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SOIL AND VEGETATION PARAMETERS

AFFECTING INFILTRATION

UNDER SEMIARID CONDITIONS (*)

D.R. KINCAID, J.L. GARDNER and H.A. SCHREIBER (••)

Lcs mcsurcs dc precipitation ct d'ccoulcmcnt dcs caux dans Ics vcrsanls hydro-
graphiqucs sccondaircs du Walnut Gulch Experimental Watershed ont rcVcle unc
variation cnormc dans Ic rapport cnlrc la precipitation ct I'ccoulcmcnt. Cctte
variation cst attribute aux irrcgularitcs dcs montant, intensite ct distribution dc la
precipitation ct aussi aux differences non mesurecs parmi Ics vcrsants hydrolocioucs
scconduircs.

Afin tic verifier los cITcts dc la tcrrc sur I'infiltration, dcs pluviomctrcs, dcs blocs
a nunuditc, dils liouyoucos (d'aprcs lc nom dc I'invcntcur), ont etc inslallcs sur deux
terrains dc drainage, I'un. hcrbcux, dc nature volcaniquc ct d'une supcrficic dc 4.5
acres (approx. 1.821 hectares), 1'autrc, couvcrt d'arbustcs, calcairc ct d'une super-
ficic dc 3 acres (approx. 1.214 hectares). Lc terrain hcrbcux montra dc plus grandes
ct dc plus abrupics reactions ala precipitation pluvialc, aux profondcurs variant dc
six a dix-huit inches (approx. do 15 a 45 cm). L'cpuiscmcnt d'eau a la profondcur dc
six inches (approx. 15 cm) ciait plus rapidc dans l'hcrbagc, indiquant unc evaporation
plus rapidc ou unc pcrmcabililc plus complete dcs racincs dc la couchc supcricurc du
sol ou encore unc combinaison dc ccs deux fnctcurs. Lc rccul dcs caux dc la profon
dcur dcdix-huil inches (approx. 45cm) ciait a pen prcs identique dans lcs deux terrains.
Dcs sondages fans a travcrs le profit du sol rcvdlerent pcu de penetration dcs racincs
en dessous d unc profondcur dc vingt inches (approx. 50 cm) dans Tun commc dans
I autrc terrain.

Afin dc determiner Ic rapport cntrc I'infiltration ct Ics diffcrcnts factcurs du com-
plcxc sol-vcgctation. dcs tests a infillromctrc ont etc fails a Paidc d'un infiltromctro
du Type-F sur dcs sections dc six sur douse pieds (approx. 1.80 sur 3.60 mitres),choisics
au nasard. L infiltration accumulative dc courle durcc augmcnla avee la quantity
du gravicr dc surface Lcdltd l t (l ) d b bl

vegetation. La combinaison dc larbustc avee dcs «scmi-arbustcs» qui couvrcnt lc
sol dc leurs times accompagnes du gravicr dc surface, formant igalcmcnt la couvcrture
ou sol, ainsi quc la liiicrc ct l'hcrbagc, a revcid Ic mcillcur rapport avee I'infiltration
dc courle durtc; ct un rapport curvilignc satisfaisant fut clabli cntrc Ic dcvcloppc-
ment dc la cimc des urbustcs ct dcs scmi-arbustcs ct la capacile finale d'infiltration.

AQSTRACT

On subwatcrsheds of the Walnut Oulch Experimental Watershed measurements
of precipitation and runoflf showed extreme variation in the rainfall-runoff relation.
This variation is attributed to irregularity of amount, intensity, and distribution of
the precipitation and to unmeasured differences among the subwatcrsheds.

To ascertain effects of soil on infiltration, rain pages and Bouyoucos moisture
blocks were installed on a 4.5-acrc. grass-covered drainage area of igneous soil and
on a 3.0-acrc drainage area of calcareous soil supporting a shrub cover. Soil in the
grassland sirca showed greater and more abrupt responses to rainfall at the 6- and ■
18-inch dcpihs. Moisiurc depletion at the 6-inch depth was more rapid in the grass
land area, indicating more rapid evaporation or more complete root permeation of
the upper soil or a combination of these two conditions. Moisture withdrawal from
the 18-inch depth was about the same on the two areas. Pits dug through the soil
profile showed little root penetration below the 20-inch depth on cither area.

To determine the relation of infiltration to different factors in the soil-vcgctation
complex, infiltromctcr tests were made with a Typc-F infiltromclcr on randomly

(*) Contribution from the Southwest Watershed Research Center, Soil and Water
Conservation Research Division, Agricultural Research Service, U.S. Department of
Agriculture, P.O. Box 3926, Tucson, Arizona, in cooperation with the Arizona Aeri-
cultural Experiment Station.

c $'*) ?olanist> Botanist, and Soil Scientist, respectively, Agricultural Research
Service, U.S. Department of Agriculture, Tucson, Arizona.



selected 6 x 12-foot plots. Cumulative short-time infiltration increased with surface
gravel. Crown-sprcad of shrubs appeared to be more closely related to infiHration ihu
any other single parameter or vegetation. The combination of the shrub and half-
shrub ovcr-siory with ground cover of surface gravel, litter, and grass showed the
best observed relation to cumulative shon-time infiltration; and a fair curvilinear
relation was demonstrated between crown-spread of shrubs and half-shrubs and final

'• INTR0OUCT1ON

In arid and semiarid sections of Arizona and New Mexico, surface runoff results
primarily from intense convectivc thunderstorms of limited arcal extent and short

duration, falling on unsaturalcd soils (Fletcher, 1961; Osborn and Reynolds, 1963>*.
The supply for such runoff, of course, is essentially the difference between the rainfall
and that portion of it thai is intercepted by vegetation or absorbed by the soil. In
these areas of sparse vegetation, the latter process — infiltration — is the more impor
tant ofthc two, and it assumes considerable imporlance in the hydrology of watersheds.
It is generally recognized that amount and rale or infiltration are influenced by such
site characteristics as slope, soil texture, and vegetational cover; but the extent to
which each or the soil and vegetational parameters is effective has not been deter
mined under conditions or low annual rainfall and sparse vegetation.

Studies on the Walnut Gulch Experimental Watershed were initiated to investi-
gate effects of conservation measures on water yield and sediment production from
semiarid rangclunds. The limited phase of the work reported here constitutes an
attempt to evaluate parameters of soil and vegetation related to infiltration and runoff.

The studies involve intensive investigations on small subwatersheds having relatively
homogeneous soils and vegetation, upon which rainfall, infiltration, soil moisture
and runoff are measured throughout the year. Also, artificial rainfall orknown quantity
is applied to randomly located 6 x 12-foot plots. The runoff and infiltration from
these plots are correlated with measured characteristics or the site, soil, and vegetation.

2. Watershed investigations

«n December 1961. soils and vegetation were sampled on two drainage areas
above stock ponds by means or five sampling units on each area. On each sampling
unit, vegetation was measured on two parallel, 100-foot line transects (Canfield,
1941) 20 sieps apart, and Ihc soil was sampled from a pit dug through the profile
nudway between the lines. On such transects, linear measurements are made of the
vegetation intercepted by a vertical plane along the graduated edge or a steel tape
Crown spread of shrubs and half-shrubs and basal area of grasses and forbs were the
parameters measured.

One of these slock ponds (Kendall's I'ond No 20) receives the runoff from 128
acres or comparatively good grassland; the other (Lucky Hills I'ond No 23). that
from 115 acres supporting a cover of brush, among which is a sparse cover or grass
(Table I). On the Kendall area, the dominant grass is black grama (Dautehua erlopoda),
among which are admixtures or other grama grasses and curly mcsquite grass (Minna
belimgrri). The most common non-graminaceous plant on the area is the low-growing,

leguminous hair-shrub, false-mesquite (CalliumUa eriophytla). The soil or the area is'
of the Earp scries, is slightly acid to slightly alkaline, and is low in lime. Mechanical
analysis of the surface horizon shows that it is high in clay and relatively low in cravel
(Table 2).
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TABLE I

Cover of shrubs {crown spread), half shrubs (crown spread), and grasses (basal area)

Species

Shrubs

Acacia constricta

Atriplcx cancscens

Condulia spathulata

riourcusia ccrnua

Larrca divuricala

Opuntia macrocentra

Parthcnium incanum

Rhus microphylla

Total Shrubs

Half Shrubs

Catliandra criophylla

Coldenia cancscens

Haplopappus lenuisectus

Kramcria parvifolia

Zinnia pumila

Total Half Shrubs

Grasses

Boutcloua chondrosioides

Boutcloua curtipcndula

Boutcloua eriopoda

Doutcloua gracilis

Hilaria bclangeri

Other species (•)

Tola! Grasses

Lucky Hills

%

10.84

.52

.05

2.87

6.49

.02

■ 3.20

.65

24.64

.12

.60

.95

1.67

.18

.06

.24

Kendall

%

.02

.02

.39

.33

.72

.34

.16

1.01

.42

.48

.39

2.80

(♦) Other species: Lucky Hills — Arislida slauca, Bouteloua cunlpendula Ililaria
miitica, Muhlenbcrgia poneri. Sporabolus cryptandrus, Tridens puleheUus Kendall —
Arislida arizonha, Arislida divarlcata. Bouieloua filiformis, Uouiehua Ursula Doute-
loua radicosa, Hilaria muiica, Lycurus phleoldes, Muhlenbergia arenicola Trident
muticus, and Tridens pulchelius.

Vegetation on the Lucky Hills area is dominated by whitethorn (Acacia constricia
var. cernicosa), crcosotcbush (Larrea dhuiricala), and tarbush (Flourensia ccrnua),

with a considerable component of the low shrub, mariola (Parlhenium incanum).

Although there are grasses among the shrubs, they are a minor component of the

cover. The soil is of the Tombstone (•) scries. It is calcareous and of alkaline reaction,
and is underlain by soft caliche at depths of one foot or more (Table 2).

From (he available data, no correlation of runoff from these areas, us measured at

the slock ponds, wiih cither Ihc soils or the cover of vegetation could be demonstrated.

In 1961 and 1962. 15 storms produced runoff into the Kendall Pond and 16 into

the Lucky Hills Pond. Percentages of the rainfall that appeared as runoff in each of

these ponds were so variable, however, that no comparison of the two areas could be

made. Owing, probably, to unresolved characteristics of the drainage areas, storms of

(*) These scries arc tentative, pending correlation.
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TABLE 2

Comparison ofsurface soil at Lucky Hills and Kendall

(0-6' depth)

Characteristic

Gravel

Sand

Silt

Clay

Organic Carbon

Calcium Carbonate

Water in Saturated Paste

Lucky Hills

39.4

43.8

9.1

7.7

0.36

1.37

18.0

Kendall

13.7

33.8

12.2

40.3

1.31

0

48.5

similar amounts and intensities on the same area produced dilTering amounts of runoff

(Table 3).

To reduce effects of variation in soils and vegetation, a small drainage area,

relatively homogeneous in these respects, was selected on each or the two subwatcr-

sheds. Size of the one on the Kendall area was 4.5 acres; that or the one on the Lucky

Hills area was 3.0 acres. In 1962, each small area was equipped with a runoff-measuring

weir and a scattering of 39 Bouyoucos soil-moisture blocks. Amounts of ruin falling

on each urea were measured with 13 non-recording gagcs.and intensities were measured

by recording gages less than Vi inilc away. Pits dug through the soil profile on the two

areas revealed little root penetration below (he 14- to 20-inch depth on either area.

During the 1962 runoff season, good records were obtained from the 4.5-acre

Kendall area. Two storms totaling 1.78 inches were recorded on July 25, wetting the

soil to a depth of 18 inches or more. Of the total rainfall, 0.45 inch was recorded as

runoff ill the weir, leaving 1.33 inches that was absorbed by the soil or intercepted by

vegetation. Rains of slightly less than 0.5 inch on July 27 and 29 maintained the soil

mois'.nrc at near field capacity until about August 10 (Fig. I). By August 20, however,

it had dropped below the wilting point at the 6-inch depth, where, despite a few light

showers during the rest of August and early September, it remained until September

24, when 0.75 inch of rain fell with such intensity that 0.40 inch of runoff was recorded

ul the weir. At the 18-inch depth during this time, soil moisture depletion was much

slower, and the wilting point was never reached.

Permeability of the soil on this area allowed penetration of the rainfall to consi

derable depths, even from such storms of high intensity and short duration as that of

September 24, which restored the soil moisture to field capacity at depths greater than

18 inches. Because of tower temperature and evaporation rates and the cessation of

growth of warm-season grasses, moisture depletion was less rapid during October and

November than it was in August, despite virtually no rain until November 29. Frontal

rains of 0.30 and 0.35 inch on November 29 and 30, respectively, produced no runoff

and did not wet the soil to the 18-inch depth. On December 18. however, a frontal

storm of 0.50 inch wet the soil to field capacity to depths greater than 18 inches, and

subsequent light rainfall maintained it in that condition until January 20 (I'ig. I).

The weir below the XO-acre Lucky Hills area was installed too late to furnish a

full runoff record for the season. On this area, intense, runolf-producing, convective

rains fell on July 18, 25, 27. 29 and wet the soil to field capacity at the 6-inch level.

The soil then dried out steadily until the willing point was reached during the first
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TABLE 3

Rainfall and runofffar stock pond drainage areas

Pond

Kendall

No 20

Kendall

No 20

Date

or

Storm

6/19/61

6/24

6/24

7/22

7/29

7/31

8/2

8/17

8/22

8/28

9/8

9/10

9/11

9/14

Total

7/19/62

7/25

7/25

7/27

7/28

7/31

8/16

8/20

9/4

9/6

9/11

9/12

9/22

9/24

Total

Rainfall

Amount

of

Storm

in.

.10

.47

• .10

.25

.30

.62

.25

.53

1.32

.75

.12

1.45

.13

.08

6.47

.12

.60

1.14

.32

.30

.18

.10

.15

.25

.20

.21

.16

.17

.75

4.65

Type ■

of

Storm

Convcclivc

»

u

»

»

»

i>

»

u

Frontal

Convcclivc

u

»

»

Convcclivc

»

»

)>

)>

i>

»

»

»

»

»

»

»

Highest

10-minulc

Intensity

in./hr.

1.80

.30

1.08

0.90

2.10

1.20

2.10

3.30

.30

.42

4.62

1.56

1.50

.60

3.48

Runoff

Inches

No runoff

.021

.003

No runoff

.026

.016

.054

.072

.140

.002

.001

.146

No runoff

»

.480

.097

.142

No runoff

» »

» » '

» »

» »

» »

» »

u »

» »

.284

.523

Percentage

of

Rainfall

4.3

3.0

8.7

2.6

21.68

13.62

10.60

.27

.83

10.07

7.42

16.17

12.46

37.87

11.25

week in September (Fig. 2). From this lime until October 10, the moisture level remained

almost constant, notwithstanding several convcctivc ihundcrshowcrs, one of which

produced 0.15 inch of runoff through the weir. Moisture at the 6-inch level decreased

through a dry October and November, until the two frontal rains on November 29

and 30 brought it above the willing range. Rain on Dccentbcr 18 further reduced the

moisture tension to about 3 utmosphcrcs.
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TABLE 3 (continued)

I'ond

Lucky

Hills

No 23

Lucky

Hills

No 23

Date

of

Storm

6/19/61

6/24

6/30

7/6.
7/12

7/18

7/25

7/28

8/17

8/18

8/20

8/21

8/23

8/28

9/14

Total

7/18/62

7/21

7/24

7/25

7/27

7/28

7/29

8/21

9/4

9/6

9/13

9/22

9/24

Total

Rain foil

Amount

of

Storm

in.

.55

.08

.25

.24

.35

.77

.18

.08

1.33

.35

.02

.07

.25

.95

.29

5.76

1.10

.16

.32

.60

1.00

.60

.80

.32

.47

.10

.31

.27

.38

6.43

Type

of

Storm

Convective

»

»

»

»

»

»

»

»

»

»

Frontal

Convective

Convective

»

»

»

»

»

»

»

»

»

»

»

»

Highest

10-minutc

Intensity(•)

in./hr.

3.00

1.50

1.56

.96

2.88

.60

4.20

1.08

1.50

.90

1.74

3.42

.90

1.08

.84

1.62

.60

1.86

.60

1.68

1.14

Runoff

Inches

.033

No runoff

.012

No runoir

» »

.037

.015

No runoff

.434

.056

No runoff

» »

.001

.008

No runoff

.596

.030

No runoff

.006

.008

.121

-.086 •

.362

No runoff

.228

No runoff

» »

» »

.056

.897

Percentage

or

Rainfall

6.00

4.80

4.81

8.33

32.63

16.00

.40

.84

10.35

2.73

1.88

1.33

12.10

14.33

45.25

48.51

14.74

13.95

(*) Intensities less than .30 inches per hour arc not tabulated.

The late July rains, although they wet the soil at the 6-inch depth to field capacity

on the Lucky Hills area, did not affect it ot the 18-inch depth until August 2. Maximum

moisture at this depthwas observed on August 16, from which time it steadily decreased

until the wilting point was reached about October 15. Effects of the rains of Novcm-
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S20

§1.5

KENDALL UNIT SOURCE AREA

RAINFALL AND SOIL MOISTURE TENSION 1962

FIGURE I

(308) 10 4O) (111) (OOr) (0 81) 10 60)

TOTAL RAIN 7 00 INCHES

TOMBSTONE AVERAGE 7.1ft INCHES

(oic

JAN

bcr 29 and 30 were delayed at the 18-inch depth until December 10, but even then the

moisture did not exceed the willing percentage.

The soil moisture data furnish information for several comparisons: The greater

permeability of the soil on the Kendall area allowed greater and more abrupt responses

of the soil moisture to rainfall at the 6- and 18-inch depths than were observed on the

Lucky Hills area (Fig. I and 2). Rainfall on September 24 brought to field capacity

the upper 18 inches of the soil mantle on the Kendall area but produced no observable

effect on ihat of the Lucky Hills area, even at the 6-inch depth. Following this rain,

the soil on the Kendall area remained moist at 18 inches for the rest of the year,

whereas that on the Lucky Hills area continued dry throughout September. October,

and November. In the latter area, the moisture tension at the 18-inch depth leveled

off at ab,oui 18 atmospheres during late November and early December, indicating

that very little evaporation took place from this depth.
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LUCKY HILLS UNIT SOURCE AREA

22.0

1,5

OS

{4 861 10 IS)

II

.1 1 ■

FIGURE ?.

11501 10 SO)

TOTAL H4IN 9 0?

TOHBSroNC AVtdaOC

.1 1 •

toco)

INCHES

7 29 INCHES

. I

1107)

1

(0 301

1 ■

Fig. 2.

(•) Electrical resistance in the soil moisture blocks was converted to moisture
tension for expression in figures I and 2. A rising line in the figures is indicative of
increasing moisture tension and decreasing moisture content. The dotted lines al 24
atmospheres tension correspond to I x I06 ohms resistance, which was the upper

limit of the equipment used.

At the 6-inch level, moisture depletion on the Kendall area was more rapid than

on the Lucky Hills area, probably because of greater evaporation and heavier root

development in the upper soil of the Kendall area. Rate of moisture loss on the two

areas at the 18-inch depth differed little, suggesting similar degrees of root occupancy.

3. INFILIROMETKR INVESTIGATIONS

Evaluation of effects or varying parameters of soil and vegetation on runoff,

even from areas of the size of those just discussed, would require measuring a large
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number or runoff events and very intensive surveys of the cover and the soils. In

an cir«>rt 10 evaluate effects of the more obvious of these parameters on on-sitc runoff

and to relate this runolT to that measured at the outlet of the watersheds, inlUtromctcr

studies are being conducted on 6 x 12-foot plots. Preliminary results are reported

here.

Artificial rainfall at the rate of 4 inches per hour is applied (o these plots by

means of u lype-F iniillrometcr (Musgravc, 1941). The water is applied through 12

specially designed nozzles inclined toward the plot at 7° from the vertical. The spray

arches upward about 8 feet before falling. An adjacent 2-foot-wide strip receives the

same application as the plot. Canvas curtains shield the sprinkled area and the appa-
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ratus from wind. An electric pump is used to maintain a steady pressure of 35 pounds

at the nozzles. The plot is enclosed on three sides by metal boundary plutcs partially

buried in the soil. On the fourth side — the lower end — is a combined end-plate

and collecting trough which concentrates the runoff into a spout from which are

collected volumetric samples or the runoff. Because, under natural conditions in this

area, runoff nearly always results from rain Tailing on dry or partially wet soil, runoff

is measured from initial applications rather than from those applied to soil that has

been raised to its water-holding capacity.

On each plot, characteristics of the soil, the vegetation, and the general site are

noted. Vegetation measurements, by species, are basal area, crown spread, dry weight

of tops, and density — number of plants per unit area. Except for the weight of tops,

these measurements arc made before sprinkling. Plant litter is measured without

regard to species. Soil characteristics measured arc erosion pavement; texture, depth,

and time content of each stratum; antecedent moisture; and depth of root penetration.

Notes arc made of the slope, previous erosion, direction of exposure, and altitude

above sea level.
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APPLICATION RATE

HVDROGRAPH OF RUN E 2

8 JAN. 1963

soil; carp

cover.shrubs

FIGURE S

10 20 30 40 SO 60

TIME (MINUTES) " • -

Fig. 5.

For an interval after the beginning of application, there is no runoff. Rale of

intake soon decreases below that of application, liowcvcr, and water accumulates in

surface depressions. When these depressions fill — usually from two to Avc minutes

after start of application — runoff begins. Runoff generally becomes constant before

30 minutes have elapsed. That portion of the applied water referred to here as infil

tration is actually applied water minus runoff. Besides thewaler absorbed by the soil,

it includes that intercepted by vegetation, that held in depressions, and that in transit

across the surface at the moment runoff is sampled.

As application is begun, a stopwatch is started. Fom the beginning of runoff,

15-sccond samples are taken continuously until II minutes after the beginning of

application. Following this, I-minute samples are taken every 2 minutes until the

end of the first half-hour. During the second half-hour, 1-minute samples arc taken

every 5 minutes. From these samples arc calculated rates and amounts of infiltration

and runoff (Fig. 3, 4, 5, 6).
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The total amount of water absorbed by the soil during the period of precipitation
is dependent not only on the constant infiltration rate eventually reached but also on
the length of time necessary to reach this constant rate. As an example,-on ['lots
LH-3 and £-2, although the constant infiltration rates were nearly equal, that of Plot

Lll-1 was reached in 20 minutes, whereas that of E-2 was not reached until about 50
minutes had elapsed (Fig. 3.5; Table 4): therefore, the total amount of water absorbed
by E-2 was more than one-third greater than that absorbed by Lit-} (Fig.4,6). Where
runoff-producing rains are usually of short duration, this phenomenon may be of

TABLE 4

Total water absorbed and rule of infiltration for representative infiUrometcr runs

Run

No

E-3

E-2

E-4

LH-3

E-l

K-10

5

i

.33

.27

.27

.29

.25

.24

Water Absorbed During

10

.61

.44

.42

.38

.32

.31

(minutes)

20 30

in.

1.06

.70

.55

.53

.46

.42

1.43

.90

.70

.65

.60

.53

45

1.87

1.13

.92

.81

.82

.65

60

2.30

1.32

1.12

.96

1.00

.78

!

5

3.73

2.33

1.58

1.51

1.39

1.21

nfiltration Rate at

10

2 88

1.93

1.25

.96

1.10

.97

(minutes)

20 30

in./hr.

2.42

1.35

1.00

.73

.78

.64

2.16

1.22

.86

.60

.78

.59

End of

45

1.87

.76

.84

.60

.69

.50

60

1.67*

.68

.80

.58

.67

.52

Constant infiltration rate had not yet been reached.
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TABLE 5

Infiltration and associated site characteristics of six representative infilirometer runs

Site

E-3

K-2

E-4

LH-3

E-l

K-IO

Time for

.5"

Intake

min.

8.0

12.0

17.0

17.5

23.5

26.5

Water

Absorbed

ul 60 min.

in.

2.30

1.32

1.12

.96

1.00

.78

Infil.

Rale at

60 min.

in./hr.

1.68 (•)

.68

.80

.58

.67

.52

Gravel

in

Crust

%
72.1

68.1

59.5

39.4

48.9

43.2

Gravel in

Surface

Soil

%
48.3

39.0

41.0

33.5

51.4

32.5

Soil

Reaction

PH

6.72

7.57

7.72

7.96

7.75

7.70

Hi*

Site

E-3

E-2

E-4

LH-3

E-l

K-IO

Cover of

Erosion

Pavement

•/
23.57

23.12

8.37

14.77

11.72

12.37

Cover

of

Litter

V
1.65

1.58

1.73

1.72

1.02

2.07

Basal

Area

Grass

%
1.45

2.48

.44

1.15

1.97

3.28

Grass

Plants

on Plot

No

56

69

21

49

51

95

Crown

Spread

Shrubs

%
37.34

25.84

25.34

13.34

23.50

0.00

Shrubs

on

Plot

No

. 4

9

13

9

13

0

!

Site

E-3

E-2

E-4

LII-3

E-l

K-10

Crown

Spread

Half-shrubs

%
5.58

6.83

6.33

5.83

.50

5.68

Half-

Shrubs

on plot

No

38

6

16

9

2

28

Crown

Spread

Shrubs and

Half-Shrubs

%
42.92

32.67

31.67

19.17

24.00

5.68

Shrubs and

Half-Shrubs

on Plot

No

. 42

15

29

18

15

28

Forbs

on

Plot

No

23

30

26

3

0

10

Total

Plants

on Plot

No

121

114

76

70

66

133

(•) Constant infiltration rale had not yet been reached.
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considerable importance, since infiltration during the nrst few minutes of rainfall may
account for much of the water absorbed by the soil. Also, such differences in inftl-
tration may help account for differences in the risins stages and floodpcaks of hydro-
graphs of runoff from small watersheds.

If
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"• o

II

30

20

10

INFILTRATION VERSUS

CANOPY OF SHRUBS AND HALF SHRUba

COMBINED WITH GROUND COVER OF GRASS,

LITTER AND EROSION PAVEMENT

FIGURE 7
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(PERCENT OF PLOT AREA)

Fig. 7.

70

Six randomly selected plots of the 20 thus far tested arc used in this paper to
illustrate relation or infiltration to characteristics of the soil and the vcgetational
cover (Table 5). The time required for infiltration of 0.5 inch of water is considered as
an index to the expected on-site retention of rainfall from short-duration storms With
one exception, length of time required for infiltration of the first 0.5 inch of water
decreased linearly with an increase in the perccntaee of gravel in the soil crust — the
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upper 0.25 inch. This relationship was less marked, but still somewhat apparent, when

the pcrccntugc of gravel in the crust was combined with that of the underlying surface

horizon. Time of infiltration of the initial 0.5 inch of water decreased, also, as the

percentage of area occupied by erosion pavement (gravel stones) increased (Table 5).

Although there appeared to be an ill'dcftncd relation of initial infiltration time to

lime content and to pH of the surface horizon, the relationships were vague and must
await further work for resolution.

In general, infiltration time of the initial 0.5 inch decreased with an increase of
combined cover of shrubs und half-shrubs and with total number of plants on the

plot, but no correlation was observed with basal area of grasses or with cover of litter,
which was very low. Best correlation was observed, however, when this infiltration

was compared with a combination of cover of litter and erosion pavement, basal area

of grasses, and over-story of shrubs and half-shrubs (Fig. 7).

Woodward (1943) observed a general increase of both initial and Anal infiltration

capacity with increase of plant cover. Experiments reported by Harold (1951) indicated

that, in areas where much of the ground is covered, cover of plants and litter is the

main site characteristic affecting infiltration and runoff. Harold also reported that in

tests on sparsely-covered desert grassland range, effects of soil texture overshadowed

those of cover.

In our tests, crown cover of shrubs and half-shrubs exhibited a curvilinear rela

tionship with infiltration rate after 60 minutes of applied rainfall (Fig. 8); but below

a certain minimum cover, vegetation appeared to have no effect on this value. Influence

of surface particle-size distribution — particularly of erosion pavement — appears to

be related to amount of vcgetalional cover. Under very sparse vegetation, if the crust

contains more than 60 percent of gravel, perhaps no other soil or vegetation parameter

need be considered for prediction of cumulative short-time infiltration. As amount

of vegetation increases, however, importance of surface gravel as un effective para

meter may decrease. The present inflllromctcr tests arc directed toward defining the

range of influence and the relative importance of these and other parameters.
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