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ABSTRACT
iffects of “ange Plant Foliage Femoval on 3o0il “oisture Regime
At Two "levations in Central Utah
by
John C, uckhouse, laster of seience
Utah State University, 1968

Major Professor: r. George 3, Coltharp
Department: Fange Science

During 1966 and 1967, a range plant clipping study was conducted at
two locations in central Utah's Zphraim Canyon, It was found that extreme
clipping treatment resulted in a significant increase in soil moisture
due to a presuned decrease in transpiration during 1967, At the lower
lecation, 7,100 feet elevation, a difference of 5.4 inches over a 5 foot
soil profile was noted between the extrems ani control eclipping treatments
in 1967, At the upper location, 10,000 feet in elevation, a savings of

3.6 inches soll moisture was observed over the 5 foot soil profile in

1967, Other clipping intensities also showed water savings in terms of

reduced depletion values over the control plots, although these differences
were not in all cases statistically significant,

(76 pages)




Need for ~“tudy

The growing need for water and water comservation is generally
recognized, particularly in the estern United States, Our present water
resources can not continue to supply the increasing demands placed upon
them, It is necessary that we look to all phases of the hydrological
oycle for possible solutions to this critical shortage,

The role of soil moisture in the growth and development of plants is
well rocognized, The relationship of soil noisture response to alteration
of range plant foliage is not as well understood., There has been consi.
derable speculation as to the effect of foliage removal on soil moisture
regime, Jome individuals suggest that removal of foliage by livestock
should result in reduced transpiration rates which reduce soil water

deficits and thus provide greater opportunities for increased water yields,

Others contend that the opposite is true: an apparent lack of soil moisture
is attributed to reduced infiltration, increased surface runoff, and
evaporation from the soil surface,

#hen an area is grazed by livestock, several things occur which may

affect the amount of moisture in the soil, First, some of the plant

foliage is removed, Foliage removal could have a definite effect on the

rate of soil moisture extraction by plants, bLoth from the standpoint of

reduced transpiration surface and reduced root development, G5Second, the

soil and plants are trampled by the livestock, Trampling oftem results

in a compacted soil surface which tends to restrict the movement of water

into the seil (Packer, 1951), Therefore, when attempting to evaluate
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variations in soil noisture which are attributable to grasing, it is most
difficult to determine how much of this variation is caused by foliage
removal and how much by trampling, Thus, there is a very definite need
to detervine the effects of foliage removal, independent of trampling, on

s0il moisture regivs,

Objectives of the Study

The objectives of this study are: (1) to investigate and determine
the effects of light, medium, and heavy levels of foliage removal from
range plants on soil moisture regime; (2) to determine the effects of
season of foliage removal from range plants on soil moisture regime,

As various schemes of grazing periods and intensities are currently

in use on public watershed areas, it is desirable to study the effects of

the several e¢lipping intensities as well as several frequencies of foliage
removal,

It is hoped that this sudy will contribute toward the knowledge on

which sound grasing and watershed management practices are based,




REVIE. CF PREVIOUS #ORK

Kumerous investigators have reported the effects of grazing or clipping
on root response (.eaver, 1930; Farker and Jaupson, 1931; Hanson and
Jtoddart, 1940; .eaver, 1950; Lowns and Box, 1964; athis, Jaynes, and
Thoaas, 1965), These investigations, in general, indicate that root
growth and developaent are restricted by intensive foliage removal,
viswell and .eaver (1933) note that in all cases considerable decreases
in ground cover accompanied clipping as subsequent weakening of the stand
proceeded, [hey further note that clipped plants failed to produce new
rhizomes and many of the old ones died, The length of roots was generally
decreased and the relative production of roots was reduced to a greater
extsnt than the tops. -ince the root systems are the means by which plants
extract moisture from the soil, any reduction or restriction of the root
systems would be expected to reduce the ability of the plants to extract
moisture from the soil,

A number of studies have been conducted in the realm of tree removal

and subsequent effects on soil woisture regime (cates, 1928; Kittredge,

1937; Hoover, 1944; #ilm and Lunford, 1948; Croft, 1950; Kramer, 1952;
fiswell and sohults, 1950; (arston, 1962), These studies tend to quantify
and explain the increased runoff which they have observed in temms of
cutting treatments and decreased transpirational draft, For example,
Uunford and “letcher (1947) indicate that complete removal of vegetation
could be expected to result in notable gains in water yield because of a
reduction in transpiration, Cutting the riparian growth has also been




shewn to result in an increase in yield sufficient in magnitude to be
significant in water-resource managenent ( iswell and Schults, 1958),
Several studies have been conducted in terms of soil moisture response
under different clipping or grazing intensities, Conflicting evidence is
shown by these studies, Zijlstra (1938) reports that evaporation from the
ground with no plant cover is less than transpiration of a normal sward,
indicating that couplete vegetation removal would result in a higher seil
moisture content, Dennis, Harrison, and Erickson (1959) report a study
in which water consumed, per unit of forage produced, decreased as the
cutting interval increased, They further state that less water was used
from the deeper soil horizons in the frequently cut plots., Jaker and Hunt,
(1961) write that plants clipped at 2 inches were more efficient in their
use of water than those clipped at 4 inches, They speculate that this is
a result of greater transpiring area of the four inch plants, Liacos
(1962) suggests that water yield will be many times greater from grassland
under protection, when the major part of the rainfall comes during the
winter period which coincides with low growth, He further states that
the practice of grazing may be a method for regulating runeff., Protectien
fron grazing may reduce the runoff and control the floods in small water-
sheds, In contrast, he suggests increased grazing may be the correct
practice for increased water yield, ™“adison and Hagan (1962) report a
study on & deep clay loan with a 3- and a layear old turf, They found the
arount of soil moisture extracted to be directly related to height of
cutting and length of interval between irrigation, Van Riper and Cwen
(1964) found that forages cut at a two inch height used less water than
those cut at a five inch height, They also speculate that the apparent
difference in transpirational area accounts for the difference in moisture

use,




jeveral conflicting views have been published indicating that the
question is still open for lively debate, Hagan and Fetersom (1953)
report a study under irrigated conditions imwhich the more frequent clip-
ping schedules resulted in greater moisture extraction, Lassen, Lull,

and rank (1952) suggest that water is removed more rapidly in a vegetated
soil, but, assuning no addition of moisture to an area, evaporation will
eventually remove a greater asount of water because the evaporation process
is not governed by the physiological factors which limit transpiration,

They acknowledge that removal or killing of vegetation affects transpiration
by reducing transpiring surface, They maintain, however, that where only

a part of a plant is destroyed, transpiration may not be reduced, depending
on whether the rate can be maintained by the remaining leaf surface,

lianks and Anderson (1957) report that 2,5 inches of rain was lost as

runoff on burmed plots as conpared with 0,7 inches of runoff on control

plots, Infiltration was also reduced on the burmed plots, Houston (1965)
found that heavy stocking lowered average moisture stress in a year of
normal precipitation; due, at least in part, to some combination of lower
transpiration loss from reduced root growth, plant growth, plant vigor,

and increased nunbers of shallow~rooted species caused by repeated close

grazing of the vegetation, He was, however, unable to show significance

between light and heavy stocking levels during a drought year, In the

sane study Houston found heavy stocking in a clayey soil resulted in high

s0il moisture stress, The author attributes this effect to "a compacting
and sealing of the soil surface from livestock trampling, thus reducing
soll moisture infiltration and resulting in a drier sub-soil,"

it is interesting to note that numerous studies have been conducted

concerning the effects of livestock grazing and land condition, lost of
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these reports are primarily concerned with the effects of tranpling and
denudation on the infiltration capacity of the soils and subsequent runoff
and erosion problems, rather than transpirational requirements (Duley and
Lemingo, 1949; CUsborn, 1952; lLiethead, 1959; Rauzi and 3mika, 1963),

Rauzi (1960) reports that pastures rated in low range condition had less
water intake (infiltration) because too heavy use had decreased the amount
of standing vegetation and mulch material, which bared the soil to the
sealing action of the raindrops, Rich and Reynolds (1963) found that
chaparral areas in central Arisona can be properly grazed without detri.
ment to soil stability or water regime, If no more than 40 percent of
perennial grass production is removed at the end of the swmer growing
season, ground cover does not deteriorate and appears sufficient to
maintain & stable seil,

The correlation between grasing and fleoeding and erosion seems to be
well substantiated, Forsling (1931) reports the results of treatment of
satersheds A and B in .phraim Canyon, Utah, His review of 15 years of
data shows the importance of herbaceous vegetation in reducing raine
initiated surface runoff, floods, and erosion, l[e also points out the

need for regulating grazing to prevent depletion of the herbaceous cover

on sloping lands subject to torrential rainfall, Johnson (1952) states

it much more strongly, by reporting that intensive grazing brought about
a reduction of soil porosity and permeability, as well as infiltration,
He further notes that increased turbidities and silt load contribute to
a decline of water quality, Fletcher (1960) warms that the relations
betwsen plant cover and infiltration capacity are ceanplex and must be

carefully studied at each site if gross errors are to be avoided,




viously, the results of studies such as thess indicate the con-

lexity and confounded nature of the interaction of foliage removal and

stock tranpling,

\

toddart and ith (1955) speculate on the problem as follows:

in arid regions, it is quite possible that grazing induces better moisture

relations since, with renoval of herbage, the transpiring surface is

reduced and plants may Le able to stand nore drought,” They further state:

" hether or not grazing to reduce foliage may measurably reduce loss of

water through transpiration has not been adequately detemined, [rossitly

grazing may increase water yield without impairing strean<flow behavior,"
There appears to have been an obvious lack of research related to

the effects of foliage reamoval, either Ly grazing or clipping, frou range

plants on soil moisture regine,




STUDY AREA DESCRIPTION

Location and Site Layout

The project study areas are located om the western edge and the
crest of the asatch Flateau in central Utah, The experimental areas
are situated in Zphraim Canyon, -an Fete County, The lower plots are
located at ajor's lat, elevation 7,100 feet, near the U, 5, Forest
-ervice experinental nursery and reseeding areas, The upper plots are
located at the head of _phrain Canyon at an elevation of 10,000 feet,

The study areas and site locations are shown in Figure 1,

Elevation and Aspect
In order to minimize lateral movement of water into and/or out

of the specified areas, the study areas were located on level to

moderately sloping land, The lower study site has a west aspect, with a

slope of 1314 percent,

The upper study area is located near the plateau crest, This study

area is essentially flat, with no directional aspect,

Clinate
The upper plots are located in an alpine climatic zone, An 11 year

average at the eadows Climatic Station shows the annual precipitation to

be 35.67 inches yearly, .hile there are occasionally snow flurries as

late as July or August, the snow-free season is generally between mid-June

and mid-September, GSnow melt is gemerally complte by early July on the

study site,
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The lower study site experiences slightly milder climatic conditions
throughout the year, ajor's i"lat receives an average of 15,09 inches of
precipitation yearly, The snow season is generally about a momth shorter
at the lower plots than the upper, primarily due to an earlier spring,

lable 1 gives average precipitation values by month for each location,

Geology
The upper geologic formation in Fphraim Canyon belomgs to the Jasatech

ormation, probably of the focene period of the Tertiary age, The strata
which acempose this great uplift or plateau are practically horiszontal,
They are composed of alternating layers of limestone and clays, with
smaller smounts of sandstone, and thin beds of laminated bituminous shale,
It is believed that these materials were originally laid in basins of great
fresh water lakes,

Lphrain

The Jasatch Plateau breaks abruptly to the west in this area,
Creek rises at 10,300 feet elevation and drops to 5,900 feet at the san
rete Valley floor, which is about seven miles horizontal distance to the

west,

Solls
The soils of this area are derived directly by disintegration and

decomposition of the underlying beds of limestone, clay, and thin beds

of brownish, finely laminated bituminous shale, A thin bed of calcareous
fine sandstone which is present seems to have exerted little influence on
the texture of the soil,
The soils at the lower study site are calcareous clay loams, high

in organic matter content and highly aggregated under natural conditions

(esuwig, 1956), At the upper site the soils are mainly clay and clay loam,




Average precipitation values for the upper and lower study sites.

4,89
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with variable gravel content, The structure is either loose or friatle
in the lighter soils or granular or crumbly in the heavy soils, Consid-
erable hunus and probably a high percentage of mineral plant food are
generally found at this site (Fersling, 1931),

There are moderate infestations of pocket gophers in the vieinity
of the upper plots, These rodents dig their tunnels a few inches under
the surface and throw up mounds at intervals, Their number was reduced
during the 1967 growing season by means of poison grain placed in their

runways,

Vegetation, Flant Cover, and rhemology

The lower study location is typical of reseeded sites within a cleared
oakbrush type. The brush is Gambel's oak, Juercus gambelii, :ajor

forage species are crested wheatgrass, igropyron cristatun; intermediate

wheatgrass, Agropyron intermedium; smooth brame, uromus inermis; and

alfalfa, _edicago sativa,

The upper study area is representative of an open, high elevation

stipa grassland, The major forage species at this location are Letterman's

stipa, otipa lettermani; and yarrow, Achillea lanulosa (see appendix,

fables 12, 13, 1%, 15).




{ETHODS AND PRCCEDURES

study Area Preparation

Two stends of range grassland were selected as representative of
aountainous central Utah range areas. Luring the latter portion of the
sunzer of 1965, twenty-seven circular plots (3 replications of nine
plots), 8 feet in diameter, were established within an area of approxi-
mately 80 feet by 100 feet, at each study lecation, A buffer strip of
4o5 feet was left between plots, A soil moisture access tube, for neutron
noistare measurenents, was installed at the center of each plot, to a
depth of 5.5 feet, The plots were fenced immediately after installation

to exclude grazing,

Lach plot was assigned a treatment schene based upon 2 randon selection

methed (Figure 2 and 3),

The plots were clipped in accordance with the designated schenme,

the key being as follows: tine or fregquency of clipping, monthly (4)

or seasonal (F); intemsity of clipping, extreme or clear (C1l), heavy (H),

medium (1), light (L), or contrel (C) levels of foliage removal, I/ orage

preferences were eliminated by clipping at O (Cl), & (8B), 8 (¥), and

12 (L) inch stubble heights at the lower study area, At the upper site

the correspending stubble heights were 0, 3, 6, and 9 inches, The plots

designated as seasonal were clipped at a time corresponding to the

grazing season of the federal agencies,

onthly clipping started on the

sane date as the seascnally clipped plots and proceeded from that date

on a calendar basis,
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easurenent of soil moisture beneath sach treatnent was acconplished
by means of a neutron scatterinz device, ~“easurements were obtained at
0.5, 1.0, 2,0, 3,0, 4,0, and 5.0 feet depths on a senimonthly schedule
throughout the latter portion of the 1966 and entire 1967 growing seasons,
henever soil moisture measurement or c¢lipping was being done a 10 foot
aluninun bridge was used to span the plots and thus elininate any
possibility of soil compaction, Iigure 4 shows the bridge and equipuent
used, Fizures 5 and 6 are photographs of the lower and upper study areas

respectively,

Data obtained
Periodic semimonthly soil moisture measurements were taken at each

depth per plot on each site, Initial measurements were taken in June

1966 and continued through the first of November 1966, The measurements

wera resuned for the lower study area in April of the 1967 growing season

and in early July at the upper study site, GIoth beginning dates represent

the onset of the 1967 growing season at the respective sites, i easurement
was continued through the end of Cctober 1967,

Fhenology records were regularly kept (see appendix, Tables 16, 17,

and 18), Forage yields as detemined by the various clipping intensities

were also recorded on the basis of oven dried weight measurement (see

appendix, Tables 19, 20, 21, and 22),

Rainfall data were obtained through cooperation with the Great “asin

Research Station of the Intermountain Forest and Range Experiment Station

Supplementary rainfall data were obtained at the

located at “phraim,

upper site with a standard 8-inch storage gauge,




Figure 4, GSoil moisture weasurement equipment and span-bridge,
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Figure 5, Vegetation and terrein at the lower study lecatien,




Figure 6, Vegetation and terrain at the upper studly location,
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;0il samples were saved when the holes for the neutron access tubes
were augered, These samples were later analyzed by means of a pressure
menmbrane system to deteraine moisture values at 1/3 and 15 atmospheres
of tension for each sampling depth (see appendix, Table 23),

During the 1967 season small areas adjecent to the metered areas
were also clipped at the prescribed treatment intensities, GSoil pits were
dug at the end of the season to determine root development under the

elipping treatments (see appendix, Tables 24 and 25),

Analysis of Data

An analysis of pre-treatment soil moisture variation was made in
order to determine natural variability at each study location (see
appendix, Tables 26 and 27),

A 2 x 4 (frequency X intensity) Tactorial computer program was

designed to analysze each year's data, An analysis of variance was thus
made and statistical significance deternined Ly means of a standard F
test, In addition, the 19567 data were analyzed in terms of a completely
randomized block design with nine treatments, Again a standard I test
was used, The 1967 data were further analyzed by the lNewman-Xeuls mean
conparison method (Cstle, 1964) in order to determine differences

between treatment means,




RESULTS AND DISCUSSION

Lower 5t Site

The 1966 field season was begun in mid-July, thus allowing less than

a full growing season for data collection, [Luring the remainder of the

1966 season the plots were metered and clipped according to the preseribed
treatments, The analysis of variance for the 1966 season is shown in
Table 2, It is speculated that the lack of high significance during this
period is due to late treatment initiation, lack of sufficient root growth
retardation after one partial season of treatment, confounding due to a
lack of growing season precipitation and high natural variability in terms
of moisture in the soil profile, It is appropriate to point out that
despite lack of significance due to treatment, the lower study site ended
the season indicating graphically that control plots depleted more water
fron the s0il profile than any of the clipped plots (Figure 7), Lxtreme
clipping, on the other hand, resulted in the least depletion,

Data collection for the 1967 field season was begun at the onset of
the growing season, The higher degree of significance that is shown for
this year can be attributed to the reduced root production on the slipped
plots due to the previous year's treatment and to more favorable moisture
conditions for the water year, The 2 I 4 factorial analysis of variance
is shown in Table 3, A greater degree of significance can be shown by
analyzing the data by means of a randomized bleck design analysis of
variance, thus including the extreme clipping treatments, Table 4 shows

the lower study site randomized block design (RED) analysis of variance,




Table 2, 2 X 4 Factorial analysis of variance - 5 foot profile soil

moisture values at the Lower Site, 1966,

Source SS F calc

Intensity (I) 2220,896 1.936

Frequency (¥) 0,667 0,002

IxF 560,104 0.488
Error (A) 5354.286

Depth (D) 5 3508,145 11.725
DxI 15 361,080 0.402
DxF 5 436,399 1.459
DxIxF 15 1405, 580 0.452
Error (B) 80 L787,074

Date (Da) 5 1139.461 122,866
Dax1I a5 21,958 0.789
T xF 5 45,194 4873
T L xF 15 65.840 2,367
T %D 25 985.501 21,253
T xD.x T 25 109, 524 0,787
TxDxF 25 49,615 1.070
TxDxI 75 146,351 1,052
Srror (C) 480 890,306

Total 863 22590,482

*Indicates significance at the ,05 level
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Table 3, 2 1 4 Factorial enalysis of variance - 5 foot profile soil

moisture values at the Lower Site, 1967,

oource o 53 F cale ¥,05
Intensity (I) 3 4586,812 3.599 3.36+
Frequency (¥) 1 1,563 0,027 b b2
Ix¥ 3 525,000 0,412 3.36
“rror (A) 14 594, 756

Depth (D) 5 12762, 440 25,530 2,22+
Dx1I 15 1121, 500 0,748 1,73
DxF 5 879.313 1.759 2,22
PDxIx 15 398,313 0,266 .73

7998.437
33114, 560
380,375
153,000

769,570
2,947
3.556
2,870
16,339

27
b5

370,438
3515.250
838,313
267,063
432,938

1.299
1,2
0,748

b5

Error (C) 864 4130,875

Tetal 1439 79893.750

*Indicates significance at the ,05 level
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Table 4, RBD analysis of variance - 5 foot profile soil moisture values

at the Lower Site, 1967,

DF SS F cale F.05
Treatment (T) 8 11967.000 3.829 2,59
Error (A) 16 6250, 000
Depth (D) 5 14305, 000 29,630 2.3
DxT Lo 2993.000 0.775 1.53
Error (B) 90 8689.000
Date (Da) 9 35334.000 85,420 1.89
Da xD ks 3437.000 16,619 1.39
Da x T 7 1231, 000 3.720 1.30
DaxDxT 360 2003, 000 1,211 1,18

Error (C) 972 Li67,000

Total 1619 94034, 000

*Indicates significance at the .05 level
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Treatment nean conparisons (lewian-‘euls method) were made in order
to deteriine differsnces between treatuents., The mean comparisons for
treatsents at the lower plots are shown in Table 5.

it the lower site it hecames obvious that the extremes of complete
foliage renoval and no foliage removal are significant practices in alter
ing the amount of water present in the soil profile, Uy observing the
graphs (~igure 3) the relative positions of each of the treatments can
be noted, In general, the relative order of decreasing soil moisture
within the 5 foot profile is from extreme to heavy to mediuwm and light to
no foliage remcval, +hile these treatments are not in all cases signifi.
cantly different fron the preceeding treatment, such a relative order is
inportant in determining trends, It should be noted that the mediwm and

1light clipping treatments were reversed, though not statistically different,

It is speculated

from what would be expected hased on the general model,
that the clipping treatments were such that plants under light intensity
foliage renoval were able to mature and censequently slow their water

uptake, VMedium clipping intensity, however, was not severe enough to

fully retard transpiration, though sufficient to prevent the plant from
reachingz naturity,
jeason of foliage removal, under these clipping intensities, was not

Nevertheless, it can be

found to be significant at the lower study site,
graphically shown that, at the lower site, frequent low intemsity (light
and medium) clippinz apparently induced plants to use more water than

companion plants that were only clipped once and then allowed to mature,

Heavy intensity clipping caused the reverse phenosena, It is quite probable
that the plant is sble to grow amnd reach maturity under the low intensity-

clipped once scheme, while low intensity-frequently clipped plants were
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Table 5, Treatment mean comparisons - average soil moisture percentage

within the 5 foot soil profile,

Range I'rt Ce CA LA LA £ LE HB HA CL

9 32,40 (Cl) 9.57* 8,45+ 7,67 6.41* 6,33 0,577* 4,95* 2,26+ 0,00
8 29,14 (HA) 6.31* 5,21* &, 41+ 3,15¢ 3,08+ 2,51* 1,60 0,00
7 27,14 (43) 4,72*% 3,62* 2,82% 1,56 1,48 0.91 0,00
6 26,63 (L:) 3.80* 2,70 1,90 0,64 0.57 0,00
5 26,07 (47) 3.23* 2,1% 1,33 0,08 0,00
4y 25,99 (LA) 3.16* 2,06 1,26 0,00
24,73 (MA) 1,90 0,80 0,00
2 23,93 (ca) 1,10 0,00

22,83 (¢c1)

< /M35

——

J715 = 1,98
W75 = 2,37
715 = 2,60
J715 = 2,76
J715 = 2,88
715 = 2,98
75 = 3,04
715 = 3,14

*Indicates statistical significance at the ,05 level,
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preventad fron reaching naturity, yet were not seriously affected in terms
of transpiring surface, The heavy intemslty-frequently clipped plants
ware, however, severely affected in tems of transpiring area, while heavy
intens ity-seascnally clipped plants were not as affected due to their
recovery potential,

n alternate way of studying the phenomena involved in this investi-
sation would be te adjust each curve to a common starting point and observe
the relative auzcunt of water depletion under each treatment, ! igure 9
shows such a representation for the lower study site., This also sub-
stantiates the observation that at this elevation the scil profile will
retain nore water throughout the growing season under clipping than under
no foliage removal, Though the intermediate clippings are not all
statistically different, it is graphically svident that the amount of

water to be found in the soil profile underlying these plots is in

proportion to the extent of transpirational material removed.

In terms of inches of moisture used under each treatment one observes

the same general patterns of moisture use (Table 6), 5y September 14 the

control plots had depleted approximately 25,6 inches of water from its

5 foot soil profile by means of evapotranspiration, The bare plots on the

other hand indicate & soil moisture loss of only 20,2 inches over the

entire soil profile, due entirely to evaporation from the soil directly,

at this elevation a 47 percent saving of soil moisture was found under

the extreme clipping treataent.

Table A, Tnches of soil moisture depletion by treatnent during the 1967

growing season as of september 14 -~ Lower Study site,

Treatment CA cB LA LB VA MR HA H CL
Inches of depletion 25,3 24,6 24,4 24,5 25,1 28,4 244 20,2

25,8
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Post treatment depletion curves are also shown by depth in Tigure 10,
The control and extreme clipping treatments are contrasted in this series,
At the lower location one notices that the control plot is subject to
serious depletion throughout the entire five foot profile, The rooting
habits of some of the overlying vegetation, primarily the alfalfa, makes
this possivle, T[he bare plots are noted to deplete most rapidly in the
surface layers, tapering to a gradual decline at the deeper depths as the
season progressed, This series indicates that at all depths the lower
plots are subjected to more intense soil moisture depletion under no foliage
renoval than under complete foliage removal, It is expected that the

intermediate levels of vegetation removal will fall somewhere between,

Upper .tudy location
'he 1966 field season was begun in mideJuly at the upper site, alse,

hile nid-July did not represent the onset of the 1966 growing seasonm, it

was not as late, relatively speaking, as the lower site treatament initiation,

The 1966 analysis of variance is shown in Table 7, It is thought that
the lack of treatment significance during this peried at this location is
due to a combination of natural soil noisture variability and insufficient
retardation of root growth, compounded by little soil moisture stress at
this elevation, .hen viewed graphically, one notices that at the end of

the growing season more water renained (less was depleted) in the 5 foot

soil profile under extreme clipping than under any other treatment, At
the sane tine, control comditions show a tendency toward less soil moisture
renaining in the profile at the end of the season (i"igure 11),

Data collection for the 1967 field season was begun in early July,

1967, which was the onset of the growing season, Again the 2 i 4 factorial
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Table 7, 2 X 4 factorial analysis of variance - soil moisture at Upper

Site - 1966,

S8

Source

337.906
418,753

Intensity (1)

Frequency (F)
IxF 3 1279.834 2,255 3.36
Error (A) 14 2648,901
5 3335.054
I o 15 1236, 367 0,748 1.73

Depth (D)

D xF 5 2206,871 4,006 2,22%

DxIxF 15 2645, 605 1,601 1,73

Error (B) 80 8813, 806

Date (Da) 5 1524,859 83.415 2,21

Da x I 15 81,519 1,486 1,67
Da xF 5 55.885 3.057 2,21+
DaxIxF 15 93.105 1,698 1,67*
Da x D 25 1067, 945 11,684 1,51+
DaxD x1I 75 214,656 0.783 1.29
DaxD xF 25 125,628 1.37%4 1.51
DaxDxIxF 75 262,445 0,957 1.29
Error (C) 480 1754.917

Total 863 29158, 597

*Indicates significance at ,05 level
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analyses of variance did not show significance in terns of treat-
nent differences (Tables 5 and 9), It follows that results at the upper
collection site are obscured because of a high natural soil variation,
short growing season, and high soil moisture values due to low evapo-
transpiration, :1lison (1954) reported a 16 year study conducted in this
area at similar elevations in which soil moisture remained above wilting
point in the surface 6 inches throughout the entire summer in 6 of the 16
years, Lhus with high residual soil noisture conditions only extrexze
clipping treatments will indicate changes in the soil moisture throughout
the profile, .xamination of the treatment nean comparisons (Table 10 and
igure 12) shows that the extreme treatment of complete foliage removal
resulted in higher soil moisture values at the end of the growing season
than any of the other levels of foliage removal,

oy adjusting the depletion curves for each treatment to a common

starting point one can observe relative trends in the depletion phencmena

(Figure 13), It is well to note that the bare plots exhibited less soil
moisture depletion throughout the season than any of the other treatments,
reavy, medium, and light foliage removal followed by the control plots,
conplete the order of soil moisture storage, fron most to the least, in
the monthly clipped plots,
Felative depletion under the seasonal foliage removal scheme is

similar, but one notes that the contrel plots are out of order from what

would be expected from the general model, These differences are not
statistically significant, and are reflections of the high initial
variations in soil moisture characteristics,
+hen adjusted depletion curves are observed by contrasting the bare

(extreme clipping) and control plots one notes that the bare plot indicates




Table 8, 2 X 4 factorial analysis of variance - 5 foot profile soil

moisture values at the Upper Site - 1967.

Source DF ss F calc F.05
Intensity (I) 3 341,563 0,440 3.36
Frequency (F) 1 1070,750 4,140 4,42
IxPF 3 1592, 000 2,053 3.36
Error (A) 14 3618, 562

Depth (D) 5 3154,375 4,763 2,22x
DixT a2 2111,687 1,063 1.73
D% P 5 3065, 562 4,629 2,22%
Dx I xF 15 2261,812 1.138 1.73
Error (B) 80 10596, 560

Date (Da) 6 5024, 687 252,906 2,10%

Da x I 18 57.438 0,964 1.61

Da xF 6 42,938 2,161 2,10%

T I XE 18

78.125 1.311

Da x D 30 496k,875 49,979 1,46*

DaxDxTI 90 126,750 0,425 1.28

DaxD xF 30 63.938 0,644 1.46

DaxDxIxF 90 123,063 0,413

Error (C) 576

Total 1007 40596, 940

1907.312

*Indicates significance at ,05 level
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Table 9. RBD analysis of variance - 5 foot profile soil moisture values

at the Upper Site - 1

67.

Source i S8 F calc F.05

Treatment (T) 8 3670,000 1,609 2,59

Error (A) 16 4562, 000

Depth (D) 5 4399,000 6,456 2,31*
D P 4o 7130,000 1.308 1.52

Error (B) 90 12264,000

Date (Da) 6 5237, 000 266,160 2,11
DaxD 30 Lols, 000 50,270 1,48%
Dax T 48 189, 000 1.201 1.:37

DaxD x7 240 500,000 0.635 1:23

Error (C)

Total

648

1133

2125, 000

45730, 000

*Indicates significance at the ,05 level




able 10, Treatuent nean comparisons - average soil moisture

percentage within the 5 foet soil profile,

Ls HB (55 §

L, 32+ 3,23+ 2,29* 2,25 0,00
2,07 0,98 LO4 0,00
2,03 2,9 0,00

0,09 0,00

2,77 x ,603
3.1 x .03

3.63

*Indicates significance at the ,05 level




Control

Volume % Moisture

Volume 4 Moisture

i A i "

Jul Aug Sep Oct

>

Figure 12, Soil moisture regime 0-60" - Upper study site - 1967




Volume % Moisture

40

Control

Light

2 inches of
precip-
1 itation

5 % increments

i

Seasonally clipped

N

L

ul

Figure 13.

Aug

()

P

Uct

"Ad justed" soil moisture regime 0-60" - Upper study

site - 1947




L)
less water loss {rom evaporation in the surface layers than the losses due
to evapotranspiration from the comtrol, At the lower depths (below 3 feet)
roots are influencing the removal of water to only a slight extent, It

is therefore speculated that the soil water (which is being held near
field capacity) is moving slowly downward by means of deep percolation at
spproximately the saume rate under each plot, igure 14 is the represen-
tation of this series of values,

Cne notes that inches of water use throughout the profile at the
upper study area reflects the conditions noted earlier (Table 11), The
control plots depleted an average of 10,6 inches of soil moisture during
the 1967 growing season as of September 14, while the bare plots depleted
enly 7.0 inches, The intemmediate levels of foliage removal reflect plant
growth under moist conditions, as well as the high natural variability of
the site, lievertheless, a 50 psreent saving of soil moisture was noted

under extreme clipping treatment at this site,

Table 11, Inches of soil moisture depletion by treatment during the 1967

growing season as of september 14, Upper study site,

CA CB

LA

LB

Treatnent MA MB HA H3 (+ §

9.6

Inches of depletion 10,8 10,5 10,7 11.4 9.9 10,9

9.8 7.0
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SUTYARY AND CONCLUSIONS

Jurine 1966 and 1967 a range plant clippinz study was conducted at
two locations in central Utah's iphraim Canyon, It was found that extreme
clipping treatment, i.e, conplete denudation, resulted in significantly
less soil moisture withdrawal than the control condition, At the lower
location, 7,100 feet elevation, a difference of 5.4 inches was noted
between the cleared plots and control plots in 1967, At the upper loca-
tion, 10,000 feet in elevation, a savings of 3,6 inches soil moisture was
ovserved during the 1967 growing season, Other clipping intensities also
showed water savings in terms of reduced depletion values over the control
plots, although these differsences were not in all cases statistically
significant,
It may appear from this study that the stoockman's claim that heavy
razinz provotes increased water yield has some validity at these olevations;
however, no watershed manager would advocate complete denudation of the

watersheds, because of past experience with floods, mudrock flows, decreased

water quality, and poor seasonal control of the water, It would seem, then,
that moderate or light levels of foliage removal will yield the benefits

of increased livestock use and incressed water yleld over and above those

of ungrazed conditions, It must be remempered that this study dealt with

foliage removal, independent of trampling, Therefore, until the additional
affects of the animals' hooves are fully explored direct implications
between this study ani the absolute response of soil moisture to livestock

grazing cannot He drawn,




Ly
hile it is ovident that further research is necessary in this field,
it is hoped that this study has contributed to the knowledge on whiech
good grazing and water nanagement can be based, It is also hoped that

this study will stimulate further research in the realn of livestock use

and water yield,
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fable 12, Vegetation inventory - Lower Plots - 1966

-

species
Plot number 5 & » B B B & H n 2 3
s : =] 3 =)
and treatanent - ’ 9 . o o‘ = 8 = j 8 ;
I/1 (HA) 3 1 1
2 (18) 3 & 3
3 (HB) 2 1 1 1
4 (1) 2 1 1 1
5 (CA) 3 2 1
6 (CB) 2 1
7 (HA) 2 2 : & 1
8 (LA) 2 1 1
(54 § 2 1 ;) 1 & 1
11/ 2 1 ) § 1
2 2 2 1
3 (¢ 2 : 7 1 2
4 ( 2 2 1
5 2 2 1 1
6 2 1 b % 1
7 2 2 1
3 3 h i 3 b §
cl 2 1 : | 1 1
111/1 (HA) 3 1
1
1 1 1
1
2
1
1
2
>

IS ST UR S S S STV 8

HFo~Nonm Fw N

[T

Ag Cr = Agropyron cristatum

e Sa - ‘edicago sativa

Ag In « Agropyren intermedium
As 5pp - Astragalus spp,

o Mu = Solidage multiradiata
* In « drenus inermis

Ta Of « Taraxacun officinale
Cu Spp = Cuscuta spp,

r Te - oromus tectorum

La e - Lactuca serricla

Co Pa - Collinsia parviflora
Viela - Viela spp,

Coverage

Class

OOV FWNMHSO

Estimation
Range
o7

Trace

1-5%
6-25%
26-50%
51-75%
76-95%
96-100%




fable 13, Vegetation inventory - Upper Flots - 1966

: S Species
Flot number 1 Bad = aNa &5 &8 3 H B & B
Sadtreateent 3 B S P8 R S98 MM &8 5 EE 5 9
I/1 (}B) 3 e | 1 2 p 8 1
2 (18) 2 3 3 b I ¢ & 2 ) §
3 (Bg) z 2 3 3 -2 -2 "2 1
4 (C2) 2 & B -3 2 |
5 (LA) 2 i X323 31 3 1
6 (HA) 2 2 2 X 3 3 32 1
7 (Ca) 2 2 % 'd 33 1 1l
8 (MA) S TS T 1 1
! 3 111 1 : 4
II/1 (HA) 3 3 3 % 1 1
2 (14) 2 2 3 3 1
3 (13) : 3 233 3 X ; |
4 (v2) 2 2 1 231 1 1% 1
5 (Hs) 2 i1 23 % 1 1 13 p 8
6 (Cs) 2 3 1L X X 1
7 (1A) 3 S | 1 1
8 (Ca) i 3 | U (S S | 3
cl 3 3 2 32 3 X 3 2 4
I1I/1 (LE 2 2 2 1 3
2 (CaA 2 : 1 2 . & b X 1
3 3 2 1 2 1 1
n ;) 2 2 1 1 2
5 1 1 2 : 1 2
6 2 2 2 b (N 1
7 3 b S 1 R
8 3 i1 3 2
A 2 1 2 2 2

i

P
D
REY

Vio Spp
Ge Spp

At Tr

U
o
I B S i R O W A

Carex Spp.
Penstenon cyananthus
stipa lettermani
Viola Spp.

Geraniun Spp,

‘elidago multirodiata
Artemisia ludeviciana

Achillea lanulosa
escurainia pinnata
.rigeron speciosus
Taraxacun officinale
milacina racemosa
Trisetun spicatum
roaus inernis

1} 4
AY
Vie

A FWNHa O

-p
Tr
Spp

Coverage
Class

Erigeron speciosus
Agrepyron Trachycaulum
Viela species

felica bulbosa

istination
Range
0%
Trace
15%

6-25%
26-50%
51-75%
76-95%
96-100%
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Table 14, Vegetation inventory - Lower Plots - 1967
Species
g < =z & = = £y a: @ <
Flot nunber o 1%} (=] n = H S 2 % A 3
st R EEEN E S SE B 5
I/2 (MA) 2 2 1 1 T T
2 (1LB) 2 3 1 i
3 (HB) 1 5 2
4 (MB) 2 1 1 1
5 (ca) 2. B ip T
6 (CB) 1 2+ 1
7 (HA) z2 2 1 A T
8 (LA) 2 2 1 T T T T iy
II/1 (HB) x 3 1 p iy
2 (MB) 2 3 1
3 (cB) 2. 2 1 al
4 (LA) 1 2z 1 1
5 (CA) 2 2 T 1
6 (HA) 2 e o % : |
7 (MA) 2 2 2 T
8 (L) O R | 1
III/1 (HA) 2 1 1 Gy o
2 (MA) 3 1 1 T
3 (1A) 2. a2 A L T
L (MB) Ty f 30" 5
5 (LB) 1 2z
6 (cB) 2. 2 31
7 (ca) 2 1 a T
8 (HB) 2 1 1 1
Key:
Ag Cr - Agropyron cristatum Coverage Estimation
Me Sa ~ Medicago sativa Class Range
Ag In -~ Agropyron intermedium 0 0%
So Mu - Solidago multiradiata b Trace
As Spp - Astragalus spp. 1 1-5%
Br In - Broaus inermis 2 6-25%
Ta Of - Taraxacum officinale 3 26-504
Cu Spp - Cuscuta spp. L 51.75%
Br Te - Bramus tectorum 5 76-95%
La Se - Lactuca serriola 6 96-100%
Co Pa =~ Collinsia parviflora
Viola - Viola spp.




Table 15, Vegetation inventory - Upper Plots - 1967

Flot a. Jpecies
nunber b B 5 & 5 o < 1 0 o BB B 2
and 10 d @A FE Ad an 6@ ahR ouR
treataant 3 B S 5 8 8 2L BB &5 £E8 85 4
I/1 (8) 3 I 1 s S T T
2 (13) 2+ Tl g2 1 1
3 (B®) X 3 1 2 3 1
4 (c8) 2 ] 2 1 3
5 (LA) 2 I s I T
€ (HA) i 2 r 1 b Y ¢ 1
7 (cA) 2+ L) : (i & o 1
8 ({A) 1 2+ 3. TR 1 3
Cl
11/1 (HA) 2 313 23 1% 1
2 (1) 1 2 2 g 1
3 (18 1+ 1 2 (R 1
4 (¥B) 2+ S | 2+ 1 1 T 1+
5 (HB) 1 T 1 2 S ¥ 1
6 (c3 2 p § 1
7 (4A) 27 s S | g
8 (CA) 24 1+ 1 T - p |
3 §
1111 2 2+ 2 T i | 1
2 24 : . 1 T
3 2 Za 1l 1
L 1 2 ¥ 1 1 1
5 1T T 2 1 2
6 2 7T 2 1 3 | 1
7 2 1 13 < TG &
8 2 22 1%
1
Key: oo Spp ~ Carex Spp, Er 5p - Erigeron speciosus
Fe Cy « Penstemon cyananthus Ar Tr = Agropyron trachycaulum
it le - Stipa lettermani Vic 5pp - Vicia species
Vio spp - Viela ipp, e Bfu = “elica bulbesa
7@ Spp « Geraniua Cpp,
50 'u = 3o0lidago multirodiata Coverage Istimation
it Tr - Artemisia ludoviciana Class Pange
Ac La - Achillea lanulosa 0 0%
"e P ~ Descurainia pinnata ) y Trace
ir Jp - Zpigeron speciosus 1l 1-57%
Ta Of « Taraxacum officinale 2 6-25%
sm Ra - Smilacina racemosa 3 26-501
Tr 5p = Trisetum spicatum b 51-75%
ir In - Hromus inermis 5 76-95%
6 96-100%
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Table 16, Graes Fhenology Hey

Dormancy 0
Srowth Initiation 10
2 leaf stage 30
4 leaf stage 40
5 leafl stage 50
Boot 60
Head 70
Hard seed 80
-eed scatter Q0
L ormancy 100

‘hen possible make notes on time and position on rachis of:
a, anthesis
b, milk
e, soft dough

d, hard dough

e, dimensions of leaf and culm growth




Table 17.

Phenology by Date - Lower Site - 1967

7 June 67

21 June 67

5 July 67

18 July 67

L Aug, 67

17 Aug. 67

31 Aug, 67

14 Sept 67

Me

Me
Ag

Br
Ag

Me
Ag
Br
Ag

Me

Ag
Br
Ag

He
Ag
Br
Ag

Me
Ag
Br
Ag

Me

Ag

Br

Ag

Me
Ag
Br
Ag

Me
Ag
Br
Ag

Sa:
Ag Cr:
Br In:
Ag In:

Sa:
Cr:
In:

IN:

Sa:
Cr:
In:
In:

Sa:

Cr:
In:
I

Sa:
Cr:
In:
In:

Sa:
Cr:
In:
In:

Sa:

Cr:

In:
In:

Sa:
Cr:
In:
In:

Sa:
Cr:
In:
In:

10" high, no bloom, insect damage
L_5 leaf stage, 10" high, Code 45
L.5 leaf stage, 10" high, Code 45
L6 leaf stage, 10" high, Code 45

15.18" high, leaf 1" x 3/8", no bloon, insect damage
12-15" high, leaf width 1/4", Code 65
13-16" high, leaf width 3/8", Code 60+

12.15"

high, leaf width 1/4", Code 65-

20-25" tall, growing vigorously, budding (no bloom),
no apparent nsw insect damage

19-22" tall, growing vigorously, headed, Code 70

26-30" tall, growing vigorously, headed, Code 70

26-30" tall, growing vigorously, headed, Code 70

25+" tall, good vigor, nearly full bloom

25||
301
30m

3011
26
36!1
36n

30"
35
39“
39"

30n
35n
hon
Lon

30
351
Lon
Lon

shatter
Code 90
Code 90
Code 90

A11 Code 90

All Code 90,

tall,
tall,
tall,

tall,
tall,
tall,
tall,

tall,
tall,
tall,
+417.,

tall,
tall,
tall,

tall,
tall,
tall,
tall,

good vigor, full anthesis, Code 70
good vigor, full anthesis, Code 70
goed vigor, full anthesis, Code 70

begin seed set

soft dough, Code 72 beginning to dry-
hard dough, Code 77 showing some signs
soft dough, Code 72 of stress

green seed
hard seed, Code 80

hard seed, Code 80 slowly turning

hard dough, Code 77 and drying

tall mature seed

seed shatter, Code 90 $3a d
seed shatter, Cods 90 I™%° <Y
seed shatter, Code 90

shattering, few leaves

shatter, Code 90

shatter, Code 90 quite dry
shatter, Code 90

beginning to re-green fram bass
up to about 15"

Green to 10" from base

Dry




Table 18, Fhenology by .ate - Upper oite - 1967

5 July t Le: 4-5 inches tall, 3 leaf stage, code 35

18 July it Le: 8" tall, 3 leaf stage, code 35
elic: 10" tall, 3 leaf stage, code 35

4 Aug, 't Le: 18" tall, beginning anthesis, code 65
elic: 18-20" tall, anthesis, code 65
Ag Tr: 16-18" tall, enthesis, code 65
Ac La: 18" tall, nearly full flower

17 Aug, ot Le: 34" tall, soft dough, code 70
vdelic: 26" tall, soft dough, code 70
Ag Tr: 25" tall, soft dough, code 70
Ac La: 16-18" tall, full flower

31 Aug, 5t Le: 16" tall, hard dough, code 75
Yelie: 18" tall, seed scatter, code 90
Ag Tr: 26" tall, hard dough, code 75, full flower
Ae La: full flower

14 Sept, 't le: 24" tall, hard seed, code 80+
elie: 22" tall, shatter, code 90
Ag Tr: hard seed, code 80+
Ao la: nature seed

it Le: Ceode 90

‘elic: Code 90 very little green, but slight
Ag Tr: Code 90 anounts at very base

Ac La: mature and shattering

A1l Code 90

All Code 90




able 19, Average amounts of foliage removed/treatment - Lower site -

1966
lipping Ireatment
dates 1A L3 A 9 HA HB C1
12 July
i /A 174,8 107.0 667.5 382.5 1136 856,6 1876
10 Aug,
16,8 34,5 36,2 86,1
24 Aug,
JA 33.3
7 Sept,
A 0,9 10,7 22,5 26.3
20 Sept, 35.7
/A
1 Cet, 46,1

5 Neov, 66,4
LA

Light intensity, 12"
= ‘edium intensity, &"
I Heavy intensity, 4"

Clipped monthly
s = Clipped seasonally
Cl= Complete removal




Tatle 20, verace amocunts of foliace remcved/treatsent - Upper site -
1966

1ipping Ireatnent

dates LA L A B 27, B ol

12 Jul

w

55.1 97.5 275.5 316.7 506,7 502,8

102.% 51.3 41,6

4,1 1.7 2,6

1303,7

190.9

24,3

18,6

-

-

dey:

Light intensity, 9*
“edium intensity, 6"
Feavy intensity, 3"

. = Clipped monthly

= Clipped seasonally
= Complete removal




Ireatment

dates LA 1 A HA H cl
15 Apr,
123,7
13 nay
[i 3094

7 June
¢/A 26,6 2533 409, 6 125,8
21l June

/A 38,6 607.6 162,1 12,7

5 July
/A 530,1 1474, 6 896,8 207.8

18 July
¢ [n 83,2

3 Aug,

sJA

17 Aug,

A

30 Aug,




5Q

27

Average amounts of foliage removed/treatment - Upper site -
1967

'reatnent

HA




Table 23, GS5o0il moisture constants

Volune % moisture
Replications

depth 1 1 111
Upper study locatjion 7
1/3 atmosphere 6 47,6 47.5 47.9
1 39.5 35.5 38.7
2 33.5 37.8 46,3
2t 28,6 32,8 43,7
Gt 21.9 20,1 21,4
51 16.1 17.9 20,4
Upper study location
15 atmospheres 6" 25.8 25.5 25,6
p 20,9 21.8 21.0
2! 19.5 19,7 244
3¢ 14,3 16,0 21,9
L 9.1 9.3 7.1
5t 6.4 T2 5.8
Lowsr study location
1/3 atmosphere ér 40,8 33.7 38,0
% 39.2 € 38,0
20 by 4 39.8 7.1
3 45,5 46,6 43,0
bt 43,5 42,9 41.4
5 57.3 b, 7

Lovwer study location

15 atmospheres én 19,1 18,2 18,6
1! 18,0 18,8 18,4
20 19.8 20,8 17.9
L L 19,7 20,8 2.3
b 23.3 18,7 24,9

7 22.3 22,0

‘“.otemined by means of pressure membrane apparatus and gama probe bulk
density measurements

bAvemge of 9 plots




Table 24,

Root observations - Lower site - 1 October 1967.

61

Control Site

(S. side of fence)

+5-0" A0 -~ Litter
041 Al -~ Grey browmish
425" B - Brown (clay moveaent)
25" € - Grey brown clay - very hard (Caleche layer?)
Grass:
0-4" 857 of roots
L.18" 105 of roots
18-25" 5% of roots
Alfalfa:
Tap root 3/8" Diameter at five feet
12" Clipping (Light)
depth Root conc,
02" 9Q§
312 7h Grass 3/8" A1f, root at 48"
1241 3%
30" deepest root
8" Clipping (¥ediun)
depth Root cone,
0-3" 90%
310" 5% Grass 1/4m AIf, root at 48"
10+" 5%
24n deepast root
4 Clipping (Heavy)
depth Root conc.
0-3" 90/,;
3-6" 5% 3/16" A1f, root at 48w
6+ 5%

18" deepest root




Table 25,

Root observations - Upper site - 30 September 1967,

Control Site
0-18"
26-31"
31-60"

4,32._0 "
0-12"
12.20%
20-30"
30"

(E, side of fencs)

Zone of root concentration
Rock layer

Sand

A0  (Litter)

Al  Brownish - even texture
A2 Brownish - Some pea gravel
c

Sandy

Estimated root conec,

0_3n
311"
11-20"
20mn

Deepest root at 55",

Apparently less than 1 ft,

6" Clipping (Medium)
Few roots deeper than 4"

3" Clippinz (Light)
Few roots deeper than 4"

897
7
3%
1%

Diameter of hair,

9" Clipping (Heavy)
Few roots deepsr than 6"

Lateral extent,

Reasonable hardness,
No restricting layers
to roots,
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Tabla 26, Areal variability of soil moisture content (pre-treataent) -

Lower site,

ieplication
1 II 111
epth = 0 o,v° X s c,v X s G,V
11 lovesber 1965
g 28,1 5,89 24,44 22,7 3.34 W7 21,2 3.72 17.55
21 26,4 2,87 10,87 26,5 3.35 12,64 22,2 3,22 14,50
Lt 27.5 2,712 9.8% 23,1 5.30 22,9 21.9 3.59 16,39
10 June 1966
1 21,8 3,84 17.60 21,8 2,33 10,70 20,9 2,46 11,77
1.5 25.8 3.55 13.71 22,3 1.66 6.75 23,5 3.90 16,5
21 27,7 3.26 11.69 29,5 2,27 7.7 24,8 3,96 15.95
bt 33.6 5.98 17,80 32,8 7.35 22,40 30,6 7.45 24,35
- & 38,2 3.8 8,91 34.9 8,45 24,20 33.0 8,42 25,81
12 July 1966

0 23,6 2,76 1.7 25,4 3,17 12,45 20,5 3,01 14,65
2" 26,3 2,01 7,65 28,0 3,61 15,27 23,6 3,46 14,67
3¢ 27.5 2,29 8,3 26,5 5.08 19,15 23,5 4,02 17,80
4t 29,4 5,00 17,00 28,2 7.36 26,10 21,9 4,91 22,40
- 1 30,6 5.65 18,45 30.6 7.30 23.8 25,6 7,36 28,78

®5041 molsture (f by volume): represents the average value for 8 plots

K tandard deviation

®coefficient of variation




(37
Tazle 27, Areal variab ty of soil moisture content (pre-treatment) -

Upper site,

Replication
IT

X 8 e,V

11 \ovember 1965

43,7 2

b5 3

45.6 3,62
(.

9.00
8,66
4,07
13,60
17.41

MWW n
Stk
N~ F W
WM

12 July 1966

14,95 £ 5‘ 50
39 .79

21,33

10,75

17.98

30,5 7.00 22,95 29,2
36,4 4,23 11,61 35.6
35.2 4,76 13.M1 35.9
29,2 2,67 9.15 32.3
29.4 4,35 14,70 36.0

merEry
003\3‘\.1
AN o\ oo

% oil aoisture (¥ by volume): represents the average value for 8 plots

’;tandard deviation

®Coeffisient of variation




lable 28,

501l moisture regime 0-60' - Lower location - 1966

65

sasurarent Ireatnent
date CA Chs LA \ M3 BA s o1
13 July 25,1 21,6 24,6 26,0 23,9 24,8 27,5 24,3 24,9
27 July 23,5 20,6 25,0 255 23.4 24,2 27,3 25.8 255
10 Aug, 23,9 21,5 26,4 27,0 23,9 26,7 29,3 26,1 25,8
24 Aung 21,7 20,7 23,2 250 22,0 23,4 26,0 24,4 25,5
7 Sept, 20,6 19,5 22,2 24,1 21,4 22,7 24,8 23.4 24.4
0 lept, 21,3 20,2 22,9 249 21,8 23,2 259 24,6 24.8
1 Oet 20,7 19.7 22,5 24,7 21,0 22,7 24,8 23,6 24,7
5 Nov, 2,0 2A.9 23.6 25,6 2.7 WX 26,5 W7 .8
Code:
= Clipped monthly
= Clipped seascnally
> = Contrel
. = Light intensity foliage removal
= ediua intensity foliage renoval
{ = {jeavy intensity foliage removal




able <9, - Lower location - 1967

oil nmoisture regime 0

easurenent ireatment

date CA c2 LA E A . HA Hi c1
15 Apr, 38,8 J7.4 39,7 80,3 38,7 40,5 42,4 M0O,9 39,5
29 ipr. 37.3 36,8 38,4 39,1 37.3 38,5 40,9 38,1 3E.k
13 vay 38,8 38,7 39.6 40,4 39,1 39.7 #41.8 39.3 39.5
27 ay 36.5 36,0 36,8 37.9 36,5 36,4 37.2 36,6 38,6
7 June 37.9 36,4 37.5 37.7 36,6 36,9 39.3 36,4 39.6
20 June 35.8 36,0 37.1 36,8 36,1 36,6 39.6 358 39.6
5 July 31,8 30,2 32,1 33.2 29,8 32,1 32,8 356 38,5
19 July 26,1 24,1 29,1 28,8 26,8 28,9 32,2 30,3 34,5
3 Aug, 23,2 2.0 251 252 23,7 258 29,4 26,9 33.1

22,6

21,5

21,4

22,1

21,6

21,5

menthly

seasonally

Clipped
Clipped

Contrel

Light intensity foliage removal

rMedium intensity foliage removal

neavy intensity foliage removal




lable 30, 35o0il moisturs regine 0-60" - Upper location - 1966

easurenent Treatment
date CA CB LA LB MA M5 HA HB Cl

13 July 29,2 33,6 34,6 32,4 30,1 33.5 29.8 32,9 30,9

274 26,6 21,4 32,6 30,4 28,4 29,5 28,1 32,1 29,8
10 Aug, 26,5 314 31,3 29,6 28,2 29,9 23,6 32,0 29.7
24 Aug, 24,8 29,2 29,2 26,2 28,0 26,5 27.4 30,0 29,0
7 Sept, 24,1 27,9 28,4 258 24,6 26,7 26,0 28,4 29,0
20 Cet, 25,4 28,1 29,0 26,4 26,3 26,9 27,0 29,1 28,9
1 Cot, 24,5 27,6 28,4 26,1 26,0 27,7 26,2 28,7 28,k
5 LoV, 29,3 32,7 331 3.7 32,2 3.6 3.5 33.2 33.9

Clipped monthly

Clipped seasonally

Control

Light intensity foliage removal

ediun intensity foliage removal

ilsavy intensity foliage removal




Table 31, o0il moisture regime 0-(0" - Upper location - 1367

sasurenent I'reataent

___date Ch CB 7 L ‘A : HA HB 2)
6 July 36,9 40,8 M4 404 37,1 k0,9 37,2 40,1 38,0
19 July 35.5 40,3 M1k 38,5 354 39.9 354 38,5 37.3
3 Aug. 31,5 371 36,5 347 319 361 33.0 357 361
16 Aug, 28,8 4.4 34,3 31,9 30.8 33,3 32.0 33,7 35.6
30 Aug, 25.8 31.3 3.1 28,4 27,3 30,1 274 30,9 33.2
1% Sept, 24,6 29,0 29,2 27.1 26,3 28,4 26,5 29.7 32.1
30 ept. 26,0 30,4 30,8 28,7 28,1 29,4 23,2 31.3 32,8
14 Cet, 26,1 30.1 30,5 28,8 27,8 29,7 28,3 31,3 30.9
28 Oet, 26,0 29.3 30,5 28,6 27.9 29.5 23,3 130.5 32.4
odet

A = Clipped monthly

= Clipped seasonally

C = Control

L = Light intensity foliage removal
= “edium intensity foliage removal

H = Heavy intensity foliage removal
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