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INTRODUCTION

Grass forage on Western U. S. rangelands 1s a renewable natural resource utilized in red meat pro
duction. Increased nutritional and economic demands for agricultural products from the U. S, have
dictated the need for greater and more efficient use of this and other natural resources. The Kestern
U. S., excluding Alaska and Hawaii, contains 40S of the total U. S. land area (USDA, 1976). Of this
243 million acres 1s pasture or rangeland, and only about 50 million acres of this Is classified as '
good or better condition rangeland (USDA, 1974). Because of the large land area Involved, a small
Increase 1n production per unit area would mean a large Increase in production from the total area.
Methods to increase agricultural output In the form of forage for Increased grazing Include mechanical
treatments, vegetation manipulation, fertilization, and improved grazing and cattle management
practices.

Vegetation manipulation, usually chemical or mechanical, 1s the quickest and, perhaps, the most

economical method of Increasing forage and consequent agricultural)production of an area. Often, these
manipulations or conversions are made without much concern for, on understanding of, the hydroiogic
consequences. These consequences can lead to a post-conversion condition that 1s more unproductive
than the original condition and, often, downstream damage may be extensive.

This paper reports and discusses the hydrologic and erosion changes measured from a 110-acre semi-
arid watershed, which was converted from brush to grass cover by root-plowing and seeding. Data analy

ses Include considerations of changes resulting from the vegetation conversion on the raInfa 11-runoff
relationships, sediment yield. Universal Soil Loss Equation (USLE) factors, vegetation composition and
trends, and forage and grazing capacity.

DESCRIPTION OF EXPERIMENTAL AREA

The watershed studied 1s located in southeastern Arizona near Tombstone, Arizona, and Is part of

the Walnut Gulch Experimental Watershed operated by the Agricultural Research Service. Before treat
ment, the watershed (designated No. 63.201) was typical of many thousands of acres of deteriorated semi-
arid rangeland found throughout southern Arizona, New Mexico and northern Mexico. The desert shrub
vegetation was dominated by whitethorn (Acacia constricta). creosote bush (Larrea divaricata). and tar-
bush (Fiourensia cernua) (Table 1). Soil of the watershed Is a Rillito-Karro gravelly loam which Is of
the Typic and Ustnc caldorthids subgroups. This soil complex Is deep (55 Inches), well-drained,

medium and moderately coarse textured, and formed in calcareous old alluvium (Gelderman, 1970).

Precipitation, runoff, and sediment yield data were collected from the watershed from 1966 through
1976. Precipitation, measured in the area since 1955 with a 24-hour recording raingage, averaged about
13.5 Inches annually, about 2/3 of which occurred from June through September. Storm runoff was esti

mated from recorded water level changes in a stock pond at the watershed outlet. Stock pond depth-
volume curves were developed from annual topographic survey data, which were also used to determine
sediment accumulation (Simanton and Osborn, 1973). Average annual runoff was about 7% of the annual
precipitation, and occured only during the summer thunderstorm season.

WATERSHED TREATMENT

The watershed was fenced to exclude grazing, then root-plowed on the contour in June, 1971, Root-
plowing consists of pulling a large, fixed cutting blade at the 12-to 16-Inch depth beneath the soil
surface to cut the brush roots below the plant crown. Eighty percent of the watershed was rangeland
drilled to side-oats grama (Bouteioua curtipendula) in July, 1972. The remaining area was broadcast
seeded to blue grama (Bouteloua gracIll's") In August. 1972. Seeding dates were determined from soil-
water availability curves developed for these semiarid rangelands (Trotnble, 1974). Although optimum

seeding time Is usually immediately after brush removal because of the eliminated moisture competition
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from other vegetation; the 1 year's delay before seeding, caused byseed unavailability, did not seen
to hinder grass establishment. The seeding was successful, and grass now dominates the watershed

vegetative cover (Figure 1, Table 1).

TABLE 1. Vegetation of Watershed No. 63.201

Pretrcatrnent

X of Total Crown Cover

Acacia constricts

Larrea divaricata

Flourensia cernua

Partheniun incanum

Zinnia punila

Huhlenbergia Porteri

Total

39.4

23.1

20.2

11.0

3.4

2.9

ToO

Post- trea went

Species * of

Bouteioua curtipendula

Tridens pulchellus

Bouteloua gracilis

Eragrostis Lehmanniana

Sporobolus contractus

Zinnia pumila

Acacia constricta

Larrea divaricata

Huhlenbergia Porteri

Tridens muticus

AHstida species

Flourensia cernua

All Forbs

6 Remaining Grass Species

2 Remaining Shrub Species

Total Crown Cover

35.4

13.0

12.2

8.5

3.8

3.7

3.6

3.3

2.8

2.3

2.3

2.3

1.6

3.7

1.5

Total TOO

Figure 1 - Fence line contrast showing root-plowed, seeded

area on the left and the brush dominated pre-

treatment condition on the right.
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DISCUSSION OF RESULTS

RAINFALL - RUNOFF

Rainfall variability and storm size should be Included in any hydrologic studies where thunder
storm precipitation dominates the hydrologic Input. Thunderstorm variability has long been recognized
as the most Influential factor 1n hydrologic and watershed studies In the southwestern United States
(Osborn and Reynolds, 1963; Renard and Brakensiek, 1976). Associated with the rainfall variability 1s
the variability of the USLE's rainfall factor (R) (Renard and Simanton, 1975). The R value Is the
number of erosion-Index (El) units (ft-tons/acre) 1n a normal year's rain and 1s a measure of the rain
fall's erosive force. El Is the product of the total kinetic energy and the maximum 30-minute Inten
sity of a storm (Wischmeier and Smith, 19S8). Each storm's El value Is accumulated to obtain a yearly
R factor. Log-normal probability distributions for summer rainfall and annual R of the treated water
shed are presented 1n Figure 2. These distributions represent the 22 years of precipitation data from
1955 through 1976, and are useful 1n explaining some of the changes in the rainfall-runoff relation
ships associated with watershed treatment. From Figure 2, the summer rainfall expected 1 year out of
two is about 7 inches, The average rainfall for the post-treatment period was 6.8 Inches (Table 2),
slightly less than the 503! probability. The average rainfall for the transition period was 9.3 Inches
However, during the second year of the transition period (1972) there were 12 Inches of summer preci
pitation. Based on Figure 2, this anount would be expected to occur on the average of once In 10 years
The gross effects of this rainfall variability set limitations on the conclusions regarding rainfall-
runoff relationship changes. However, for the precipitation observed, there wer* significant changes
in the rainfall-runoff relationships (Table 2).
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FIGURE 2. LOG-NORMAL PROBABILITY CURVES OF SUMMER RAINFALL AND ANNUAL
RAINFALL FACTOR. RAINGAGE 63.002. 1955-1976.

TABLE 2. Runoff and Sediment Yields During 3 Periods of Watershed Change.

63.201

(1966 - 1976)

Period AVG SUMMER PRECIP AVG SUMMER RUNOFF SEDIMENT YIELD
Observed Predicted Observed Predicted

Per 1 in *uas£?

in (mm) in
Tons

(mm) ac/yr

Per 1 in Runoff

Tonnes Tons Tonnes
ha/yr ac/vr ha/vr

Pretreatment

(Brush Vegetation)
1966 - 1970 9.43

Transition

1971 - 1973 9.32

(240) 0.904 (23.0) 0.096 (2.44) 1.67

(237) 1.329 (33.8) 0.143 (3.63) 1.14

(3.746) 1.85 (4.150)

(2.557) 0.86 (1.929)

Post-treatment
(Grass cover)
1974 - 1976 6.84 (174) 0.131 (3.3) 0.019 (0.48) 0.13 (0.292) 0.99 (2.221)
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Runoff differences may be attributed to factors other than precipitation. Type and amount of

vegetative cover are very important In determining watershed runoff amounts because of their role In
affecting Infiltration (Kincaid et al.. 1966; Ktncaid and Williams, 1966; Oixon, 1975). The relation
ship .between vegetation and runoff can be implied from data presented in figure 3. Until the root-
plowing 1n 1971, the cumulative rainfall-runoff relationship was fairly constant. Just after root-
plowing, the treatment effects (surface disturbances) apparently counteracted the loss in vegetation
effects (the rainfall-runoff relationship remained constant). After 1 season's rainfall reestablished
a watershed drainage network, the lack of vegetation contributed to a discerruble runoff Increase.
After seeding and grass establishment, the effects of vegetation were reflected in a significant
decrease in runoff rate. The combined effect of the root-plowing and revegetation for the combined
transition and post-treatment 6 year period produced the sane end point on the rainfall-runoff curve
that would have been expected with no treatment (assuming the rainfall-runoff curve for the pretreat-

ment condition remained constant). „ •

RAINFALL-RUHOFr

ASSUUINO P«t-
TREATMENT CURVE

CONSTANT

40 90 SO

ACCUMULATED RAINFALL CINCNEt)

FIGURE 3. MASS RAINFALL-RUNOFF CURVES. WATERSHED 63.201, 1966-1976.

Figures 4a and 4b Illustrate changes In runoff for a given precipitation event when all the storms
are considered individually. The curve number method used in Figure 4a was developed from the Soil
Conservation Service National Engineering Handbook (SCS, 1971). The modified linear regression tech
nique (Diskin, 1970) was developed specifically to treat data where some of the independent data (pre
cipitation) produced zero data (runoff) 1n the dependent variable (Figure 4b).

From Figure 4a, the pretreatment curve number (CN) for the watershed is 78, which converts to
about 0.06 inch of runoff from a 1-inch rainfall. The transition period CN is 84, or 0.15 inch of run
off from a 1-inch rainfall. The post-treatment CN Is 77, or 0.05 inch of runoff from a 1-inch rainfall.
The differences 1n runoff between the pretreatjnent and transition periods and between the transition
and post-treatment periods are more and less, respectively, but there is very little difference in run-
Off between the pre- and post-treatment periods.

Figure 4b represents the curves developed from a modified linear regression technique developed to
interpret rainfall-runoff relationships when many of the runoff values are zero. Two findings are sig
nificant 1n this figure. The first 1s a considerable decrease in runoff associated with the post-treat
ment as compared to the pre-treatment and transition periods. The second finding 1s that the rainfall
threshold for runoff initiation is about 20J greater during the transition period than during the pre-
and post-treatment periods. Also, the rainfall thresholds of the pre- and post-treatment periods are

equal. These rainfall threshold changes Indicate that the watershed surface storage and drainage net
work, disturbed by root-plowing, held water during the smaller rainfall events. However, this distur
bance was not enough to compensate for the loss of vegetative cover which caused the runoff Increase
from the larger events. The fact that the pre- and post-treatment periods' rainfall threshold was the
same but the post-treatment period runoff was much less once this threshold was passed Is again con-
sistant with the results from Figure 2, where the flatness of the post-treatment curve associated
with an increase 1n grass vegetation represents a decrease in runoff.

Although the results from the curves of Figure 4a and 4b are consistent, there was no significant
difference In runoff between the pre- and post-treatment when the data were fitted by the curve number
method, but there was a significant difference (95 percent level) when the modified linear regression
was used. This was probably because of the very low coefficient of determination associated with the
post-treatment data fit of Figure 4a using the curve number method. The low coefficient of determina
tion for the post-treatment rainfall-runoff relationship may Indicate that a new equilibrium watershed
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condition h.d not been
by the arbitrarily selected post-treatment date of Oune. 1974.

ZL* annual sediment
difficulties in determining pond vo1u™^fJn
unrecorded sediment removal "««•«"■"*""L™t all
roughness, drainage patterns, and erosion Pavement JJJ

^SSiTS {St?2nSll5 SdS

Also, time-related changes In watershed
sediment yield analyses difficult. The

nt y1eld can be hypothesized but

be adequately qualified or quanti-
«™

one explanation for the uncertainty In the results could b.> changes I^the %g£l
dnimge network formation processes. Before treatnent tne waw ^t had reached an mount

TABLE 3. USLE Parameters and Sediment Yield

Sediment

Predicted

Yield

MeasuredPredicted J ,
(Tons/Acre/yr) (Tons/Acre/yr)

(Average)

(,96ffl970) 88 -20 .08

Grass

(1974 - 1976) 47

1.67

, l n? 0.13

anopy Cover, iype W
60S Ground Cover (erosion pavement).

fir»« - OX Canopy Cover, Type G
301 Ground Cover {erosion pavement).
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/<;r<: to ki ?S?J\ if p"? ve9etat1on *$* and density, was determined from specially prepared tables
( 5 IL :»I97 }> 1 ten" was ^P6"611 t0 decrease because of the Increase 1n ground cover as
sociated with grass. However, because erosion pavement ms assumed to be part of the ground cover as
suggested by Osborn et al. (1976), and this cover decreased from 60 to 30X between the ore- and oost
treatment periods, the C term Increased from 0.08 to 0.15, or nearly 90%. e pre flM post

Using the best estimates available for the five USLE parameters, the predicted sediment vield for
the pretreatntent period was within 30X of the measured yield. However, the predicted y eld for the
post-treatnjent period was almost 8 tines that measured, probably because of the watershed change

Si ?1* 56 ro°.t-»ll0lri"9- This «tersh«l change should be reflected In the erosion control practice
h?Jh!Jft! cni«?n«alheSncri ava11ab.le [of fe root-plowing, seeding practice, the P tern can only
E^FJJSSlPnf »h 9 < ? "SLE "sl"9 the known sediment yield and the other USLE parameters for the
post-treatment period. Solving for P using the 0.13 tons/acre/yr. measured during the post-treatonent
period, gave a P value of 0.13. This value Is-less than the 0.50 reeonnended by Wischmeier and Smith
(1965) for a contouring practice, but near the value of 0.15 that they recommended for contour lifting
This type of analysis Is limited because the effects of the root-plowing, seeding treatment are
dynamic.

VEGETATION

The primary purpose of the brush to grass conversion was to relate the changes in vegetation to
changes 1n forage production or animal carrying capacity. Before treatment, the%atershed was domin
ated by low forage-value brush which comprised about 97X of the total vegetative cover (Table 1) and
had a grazing capacity of about Z-3 animal units (AU)/sect1on/yr, After root-plowing and seed ng. ?he
dominant vegetation was grass, comprising about 85* of the total cover. A grazing study was Init ated
In the early springof 1975 to determine the effect of brush to grass conversion on the area's orazini
capacity. Twenty-two Hereford cattle grazed 80 acres of the root-plowed area for 2 months In the early
spring of 1975. This was equivalent to 29 AU/sect1on/yr.. and was almost/* times greater than the pre-
treatment carrying capacity. Twenty-four cattle grazed the same 80-acre area for two months In the
early spring of 1976. This was equivalent to 32 AU/section/yr.. over/* times the pretreataent carrying
capacity. Vegetation measurements made before each of these grazing periods Indicated no significant
change In either vegetation composition or percent crown cover. However, different grazing systems
using this large number of AU may have a detrimental effect on the vegetation composition and crown
cover.

SUWARY

Brush to grass conversion of a semiarid rangeland watershed can have pronounced effects on the
hydrology, erosion, and animal carrying capacity of the treated watershed. The extent and direction of
these effects depends mainly on the rainfall characteristics after the conversion. Data from this
study indicated runoff Increased during the transition period and decreased once grass became estab
lished. There was a decrease 1n sediment yield from the watershed following the vegetation conversion.

Because of the many factors Involved and the variabilities of these factors, many years of obser
vations are needed to accurately describe the hydrologic effects of watershed conversion. The conver
sion effects on the erosion or sediment yield from a watershed are even more difficult to describe be
cause of the difficulty 1n measuring sediment yield. Also, the many complicated Interactions involved
In the erosion and sedimentation processes make short-term analysis difficult. Erosion pavement forma
tion Is only one interaction in a semiarid environment that may take years to stabilize. Limited water
and a relatively short growing season make the vegetative component of the conversion another time-
dependent variable. Although the brush to grass conversion was successful, the full benefit will only
be realized 1f the new vegetative condition can withstand the rigors of climatic extremes and grazinq
pressure. The new condition must also show a positive effect in the conservation of the soil and water
resource, upon which it and man depends.

The large Increases 1n carrying capacity caused by the conversion are very encouraging. Consider
ing the large amount of semiarid rangeland areas of the world, of which the pretreataient area was
typical, such rangeland conversion can have a tremendous Impact on the agricultural and economic output
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