grazed by cattle.

grasses germinated only in summer regimes (USDA-ARS, unpub

lished data). _„
In fall 1983, 188 mm of precipitation was recorded at SKtK

between 3 and 7 October, 10 days after the 1983 sampling was
completed. By 20 October new 'Cochise' and 'Catalina' lovegrass
seedlings began to emerge in the 1981 and 1982 plantings on
chemically treated areas (Tables 2 and 3). Of the 'Catalina' love-
grass seedlings observed all appeared in the original drill furrows,
while 50% ofthe 'Cochise' lovegrass seedlings appeared in the drill
furrows and 50%appeared in undisturbed areas under the canopies
of dead creosotebush plants. 'Cochise' and 'Catalina' lovegrass

seed germination and seedling emergence in fall 1983 suggests: (1)
seeds ofboth species are remaining viable in soil for 1 or 2 years, (2)
'Cochise' lovegrass seeds from existing mature plants are coloniz
ing new areas, and (3) a competitive relationship between creo
sotebush and perennial grasses for water and nutrients does exist
(MutzandScifres 1975).

'Cochise' and Catalina1 lovegrasses and buffelgrass (planted in
1982) forage production was generally greater than that of the
other species in 1983 on the 1981 and 1982 plantings (Table 2). By
1984, however, 'Cochise'lovegrass forage production was superior
(a = 0.05) to that of all other grasses. In 1983 more forage was

produced on 2-way railed and plowed seedbeds in the 1981 and
1982 plantings (Table 3). Following the establishment of addi
tional 'Cochise' and 'Catlina' lovegrass plants in chemically pre
pared seedbeds, in fall 1983 forage production in plowed, railed,
and chemically (1.0 and 1.5 kg/ha) prepared seedbeds was similar
(a = 0.05). In imprinted seedbeds the density and forage production
of seeded species was generally less than in plowed and chemically
(1.0 and 1.5 kg/ha) prepared seedbeds. Initial stand densities were
influenced by soil stuffing which covered newly emerging seedlings

in the furrow pit.
At the 3 Mexican sites seeded species were not present on

mechanical and chemical seedbeds drill seeded in 1982. Failures
were due to below-normal summer rainfall in 1982 and 1983 (Fig.
2) and ants, which we observed harvesting seeds from drill rows.

Hand Broadcast Seeding
Total annual precipitation in 1981 was 42% below the long-term

average of 400 mm at La Reforma, 18% below the average of 253
mm at Los Pozos, and 18% below the average of 270 mm at El Toro
(Martin-R. 1984, Fig. 2). Nevertheless, seedlings of most species

were present on the 3 mechanically prepared seedbeds in fall 1981
(Table 4). Seedlings emerged following early summer rains at El
Toro, but following late summer and early fall rains at La Reforma
and Los Pozos. Densities were similar on the 3 mechanically
prepared seedbeds at La Reforma in 1981, but were greater on

plowed than on 2-way railed seedbeds at Los Pozos and El Toro

Total annual precipitation was 87,47, and 29% below normal in
1982 al La Reforma, Los Pozos, and El Toro, respectively, while
130% above normal at SRER (Martin-R. 1984, Fig. 2). Seedlings
failed to survive at La Reforma and Los Pozos.

Immediately after planting at El Toro in 1982 the summer rains
began, but they were followed by 50 consecutive dry days in July
and August. Thunderstorm activity resumed in early September.
Seedlings of all species were present in fall 1982 on the 1982
plantings (Table 6), but heights varied from 1 to 3 cm. We suspect
seedlings emerged from seed that germinated in September. More
seedlings were present in plowed seedbeds than in 2-way railed and

imprinted seedbeds (Table 7).
Grasses that emerged in either late August or September at La

Reforma and Los Pozos in 1981, and El Toro in 1982, were small
and leaves were yellow in 1982. The majority of these plants died
between 1982 and 1984. When rainfall conditions improved in

Table*. Density andfor.geproduct.on of range grasses averaged ov., 4 mech^c*^
1982 at El Toro, Chihuahua, Mexico and Santa Rita Experimental Range (SRER), Arixona, U.S.A.

El Toro

SRER

El Toro

SRER

1982

19832

1984

1982

1983

1984

19832

1984

1983

1984

Ob

lb

10'
■ a

I*

32'"
21'

12*

32'b
14b
14'

Density (Plants/ m1)-

1'

0b
32'b
14b
10*

1*

1'

39'

4"
lb

2"
1"
■ •

29b
9C

10'
1'

1'

38*

19C

10'

0c

0c

50*
95b

15*

31*

108'

189*

0e
0c

29C

104b

-Forage Production (g/m2)—
2b 4»

0e

63"
!20b

36"

21e
47*

3T

U8b

9'b
7b

124'

151'

■Means in rows followed by the same letter are not significantly different {a = 0.05) by Duncan's multiple range test.
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Table 7. Mean density and forage production of 7 range grasses on 4

mechanical seedbed preparations following hand broadcast seeding in

summer 1982 at El Toro, Chihuahua, Mexico and Santa Rita Experi
mental Range (SRER), Arizona, U.S.A.

Site

El Toro

SRER

El Toro

SRER

Year

evaluated1

1982

19832

1984

1982

1983

1984

19832

1984

1983

1984

Two-way

railing

4"
0b
0b

28k
16'

7b

0"
0b

34k
I15"1

Disk

plowing

Disk plowing plus

contour furrowing

7' 7*

1*

!'

41*

11'

6b

8"

10*

89'

128"

1*

I*

45'

13'

13"

II'

18'

117'

159*

Land

imprinting

lk
0b
0b
8C

3"
2k

0b
0"
r

68b

1 Means in rows followed by the same letters are not significantly different (a=0.05) by
Duncan's multiple range test.
'Grazed by cattle.

Mexicoduring !984(Fig. 2) the survivors produced minor quanti
ties of forage (Tables 4 and 6). Seedlings in 2-way railed and

imprinted seedbeds eventually died, while a portion of the seed
lings in plowed seedbeds survived (Tables 5 and 7).

Seedlings of all species hand seeded in summer 1982 at SRER
were greatest in plowed, intermediate in 2-way railed, and least in
imprinted seedbeds (Tables 6 and 7). With the exception of 'A-68'
lovegrass, all species densities exceeded 28 plants/m2. By 1984

'Cochise', *A-84\ and 'Catalina' lovegrasses and buffelgrass densi

ties exceeded 9 plants/m2 while 'A-68' lovegrass, Kleingrass, and
sideoats grama densities were less than 4 plants/m2.

Comparisons of Drill and Hand Broadcast Seedings
Mean grass densities resulting from drilling at SRER in 1981

and 1982 were 1.2 and 6.0 plants/m2 after the initial growing

seasons on the 1981 and 1982 plantings, respectively (Table 2).
Densities increased in the 1981 plantings, decreased in the 1982
plantings, but were about the same (2.7 and 2.3 plants/ m2) on both
plantings by fall 1984. Mean seedling densities at SRER on the
1982 hand broadcast areas were 5.0 and 3.2 times greater than on
drill seeded areas in 1982 and 1984, respectively (Tables 2 and 6).
Mean forage production on the drill seeded areas was 2.7 and 1.5

times greater than on the hand broadcast area in 1983 and 1984,
respectively. Mean densities after hand broadcast seeding in Mex

ico varied from 5.3 to 25.8 plants/m2 after the initial growing

season in 1981, but varied from 0.5 to 3.5 plants/m2 in 1984(Table
4).

When 2 dry summers followed in sequence, grass seedlings were
not present in drilled or hand broadcast seeded areas, such as at La
Reforma and Los Pozos on the 1982 plantings. At El Toro grass
seedlings were not present in drill seeded areas but were present in
hand broadcast areas in 1982.

The density and forage production ofgrasses sown with the drill,
at SRER in 1981 and 1982, were initially greater on plowed and
railed seedbeds than on chemical, imprinted and control seedbeds
(Table 3). By fall 1984, density and forage production were either

greater on the 1.0 and 1.5 kg/ha chemically treated seedbeds or

similar on chemically and mechanically prepared seedbeds. Plants
from hand broadcast and drilled seed on plowed seedbeds persisted
and produced more forage than plants on railed and imprinted
seedbeds (Table 3, 5, 7).

Discussion

The amount and distribution of summer rainfall needed to
initially establish perennial grasses on semiarid southwestern

U.S.A. and northern Mexico rangelands occurs in I of lOsummers
(Cox and Jordan 1983). By utilizing drought tolerant plant mate
rials such as 'Cochise' and 'Catalina' lovegrasses, and mechanical
and chemical seedbed preparations which dramatically reduce
creosotebush competition (Ibarra-F. 1984), we were able to
initially establish perennial grasses in 6 ofour 8 attempts. Unfortu
nately, initial establishment does not appear to be related to per
sistence and grasses initially established in late summer following a
dry early summer usually die in following years.

It is important to note that total summer precipitation at SRER
was 1.3, 1.3, and 1.6 times greater than the long-term average in
1982, 1983 and 1984, respectively (Green and Martin 1967). The
probability of this pattern continuing for another summer, or this
cycle repeating within the next 50 to 60 years is remote (Sellers and
Hill 1974, Osborn 1983).

Two-way railing and land imprinting disturb the soil surface;
however, neither treatment effectively reduces creosotebush com
petition (Ibarra-F. 1984) and initially established perennial grasses
die within 3 or 4 years. Disk plowing significantly reduces creo
sotebush competition but it also eliminates native perennial grasses
found under or near the creosotebush. If plowing and seeding are

conducted prior to a summer, plowing kills existing native peren
nial grasses; and seeded species if initially established can not be
expected to produce abundant forage, even when rainfall condi
tions improve.

Available nitrogen, which is typically low in semidesert soils

(Skujins 1981), is concentrated under creosotebush canopies (Cox
et al. 1984a). Mechanical seedbed treatments tend to mix surface

soils and redistribute nitrogen over the treated area. If nitrogen
under creosotebush is adequate for perennial grass seedling
growth, but concentrations between plants are inadequate, then
soil mixing could result in a seedbed where the average nitrogen
concentration is less than ideal for initial seedling growth (Cox et

al. 1984b). In summers with above-average rainfall the dilution of
nitrogen may not be important because seedling roots expand and
occupy a greater soil volume. However, when seedling growth is

limited by water, the redistribution of nitrogen may have a dra
matic effect on seedling growth and future survival.

Tebuthiuron at 1.0 and 1.5 kg/ha rates effectively reduced creo
sotebush competition (Ibarra-F. 1984), and seeded grasses emerged
and persisted when summer rainfall was above average. As creo

sotebush competition declined, both seeded species and native

perennial grasses dominated the treated area. Establishment of
'Cochise'and 'Catalina'lovegrasses with the native grasses resulted
in a diverse grassland community. The higher herbicide rates did
not appear to damage the native perennial grass when applied prior

to the occurrence of a summer with below-average rainfall and
native grasses dominated the site in 2 to 3 years even when the

seeded species were not established.

Ranchers and researchers have over-estimated the grazing
capacity of seeded areas and have not correctly managed such

areas after perennial grasses were established (Cox et al. 1982).
Ranchers who wish to seed perennial grasses on disk plowed or
chemical seedbeds should answer the following questions: (1) Will

I fence the seeded area and manage it separately from untreated
portions of the same pasture? (2) Can I afford to completely rest the
seeded area for 2 or more years? and (3) Will I set stocking rates

based on the perennial forage produced in the driest summer? If

one or more of these questions is answered negatively, the seeded

treatment will likely fail because of management, even if initially

successful. If a failure occurs, the rancher can expect reinvasion by

shrubs, accelerated erosion, and a direct dollar loss.
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