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LARGE-PLOT INFILTRATION STUDIES IN DESERT AND SEKIARID

RANCELAND AREAS OF THE SOUTHWESTERN U.S.A.

r

-. >■

Leonard J. Lane, J. Roger Simanton, Thomas E. Hakonson and Evan H. Romney

ABSTRACT

Thirty-six large (3.05 by 10.7 m) experimental plots were established in

emiarid rangeland and desert areas in Arizona and Nevada. Rainfall simulator

ta from these plots are used to investigate the influence of soil character-

•tics, vegetative cover, and surface rock and gravel cover (desert or erosion

[pavement) upon runoff and infiltration rates and amounts. The experimental

esign incorporated the influence of these factors using replicated plots and

imulated rainfall during the spring and fall for four years in Arizona and

years in Nevada. Relationships between the mean final infiltration rate

ti statistic representing the saturated hydraulic conductivity) and the three

^ reatments (natural, vegetation removed, and bare soil) are established for

','JXht five sites/soils. Vegetative canopy cover and surface rock and gravel

influences on final in-

as vegetacive canopy

findings have important

/■•T5HJJ3J* implications tor evaluation of land uses and management practices which reduce
the vegetative canopy cover and/or disturb the rock and gravel cover in areas

•uch as studied in this experiment. Such uses and practices are expected to

•''<*:"-:'.'..• reduce infiltration, and thus increase surface runoff which, in turn, would

'":' lead to increased erosion rates.

UinfikiiiF INTRODUCTION

~"r. Arid zones and semiarid range lands cover extensive areas of the world

.'(e.g., Branson et al. 1981), and tons an important land resource of the United

i.States, especially in the Southwest. Precipitation in these regions is gener
ally less than potential evapotranspiration, so water availability is the most

^important environmental factor controlling survival and growth of desert and

grange plants (Brown 1977). Water balance calculations are necessary in soil-

^.Mter-plant relationship studies, and infiltration calculations are necessary

'"''" partition precipitation into runoff and soil water recharge.

'., . .v^W.^J&^jjaxhibited comparable, and statistically significant, ini
V '!-:4V;«W5jjKf>£iltration rates. Final infiltration rates decreased at

V ■ ''^i^'i? «<over and roc'c and gravel cover decreased. These findii

M

: .•*■•

.,- As is often the case in hydrology and agricultural science, more atten

uation and resources have been devoted to infiltration research in humid areas

;* subject to cultivated agriculture than to rangelande and desert areas. If we

?'.• *re to make better use of limited water resources in arid and semiarid areas,

''■. (dditional experimental data and research efforts are needed to understand and

-' predict water infiltration on rangelands. Of the many factors controlling
? infiltration on rangelands, the role of desert and range vegetation and the
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TABLE 2. SUMMARY OF SOIL AND VEGETATION CHARACTERISTICS FOR

THE RAINFALL SIMULATOR PLOTS IN ARIZONA AND NEVADA

Soil Predominant Vegetation

Thermic, Uatollic

Haplargid

Thermic, shallow

Typtc Palerorthid

Thermic, Aridic

Calciustoll

Shallow, mixed

thermic, Typic

Purorthid

Siallov, mixed

chermic, Typic

Durorthid

Blackgrama (Bouteloua eriopoda),

sideoats grama (B. curtipendula).

snakeweed (Cutierreria sarothrae)

Creosote bush (Larrea tridentata),

white-thorn (Acacia constrtcta)

False meaquite (Calliandra erio-

phylla). creosote bush, snakeweed,

blue grama (B. gracilia), blackgrama

Spiney menodora (Menodora spines-

cens), creosote bush, shadscale

(Atriplex confertifolia)

Boxthorn (Lycium andersonii), Indian

ricegrass Oryzopsm hvroenoides),

shadscale

An updated soil survev underway on Walnut Gulch is changing the names of some

"of the soils. Bernardino will probably be called Bernardo, Cave will be

called Baseal, and Hathaway will probably be called a Tombstone soil.

The Bernardino series is a deep, well-drained, fine-textured soil formed

old calcareous alluvium. The soil can have up to 50Z, by volume, gravel

cobbles in the surface 10 cm, and usually less than 3SZ gravel in the re-

'■■•ming profile. Percent sand, silt, clay, and organic matter in the surface

en are 84, 10, 6, and 0.8, respectively. The Cave series is a shallow,

•^well-drained, mediun-textured soil with indurated lime hardpan6 that have

kdeveloped at less than 45 cm in old gravelly and cobbly calcareous alluvium.

-tpii» soil can have up to 60Z, by volume, gravel and cobbles in the surface 10

t«, and usually less than 40Z gravel in the remaining profile. Sand, silt,

_.tl«y, and organic matter in the surface 5 cm are 66, 26, 8, and 1.8Z, respec

tively. The Hathaway series is a deep, well-drained, gravelly medium and
,.aoderately coarse-textured soil over very gravelly, coarse-textured materials

moderate depths. This soil was formed from gravelly or very gravelly cal

careous old alluvium, and can have up to 70Z, by volume, gravel and occasional

'cobbles in the surface 10 cm, and usually less than SOZ in the remainder of
profile. Percent sand, silt, clay, and organic matter in the surface S cm

•te 74, 17, 9, and 1.5, respectively. The Bernardino, Cave, and Hathaway

•oils are located on the Walnut Gulch Experimental Watershed near Tombstone,

Arizona (see Renard 1970 for a detailed watershed description), in an area

which represents highlands in a transition rone between the Chihuahuan and

Sonoran Deserts.
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The Hercury plots are located on the Nevada Test Site near Mercury Neva
da in the northern Mojave Desert, and the Area 11 plots are in a transition
zone between the Hojave Desert and the Creat Basin. The two sites are about
35 tan apart on soils that have not been officially named, but are referred to
hereafter as Mercury and Area 11. The Hercury soil is loamy, underlain by
silica-lime hardpan, well drained, and formed in material weathered from lime
stone, quart*, and tuff. Percent coarse sand, fine sand, silt, and clay in
the surface 5 cm are 20.4, 58.8, 14.8, and 6.0, respectively. The Area 11
soil is coarse-loamy, underlain by silica-lime hardpan, well drained, and
formed xn material weathered from tuff, basalt, and limestone. Percent coars,
eand, fine sand, silt, and clay in the surface 5 cm are 15.2. 69.6 14 5 and
0.7 respectively. Additional information on soils, vegetation, and climate
is given by Romney et al. (1973).

»enCai£f rw ?ele"ed on cach of the £ive »°"° « receive three treat-
menca. Two of the six plots at each site were "control" plots, and were left
"clin'VT "V" «»<"'ion. Two of the six plots at each site were
clipped plots where all vegetation was cut at the ground surface and reno-

V" T ""I*"" di"«ban«- *»• remaining two plots at each
v < P * "here veSetatlon «« clipped and removed, and all non-

rock fragments greater than 5 mm were removed. These treatments Cere
designed to determine the influence of vegetative cover and surface rock frag-

A ™i«!T °r ero81?n Pawe»ent> cov« on runoff, erosion, and infiltration
to^« °Tr Wlt^ PUUI "PaCed eV"y 6° m Of it8 3'05 m le«8th was usedto determine surface and canopy measurements at 490 points on the 3.05 by 10 7

ri! T; 11J<! «*•""«"'«» «e««ured at each point were: bare soil (parti
cles < 2 mm), gravel (particles 2 to 20 ma), rock (particles > 20 .on) Utter
and vegetation basal and canopy cover. Average surface characteristics for '
2hl W "e°t:en" at thc five ai"e arc summarized in Table 3. The ««. in
Table 3 (and subsequent tables) represent averages of two replications for

r^l-«rCeil-iioM «hUS d! nOt repreBent Plot " Plot variations (see Siman-
ton and Renard 1982 for additional information).

As expected, the climatic, soil, and plot characteristics were somewhat
variable among the sites. At the Arizona sites, vegetative canopy cover var,-
ed troo 35Z (Cave site. Table 3) to 651 (Bernardino site. Table 3) Veeeta-
tive canopy cover was about one half to one third as dense (about 20t Table

3) at the Nevada sites. The percent rock and Eravel cover on thc Ariiona
natural plots ranged from 45 to 5U, and 49 to 58* on the Arizona clipped
plot. (Table 3) Rock and gravel cover was somewhat hiEher on the Nevada
plots, and ranged from 63 to 65Z on the natural plots and 66 to 75t on the
clipped plots. The bare plots (after treatment) at all sites had a rock and
gravel cover that averaged about 162 (range of 13 to 19Z, Table 3).

„., J£?;8aBe "i"fall simulation sequence was applied at all sites. Rainfall
was applied in the spring and fall at each site in the following sequence A
one-hour run (DRY) was made under initially dry soil conditions followed 24 h
later by a 30 minute run (WET), which was followed 30 minutes later by another
30 minute run (VERY WET). Rainfall application rates were held as constant as
possible during all experimental runs, and usually varied from 55 to 60 mo/h.
This experimental design allowed for comparisons among sites and at sites for
varying initial soil mositure. Because rainfall rates and durations were held
constant, the experimental design does not allow analyses of the influence of
rainfall amount, rates, or durations. Because of the'large amount of data

■: ■•■••■•v«afc.'.\
• •■'■■ • //sfsr^'-v
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•generated by these experiments, the limited apace here, and the focus of many

.investigations upon saturated hydraulic conductivity, subsequent discussions

^csphasize data from the very wet runs. In most cases, steady-state runoff

;rates were reached well before the very wet run ended at 30 minutes.

SUMMARY OF PLOT SURFACE CHARACTERISTICS FOR THE THREE TREATMENTS AT

THE FIVE SITES; DATA ARE AVERAGES OF TWO REPS, SPRING AND FALL DATA

FOR 1981-1984 FOR THE ARIZONA PLOTS, AND 1983-1986 FOR THE NEVADA

PLOTS

'Site/plot Trt.

Slope

(S> Rock

Surface

Gravel Soil

Percent Cover

Canopv

Litter GrasR Forb Shrub Total

'* ^Bernardino
?pl 6 & 7

-pi 21 & 26

-pi 19 6 25

jl 20 & 23

»8sthaway

pi 12 & 15

;': pi 14 6 17

16

Nat

Clip

Bare

Nat

Clip

Bare

Nat

Clip

Bare

(NTS)

Nat

Clip

11.3

10.6

12.0

10.0

10.3

10.0

10.3

10.6

9.8

8.8

8.6

22.3

22.6

4.5

18.1

16.7

6.6

21.7

25-1

6.6

13.1

17.5

28.6

35.3

14.6

26. 5

32.2

6.8

29.3

32.3

8.2

51.6

58.2

42.7

37.6

76.4

42.1

40.6

82.0

36.1

35.0

78.1

23.5

21.9

Bare 8.7 5.2 10.9 83.4

Nat

Clip

Bare

7.2

6.4

7.8

14.0

14.2

3.0

48.8

51.3

12.4

21.6

29.2

83.2

6.4

4.6

4.5

13.6

10.5

4.7

12.9

7.6

7.1

11.8

2.4

1.3

15.7

5.4

1.5

39.1 20.7 5.3 65.2

9.5 23.7 1.6 34.7

33.1 12.4 3.2 48.7

0.6 18.6 2.8 22.0

3.9 14.4 2.9 21.2

RESULTS AND DATA

Selected data from the very wet runs at the five sites are summarized in

4. Again, notice that rainfall depth, P, and intensity, I, are nearly

for the 8 experimental runs at the Arizona sites and the 4 experi-

runs at the Nevada sites.

Because of water shortages, a few runs at the Nevada sites were for 25

■inucea. rather than the full 30 ainutes. In all cases, the runoff amount, Q,

>5*

•.■-"■ ■':.. ^:^^!:■'•'■ ■'■'>■'*■■ >••■•■
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TABLE 4. SUMMARY OF RAINFALL. RUNOFF. AND INFILTRATION DATA FOR THE VERY
RONS AT THE FIVE SITES; DATA ARE AVERACES FOR THE TWO REPS S

4° ADATT 19811984 F PL0TS-

Simulated rainfall

Site/plot Trt.

Ariz.(WC)

Meaaured runoff Infiltration runoff"
Depth Intenaity1 Depth Peak Depth Final ~

P x Q F Kf t
(m)

Bernardino

pl 6 * 7 Nat

pl 5 & 9 Clip

pl 4 o 8 Bare

Cave

pl 21 & 26 Nat

pl 19 6 25 Clip

pl 20 & 23 Bare

Hathaway

pl 12 & 15 Nat

pl 14 & 17 Clip

Pl H a 16 Bare

Nevada (NTS)

Mercury

pl 7 & 11

pl 8 & 10

pl 9 & 12

Area 11

pl 1 & 4

pl 3 & 6

pl 2 & 5

Nat

Clip

Bare

Nat

Clip

Bare

28.5

27.6

28.1

28.6

27.4

28.0

28.7

28.7

28.5

27.8

25.9

26.3

26.1

26.8

26.5

56.9

55.2

56.2

57.1

54.8

55.9

57.4

57.6

57.0

59.5

54.C

54.5

54.7

55.9

55.4

8.9

15.1

20.8

13.6

18.7

21.4

11.4

18.3

21.1

22.7

35.1

44.0

31.5

40.8

45.0

26.6

40.2

44.7

19.6

12.4

7.3

14.9

8.8

6.5

17.2

10.4

7.4

35

21

13

26.

15.

11.

31.

19.

12.

.3

.0

.7

.3

,0

6

6

3

6

3.

2.

1.

2

1

1

2,

1,

1.

1

2

0

.5

.9

.2

,9

.6

1

17.

20.

23.

0

9

8

40.

47.

52.

4

0

1

10.8

5.0

2.5

20.

7.

4.

5

3

8

1.

1.

0.

7

3

9

7.6

9.3

16.7

21.0

26.6

39.0

18.5

17.5

9.8

33.7

29.4

16.3

3.3

Rainfall duration is about 30 min for all very wet runs

T Z 'I!0 ""?ral Pl°tSl interiBedi«e fro* the clipped plots, and
h.ld for JT ^T Pl°16- ThC 8aae <but OpP°8ite Erection) ril.tiw.hip.held for total infiltration. F. calculated a8 P-Q, .nd final infiltration rate
Kf calculated as the difference between application and runoff rates at the

uJLd «-Ti*i The 'ine "/"««"• lr. i« the tioe from the beginning of si»u-
\Z of the • r * rU" l" °b8erVed in thC Bleaauri«8 fl«e at the lowr
end of the plot. The cioe to runoff. tr. includes time delays due to inter-

toP^dinr°r^e>^« r»«"n8. and is thus always greater than the actual tioe
to ponding The differences between tr and tp are greatest on the natural
plots and least on the bare plots. With these qualifications, time to ponding
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!'«■« largest on the natural plots, intermediate on the clipped plots, and
illest on the bare plots.

„ A simple correlation matrix, for the data shown in Table 4 and for

^elected plot characteristics, is shown in Table 5.

Stable 5. correlation matrix for plot characteristics, runoff, and infiltra
tion VARIABLES; DATA ARE AVERAGES OF TWO REPLICATIONS FOR VERY WET

RONS ON EXPERIMENTAL PLOTS IN ARIZONA (1981-1984) AND NEVADA (1983-

1984)

*

(mm) (mm/h)

tr

(tain)

F

(mm)

Kf PCZ

(mm/h) (Z)

PRG

(2)

CC

(2)

i'1 1.003 0.99* -0.96* -0.98*
1.00 -0.95* -0.99*

1.00 0.93*

1.00

-0.97*

-0.98*

0.92*

0.99*

1.00

0.4S

0.37

-0.39

-0.31

-0.27

1.00

-0.54*

-0.48

0.60*

0.49

0.48

-0.15

1.00

-0.65*

-0.68*

0.59*

0.71*

0.74*

0.13

0.26

1.00

lSee Table 4 for definition of variables.
2PC « Z clay in soil 0-S cm; PRG - Z rock and gravel on plot surface, and CC -

Z canopy cover,

'correlation coefficients for d.f. - N-2 - 13 are significant at the 5Z level
if r > ■ 0.514, Significant values are shown with ».

Notice that the runoff and infiltration variables are highly intercorre-
lated, as they should De when rainfall application rates and amounts are held
nearly constant and uniform. This suggests that analyses with a single vari
able such as Kf would indicate the expected relationships and trends with the

- J-ta in Table 5 are suggested as quali-

treatments upon infiltration rates and

and thus saturated hydraulic

. 7 »\ ■!"•". ;;\v>'i' ■• able such as Kf wouia indicate me c»i»«=».kt- »..•«

•;■•■• \ /^•.v^/:"£~; § other intercorrelated variables. The data in T*
V;' '-> '::<■*?(%£'' 'it tative measures of the influence of the treatmet
■■•'■'Sy'^7>*&&& •£«■<>«»«• For example, final infiltration rate,
■ V■ v*..^* •'$&*™h~% conductivity, should decrease with increasing p<*. ?i?:''y>c?$p*Zr^~§ conductivity, should decrease with increasing percent clay in the soil, and

. >^ YV»j :f-^/V'.g- increase with rock and gravel cover (desert or erosion pavement) and vegeta-

• ' A*'*' ♦?

.."-'

1[ tive canopy cover. The data shown in Tables 3. 4, and 5 auggest relationships
4- among plot characteristics, treatments, soils/sites, and runoff and mfiltra-
£tion variables. Again, they do not suggest anything about variations in run-
£Toff and infiltration with precipitation amount or rate or antecedent moisture.

***' Means and 95Z confidence limits on the mean final infiltration rates for
' the three treatments at each of the five sites, and for all sites together,

are shown in Figure 1. This graph emphasises the influence of treatments at
each site. At the Bernardino site, there are significant differences between

the natural and bare plots, with the clipped plots intermediate. However,
there appear to be greater differences between the natural and clipped plots

rthan between the clipped and bare plots. Similar relationships and patterns

are evident for the Hathaway and Cave sites. At the three Arizona sites,

-there is a statistically significant difference between final infiltration
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Figure I. Final infiltration rates shown as the mean and 95S con
fidence intervals for the very wet runs on the five sites/soils in

Arizona and Nevada.
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rates on the natural and bare plots. Bare soil plots always had significantly
lower infiltration rates than the corresponding natural plots. While not sta
tistically significant at the 95Z level, the final infiltration rates were
lower on the clipped plots than on the natural plots, and higher than on the
.bare plots. This same pattern was observed at all five sites, suggesting sta
tistical significance at the 3Z level, since this outcome would be expected
only once in 32 times by chance. The results shown for the Mercury and Area
11 sites are based on only 4 observations, so they should be given qualitative
interpretation only. However, the Nevada results shown in Figure I do seem to
match the results observed at the Aritona sites. When all data are pooled
(lower right hand corner of Figure 1), the results are significant at the 95Z
level. Final infiltration rates are lower on the clipped plots than on the
natural plots, and lower on the bare plots than on the clipped. With respect
:to the pooled data, removing the vegetative canopy cover resulted in a 39Z
decrease in mean final infiltration rate, and also removing the rock and
gravel cover resulted in an additional 34Z decrease in final infiltration
rate.

RELATION TO PREVIOUS STUDIES

Previous studies of infiltration on the Walnut Gulch Experimental Water-
ihed in Arizona include early Type F infiltrometer studies on 1.8 by 3.7 n
plots as reported by Kincaid, Gardner, and Schreiber (1964). These plots
.represented two soil types with predominately brush on one site and grass

—igetatiye cover on the other. The soil characteristics and vegetation cover
similar, but not identical to, those used in the present study. Kincaid,

.. ifCsrdner, and Schreiber (1964) found that total infiltration amount increased

v?'$& th 8urfacei «ravel cover, that shrub canopy cover together with surface cover
..TtEfeaf grass, litter, and cravel was most stronglv related to infiltration amount,

"~'"" rate increased as the crown spread ot shrubs and

. .■ •■ .. t^ ■ . ':i^'J°r"t 8»«»», titter, ana cravel

■ j.t.-;;,."- ;■£■W-:r-jj'*Bd that final infiltration
; K-i'r . ;V>-"i,i*|*alf-8hrub8 increased.

SfS£

Kincaid and Williams (1966) used similar 1.8 by 3.7 m plots to evaluate
influence of range improvement practices upon runoff (and thus infiltra-

,-,.r-.—j^k lJ ower a 8unoer runoff season. Their most significant finding of interest
;• •'.*-:.,'4Vj: ere waB that runoff volune showed a significant negative correlation with
^i-J*5f,;3"Te**tation canoP-v cover. A subsequent study reported by Schreiber and Kincaid
■•V^W- !967* developed regression equations relating precipitation quanity, vegeta-
/ ■.{.v-4tion can°Py cover, and antecedent soil moisture to runoff volume for 34 natu-
:V''*'j>"*vt«1 *to™8 on !•* by 3.7 m plots. Their study indicated that total precipita-
'; f'X '>}lot! ot. fain*al1 intensity was most significant, that total runoff volume had
'■••.'.**"&• 'iRnificant negative correlation with vegetation canopy cover, and that
'.!■ :^'v;*nteCeOent 8°il oositure was not significantly correlated with runoff volume.

■'■■>~-'.v?li?n and °*ery (1973) reported on the results of application of a parametric
..;l*-;i'::lnfiltration lnodel to a subset of data (events with a recorded hydrograph

• ';'.'iV'^!^ther than Just total runoff for the storms) from the 1.8 by 3.7 tn plots.
'••.'$"•'"■• ir resul" reported potential advantages of their infiltration model over

•••'., V?*Jnother empirical infiltration model. Smith and Chery (1973) concluded that
- ■;/£W^.»ostrumence used to measure rainfall and runoff on the 1.8 by 3.7 n plots

.■,■?,*-•.".£•* ,tcked adequate sensitivity.

Trouble, Renard, and Thatcher (1974) used a rotating disk rainfall simu-
(Korin 1967) to study infiltration at selected rangeland sites on the

•!■'•

\
•TV
?■!.'
■! •

,-■■■ ,:V.'j.*Ji>..-
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SUHMARY AND DISCUSSION

Trr^'rainraS1'1" '^ *' ?l<>t "**"" ^aracteri«ic.^ r L^r LdTable 3. rainfall, runoff, and infiltration data are summarised in Table 4.

7 •".*'.'



^■•'■•■■3 -y'> #$fe

375

and Table 5 presents a correlation matrix Cor plots characteristics with run-
off and infiltration variables. Because rainfall application rates were held

constant and uniform (except for the dry runs as noted earlier), runoff and
infiltration variables exhibited strong intercorrelation. Final infiltration

r«te at the end of the very wet runs was selected as the infiltration variable

ifor further analyses and for investigation of the influence of the treatment

'.upon infiltration.

Relationships between the mean final infiltration rates and treatments

for the five sites/soils are suamarited in Figure 1. Vegetative canopy cover

and surface cover of rock and gravel exhibited comparable influences on final
infiltration rates. Final infiltration rates decreased significantly as vege-

' tative canopy cover and soil surface rock and gravel cover decreased. These

Ml findings are in agreement with previous studies at the same or similar loca-

1 tions.

These findings (particularly the relationships shown in Figure 1) have
important implications for management of seaiarid and arid rangelanda. Land

...uses and management practices which reduce the vegetative canopy cover and/or

'rf disturb the rock and gravel (desert or erosion pavement) in areas such as
studied in this experiment are expected to significantly decrease infiltration

resulting increases in runoff and erosion.

1981. Rangeland
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