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ABSTRACT 

Ef f ects or Pange Plant f oliage Re~oval on J oil {Olsture ~egime 

At Two 7 levations 1n Centr&l Utah 

by 

John ;;; , ::uokhouse, ·laster or ;:.oieme 

Utah ~tate University, 1968 

Major Professor: r r, George il , Coltharp 
Depar1:Jolent: 'lange Science 

During 1966 and 1967, a range plant clipping study was conducted at 

two loeations in central utah 1 s 3phr&i-o Canyon, It vas found that extr8111e 

clipping treatment resulted 1n a significant increase in soil ~oisture 

due to a presumed decrease in transpiration during 1967. At the lover 

location, 7,100 feet elevation, a difference of 5,4 inches over a 5 foot 

soil profile was noted between tha extreme and control clipping trea~~ents 

in 1967. At the upper location, 10,000 feet in elevation, a savings or 

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

1967. Other clipping intensities also shoved water sanngs in terms or 

reduced depletion values over tbe control plots, although these differences 

were not in all cases statistically significant, 

(76 pages) 



Need for "tudy 

The growing nood for water and water conservation is generally 

l'$0ognized , particularly in the estern United J te.tes, Our present water 

resources can not continue to supply the increasing denands placed upon 

th , ! t is necessary that ve look to all phases of the eydrologiosl 

cycle for possible solutions to this critical shortage, 

The role of soil ~oisturo i n the growth and development of plants is 

vall :rocognized, The relationship of soil ;~o1stU1'9 response to alteration 

o1' range plant foliage ie not as well underetood. Thore has been consi

derable speculation 11s to the affect of foliage removal on soil Moisture 

regime, 3o:ne indi'liduals suggest that removal of foliage by livestock 

should reeult in reduced transpiration rates which reduce soil water 

deficits and thua provide greater opportunities for increased water yields, 

Others contend that the opposite is t r ue: an apparent laok of soU moisture 

i a attributed to reduced infiltration, increased surface runoff, and 

eyaporation frCl!l the soU surface, 

•lhan an area is graHd by liveatock, several thinga oocur whioh ma.y 

affect the araount of liiOiature in the eoU. Firat, Sllllle of the plant 

foliage is removed. F" oliage 1'8<11oval could han a definite effect on the 

rate of soil moisture extraction by plants, both fraa the standpoint of 

reduced transpiration surface and reduced root developDent, Second, the 

soil and plants are trupled by the liveatook, Trantpli..ng often reaulta 

1D. a 0011pactsd soil surface which tends to restrict the move:nent of water 

into the aoU (Packer, 1951), Therefore, when attempting to eTaluate 
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variation& in soil moisture which are attributable to grasing. it ia moat 

difficult to detemine hov uch of thie nriation ie oau .. d by foliace 

removal and how much by trempling, ThUll. there 1a a vary definite need 

to detel':'lline the effects of foliage r«noval, i ndependent of trL"'Ipling , on 

soil ~oieture regi me. 

Ob lectives of the Study 

The objectives of this study are: (1) to 1nveat1gate and dete!'III.Uie 

the effects of light. l'lediu:n, and heavy levele of foliage removal fl'<llll 

renge plants on soil moisture regime1 (2) to detel'!lline the effects ot 

season of foliage remOYal froM range plant• on eoil • oieture regime, 

As nrious scblr.nea ot grasing period• and inten11t1ea are ourrent.l,y 

in use on publ.ic vatel'Shecl areas • it ie desirable to at~ the effeota of 

the several clipping intenaitiea as well as eeveral frequenciea ot foliage 

re:~oval, 

It is hojped that th1e ~~ vUl contribute t011ard the lmovledge on 

which sound g~a&ing and watersb.d manageMent practices are based, 
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!b:."IE . C;' PRi:VlOUS .IORll 

NYmerous investigators have reported tho effects of grazing or alipping 

on :root response ( .eaver, 19) 0; Parker and .> ampson, 1931; Hanson and 

3toddart, 1940; .. eaver, 1950; .-owns and box, 1964; ,,atbu, Jaynes, and 

Thcuas. 1965), These investigations, in general, indicate that root 

grciith and dwelopnent are reatrict.d by 1Dtenaive foliage ranoval, 

<:> iswall and .. eaver (1933) nota that 1D all ca&ea conaida:Nbla decreases 

1D ground cover aooonpanied clipping as aubsaquant weakening of the st&!ld 

proceeded, r lwy flU'ther note that clipped plMte failed to produce new 

rhir.Ollles and lllan;y of the old ones died, The length of :roots vas genarallJ' 

decreased and the relative produotion of :roota vaa reduced to a greater 

extent than the tops. Sinoe the root 8)'Stau are the ma&nl cy which plants 

extract 111oisture frOM the soil, An7 reduction o:r reatriotion of the :root 

eyst.llls would be expect.d to reduce the abili~ of the pl.Anta to extr&ot 

moisture fran the soil, 

A nu:11ber of studies have bean conducted in the realm of tree rem.oval 

and subaequant effects on a oil " oiablre reg:l.l!le ( .t:!ates • 1928; ll.ittredge , 

1937; E!ocwar, 1944; dlm and lil11'lford, 1948; Croft, 1950; Kremer, 19.52; 

~isvell and ... ohulta, 1958; araton, 1962), These studies tend to quantify 

and explain the inoreuad :runoff wbiob they have observed in tema of 

cutting treatment.. and decreased transpirational draft, For example , 

Dunford and ·•letcher (1947) indicate that CCJIIplete rnoval of vegetation 

could be expected to r .. ult in notable gains in water ;yield bacauee of a 

reduction in transpiration, Cutting the riparian growth has also been 



s hO>m to result in an increase in yield suf'fioient in magnitude to be 

significant in water-resource nanage:nent ( is-11 and <>chulta, 1958), 

4 

Several atudiea have been conducted in te:nu o! soU mouture response 

under different clipping or gra&in& intensities, Conf'licting .-ridence is 

ahown by these studies, Zijlstra (19)8) reports that evaporation froM the 

ground with no plant conr is leas than transpiration of a nomal award, 

indicating that caapleto vegetation removal would result in a higber soil 

moisture CODtent, Dennis, Harrison, and l:: riokllon (1959) report a study 

in vh1ch water cons'lll!led, per unit of forage produced, decreued aa tbe 

cutting interval inureased, Tbey turther state that less water was used 

f'rm the deeper soU horir;ons in the frequently cut plots. aker and Hunt, 

(1961) write that plants clipped at 2 incbes were more ef'f'ioient in their 

use of water than those clipped at 4 inches, They speculate that this is 

a reault of greater transpiring aroa of ths four inch pluta. Liaco• 

(1962) suggests t.bat water yield will be maey tirnea greater fran grassland 

under protection, when the "'ajo:r part of the rainfall c001.ea during tbe 

winter period which coincides vith low &rovth, He turthsr state• that 

the practice of grazing m~ be a method for regulating runort, Protection 

from graaing ~ay reduce the runoff and control the floods 1n small water

sheds, In contrut, be susgest.e increased grar;ing may be the correct 

practice f or increased water yield, '•' adison and Hagan (1962) report a 

study on a deep clq loa~ with a :3- and a 4-year old turf, They f ound the 

uount of soU moisture extracted to be directly related to beight of' 

cutting and length of interval betw .. n irrigation, Van Riper and OVen 

(1964) found that forages cut at a two inch height uaed len water than 

those cut at a fin inch height, Thsy also speculate that the apparent 

di!f'erence in transpirational area aocount.e for the di!ferenoe in moitture 

uae. 
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Several conflicting views have bean published indicating that the 

question is still open for llvel3 debate. Kagan aDd Peteraora (19.5)) 

report a study under irrigated conditions ~which the !!left frequent clip.. 

ping schedules resulted in greater moiature extraction. Laasan, Lull, 

and r'rank (19.52) suggest that water is removed more rapidly in a vegetated 

soU, but, asauming no addition or 11oiature to an area, naporation will 

eventuall3 1"8!11ove a g.reater amount of water because the evaporation prooeaa 

is not governed by tha peyaiological factor• which l.illlit transpiration. 

They acknowledge that removal or killing of vegetation att'eota tranapiNtion 

by reducing tranapiring aurfacs. They aaintain , however, th&t whera oftlJ' 

a ~rt o! a plant is daatroyed , tranapiration m.ay not be reduced, depending 

on whether the :rate can be m.aintained by the remaining le&t' au:r!aca. 

Hanks and Anderson (1957) report that 2.5 inches of rain wu loat aa 

runoff on burned plots u oo:npaNd vi th o. 7 inChes or I'W!lo!! on control 

plots. Infiltration was alae reduced on the buraed plots. Houston (196.5) 

found that hea-,y stocld.n& lowered average liiOiature atreaa in a year or 

no:r:aal preoipitatiol'll due, at leut in part, to soma combination or lower 

transpiration loss fi'O!Il reduced root growth, plal'lt poovth, plal'lt vigor, 

and increued numbers of ahallov-rootad apeoi .. oau.aed by repeated close 

grar.ing of the vegetation. l:fe wu, however, unable to show aigl'li!icanoe 

between light and bea-,y stocking laveb diiJ'ing a drought year. In the 

see atudy Hous ton foand heavy stocking in a cla,yey acll reiiUlted in high 

soil moisture stress. The author attributes this e!feot to "a compacting 

and aealing or the soU siiJ'!aoe !ran livestock tr&'!lpling, thus reducha; 

sell raoisture il'lflltration and resulting in a drier sub-aoll," 

lt is interesting to note that IUII:laroua studies have bean conducted 

concerning the affects of livestock gruing and land condition, ~l ost of 
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these reports are pril!!aril,y concerned with the erfeote of trbpling and 

denudation on the infiltration oapaci~ of the soils and subsequent runoff 

and erosion probles, rather than tranapirational requir-ents (Dulq and 

D011ingo, 1949; Osborn, 19.52: Liethe&d, 19591 Rauzi and Smik&, 1963), 

Rauzi (1960) reports that pastures rated in low range condition had len 

water intake (in!iltration) because too hea"fY use bad decreased the bOWit 

of standing vegetation and mulch !:l&terial, which bued the soU to the 

aealing action off the raindropa, Rich and Reynolds (1963) fOUJid that 

chaparral areas jin central Arisona can be proparq .:rased without detri

ment to soil stability or water regilllo, If no more than 40 percent of 

perennial gran production 1li l'EIDlOVed at the end of tho sla7llller graving 

season, ground cover does not deteriorate and appaare sufficient to 

maintain a stable soil, 

1'he correlation between graz1ng and fiooding and el'Csion •-s to be 

wll substantiated, Forsl1ng (1931) reports the results of treatment of 

.• atersheds A and B in .-.phrail>l Canyon, Utah, !!is review of 15 year& of 

data shoWII tho 1.'!\port&noe or herbaceous vegetation 1n reducing rain

initiated surface runoff, floods, and erosion, He also point& out the 

need for regulating graaing to prevsnt depletion of the herbaceous oo'ftr 

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

it much more strongly, by reporting that intenaive grasing bl'Cught about 

a reduction of soU porosi~ and por.neabUity , as well as infiltration, 

He further notes that increased turbictl.ties and silt load contribute to 

a decline of water quality, Fletcher (1960) warne thet the relations 

between plant COV'er and infiltration capacity are ccmplex and must be 

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



C~iously , the results o~ studi es s uch as the•e indicate tho oO<· 

plexity ann confo ed nature of the interac tion of foliage ~oval and 

livestock tra .pling, 

.• todd&rt an:! . ·ti th (1955) speculate on the proble~~ as follows: 

7 

" in arid regions, it is quite possible that grazing induces bet ter m.oisture 

r elations since , wit h renoval of herbage, the transpiring surface ia 

raduced ard plants rA3!f be able to stand crore drought, 11 rhey furths r s tate: 

11 bether or not gra:r.ing to reduce foliage .~ay 1easurabzy reduce loss of 

water through transpiration has not boen adequate!¥ determined, . ossibly 

g ra:r.ing 'CO &y increue water yield without irlpairing stre~C~-flow behavior," 

There appears to havs besn an obvious lack of resoarob related to 

the effects of foliage re.uoval , either by grazing or clippi.Bg , frcra raztge 

plants on soil ;noisture regi!. • · 



3TUDY ARc:A DSSCRIPTIOtl 

Lccation and :> ite Layout 

r he project study areas are looated Oil the western edge and the 

crest of the :. uatch Plateau in central Utah, The experimental areu 

ue situated 1n Ephraim Call7on, .3an I-ete County, The lower plot& are 

looated at ,ajor 1s ' lat, elevation 7,100 teet, near the U, ~ . Fore•t 

~ervioe experi.11ental nursery and reseeding areas, The uppel' plots are 

located at the head of ~phl'ailll C&~Von at an elevation of 10,000 feet. 

The 1tudy are.u and site locationa are shown in f igul'e 1, 

Elevation and A•peot 

In order to minimize latel'al movement or water into and/or out 

8 

or the specified areas, the stud;y areas were located on level to 

moderately sloping land, The lo>Mr study lite has a veat aspect, with a 

slope of 13-1.4 percent, 

The upper study aHa is located near the plateau crest, This atudy 

al'ea is essentially flat, with no diHctional a1peot, 

~ 

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

average at the ,,readows Climatic '>tation shows the t.n.."lual precipitation to 

be JS. 67 inches yearly. 11h1le there are oocadonally snow fiurrie• as 

l.ate •• July or August, the snow-tree season 1• generally between l1l1d-June 

and mid ept«nber, ::inow melt is generally CQ:!Ip:bte by early July on the 

study site. 
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I 
T. 16 S 

To Mt. Pleasant kJ 
Utah 89 

To ~!anti 

Code: 1 . 
2 . 

R. 3 E 

Lower Study Site 
Upper Study Si te 

Skyline Drive North 

To Orangeville 

Skyline Drive South 

Scale : 1 inch equals 2 ~iles 

Figure 1. Location of upper and lower study sit es. '-{) 
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The lower study 8ite experiences slightly milder climatic conditions 

throughout tlwo year. .ajar's r lat receive• an average of 18.09 inohel of 

precipitation yearl;r. The snov season is generall;r about a month shorter 

at the lower plots th&n t he upper, pri111arily due to an earlier lprillg. 

Table 1 gives average precipitation values by !!tOnth tor each location. 

Geology 

The upper geologia fomation in Ephrailll C&~on beloag• to the ,.ruatoh 

" oNation, probabl;r of the Eocene period of the Tertiary age. The 1trata 

which ocr:~pose tb1• great uplift or plateau IN pr&Otically horisontal. 

They are compo•ed of alternating ~rs or llie~tone and o~~. With 

aaller amounts of •andstone, and thin beds or lainated bituminous 1hale. 

J t is believed that these 111ater1ale were originally laid in basinl of great 

fre•h water lake•. 

Tho .<iasatoh Plateau brea.lt~s abruptly to the west in this area. EphraiM 

Creek rises at 10,300 feet elevation and drops to 5,900 teet at the ~an 

ete 'Ialley floor. which is about e.ven !Ules horizontal diltanoe to the 

weet. 

i2ll! 
The soils or thi• area are derived directl;r by dilintegration and 

dec0111position Of tho underlying bedl Of limestone, olq, and thin beds 

of brownish, finll;r llllllinated bitlZ!IinoUI shale. A thin bed or calcareous 

fine 1andstone which 11 present seas to have exerted little influence on 

the texture of the soU. 

Tho soils at the lower study site are calcareous cl&;r loau, hi&b 

in organic !Utter content and hig~ aggregated under natural conditions 

(.' eeuvig, 1956). At the upper site the soils are mainl;r clay and ols,y loam, 



Table 1. Average precipitation values for the upper and lower study aitea. 

·!onths 
Location Jan. Feb. t~ar. Apr. 1-:~ June Jllly Aug. ;>ep. Oct. !lov. :ec. Total 

Opper 3.19 4.69 4.94 4.)6 3.37 1.45 1.21 1.87 1.99 2.30 2.93 3.17 35. 67 

Lower 1.59 2.04 2.15 1.95 2.0) 0.86 0. 89 1.11 1.20 0.89 1.50 1.88 18. 09 

t:! 
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with variable gravel content, The structure is either loose or friable 

in the lighter soils or granular or crumbly in the heavy soils, Conllid

erable h\l'llua and probabzy a high percentage of lllineral plant food are 

eeneralzy f ound at this sits (Forslinc, 1931), 

There are moderate infestations of pocket gophers in the vicinity 

of the upper plots, These rodents dig their tunnels a fe'Jf inohea under 

the surface and throv up l!! Ounds at intervals, Their n1r.1ber was red110ed 

during the 1967 groving season by Means of poison grai.B placed in their 

runways, 

Vegetation, Plant Cover, and l'henology 

The lower study location is t,ypioal of reseeded sites within a cleared 

oakbrush cypo, he brush is Ga.11bel 1a oak, Quercus gambelli , .-Jajor 

forage species are created wheatgraaa, Ag!'OpY1'0n oristatwq intermediate 

wh.e&tgrass, Agrop.yron intel'flledillllll snooth bl'Olte, .::!:2!!!.!. ~I and 

alfalfa, edicago sativa, 

The upper stud,y area is representatin of an open, high elevation 

stipa grassland, The major forage species at thia location are Letterman'• 

atipa, ~ lettemani; and yarrow, Achillea lanulosa (see appendix, 

Tables 12 , 13 , 14, 15) . 
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!ETHODS AND PROCEDURES 

; tudy Area Preparati on 

Two s ta.nds of range gr assland were selected as representative of 

<~~ountainoua central Utah ro.nge areu. .Juring the latter portion of the 

s wr:oer of 1965, twenty-seven circular plots (3 replications of' nine 

plots ) , 8 f eet in dia•neter, we re established Within an u.a of appro:d.

m.ately 80 feet by 100 feet, at each study location. A buffer strip of 

4-5 feet was left bet.reen plots. A soil ~toisture access tube, for neutron 

moisture me&Silr&!llents, .,.... installed at the center of each plot, to a 

depth of .5 • .5 feet. The plots were fenced i'!l!lledi&tely after inatall&tion 

to exclude grazing. 

Laah plot was assigned a treatment scheme baaed upon a random selection 

otethod (Figure 2 and 3). 

The plots were clipped in accordanoe with the designated scheme , 

the key being as follO'Wll: titte or frequency of clipping, monthly ( A) 

or seasonal ( B); inter.sity of cUppin« , extre:ne or oleu (Cl), heavy (H), 

•'lledium ( 1) , light (L), or control (C) levels of foliage l'8!'11oval. " orage 

preferences were eliminated by clipping at 0 (Cl), 4 ( H), 8 ( "! ), and 

12 (L) inoh stubble heights at the lower study area. At the upper site 

the corresponding stubble heights were 0 , 3, 6, and 9 inches. The plot.a 

designatod as seasonal were clipped at a time oorrespo!lding to the 

grasing season of the federal agencies. ·'onthly clipping started on the 

same date as the seascll&ll.y clippad plots and proceeded fran that date 

on a calendar basis. 
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eaa~ent of Joi1 ~oisture beneath each treat~ent was acco~p11ahed 

~ eans of a neutron scattering device. easurements were obtained at 

0, .5, 1.0, 2,0, J.O, 4,0, and .5.0 feet depths on a se.-niMcnthly schedule 

throu , hout the latter portion of the 1966 and entire 1967 growing season• • 

. henever soil moisture ~easurernent or clipping vas being done a 10 foot 

alwainW~ bridge was used to span the plots and thus eli!Unatc any 

posllibilicy or soil compaction, ? igure 4 shows the bridge and equitnent 

used, f i gures 5 and 6 are photographs of the lover and upper st~ areu 

respectively, 

Data obtained 

Periodic s-iMonthly soil moisture measurements were taken at each 

depth per plot on eaoh Bite. I nitial 11\easurenents were taken in June 

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

were resu"!ed for the lower study area in pril of the 1967 growing seuon 

and in early July at the upper st~ site. :"'Oth beginning dates repreeent 

the onset of the 1967 growing season at the respective sites, Keas~ent 

was continued through the end of Ootober 1967. 

f henolow records were regularly kept {see appendix, Tables 16, 17, 

and 18) . ~· orage yields as detemined by the Tal"ious cl1ppi.Jig intensities 

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

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

Rainfall data -re obtained through cooper&tion vith the Great Baein 

~eeearch J tation of the I ntemountain Forest and Range Expe:Mment !:>tatioft 

located at Ephraim. 6upplen~entary rainfall data were obtained at the 

upper site vith a atandard 8-inoh sterege gauge, 
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Fi gure 4, .5 oil llloiature eulll'«!!ent equipllent and span-bridge. 
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Figure 6, Vegetation and terrain at the upper studl7 location, 
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Soil Sftplea were saved when the holes for the neutron access tubes 

nre aupred, Tbeae samples were later analylll&d by :~~eans of a pressure 

:.eotbrane syate to deterraine moisture valllea at 1/J and 15 atmoapheNs 

of' tension for each 6B.'llpling depth (aee appendix, Table 2J), 

DUl'ing the 1967 season small areas adjacent to the 01etered aree.s 

were also clipped at the prescribed treatment intensities, 5o11 pits were 

dug at the end of the season to determine root development under the 

clipping treatments (see appendix, Tables 2~ and 25). 

AnLlvais of nata 

An analysis of pre-treatment soil moisture variation was r4ade 1n 

order to detel'll!ine natUl'al variabilit.y at each atud;y location (ne 

appendix, Tables 26 and 27), 

A. 2 x ~ (frequency t. intensity) factorial CC!ltputer program wu 

designed to analyse each year's data, An analysis of variance was thus 

made &n:i statistical significance dete:Mtined by means of a standard F 

test, In addition, the 1967 data were analylll&d 1n tem.a of a completely 

randcm.Ued block dedgn with nine treatments, Again a standard F teat 

was used, Tba 1967 data were further anal.yr.ed by the ?lewman-Keuls '1tean 

oo.nparison method (Oatle, 1964) in order to detel'l!line differences 

between treatment means, 



21 

RESULTS AND DISCUSSION 

Lower 5tud;y Site 

The 1966 !ield season was begun in ~id-July, thus allowing loss t.b&n 

a full growing seuon for data oolleotion, DIU'ing the remainder o£ the 

1966 aeason the plots were !!letered and clipped aocordi.ug to the prescribed 

treatments. The analysis o£ variance for the 1966 season is shown in 

'fable 2. I t ill speculated that the lack of high significance during this 

period is due to lata treatment initiation, lack of sufficient root growth 

:retardation after one parti.&l season of treatment, confounding due to a 

lack or growing seuon preoipitation and high natural variabllit;y in tel'lfts 

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 indi.cating graphically that control plots depleted ll!Ore water 

fJ'Oll tbt D9U profile than any of the clipped plots (F1giU'8 ?) , ExtreMe 

clipp1ng, on the other hand, resulted in the least depletion. 

Data oollaotion for the 196? 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 clipped 

plots due to the previoua year ' s treatment am to more favorable moiature 

conditions for the water year. The 2 X If. factor1.&J. analyllis of variance 

is shown in Table 3. A greater decree of dgnificanoe oan be shown by 

analysing the data by me&NI of a randadzed block design analysis of 

variance, thus including the ext.N:ne clipping treatments. Table 4 shovs 

the lover study site Nlldmised block dedgn (RBD) &Dal,ysis of variance, 
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Table 2 . 2 X 4 Factorial a nal ysis of variance - 5 foot pr of ile soil 

moisture values at t !-e Lot-rar Site , 1966. 

Source DF ss F calc F.05 

Intens ity (I) 3 2220,896 1.936 3.36 

Frequency (F ) 1 0,667 0.002 4,42 

I x F 3 560,104 0,488 3.36 

Error (A) 14 5354. 286 

Depth (D) 5 3508,145 11.725 2.22* 

D xI 15 361.080 0.402 1.73 

D x F 5 436.399 1.459 2,22 

DxixF 15 405.580 0,452 1.73 

Error (B) 80 4787.074 

Date (Da) 5 1139.461 122.866 2,21* 

Da xI 15 21.958 0,789 1.67 

T x F 5 45.194 4.873 2.21* 

T X I X F 15 65.840 2.367 1. 67* 

T x D 25 985.501 21,253 1.51* 

TxDxi 25 109.524 0.787 1.29 

T x D x F 25 49.615 1.070 1.51 

TxDxlxF 75 146.351 1.052 1.29 

Error (C) 480 890.306 

Total 863 22590.482 

*Indicates significance at the .05 level 
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Tabl e 3. 2 X 4 Factorial analysis of T&riance - 5 foot profi le 1011 

moi1ture TaliUII at the Lover Site, 1967. 

-> ouroe Of' ss F oalo ~' . 05 

Intenllit,y ( I ) 3 4586.812 3.599 3.36• 

Frequency (r' ) 1 ll.563 0,027 4,42 

I x F 3 525.000 0,412 3.36 

""rror (A) 14 594.756 

Depth (Q) 5 12762.440 25.530 2,22• 

D x I 15 1121.500 0.748 1.73 

D X ll' 5 679.313 1.759 2.22 

P x i x ll' 15 398.313 0,266 1.73 

Error (b ) 80 7998.437 

Date (Da) 9 33ll4.560 769.570 1.88• 

Da x I 27 )80,375 2.947 1. 49• 

D& X ,. 9 153.000 3.556 1,88• 

[;a x I x ' 27 370.438 2.870 1.49• 

Da x ; 45 351.5,250 16.339 1.37• 

i:lax D xl 135 838.313 1.299 1,26• 

Dax D x F 45 267.063 1.241 1.37 

oa x o x I x r' 135 482. 9:38 0,748 1,26 

Error (C) 864 4130. 87,5 

Total 1439 79893.750 

•Indica tea si&nificaDCe at the , 0.5 lenl 
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Table 4, RRD analys is of variance - 5 foot profile soil moisture values 

at the Lo;·Ter Si te , 1967, 

Source DF ss F calc F. 05 

Treatment (T) 8 11967, 000 3.829 2.59 

Error (A) 16 6250,000 

Depth (D) 5 14305.000 29.630 2. 31 

D x T 4o 2993. 000 o. 775 1.53 

Error (B) 90 8689. 000 

Date (Da) 9 35334. 000 85.420 1. 89 

Da x D 45 3437.000 16.619 1. 39 

Da x T 72 1231 . 000 3.720 1.30 

Da x D x T 360 2003,000 1, 211 1.18 

Erroz· (C ) 972 4467. 000 

Total 1619 94034.000 

*Indicates significance at the .05 l evel 
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Treabont ~ean oo~parisons (.1aor1an- -auls ~athod) w-ere '"lade in order 

t o deter 1ine dii'feranoes bet ween treatrlents. - he '!!Ban co..par isons for 

t reat 1ents at tho lower plots are shown in ! able 5 • 

.\t the lower site it beccnes obvious that the extrame& of c011plete 

foliage re~oval and no foliage rentoval are signif icant practices i n al ter

i ng t he &'!! OUnt of water present in the soil profile. Jy observi ng t he 

gr aphs (r' i guro 8) t he relative positions of eaoh of the treatments can 

be noted. l n general, t he relative order of decreas ing soU "'oisture 

within the 5 foot profile iJ fran e:Jtt.tone to he&TY to udilft and lil!!:ht to 

no foliage 1'9"1oYal. hUe these treatments are not in all cases signtl'i-

cantl,y dtl'ferent f%'0"1 the preceeding treatment, auoh a relative order is 

u ports.nt in detel"!!ining trends. !.t should be noted that the ntediu• am 

light clipping treatments were reversed, thouf!!:h not statist1oall,y different, 

frO'II what would be expected based on the general model. I t is speculated 

that the clipping treatments wre such that plants under light intend ty 

foliage re~cval were able to '!!ature and consequently slow their water 

uptake. Hedi11:11 clipping intenait,y, however, was not ae-.ere enough to 

tu11;r retard transpiration, though sufficient to pl'lm!lnt the plAllt frCXII 

reaching ..,aturity • 

.::l eaacn of foliage rentoval, 'Wlder these clipping intensities, was not 

found to be signtl'ioant at the lw.r etudy site. Neverthelesa, it can be 

graphically ahown that, at the lover site, frequent low intensity (liV!t 

and l'tediunt) clipping apparently induced plantll to uee ..,ore water thAll 

ompanion plants that were only clipped once and then allowed to mature. 

fleaTY intensity clipping oawsed the reverse phencnena. lt is quite probable 

that the plant is able to grow and reeeh maturity under the low intensity

clipped once scheme, while low 1ntensity-:frequentl3' clipped plants were 



Tabla 5. Treat.'l!ent mean oooparison11 - average soU '11o1ature percentage 

within the 5 foot s oU profile, 

Range r rt CA •.A LA .LE !iA. CL 

9 )2,4<> (Cl) 9.57* 8, 45• 7.67* 6, 41• 6. :3.3• 0. 577* 4. 95' 2, 26* o.oo 

8 29,14 (HA) 6,31• 5.21• 4,41• 3.15• 3.08• 2, 51• 1.60 0, 00 

7 27.14 ( ih) 4.72• 3. 62• 2, 82• 1. 56 1, 48 0. 91 o. oo 

6 26, 63 (L~ ) 3.80• 2.70 1.90 0, 64 0.57 0,00 

5 26, 07 ('-.:) 3.23* 2.14 1.33 0, 08 o.oo 

4 25, 99 (LA ) 3.16• 2, 06 1,26 0, 00 

3 24,73 (: A) 1.90 0, 80 0, 00 

2 23.93 ( CA ) 1,10 0,00 

1 22, 83 (C., ) 0, 00 

J~ .. :J. /0,5106 .715 
•I 

Pange 

2 2 , 7l X , 7J.5 "' l, 98 

3 J , Jl X ,7J.5 = 2, )7 

4 3,6) X ,715 • 2,60 

5 3, 86 X ,715 • 2,76 

6 4,0) X ,715 • 2,88 

7 4,17 X ,715 a 2,98 

8 4,29 X ,715 • ),04 

9 4,39 X ,7J.5 • ),14 

•Indioates stat1at1oal sign1f1oanoe at the ,05 laval, 
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prevent<>d fro .. reaching ·•aturity , yet were not seriously affected in tanna 

o" ":: r 3nspir i ng surface . rhe heavy int ensity- frequently cl ippod plants 

w•re , owaver, severely affected in t er-ns of transpi ring area , while heavy 

int nslty-seasonally clipped plants were not as affected due to tneir 

recoverJ pot ential. 

m alternate way of studying the phen~nena involved in this inveeti-

~ation would be t o ad just each curve to a c~on starting point and obserTe 

tha r elative a.'•ount of water depl etion under each treatment. l i gure 9 

shows such a representation f or the lover study site. This als o sub-

gtantiates the observation that at this elevation the soil prof ile will 

retain 'l!Ore water throughout the growing •-•on under clipping than under 

no f oliage removal. Though the inte:rmediate clippings are not all 

s tatis tically different, it is graphically evident that the amount of 

water to bG faund i n the 11011 prof ile underlying these plots is in 

proporti on t o the extent of transpirational material removed. 

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

the u,,. general patterns of !lloisture use (Table 6). By ;:;eptember 14 the 

cont rol plots had depl eted approXimately 25.6 inches of water free ita 

5 f oot s oil profile qy means of evapotranspiration. The bare plots on the 

other hand indicate a soil moisture loss of only 20.2 inches over the 

ent ire soil prof ile, due entirely to evaporation froft the soil directly. 

At tbia elevati on a 47 percent saving of •oil moiature waa found under 

the extreme clipping treatnent. 

Table ~. Inchee of soil ~o1aturo depleti on by treatMent during the 1967 
growing season as of September 14 - Lower Study site. 

Treatment CA Co LA Ld 'lA Mfl !I.A H ~ CL 

Inobes of depl etion 25. 3 25. 8 24. 6 24. 4 24.5 25.1 24.4 24.4 20,2 



"' ... 
"' +' 
Ill .... 
0 

:.:: 

""' ., 
~ .... 
0 
> 

~lonthly cli pped 

Ill 
+' s:: 

"' E ., 
... 
" s:: .... 

""-

"' 

Seasonally clipped 

Apr Nay J un J ul Aug 

o o Control 

------ --- Li~ht 
-- - -- Nedium 
x----x Heavy 
----- Clear 

Sep Oct 

inches of 
precip
itation 

·F igure 9. "Adjusted" soil moioture r egime 0- 60" - Lcl<er study 
site - 1967 

30 



31 

Post treatment depletion ourvu are also shown by depth in "' i gure 10, 

The control and extreme clipping treatments are contrasted 1n 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 or some of the O"Mrlyil'lg vegetation, prilna.rily the alfalfa, .,akes 

this possible, fhe bare plots are noted to deplete most rapidly in tho 

surface la_yen, tapering to a grad.\1&1 decline at the deeper depths as the 

season progrened, Thia seriea indicates that at all depths the lower 

plots are subjected to more 1ntenae soil I!IOia ture depletion under no foliage 

removal than under ccnplete foliage 1'8il!OVal, lt is expected that tha 

inW:!',ediate levels of vegetation removal Will fall SQI!evhere between, 

!Jpper '"' tu& Location 

J'he 1966 field season was befJ1111 in mid-Jul,y at the upper site , al.ao, 

.. hile nid-July did not represent the onset of the 1966 gl'OWing season, it 

was not as late , l'8lat1vel,y speakinr; , as the l011er site tftatMont initiation. 

Ihe 1966 anal,ysia of variance is shONn in Table 7. It is thought that 

the lac k of t.reabent significanoe during thia period at this location is 

due to a c~bination of natural soil ~ oisture variability and insufficient 

l'8tardation of root gro~th , o~pounded qy little soil ~oisture stress at 

this elevation. ·hen viewed graphically, one notices that at the end of 

the growing season norc water re:n.:1inod (less was depleted) in the .5 foot 

aoil prof ile unde r extrene clipping than under aey other tl'8at.\ent, At 

the sa.."te the , control oomitions shO'.I a tendency toward less soil 'lloisture 

retaining in the profile at the end of the season (T' 1gure ll). 

Data collection for the 1967 field season vas begun in early Ju:J.7, 

1967, vhioh was the onset or the growing season. Again the 2 i.. 4- factorial 
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Tabl e 7. 2 X 4 f actorial analysis of variance - soil moisture at Upper 

Site - 1966. 

Source DF ss F calc F.05 

Intensity (I) 3 337. 906 0.595 3.36 

Frequency (F) 1 418,753 2,213 4, 42 

IxF 3 1279.834 2,255 3.36 

Error (A) 14 2648,901 

Depth (D) 5 3335.054 6,054 2,22* 

D xI 15 1236.367 0,748 1. 73 

D x F 5 2206, 871 4,006 2, 22* 

D xI x F 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 x F 5 55. 885 3.057 2, 21* 

Da xI x F 15 93.105 1.698 1.67* 

Da x D 25 1067.9~ 5 11.684 1.51* 

Da x D xI 75 214.656 0,783 1.29 

Da x D x F 25 125.628 1.374 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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and l analyses of variance di d not show significance i n ter"S of treat

ffiOn t differences (Tables 8 and 9) . I t f ollows that results at the upper 

collection sit e are obscured because of a high natural soil variati on , 

hort ;;rowing season, and high soil noisture values due to low evapo

transpiration. .:.llison (19.54) reported a 16 year study conducted in this 

area a t s imilar elevations in which soil moisture re:~~ained above wilting 

point in t he surface 6 inches throughout the entire &WlJ!ler in 6 of the 16 

years . . hus with high residual soil 'liOiature conditions only extralle 

clipping treatments will indicate changes in the soil moisture throughout 

the profile. ~illation of the treatment mea.n CCX'lparisona (Table 10 and 

'~ 12) shows that the ext!'8!1e treatment of oanplete foliage re;nwal 

resulted in higher soil moisture value& at the end of thB growing seuon 

than any of the othBr leTela of foliage removal. 

oy adjusting the depletion curves for each treatm nt to a oom:non 

starting point one can observe rdative trends in the depletion phe:n011ena 

(Fi gure 13) . I t is well to note that the bare plot. exhibited len soU 

moisture depletion throughout the season than any of the other treatments • 

.t!eavy, mediu:n, and light foliage removal followed by the control plots , 

ccmplete the order of soil moisture storage, f!Vft •oat to the least , in 

the monthly clipped plots. 

Relative depletion under the eeasonal foliage r&MOVal scheme is 

si.>nil.a.r, but one notes that the control. plots are out of order from what 

would be expected fron the general model. These differences are not 

st&tiltioally aignifioant, and are ref'lectiollll of the hi&h initial 

variations in &oil oisture oharacteristica • 

.• hen adJusted depletion curves are observed by contrasting the bare 

(ext~e clipping) and control plots one notes that the bare plot indicate• 
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Table 8. 2 X 4 factorial analysis of vari ance - 5 foot profile soil 

mois t ure val ues 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 

I x F 3 1592 . 000 2.053 3. 36 

Error (A) 14 3618. 562 

Depth (D) 5 3154. 375 4.763 2. 22* 

D x I 15 2lll. 687 1. 063 1.73 

D x F 5 3065.562 4.629 2. 22* 

Dxix F 15 2261. 812 1.138 1.73 

Error (B) 80 10596.560 

Dat e (Da) 6 5024. 687 252. 906 2.10* 

Da x I 18 57.438 0.964 1.61 

Da x F 6 42.938 2.161 2.10* 

Da xI x F 18 78.125 1.3ll 1.61 

Da x D 30 4964. 875 49.979 1.46* 

DaxDxi 90 126.750 0.425 1.28 

Dax D xF 30 63.938 0.644 1.46 

DaxDxix F 90 123.063 0.413 1.28 

Error (C) 576 1907.312 

Total 1007 40596.940 

*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 - 1967. 

Source DF ss 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 x T 40 7130. 000 1.308 1.52 

Error (B) 90 12261-f, OOO 

Date (Da) 6 5237.000 266,160 2,11* 

Da x D 30 4946,000 50,270 1.48* 

Da x T 48 189,000 1,201 1.37 

DaxDxT 240 500,000 0,635 1.21 

Error (C) 648 2125,000 

Total 1133 45730.000 

*Indicates significance at the , 05 level 
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- able 10. Treat.llent "'ean ccxnparia;ons - averags soil 1l Oiature 

percentage vithin the .5 f oot •oil profile. 

,.ange l'rt CA !!A Cu L3 lill Cl 

9 )4.13 (Cl) .5.67• .5.,50• 5.29• 4.73* 4.32• 3.23• 2.29* 2.25* o.oo 

(3 :n. 83 um ) . 42* 3. 25• 3. 04• 2.1fS'" 2. 0? 0. 98 .04 o.oo 

7 31. 84 ( !.1 ) 3.38• 3.21* 3.oo• 2.44* 2. 03• 0.94 o.oo 
(, )0.90 (,-.!: ) 2. 44* 2.2? 2.06 1 • .50 0. 09 o. oo 

5 29. ~1 (;_ l) 1. 35 1.22 ' 0. 97 0. 41 o. oo 

4 29.40 (::3) 0.94 0.77 0.56 o.oo 

3 28. 84 ( llA) 0. 38 0. 21 o.oo 

2 29. 63 (:A) 0.17 o.oo 

1 28. 46 ( 'iA) o.oo 

-../3. 279 . r:'f!A . . 603 
'} 

!lAnge ~ 

2 2. 77 X . 603 ~ 1. 6? 

3 ) . )1 X . 60J 2 1. 99 

4 3. 63 X . 60) ~ 2.19 

5 3. o6 X . 60) = 2. )3 

6 4. 0) X . 60) ~ 2. 43 

? 4.17 X . 60) "' 2.,52 

6 4. 29 X . 60) : 2.59 

9 4. )'} X . 60) = 2. 65 

• Indicates significance at the .05 level 
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q 

leas water loss frcm evaporation in the surfaoe layers than the losses due 

to evapotranspiration frcm the control, ' t the lower depths (below J feet) 

roots are influancing the rtliii.OVal of water to only a alight exte11t, I t 

is thorefcro speculated that the soil water (which is being held 1»1ar 

field onpacity) is '1oving slowly downnrd by ,,ea.ns of deep percolation at 

approximately the sa11e rate under each plot, 

tation of thi s series of values, 

1gure 14 is tho repressn-

~ ne notes that inches of water use throughout the profile at the 

upper study area reflects the conditions noted earllttr (!'able 11), ';'he 

control plots depleted an average of 10,6 inches of soil moisture dur~ 

the 1967 growing season as of September 14, while the bare plots dopletod 

only 7,0 inohes. I'he intenaediate levels of foliage removal reflect plant 

g;rowth under moist conditions, aa well as the high natural variabilit,y of 

the &1te, l~evertheless, a 50 pel'Oant saving of soil moistul'e liU notod 

undar extl'e'lle clipping treatment at th1a site, 

Tabl e ll, I nches of soil moilture depletion by treatment during the 1967 

growillg seuon as of .; ept~'llber 14, Upper atudy site, 

Tru.tment CB LB 

Inches of depletion 10, 8 10.5 10,7 11,4 

MA Mil 

9.9 10, 9 

HA 

9.8 

H..l 

9.6 

Cl 

7.0 
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SUH ARI A.~D CO NCLUSIONS 

Durin~ 1966 and 196? a ran~e pl~nt clippin~ study was conducted at 

two locations in central Utah '• ephraim Caeyon, It was found that extr&r~~e 

clipping treat.nent, i.e. complete denudation, resulted in dgnificanUy 

lass soil mois ture withdrawal t han the control condition. At the laver 

location, ?,100 feet elevation, a difference of 5.4 inches was noted 

between the cleared plots and control plots in 196?. ~t the upper loca

tion, 10,000 feat in elevation, a savings of 3. 6 inches soU "'Oiature wu 

observed during the 196? growing season. Other clipping intensities also 

showed water savings in terns of reduced depletion values ovsr the control 

plots, although these differences were not in all cases statistically 

significant. 

I t may appear frOJ!l this study that the stockman 1 3 c l aim that heavy 

~ra•. l. n;; pro · ot"s i ncreased >~at"r yiel d ha! s o:r.c validity at t hese elevations; 

however, no watershed .nanager would advocate ooo.plete denudation of the 

watersheds, because of past experience with floods , lltudrock. flows, decreased 

water quality, and poor seasonal control of the water. lt would seem, then, 

that moderate or light levels of foliage re~oval will yield the benefits 

of increased livastook use and increand ;~ater y·ield over and above those 

of ungrazed cond it1onli, It must be reJ~embared that thia study dealt with 

foliage re"'oval, independent of tramplinl , Therefore, until the additional 

af f ects or the animals' hooves are fully explored direct implications 

be tween t his study ani t he &bsolute response of soil moiature to livestock 

~razi ng oannot ~ dr&wn. 
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" hUe it ie e'rident that fUI'ther 1"81earch 1a neoese&J"Y in this field, 

i t is hoped that this etud;r has contributed to th& knowledge on which 

good grazin,~ and water -:~anageent can be based. I t is also hoped that 

t his study will stiluulate flll'ther reeearch in the reabt of livestock uea 

and watsr yield. 
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Table 12, Vegetation inYentory - Lower Plota - 1966 

Species 
"' t'1ot nUilber 0.. p i!i r.. 0.. ~ t>"l ~ -< 

5 ~ ~ ~ 0 rn 'll ... 
and t:reat:nent <I) g 

J) 0 p:: 
~ 

Q ll'l ;j 8 Q t-1 ~ -< (!) 0 > 
~ 

I /1 ( iA ) J 1 1 
2 (W) J 2 1 
J ( !ill ) 2 1 1 1 
4 ('-'B ) 2 1 1 1 
5 (CA ) 3 2 1 
6 (CB ) 2 1 
7 ( !lA) 2 2 1 1 
8 (LA) 2 1 1 

Cl 2 1 1 1 1 1 

II/1 ( 1!3) 2 1 1 1 
2 ( ~1B ) 2 2 1 
3 (C.)) 2 1 1 2 
4 (LA) 2 2 1 
5 (CA) 2 2 1 1 
6 ( HA ) 2 1 1 1 
7 (MA) 2 2 1 
8 (LA) 3 1 1 l 

C1 2 1 1 1 1 

lli/1 (HA) 2 1 1 1 
2 (~ A) 3 1 
3 (LA) 2 1 1 1 1 
4 (NB) 2 1 1 
5 (Ul) 2 2 
6 (Ct:l) 2 1 
7 (CA) 2 1 1 
8 ( bl:l ) 2 2 

Cl 2 1 

Key: 
Ag Cr - As:ropy:ron oriltatllltl Coverage Estimation 
~.. . !:1& - edicaso aatiYa Class Ran&• 
Ag I n - Agropyt'OII intermediQOI 0 0~ 
As ~pp - Aatragalua spp, T T:raoe 
~ o Hu - Solidago mul tiradiata 1 1-.5~ 
l:!r In - i rCI!lUI ille:rmill 2 6-25~ 
Ta or - Taraxacun o!tioinale 3 26-~ 
Cu " PP - Cuouta app, 4 51-7.5% 

r Te - t> l'<l!IUS teotorlltl1 5 76-95, 
La .,. - Laotuoa se:r:riola 6 96-lOO,t 
Co Pa - Collinlia parY1!lo:ra 
Viola - Viola spp, 
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Tabla 1), Vegatation inventory - Upper Plots - 1966 

c. "' a.. Species 
u.. t; ::"1 

j.l, ... t::> 0 ~ H u.. 5 ;! "' ~ "' o: Plot n\l'llber ., 
··~ '!l ·..: o-l 0.. ·.~ "' 'Jl Eo< 

and tl'eabent !J1 Eo< H 13 0 ~ u ,, 
"' ~ It! ~ ';; Q '.) .>.. r.f.• > (~ ~ p .,, r,i Eo< 

I /1 (HB) J 1 1 1 1 1 1 
2 (LB ) 1 J 1 1 1 1 1 1 
J ( lfu ) 2 2 1 1 1 1 1 1 
4 (C:" ) 2 1 2 1 2 1 
5 (LA) 2 1 1 1 1 1 l 1 
6 (HJ ) 2 2 1 l l 1 1 1 
7 ( CA ) 2 2 1 1 1 1 1 1 
8 ( iA) 1 3 1 1 1 1 1 

..:1 3 1 1 1 1 1 

IT /1 ( BA) J 1 1 1 1 1 
2 ( !A) 2 2 1 1 1 
3 (L..) 1 2 1 1 1 1 1 1 
4 ( l3) 2 2 1 2 1 1 1 l 
5 (Ib) 2 1 2 1 2 1 1 1 1 
6 ( C . .>) 2 1 1 1 1 1 
7 ( A) J 1 l l 1 
8 (CA) 1 J 2 1 1 1 1 1 

C1 1 J 2 1 1 1 1 1 

Ili/1 (LE ) 2 1 2 2 1 1 
2 (CA) 1 2 1 1 1 2 l 1 1 
3 (c_) J l l l 2 1 l 
4 ( LA) 1 2 2 l l 1 2 
5 (!G) 1 1 2 1 l l 2 
6 ( HJ) 2 2 2 1 1 1 
7 (UA) J l 1 1 1 
8 ( ttA) J l 1 2 l 2 

Cl 2 2 l l 2 1 2 1 1 

Key: 
Ca Spp - C&re.x :..pp, Er Sp - Erigeron spec1osus 
Fe Cy - Penstemon oyananthus Ar Tr - Agropyron Traob,ycaulM 
>t Le - ... tipa lattermani V1o Spp - V1o1& apeo1eu 

V1o ;:;pp - Viola Spp. '!e Bu - elica bulbosa 
Ge .:lpp - GeraniUJI Spp, 
So u - Solidago mult1rodi&ta Coverage :;;sti.,at1on 
At r r - Art8!1is1a llldov1c1ana Clua Range 
A.o La - Achillea 1anulosa 0 0;1. 
·. e Pi - ,'escura1nia pillll&ta T Trace 
<.r " P - J:: r1geron specioaua l l-5~ 
Ta Of - Taraxacu., officinal• 2 6-2.5/. 
j 11 Ra - ~~ilacina racamosa 3 26-,50'$ 
Tr ;:,p - Tr1setum spicatum 4 .51-7% 
tlr I n - !rc:nua 1nem1a 5 ?6-95:b 

6 96-100~ 
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Table 14. Vegetation inventor,r - LoHer Plots - 1967 

Spec i es 

Flot nu:nber 
«: <( ~ It ::> ~ ~ It g) [%1 zc ;s u U) U) ;;;: U) U) 

and treat-:nent <.!> [%1 <.!> <>.: < D 
0 

~ 0 «: j 0 H 
< ;;;: < U) p:l E-< 0 p:l u > 

I/1 (W .. ) 2 2 1 l T T 
2 (LB) 2 3 1 T 
3 ( lffi ) l 1 2 
4 (HB ) 2 1 1 1 
5 (CA) 2 2 T T 
6 (CB) l 2+ 1 
7 ( HA) 2 2 l 1 T 
8 (LA) 2 2 l T T T T T 

II/ 1 ( lffi ) l l l 1 T 
2 (HB) 2 3 1 
3 (CB) 2- 2 l 1 
4 (LA) 1 2 1 l 
5 (CA) 2 2 T l 
6 (HA) 2 1 l l 
7 (HA) 2 2 2 T 
8 (1:>) 2 l l l 

III/1 ( HA) 2 l 1 T T T 
2 (HA) 3 l 1 T 
3 (LA) 2 l 1 l T 
4 (HB ) l l 1 
5 (LB) l 2 
6 (CB) 2 2 1 
7 (CA) 2 l 1 T 
8 ( HB) 2 1 1 l 

Key: 
Ag Cr - Agropyron cristatum Cove rage Estimation 
He Sa - Hedicago sativa Class Range 
Ag In - Agropyron inte:rmedium 0 CJf, 
So Hu - Solidago multiradi a ta T Trace 
As Spp - Astragalus spp. 1 1-5% 
Br In - ~ramus inermis 2 6-25% 
Ta Of - Taraxacun officinale 3 26-50% 
Cu Spp - Cuscuta spp. 4- 51-75% 
Br Te - Bromus tectorum 5 76-95% 
LaSe - Lactuca serriola 6 96-100% 
Co Pa - Collinsia parviflora 
Viola - Viola spp. 



Table 15. Vegetation inventory - Upper Plots - 1967 

Plot u.. 3 pecies 0., 

nU!'Iber 0., "' n. u. 
0.. >-t ;:] ·n ;>.. :::> t:> :\ H 0.. ~ ;2 0.. ~ .l. 0:: "' b 

and "' u :or: ...:I 0., ·n r)) Ul f-< m 
treatment < r" ""' 

g .,, 0 p: u •) a:: -~ 0:: a:: a:: ~ 
~ il u 0.. t 1 > '~ "' < < A ,,, E-< "' !-< ,_,~ •1 > 

I /1 ( '' ' ) J 1 l 1 T T T 
2 (L_< ) 2+ T 1 2 1 1 
3 (ao:. ) 1 J- 1 2 1 l 
4 ( C3 ) 2 1 2 1 
5 (LA) 2 1 1 1 1 1 l 1 
6 ( l!A ) l 1 T 1 1 1 1 
7 (CA) 2+ 1 1 1 1 1 
8 ( lA) 1 2+ 1 l ·r 1 1 1 
1 

II/1 (!!A) 2 1 1 t 1 1 1 
2 (lA) 1 2 1 1 1 
) (L.J ) 1+ 1 2 1 1 1 
4 (:~ll ) 2+ 1 1 2+ 1 1 r 1+ 
5 ( !f8) 1 T 1 1 1 1 
6 (C3) 2 1 1 
7 ( 1A) 2 'f 1 1 1 1 
8 ( ~ \) 2+ 1+ 1 T 1 1 

C1 

III / 1 (LB) 2 2+ 2 T 1 1 
2 (CA.) 2+ 1 1 1 T 
3 (C2 ) 2 2- 1 1 
4 (LA) 1 1 1 1 1 1 
.5 ( '13) 1 T T 2 1 2 
6 (HB ) 2 T 2 1 1 1 
7 (HA ) 2 1 1 1 1 
6 ("A) 2 1 1 2 1 1 

Cl 

Keyt 
Ca Spp - Carex Spp, - r ::>p - Erigeron speeiosus 
Pe Cy - Penstemon eyananthua Ar Tr - Agropyron traoh;ycaulum 
i t Le - Stipe letterman! Vie $pp - Viola species 

Vio ~pp - Viola Spp, ;.• e Bu - ':ellea bulbosa 
Ge .;pp - Geraniu'll ' pp, 
Jo ,~ u - 3ol1dago MUlt1rod1ata Coverage Esticatlon 
At 1'r - Artemisia ludovieiana Class Range 
Ac .La - Aoh111oa 1anuloaa 0 O% 
!)e Pi - Desaurainia plnnata T Trace 
.~r ~ P - Sr igeron speeiosus 1 1-.5! 
Ta Of - Taraxaou., offiainale 2 6-2.5% 
:,., Ra - S"'ilaaina raaec .. oaa 3 26-SO:t 
Tr J p - Tr1setum spicatum 4 .51-7.5;1: 
· r In - Bromus 1ne~1a .5 76-95 i 

6 96-100~ 



Table 16, Grass Phenology Key 

Domancy 0 

~rowtb Initiation 10 

2 leaf &tage 30 

4 lea!' stage 40 

5 lea!' stage 50 

Boot 60 

Head 70 

!lard seed 80 

Seed scatter 90 

I omancy 100 

.. hen possible :nake notes on time and podtion on rachis ot1 

a, antheais 

b, milk 

c, soft dough 

d, hard dough 

e, dimensions of leaf and culm growth 

53 
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Table 17. Phenology by Date - Lot·19r Site - 1967 

7 J une 67 

21 J une 67 

5 July 67 

18 J tlly 67 

4 Aug. 67 

17 Aug. 67 

31 Aug. 67 

14 Sept 67 

1 Oct. 67 

15 Oct. 67 

28 Oct. 67 

He Sa : 
Ag Cr: 
Br I n : 
Ag IN: 

He Sa: 
Ag Cr: 
Br In: 
Ag In : 

He Sa : 

Ag Cr: 
Br In: 
Ag I n: 

}le Sa : 
Ag Cr: 
Br In: 
Ag I n : 

Ne Sa : 
Ag Cr: 
Br In: 
Ag In: 

He Sa: 
Ag Cr: 
Br In: 
Ag In: 

}!e Sa: 
Ag Cr: 
Br In: 
Ag In: 

Me Sa: 
Ag Cr: 
Br In: 
Ag In: 

He Sa: 
Ag Cr: 
Br In: 
A.g In: 

1011 high , no bloom , insect da'l!age 
4-5 l eaf stage , 1011 high , Code 1+5 
4-5 l eaf stage , 1011 h i gh , Code 45 
lf-6 l eaf stage , 10" h i gh , Code 45 

15-18" high , l eaf 1" x 3/811
, no bl oo;n , i ns9c t da'lage 

12-15" high , l eaf width 1/4" , Code 65 
13-1611 high , l eaf ,;idth 3/8 11 , Code 60+ 
12-15" high , l eaf ~7idth 1/4 11 , Code 65-

20-25" tall, grouing v igorousl y , budding (no b l oo.n), 
no apparent neH insect damage 

19-22 11 tall , groHing vigorously, headed , Code 70 
26-30" t all , grot·ring v igorously, headed , Code 70 
26-JO" t all , gro;,ing vigorousl y , headed , Code 70 

251-11 t all, good vigor , nearl y full bloom 
25 11 tal l , good vigor , full anthesis , Code 70 
30" t all, good vigor, f ull anthesis , Code 70 
J O" tall, good vigor , full anthesis , Code 70 

JO" t all , begin :;eed set 
2611 tall, sof t dough , Code 72 begi1mi ng t o 
36" tall, hard dough , Code 77 shmnng scrne 
36" t all, s oft dough , Code 72 of s tress 

JO" t all, green seed 
J5" tall, hard seed , Code 80 

dry-
s igns 

J9" t all, hard seed , Code 80 sloH·ly turning 
J9" tall, hard dough, Code 77 

30" tall mature s eed 
35" tall, s eed shatter, Code 90 
40 11 tall, seed shatter, Code 90 
40" tall, seed shatter, Code 90 

30" tall, shattering , few leaves 
J5" tall, shatter, Code 90 

and drying 

quite dry 

40 11 tall, shatter, Code 90 quite dry 
40 11 tall, shatter, Code 90 

shatter 
Code 90 
Code 90 
Code 90 

beginning to re- green fran base 
up to about 15" 

All Code 90 

All Code 90. 

Green to 10" frO!Il base 

Dey 



Table 18, f henology by ,. ate - Upper .,ite - 1967 

5 Jul.y 

18 JulT 

4 AUg, 

17 Alli, 

31 Aug. 

14 Sept, 

J t Le: 4-.S inches tell, 3 le&f stage, code 35 

::. t La: 8" tell, 3 lea! stage, code 35 
·.elic 1 10" tall, 3 leaf stage, code 35 

;, t Le: 18" tell, beginning anthesu, code 65 
.' ellc: 18-2011 tell, anthedv, code 65 
Ag Tr : 16-1811 tell, anthssu, code 65 
Ac L&: 18" tell, nearzy full n-r 

- t Le: 34" tall, sort dough, code 70 
'l.elic: 26" tall, sort dough, code 70 
Ag Tr: 25" tall, sort dough, code 70 
Ac La: 16..18" tell, tull fi111111r 

::. t Le: 16" tall, hard dough, code 75 
-' el1o: 18" tall, seed scatter, code 90 
Ag l'r: 26" tall, bard dough, code 15, full flower 
Ac La: full tlowar 

::: t Le: 
lelia: 

Ag Tr: 
Ac La: 

24" tall , hard eoed, code 80+-
22" tall, shatter, coda 90 

hard seed, code SOt
mature seed 

55 

30 >ept. ti t J.e : Code 90 
11el1c: Code 90 
Ag Tr: Code 90 

very little green, but alight 
&:nOUJlta at very ba .. 

15 Oct, 

29 Cot, 

Ac L&: ll!&ture &l2d •bettering 

All Code 90 

All Code 90 
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Tabl e 19. Average a:11ounts of f'oliace remcwed/t.reatment. - Lower ait.e -
1966 

Clipping 
dates 

12 Jul,y 
r / A 

10 Aug. 
t / A 

24 Auc. 
J/A. 

7 Sept. 
/A 

20 5ept.. 
1/ A 

1 Oot. 
/ A. 

5 ;-;ov • 
.f-/A 

LA LB 

174.8 107.0 

16.8 

0.9 

L • Light intenait,y, 1211 

1·1 • ·~ edim int.enaiey, 8" 
h • ffeavy intensity, 4" 

.!l. • Clipped month.l,y 
~ • Clipped aea•onall,y 
C1,. CCI:IIplete removal 

BA ilB Cl 

667.5 UJ6 8,56.6 1876 

J6.2 86.1 

:n.J 

10.7 22.5 26.J 

J.5.7 

46.1 

66.4 



57 

l'" t le 21) , ve r a<- !r"lount 5 of tol ia '"'3 rel'ovod / treat.cent - ··ppor s1ta -
1966 

~lipping 
dates LA L!3 

l2 July 
t j A 55.1 97.5 

10 Aug. 
•f \ 102.4 

21• Aug , 
d ,\ 

7 ~ept, ,;;_ 4,1 

20 ~ept, 
.; .. 

1 Cct. 
t/r. 

5 ; OV, 

/t< 

L .. L ight intenaity, 9" 
• • "-•di.llll intensity, 6• 
H • F.e&V)' intenait,y , 3" 

A • Clipped Mont~ 
:.> • Clipped •easonally 

Cl = C011plet.e removal 

Treatment 
··A '-.B HA H- 81 

27.5. 5 316.7 506.7 502,8 1003.7 

.51.3 41.6 190.9 

24,3 

1,7 2, 6 44 • .5 

18,6 
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!I h 21. Average a~ounts of f oliage ~oved/trcat~ent - Lover site -
1967 

,lipping r reatment 
dates LA I z ' \A ·' !<..A H C1 

15 Ap:r. 
/A 123.7 

13 " 83 
., f,, 309, 4 

27 a;y 
tf,, 323. 

? June 
r / A 26, 6 253.3 409.6 125.8 

21 Juno 
tf /1. 348.6 607.6 l162,1 112.7 

5July 
1/ A 530,1 14?4.6 896, 8 207. -> 

16 July 
tf,. 83,2 

3 ~. 
)/A 95.2 149.0 49.3 41. 6 

17 Aug, 
1/A 12,1 

30 Aug, 
!/ .52, 8 21,6 13.3 O,J 

14 :.ept, 
>1 /A 

)0 Sept. 1,1 
r /A 

14 Cot. 
f /A 25.3 

28 Oot. 
#/A .5.8 
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Table 22 , Ave ge amounts of foliage raJ~oved/treat'llent - Upper site -
1967 

Clipping Treatment 
dates LA LB 'A " HA Hb Cl 

7 July 
f_, 531.6 

18 July 
j J, 71.9 27G.9 419,1 264,7 

I} Aug. 
/A 403.4 518.7 648,6 291.9 

18 ,cug. 
•/A 296.7 299.9 2G7.9 1:34.7 

JO , ug, 
,fA 73.9 

13 .:> Cpt, 
d!A 8.3 32,8 16.0 32.7 

JO .-ept, 
. f, 

14 Oct • 
./A 

28 Oct. 
t /A 
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Table 2), Soil moisture constants 

Volume ~ moieture 
Depth Replications 

1 II Ill 

Upper study location 
1/J atmosphere 6•· 47.6b 47.5 47.9 

1' )9.5 )5 • .5 )8.7 
2 ' JJ,.5 J7.8 46,) 
J' 28,6 )2,8 4:3.7 
4' 21.9 20,1 21,4 
.5' 16.1 1?.9 20,4 

Upper :;tudy location 
1.5 &ti'I!Ospheres 6" 2.5,8 2.5.5 2.5,6 

1' 20,9 21.8 21,0 
2' 19.5 19.7 24,4 
:3' 14.J 16.0 21,9 
4' 9.1 9.) ?.1 
.5' 6,4 7.2 .5.8 

Lower atudy location 
1/J atmosphere 6" 40,8 JJ.? )8,0 

1' )9. 2 )4,6 )8.0 
2' 44,4 39.8 :37.1 
J' 4.5 • .5 46,6 4:3,0 
4• ll-13, .5 42.9 41.4 
.5' 47.3 44.? 

~ower study location 
15 at"l!O!Ipheres 6" 19.1 18,2 18,6 

1' 18,0 18,8 18,4 
2' 19.8 20.8 17.9 
J' 19.7 20,8 21.) 
4• 2J,J 18,? 24.9 
5' 22.) 22,0 

"cetemined by means of' pressure roembrane apparatus and gM& probe bulk 
density ~easurements 

bAverage of 9 plots 



Table 2lf. Root observations - L01mr site - 1 October 1967 . 

{S. side of fence ) 
AO - Litter 
Al - Grey bro•,mish 
B - Br 01m (clay r.~ove;:aent) 

Control Site 
+t-O" 

0-4" 
4-25" 

25" C - Grey br01m clay - very hard {Caleche layer?) 

Grass: 
0-4" 
4-18 11 

1 8-25" 

.Alfalfa: 

85% of roots 
l o;b of roots 
5% of roots 

Tap root 3/811 Diruneter at five fee t 

12 11 Clipping 
depth 
0-2 11 

3-12 11 

12+" 
30" 

811 Clipping 
depth 
0-3" 
3-10" 
10+" 

2411 

4 11 Clipping 
depth 
0-3" 
3-6" 

(Light) 
Root cone . 

90% 
'f~ 
3% 

deepest root 

(Hedium) 
Root cone. 

90!> 
5% 
5% 

deepest root 

(Heavy) 
Root cone. 

90% 
'Jf, 

6+-" 5'f, 
18 11 deepest root 

Grass 3/811 Ali. r oot at 48 11 

Grass 1/4 11 .Alf. root at 4811 

3/1611 .Alf. root at 4811 

61 
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Table 25. Root observations - Upper site - 30 September 1967. 

(E. side of fenc e ) Control Site 
0-18 11 

26-31" 
31-60" 

Zone of root concentration 
Rock l ayer 
Sand 

+i-0" AO (Litter) 
0-12 " Al Brmmish - even texture 

12-20 11 A2 Bro1·mish - Some pea gravel 
20-30" c 

30" Sandy 

Est:ir.!ated r oot cone . 

0-3" 89~ 
3-ll" 7"~ 

ll-20" 3% 
20 11 1% 

Deepest root at 55" . Diamete r of hair . 
Apparently l ess t han 1 f t . Later a l extent, 

9" Clipping ( Heavy) 
Few r oots deepzr than 6 11 

6" Clipping (Hedium) 
F ew r oot s deepe r t han 4 11 

3" Clipping (Light) 
Fe" roots deeper than 4 11 

Reasonabl e ha1•clness , 
No restricting l ayers 
to r oot s . 
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Tn~le 2/) , Are 1 variability of soil ~oi•ture content (prs-tre&~. ent ) -

Lower site, 

'leE11oat1on 
I II III 

eE!,h -a s b 0 x s i s JC o.v o.v CsV 

11 !lovs.'flber 126~ 

1' 24.1 5. 89 24.44 22.7 3.34 14.71 21.2 3.72 17 • .5.5 
2 ' 26. 4 2.87 10. 87 26.5 3.35 12.64 22.2 3.22 14 • .50 
4' 27.5 2.71 9. 85 2).1 5.30 22.94 21.9 3.59 16.39 

10 June 1266 

1' 21. 8 3.84 17.60 21. 8 2.33 10.70 20.9 2.46 11.77 
1.5' 25. 8 3.45 13.71 27.3 1. 66 6.75 23.5 3.90 16.59 
2' 27.7 ) ,24 11.69 29.4 2. 27 7.72 24,8 3.96 15.95 
4' 33. 6 5.98 17. 80 32.8 7.35 22.40 )0.6 7.45 24.35 
5' )4. 2 J,A4 8.91 34.9 8.45 24,20 :n.o 8.42 25. 81 

12 Julz 1266 

1' 23.4 2.74 11.71 25.4 3.17 12.45 20.5 ).01 14.65 
2 ' 26. 3 2.01 7.65 28. 0 3.61 1.5.27 23.6 3.46 11~.67 
3' 27.5 2.29 8.34 26.5 5.08 19.15 23.5 4.02 17.80 
4 ' 29 .4 5.00 17.00 28. 2 7.36 26,10 21.9 4.91 22 .40 
5' 30.6 5.65 18. 45 30.6 7.30 23.84 25.6 7.36 28.78 

a3oil ~oisture ( { by volume): represents the average value for 8 plots 

b>t&nd&rd deviation 

°Coeff1o1ent of variation 



t4 

Ts.~1e £7. Ar eal varh')llity of soU ntoiature content (pre-treatment) -

Upper site. 

lleelioation 
I II Ill 

Deetn .... b 0 i s x X s c,v e.v o,v 

11 ~ove~ber 126~ 

11 4).9 3. 91~ 8.97 4).7 2.9.5 6.?.5 44.2 3.37 ?.62 
1.51 4.5.4 4.02 8. 8.5 44 • .5 3.49 7. 84 47.1 3.11 6.60 
21 46.6 3.82 8.20 45. 6 3.62 7.94 48.4 2.31 4.7? 
lp 29.4 3.98 13. 54 )4.6 6. 65 19.22 34.? 8.11 23.37 

10 June 1266 

11 40.6 ?.08 17.43 42.3 2.37 5. 60 41.1 3.70 9.00 
1.51 43.3 7.52 17.34 44.3 3.13 7.04 44. 6 3. 86 8. 66 
21 46. 9 2. 6.5 5.65 4).2 3.4.5 8,20 4?.5 2.12 4.1•? 
41 32. 4 6.36 19. 62 36.1 7.78 20,04 3IJ., 2 11,55 13.1'..0 
51 )2.4 4.1.5 12.61 38.0 5. 23 14.51 37.4 6 • .54 1?.41 

12 Ju1:r: 1266 

1' 30.5 7.00 22.95 29.2 4.38 14.9.5 28.8 3.98 1) .50 
21 36. 4 4. 23 11. 61 35. 6 4.76 13.35 39.1 5.39 13.79 
) I 35. 2 4.76 13.41 3.5.9 4.77 13.29 36. 9 8.0? 21. 63 
41 29. 2 2.67 9.1.5 32.3 3.6? ll.35 31.1 3.34 10.75 
s I 29.4 4.3.5 14.70 36.0 .5,06 14,0.5 35.6 6.40 17.98 

a . oil "Ei oisture ( t by vo1u."le): represents the average value for 8 plots 

1'., tandu-d deviation 

°Coeff 1o1ent of variation 



rable 28, .o o1l moisture repme 0-60" - Lover location - 1966 

oll.Sure-ent ·r rea t-tent 
date CA Co LA L.> .. "-':; Iii< Hi> ~ 1 

1J J uly 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 25.5 23,4 24,2 27.3 25, 8 25.5 

10 \ug. 23. 9 21,5 26,4 27.1 23.9 26.7 29.3 26,1 25. e 

211 \ U'! . 21.7 20.? 23,2 25.0 22,0 23,4 26,0 24,4 2.5.5 

7 .Sept, 20,6 19.5 22,2 24,1 21,4 22,7 24,8 23,4 24,4 

20 Jept, 21. 3 20,2 22,9 24. 9 21, 8 23. 2 2.5.9 24,6 z4.e 

1 Oet . 20,7 19.7 22.5 24.7 21,0 22.7 24, 8 23,6 24.? 

5 NOT, 22,0 21,9 23,6 25,6 23.7 24.1 26.5 24,7 27. 8 

Code: 
l .. t2 Jlipped m.onthly 

,; . ·;Upped seasonally 

C .. Control 

_ • Light intensi~ foliage removal 

' "' edi~ intensity folia~• removal 

:'1 • :reavy intensit,y foliage rentoval 
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1abla <.9, ~oil noistura regime 0-60• - L01<ar location - 1967 

easurenent i·rea tM.ent 
date CA C? u. L'.: A i.; HA Hb Cl 

15 Apr, :38.8 )7.4 39.7 40,) :38.7 40,5 42,4 4<>,9 39.5 

29 I.pr. 37.3 36.8 38,4 39.1 :n.3 )8.5 4<>.9 38,1 3e. 4 

13 '• •Y 38.8 38.7 39.6 40,4 39.1 39.7 41,8 39.3 39.5 

27~~ 36.5 36.0 36.8 37.9 36.5 )6,4 37.2 36. 6 38.6 

?June 37.9 36.4 37.5 37.7 36. 6 )6.9 39.3 )6,4 39. 6 

20 June 35.8 36,0 37.1 36.8 36.1 36.6 39.6 35.8 39. 6 

5 J uly 31,8 )0, 2 32,1 33.2 29,8 32.1 32,8 35.6 38.5 

19 July 26,1 24,1 29,1 28.8 26,8 28,9 32. 2 30,3 :34.!.> 

J Aup,, 23,2 21,0 25.1 25,2 23.7 25.4 29,4 26, 9 3J.1 

16 AUPJ;, 21,6 19.5 23.8 21},2 22,6 24,0 27.0 25.3 31.5 

31 .-ug. 20,0 19.3 23.1 23.7 21.5 22 ,7 25,8 24,3 29,tl 

13 :' ept, 19.3 18.7 22,3 2),1 21,4 22,2 25.2 23.7 29.4 

1 Oot, 20,7 20,1 2),0 24,0 22,1 2),2 26,0 24,4 29,8 

14 vot. 20,3 19.2 22,6 24,0 21,6 22,6 26,1 23.9 29.4 

28 Cot, 19,8 19,1 22,4 2),4 21,5 21,8 25,4 23.7 28,9 

Code• 
A • Clipped ~onthly 

l3 • Clipped seuonall.y 

C • Control 

L • Light illteru>ity foliage l'S!!.ov&l 

M • lledim intensity foliage l'B!!IOV&l 

li • heavy intensity foliage 1'8!!1ova1 
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Table .30, .> oil moisture regi.'1e 0- 6o" - Upper location - 1966 

easuranent Treatment 
date CA CB tA LB M.A. M.8 liA H~ C1 

1.3 July 29.2 :n.6 )4,6 .32.4 .30,1 :n.5 29.8 .32.9 .30.9 

27 July 26, 6 21.4 32.6 .30.4 28,4 29.5 28,1 32.1 29. 8 

10 Aug, 26 • .5 31.4 31.3 29.6 28,2 29.9 28.6 32.0 29.7 

24 Aug, 24,8 29.2 29.2 26,2 28,0 26 • .5 27. 4 )0,0 29,0 

7 ..iept. 24,1 27.9 28.4 2.5,8 24,6 26.7 26.0 28,4 29,0 

20 Cot, 2.5. 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 2?.7 26,2 28.7 28,4 

5 .ov. 29. 3 32.7 :33. 1 31.7 32,2 31.6 31 • .5 33.2 3.3.9 

Code: 
A a Clipped monthly 

:, :a Clipped seaaonally 

G - Contl'Ol 

L • Light intensity foliage 1'8<1loval 

·1 ,. ·· edium intensity foliage l'fl!lloval 

!! • Heavy intensity foliage M.liO'f'al 



Tii.ble Jl. .;;ou I!IOisture regi01e 0-60•· - t-pper location - 1967 

'""8ure'llent Treat-oent 
date CA Co LA LB VA 'E HA Hil Cl 

6 July J6. 9 40, 8 41. 1+ 40, 4 :n.1 40.9 :37.2 40.1 :)8,0 

19 Ju],y J.5 • .5 40,3 41.4 38 • .5 J.5.4 39.9 3.5.1+ 38 • .5 37. 3 

3 AUij . 31 • .5 37.1 36 • .5 34.7 :31.9 36,1 JJ, O 35.7 36.1 

1/) Au~. 28. 8 34. 4 34.3 31. 9 30.4 JJ.3 32. 0 33.? 3.5. 6 

30 Aug, 2.5. 8 31. 3 31.1 28,4 27. 3 30.1 2?.4 30.9 33. 2 

14 Jept. 24.6 29, 0 29.2 27.1 26. 3 28.4 26 • .5 29.? 32,1 

30 3ept. 26. 0 30. 4 30. 8 28.7 28.1 29.4 28,2 31.3 32,8 

14 Oet, 26.1 30.1 30.5 28. 8 2?.8 29.? 28.3 31.3 30. 9 

28 Oct, 26, 0 29.3 30 • .5 28, 6 27.9 29 • .5 28. 3 30 • .5 )2, 4 

Code : 
A • Clipped monthly 

J '" Cl1ppod aeasona.lly 

C • Control 

L • Light intensity f oliage removal 

:< • ' ' editm intensity foliage renoval 

H • l!eayY intensity roli&p remonl 
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