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ABSTRACT OF THESIS

EVAPOTRANSPIRATION OF PHREATOPHYTES
IN THE SAN LUIS VALLEY, COLORADO

The San Luis Valley of south-central Colorado contains a
hydrologically closed basin within which a water salvage project has
been planned and is partly in operation. This preject's goal is to
pump water from the unconfined (water table? aquifer which would
otherwise be lost through evapotranspiration (ET) from the natiwve
rangsland. In order to determine the proper design pumping rate (which
will affect subsequent water table drawdown), an accurste estimate of
the water use of these plants must be obtained. The basic purposes of
this research were: to further develop and apply gas analysis
technology for making ET measurements from phreatophytes: to compare
these measurements with measurements of ET taken from U.S. Bureau of
Reclamation (USBR) lysimeters operating in the same area; and to
observe the trends in ET for several different water table depths and
drawdown conditions.

Measurement of ET in this srea was carried out using the chamber
method during several periods of 1985 and 1986, Measurements were made
of greasewcod (Sarceobatus vermiculatus Hook. Torr.), rabbitbrush (Chry-
sothamnus pauseosus Pall. Brict.), and salt grass (Distichlis stricts
L. Greene) since these plants constitutre the major indigenous

vegetation of the clozed bazin plant community. At a site of




continuous pumping, the greasewood plots appeared to suffer a reduction
in ET whereas the rabbitbrush plots exhibited no detectable reduction
in ET from the same water table drawdown. There appear to be ne
substantial differences in the ET of greasewood and rabbitbrush plots
between two sites where the ground-water levels have historically been
1.25 meters (m) and 4.3 m.

Bare soil evaporation decreased with increasing depth to water
table. Bare soil contributes significantly to the total ET of
greasewood and rabbitbrush plots im areas of shallow water table (1.25
m). A dtrm:t comparison shows that the USBR lysimeters accounted for
only 40 percent of the mean total szlt grass ET measured by the chamher
over a period of 77 days. Additional diserepancies in ET measured by
the USER lysimeters and the chamber at the seme site indicate possible
erronecus estimates of ET by the former for undisturbed vegetation in

the surrounding plant community.

Frederick L. Charles
Agpricultural and Chemical

Engineering Department
Colorado State Universicy
Fort Collins, CO 80523
Summer 1987
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CHAFTER I

INTRODUCTION

1.1 THE SaN LUIS VALIEY

The San Luis Valley (the Valley) of south-central Colorado
encompasses an area of 7,800 square kilometers, is 160 kilometers (km)
long and up to 65 lm wide. The valley floor is mostly flat with an
average elevation of 2,350 m. Several rugged mountain ranges surround
the Valley - the San Juan Mountains to the west and the Sangre de
Cristo Mountains to the east. A map, courtesy of the USBR (1987b), is
shown in Figure 1.1.

Typicel Valley weather consists of cold winters, moderate summers,
light precipitation, and abundant sunshine. Annual preecipiration in
the Valley typically ranges from 18 to 25 centimeters (cm), most of it
occurring from July to September. The surrounding mountains receive an
average anmual precipitation of 75 cm. The mean amnmual Cemperature is
6.4 degrees Celsius. Due to the high altitude the growing season is
short (20 to 120 days), so agricultural crops are restricted to
alfzlfa, barley, potatoes, and other short-season crops.

1.1.1 Hydrology

The Valley subsurface £ill hes resulted from erosionzal debris and

consists of gravel, sand, silt, clay, lava flows, and other volcanic
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debris to a depth of 9,000 = below the ground surface. Sediments are
coarser at the wvalley boundary and finer toward the center.

The Valley contains an unconfined aquifer up to 60 m deep; its
source of ground water is from surface runoff, irrigation, percolation
from streams, canals, and ditches, seepage from a confined (artesian)
aquifer, and precipitation (Figure 1.2). The confined agquifer is
recharged aleng the valley boundary and is separated from the
unconfined aquifer by a relatively impermeable layer of clayey strata
and lenses which vary from 1 te 15 m thick. Elevation head of this
aquifer iz up to 6 m zbove the ground surface and varies throughout the
Valley. There is some upward leakage from the confined to the
unconfined aquifer, but it is assumed to be negligible.

A closed basin encompassing 760,000 hectares (ha) is situated in
the northeast portion of this valley (bounded on the south by the Rio
Grande and U.S5. Highway 160 to the east of Alamesa). The surface water
in this area is hydrologically separated from the Rio Grande by a low
geologic divide consisting of alluvizl deposits (USBR, 1979bh). A
ground-water divide along this geologic diwvide is caused by recharge
from canal leakage and applied irrigation water; ground water does not
flow over this divide (Emery et al., 1971). There are no surface flows
departing nor significant losses due to water migration in the
unconfined (water table) aquifer. A sump area is located in the lowest
part of the closed basin; ground water in the unconfined agquifer moves
toward this sump area where it is leost through ET (USBER, 1963). The
water taeble depth in this area is from 0.15 to 6.1 m,

The major sources for the surface flows in the closed basin are

natural streams (the Saguache and San Luis Creeks) and springs,
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artesian wells, irrigation return flows, precipitation, and upward
seepage from the confined aguifer. Sources of ground-water recharge in
the sump area are direct precipitation, seepage of snowmelt runoff from
surrounding mountains, ground water migration from the wvalley edges,
seepage from irrigation supply and return flow ditches, and seepage of
applied irrigation water (USER, 19798) .

The sump ares has only had the mechanism of evapotranspiration (ET)
to rid itself of this water; pan evaporation data indicate up to 1.37 =
water loss per year from a free water surface (USBR, 1979b). The
conditions here are favorzble for growth of native phreatephytic
vegetation such as greasewood (Sarcobatus vermiculatues Hoolk. Torr.),
rabbitbrush (Chrysochamnus nsuseosus Pall. Britt.), and sglc grass (Dis-
tichlis stricta L. Greena). Native vegetation water use accounts for
nearly half of the total ET in the Valley (Emary et al., 1971). Water
management and quality problems have caused the sump area to
deteriorate in usefulness and economic value. This area is essentially
rangeland which has been classified as poor to very poor (USBR, 1984a).

1.1.2 Historjcal water development

The Valley water supply provides water for irrigation as well as
for export in the Rio Grande (river) to New Mexico, Texas, and the
Republic of Mexico. Extensive irrigation development in the Valley
commenced in the 1830's and many of the irrigation conveyance channels
That still exist were developed during that time, When downstream
water shortages occurred severzl years later, immediate blame went to

the irrigators. Irrigation slso resulted in increases in waterlogging

and salt buildup on the soil surface due to drainage into the sump




area; productive agriculture eventually shifted away from this area.
Although 2 portion of the closed basin had historically been
unproductive, tens of thousands of hectares of previcusly prime wheat
land became a barren waste and only native vegetation types which were
tolerant to the harsh growth conditions could establish and survive in
this ares,
Additional specific problems in the Valley water system include
(Emery er al., 1971):
1) large amounts of "unproductiver ET,
2) deterioration of ground-water quality, and
3) Colorado’'s failure to deliver water to New Mexico and Texas
according to the Rio Grande Compacrt.
1.2 THE CLOSED BASIN PROJECT
Because of the high water table, the sump area was considered as a
major source of water supply for the Rio Grande. This area was first
considered as a source to meer flow regquirements for downstream users
at the time of the Rio Grande Convention of 1906 between the United
States and Mexico. 1In 1938 the Rio Grande Compact betwsen Colerade =znd
New Mexico and Texas was ratified, specifying delivery requirements
from Colorado. However, from 1950 to 1967 Colorads was unable to
deliver required flows for =2ll but two years (1958 and 1966) yielding
en accrued debt at the end of 1967 of 1,165,000 cubic dekameters
{dam3; 1 dam® = 0.1 hectare-mets ).
In 1966, New Mexico and Texas filed suit against Colorade in order
to enforce the Compact. The case was continued indefinitely under the
condition that Colorade would in some way fulfill the requirements for

each subsequent year. Since that time, Coloradc has met or exceeded




delivery requirements - usually at the expense of the Valley
agricultural economy. Approximately 1,110,000 dam® of water dabt
remained in 1984, and the Compact required repayment (USBR, 198&a: and
Radosevich and Rutz, 1979). Consequently, all of the debt which was
held against Colorado was erased in 1985 when the Elephant Butte
Reservolr in New Mexico spilled; likewise, this same reservoir spilled
in 1985,

After research on the potentizl for water salvage frem this area,
design and construction of shallow wells in econnection with a
lined-ditch water conveyance system was authorized in 1972 by Public
Law 92-514. The general project design includes a network of 170
shallow wells over an area of 53,000 ha; all within the sump area. The
plans call for anmual displacement (pumping) of 128, 000 dam® of warer
out of the sump area and inte the Rio Grande (USBE, 1984L). The
project’s authorizing legislation specifies that project purping may
not cause a decline in excess of 0.6 m in any well outside of the
project boundary that existed prior to the project’s construction.

As stated in the Final Envirommental Statement (USBR, 1979b):

oA a project objective is to salvage those waters that are

otherwise being consumed by evaporative processes.”
Surface water is not proposed for salvage - only the ground water of
the unconfined aquifer. No significant decrease in the amount of
free-standing water is anticipated because of the highly permesble
soils in such areas. A major concern of ranchers in the closed basin
pertains to the effect of pumping on ground-water conditioms,
especially effects on the artesian aquifer as a water source. However,

preliminary design studies have shown that the project will not affect




artesisn flows (USBE, 1979b). Ho well permits have recently been given
within the project area in order to msximize ground-water control by
the project operators. Concerns of adverse effects on wetlands,
vegetation, and wildlife are also being addressed in the design of the
project.

Previous research on salvageable water in areas supporting
phreatophytes shows that the soil evaporation contribution te ET will
become negligible when the depth te water is 2.5 n (USBR, 1963) amnd
will decrease to zero when the depth to water is &4 m (Emery et al._,
1371); the remainder of needed moisture for the plant’s water supply
would come from precipitation, moisture stored in the soil, and any
Toot growth reaching a deep water tabla. General trends indicate that
when the depth to water is less than 3 m, growth of the phreatophytic
species in this study is dense and vigorous and, as the depth to water
Increases to 10 m, the growth becomes less dense but may contimue to be
vigorous (Bebinson, 1967).

The project goal, as outlined by the USBR, is to lower the warer
table by 1.2 to 2.4 m over the project ares (USBR, 1984b). This will
decrease the soil evaporation contribution toward ET to a negligible
amount. Phreatophytic ET data are important to a better understanding
of the basin’s water budget and project design; these will aid plammers
in the proper asszessment of this hydrological parameter which is
subsequently used to assist in rhe determination of _‘he pPreject’s
design pumping rates.

1.3 PROBLEM AND RESFARCH OBJECTIVES

Four lysimeters are operated by the USER at a site in the closed

basin area, in conjunctlon with the water salvage project, to obtain ET




data from native phreatophytes. The critical importance of accurate ET
estimates to the successful operation of the project suggests that
other methods be investigated. The gas analysis (portable chamber)
method was selected in this study because of its potential for
instantaneous ET measurement and its portability, making possible
measurements at several different sites.

Objectives of this research were

1) to develop and apply gas analysis technology through the
use of the porcsble chamber to measure diurnal ET of plots
containing the predominant species of narive phreatophytic
vegetation in the closed basin area of the San Luis Valley,

2) to compare ET data in the USBR lysimeters to that obtained
using the portable chamber outside of the lysimeters,

3) to observe daily ET of plots containing native vegetation
under naturally occurring shallow and deep ground-water
levels, and

4) to observe the ET response of plots containing native

vepetation to a falling water table (where pumping occurs).




CHAPTER II

LITERATURE REVIEW

2.1 PHEEATOPUYTE ET RESEARCH

Phreatophytes are of major concern in the arid areas of the Western
U. §5. because of their great consumption of water; annually they use
{or, lose to the atmosphere) approximately 31 million dam? of water
over an area of 6.5 million ha (Robinson, 1958). These plants are
generally low in economic value, grow where the water table is from 0.5
to 6 m below the ground surface (often in low-lying or drainage areas),
and transpire 30 to 100 percent mors water than mest cultivated crop
plants (Blaney, 1951). Alfalfa and some pasture grasses are the most
common phreatophytes possessing any substantial economic value.

Erosion control is increased by the growth of native phrestophwtes,
especially greasewood - the most common native phreatophyte in the
Western United States,

Several methods have been suggested to decrease the large amoumt of
water transpired by phreatophytes. These water salvage methods
include: 1) removal or destruction of the phreatophytes; 2) lowering
the water table by ground-water pumping or diversion of the upstreanm
water supply; and 3} substitution of phreatophvtes with plants of

higher economic value (Muckel, 1966&).
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2.1.1 Measurement studies

Research on ET of phreatophytes is vital to the determination of
water salvage feasibility (potential savings and water availabiliey).
The first major study on phreatophytic ET was conducted by Lee (1912)
in the Owens Valley, California. Data from the study were used to
ass5ist the Los Angelas Department of Water and Fower (LADWF) in the
estimation of the amount of water available for salvage through
pumping. Subsequent study sites included major valleys in California,
Nevada, New Mexico, Colorado, Utah, and Arizona. Data obtained from
these studies invelving greasewood, rabbitbrush, and salt Erass are

summerized in Table 2.1.

Table 2.1 Summary of greasewood, rabbitbrush, and salt grass
evapotranspiration research.

Location Measurement Methodology Depth te Average Reference
period span Water ET Rate
m mm/day
GREASEWQOD
Escalanta May-Oet. 1926 Water tzble 0.89 2.0 White
Valley, May-Oct. 1927 diurnal 0.66 4.3 {1932)
Uesh fluctuation
Humbolde 4/3-10/20 1962 Lysimeter 152 2.4 Cohen et
River 1.52 1.8 al. (1965}
Valley,
Winmemucca, 5/1-10/20 1963 Lysipeter 1.52 o - Robinson
Hevads 4/1-10/20 1964 1_43 ki) (1970)
4/1-10/20 1966 2.29 pLk
4/1-10/20 1987 2.39 P
4/1-10/20 1966 Lysimeter 1.88 2] Crosz
4/12-10,/20 1968 2.34 2.0 (1972)
5/23-10/21 1969 2.46 el
4/19-10/20 1970 2.49 1kt
Soda Lake, 1983 Eddy- - 0.8 Carman
Falloan, correlarion: (1986)

Nevada Bowen ratio
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Table 2.1 continued
Location Measurement Mechodology Depth to Average Reference
period span Water ET Rate
m mm,/ day
RABBITBRUSH
Humboldt 5/1-10/20 1963 Lysimeter 1.52 I Robinson
RBiver 4/1-10/20 1984 1.52 2.4 (1970)
Valley, 4,/1-10/20 1966 1. 63 2.5
Winnemucca, 4/1-10/20 1947 1. 88 2.6
Nevada
4/12-10/20 1968 Lysimeter 1.88 2.3 Grosz
5/23-10/21 1969 254 25 1972)
4/16-10/21 1970 2_&h 2.2
4/19-10/20 1971 249 2.1
Smith Creslk 1983 Eddy- - 0.9 Carman
Valley, correlstion; {1986}
Austin, Nevads Bowen ratio
SALT CGRASS
Owens River Jan.-Dec. 1911 Lysimeter 0.46 3.4 Lee
Valley, Q.56 3=l (1912)
California 0.89 2.8
L.L¥ L=F
1.50 0.5
Middle Rio Oct. 1926 - Lysimeter 0.13 3.4 Houk
Grande Sept. 1927 0.36 253 (1930)
Valley, 0.64 Lol
Los Griegos, Oct. 1927 - 0.15 22
New Mexico Sept. 1928 0.41 2.4
0.66 1.6
0.94 o7
Escalante May-0Oct. 1926 Water table 0.73 2.5 Whice
Valley, May-0Oct. 1927 diurnal 0.58 2.8 (1932}
Utah May-Oet. 1927 fluctuation 0.e6 3.0
Santa Ana  May 19222 (17 mo.) Lysimeter .30 3.0 Blaney
Biver, to (31 mo.) 0.61 2.5 et al.
California Apr 1930 (11 mo.) .91 1.7 (1933)
(17 mo.) L.22 0.9
(16 mo.) 1.52 1.4
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Isble 2.1 continued
Location Measurementc Methodology Depth to Average Reference
period span Water FET Rate
m mm/day
SALT GRASS (continued)
San Luis June-Occ. 1927 Lysimeter 0.15 3.6 Blaney
Valley, 0.38 3.8 et al.
Colorado 0. 64 2.8 (1938)
Apr.-Oet. 1928 0.13 3.8
.36 3.4
0.61 ZLg
May -Oct. 1930 0.10 A
0.23 3.6
0.58 A2
Apr. -Nov. 16 0.08 3.4
1931 Q.30 o
0. 64 219
0.94 25
Middle Rio June 1935 to Lysimeter 0.20 2.2 Young and
Grand Valley, May 1937 Blaney
Isleta, Mew Mex. (1942)
Mezilla July 1936 to Lysimeter .36 2.8 Young and
Valley, June 1937 0.866 1.6 EBlaney
New Mexico (1942)
Carlsbad, Jan.-Dec. 1940 Lysimerer 0.6l 3.8 Blaney
Hew Mexico et al.
{(1942)
Virgin Feb,-Nov. 1957 Lysimeter - 2R Criddle
River, Utah et al.
{196&)
Ogden Bay May-Oet. 1955 Lysimeter 0.25 5.6 Christiansen
Waterfowl 0.61 b and Low
Mgmt. Area, Utah {1970)
Humboldt 2/1-10/16 1967 Lysimeter 0.66 3.4 Dvlla et
River 4/29-10/28 1968 (wet meadow 0.66 AT al. (1972)
Valley, 4/28-10/27 1969 conditions) 0.566 LT
Winmemucca,
Nevada 4/19-10,20 1971 Lysimeter 2.34 1.2 Grosz
4/19-10,/21 1972 2.54 L6 {1972)
&4/24-10,421 1972 2.49 a.9
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Table 2.1 continued

Location Heasurement Methodology Depth to Average Reference
period span Water ET Rate
m mmfday
SALT CRASS (continued)
Bernardo, 1969 Lysimeter .30 2.0 USER
New Mexico 1970 G.30 150 (1979a)
1971 0.30 2.2
0.51 .3
Lo 0.30 1.2
.51 1.4
1973 .30 2.4
0.61 Lis]
1975 0.76 106
0.91 L.3
1976 0.76 1.4
0.91 i,
1977 0.76 1.6
0.91 106
1978 0.76 1ks 2
0.91 1.4
1979 0.61 l.6
1.22 sz
GREASEWOOD, RABBITBRUSH, AND SALT GRASS COMMUNITY
San Luis 1985 Eddy- -- 1.4 Weaver
Vallevy, correlation; et al.
Colorade Bowen ratie (1986)

Several methods have been successfully used for consumptive use
(ET) estimation of field crops. Measurement of ET from narive
phreatophytes has invelved metheds such as plant tanks (lysimerers),
soil moisture monitoring, and ground-water fluctuations {Robinson,
1966). The lysimeter method receives the most widespread use. Methods
recelving more recent attention for use on native vegetation include
energy balance and aercdynamic/ turbulent transport approzaches
(Brutsaert, 1982) and gas analysis (the portable chamber method)

(Reicosky and Peters, 1977).




15

Empirical formulae which imply a uniform vegetation cover have been
developed to estimate phreatophyte ET through the use of weather
variables (Blaney, 1951). However, rthese are of limited walue for
application to meost plant commumities because of the composition
heterogeneicy, plant size variability, and varying water table depths
at different sitas,

The lysimeter method has received the most widespread use (Muckel,
1966). Limitations include the "ossis effect” - a phencmenum in which
isolated plants (in lysimeters) use more water than their counterparts
Erowing maturally in dense growths (Robinson, 1966). fdditionally,
accumilation of salts poses a threat to plant vigor and health._
Extrapolation of ET data from the place of measurement to other
locations is limited by differences in soil texture; soil moisture:
water table depth; vegetation type, size, and distribution: and
climatic variables. Two methods have been used to decrease the
differences caused by plant size variability; the areal basis method
and the volume of foliage basis method (Robinson, 1966).

Measurement studies are ongoing in the Owens Valley, California
(Duell, 1985), the Great Basin region of Nevada and Utah (Carman,
1986), the San lLuis Valley, Colorado and the Pecos Riwver floadplain
between Artesia and Acme, New Mexico (Weaver st al., 1986). These four
studies are using the eddy-correlation method, based on aerodynamics
and turbulent fluxes, and the B.wen ratio method, based on ENeYEY
balance (Brutsaert, 1982). BRoth methods measure ET while avoiding

disturbance of the vegetation from its matural state.
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2.1.2 Depth to water table relationships

The goal of many studies on phreatophyte ET has been to decermine
the relationship between ET and depth to the water table. This
relationship was Tecognized as early as 1916 (White, 1932). Simple
EI-water table depth curves have been demonstrated in several srudies
(Houk, 1351; Thompson, 1958; Muckel, 1966: and Anderson, 1976) and have
been summarized (Sorcoshian and Ritzi, 1984). Herr and Price (1972)
found that ET was a function of depth to water table for ground-water
levels as deep as 2.3 m, but observed a more complicared relationship
at depths of up to 13 m. These studies generally agree that ET is
inversely related to depth to the water table.
2.2 USBR PROJECT-AREA STUD]ES

The clased.basin area of the Valley contains a typical
phreatophytic vegetation composition; greasewood, rtebbithrush, and salt
grass (Robinson, 1958). Soil conditions coupled with a high water
table have encouraged establishment of these species. Typical species
habitat with respect to water table depth ineludes salt grass (2.5 m),
rabbitbrush (2.4 to 4.6 m), and greasewood (1 to 10 m) (Meinzer, 1927).

2.2.1 Phreatophyte ET

In 1984, the USBR utilized three methods for estimating ET of
phreatophytes in the closed basin of rhe Valley during the measurement
pariad () Mareh to 9 November): 1) warter table lysimeters, 2) ET
modeling using weather data, and 3) combined ET estimation (USER,
1384c). All three methods were investigated in a part of the Closed
Basin Division project area where the water tshle depth typiczlly

ranges from 0.5 to 2.0 m.
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During 1984, four lysimeters were operated - one each containing
greasewood, rabbitbrush, salt grass, znd bare soll surfaces. The
greasewood and rabbitbrush lysimeters were insralled during April of
1284; the salt grass and bare seil lysimeters were installed in 1983.
Correct operation of water tshle lysimeters requires that the water
levels inside and outside of each lysimeter afe maintained at the same
depths. Because of poor plant performance in the two newer lysimeters,
lysimeter water was not removed as the ground-water lewvels fell.
Consequently, water levels in these lysimeters did not fall as rapidly
a2s the adjacent ground water; thess two lysimeters were not included in
the soil moisture analysis. Varizbility in weekly ET for the other two
lysimeters was credited to errors in soil moisture measurement (USER,
1984c) - a major input to the mass balance equation for caleulating
lysimeter ET. For 1984, bare soil E was unexpectedly greater than salt
grass ET although both were situared at the same depth to the water
table. The lowest ET rates were observed for the Ereasewoond and
rabbitbrush lysimeters. Poor plant performance in the lysimeters and
Inconsistent results brought the lysimeter installations and data into
question.

The second method utilized dry bulb and dewvpoint temperature data
collecced at the USBR lyimeter site in conjunction with wind and solar
radiation measured at the Colorade State University Farm near Center,
Colorado. The data were analyzed in three ET models, using actual ET
(ET;) from the USBR lysimeters. The modified Penman model (elfalfa
reference) (Penman, 1963), Jensen-Haise model {(alfalfa reference)
(Jensen and Halse, 1963), and modified Hargreaves model (grass

reference) (Hargreaves, 1956) were used, reference crop ET (ET.)
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values were calculated, and crop coefficients (E; = ET,/ET;) were
determined. No correlation was found to exist between K., depth to
water, and date (USBR, 1984c).

Combined ET estimation, the third method studied, used
transpiration well ET, rainfall, and soil water data to balance a zoil
water equation. The transpiration wells were used ro estimate the
draft (net rise or fall) on the ground water dus to ET according to the
Walter White method (White, 1932). the basis for the original design of
the pumping project. The mejor problem with this method cceurs in
determining specific yield (Sy). Specific yield relates the saturated
aquifer volume change to the volume of extractable water. Assumed
values of Sy were used because Sy 1s difficulc to measure. Along with
the ground-water component, soil water content was measured using a
calibrated neutron probe at regular intervals above the water table. A
decrease in soil water in the soil profile indicated a positive ET.

Results of this combined estimation were compared with lysimerer
data at the sites and all comparisons showed considerable scatter
(USBR, 1984c). A major problem with this method lies in the assumption
that aquifer water and soil water are entirely separate (no water
migration from the water table aquifer to the unsaturated soil above).
Since there is a net change in water table level over the season, this
interaction may be substantial. Coupled with errors in Sy estimation,
ET daca obtained from this method may not be highly reliable. After
the beginning of pumping, the ground water that had previously
contributed to ET will no lomger be as available for ET. At the time

of this USER study (1984) there remained a great amount of
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uncertainty concerning the effects of the falling water table on ET and
the portion of water actually available for wirhdrawal (salvage).

2.2.2 Vepetation respopse to drawdown

The project’'s greatest effect on vegetation will oeccur where the
previous water table depth was less than 1.5 m (42 percent of the
project area) (USBR, 1979b). The effects of drawdown on vegetation
will largely be determined by the type of vegetation, extent of
vegetative cover, original depth to ground water, and texture of the
soil.

as the water table falls, evaporation will be significantly
reduced. Because of this lowering of rhe water table, the plants will
no longer have as much gravitational water available. Many of the
mejor species in areas of 0 to 1.5 m water table are also found in
arsas of deeper water tahle (1.5 to 4.6 m); any major shifts in
vegetative composition and relative species density due to lowering of
the water table may not be easily observed (USBE, 1979h).

A two-year continuous pump test at 36.3 liters per second pumping
rate In the unconfined aquifer provided results on growth of
greasewood, rabbitbrush, salt grass, and wire grass (USBR, 1982z).
During 1980 and 1981 several fenced exclosures containing the major
species within 1,070 m of the pumping well were observed for effects
caused by water table drawdown. Leaf biomass weights for 1980 showed a
decrease in rabbbitbuush growth only; this was prebably caused by the
rapid lowering of the water table.

The 1981 data of the USER pump study showed that both greasewood
and rabbitbrush suffered reduced growth (a decrease in above-ground

production) near the well (380 m). tively growing portions of each
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major species increased with distance from the well, Greasewood
displayed the most profound changes due to drawdewn and may be affected
uwp to 1,070 m from the well (USBR, 1982a). Thus, rabbitbrush may have
a better capability to utilize soil and surface moisture when ground
water is less available to the deep roots. Salt grass appeared to be
unaffected by drawdown, but this may have been due to the removal of
grazing pressures (the test arez was fenced).

2.3 CHAMBER METHOD OF ET MEASIREMENT

A representative sample of ET for the major species of native
vegetation in the Valley was desired in this study. Alrhough
lysimeters provide accurate short-term ET estimates, the lack of
portability and desireability of a uniform crop cover limit their use
in this type of situation. A portable chamber is inexpensive to
construct and operate and can be used effectively for rapid measurement
of ET on various plots (Reicosky and Peters, 1977; Harmsen et al_,
18982; =nd Peterson et al., 1985). These same studies have indicatad
the usefulness of a portable chamber as a research tool.

Initial calibration of a portable ET chamber was demomstrated by
Reicosky and Peters (1977) using a hydroponically-grown soybean plant
with measured water uptake (absorptiomn). The transpliration from the
plant was measured with the chamber and showed wvery good agreement with
water uptake.

Several studies have been done to compare chamber ET with lysimeter
ET. Reicosky =t al. (1983) found general agreement between hourly ET
values, In 1985, FPeterson et a&l. messured ET on two separate days.
Their findings indicated good agreement in the mid-season stage of comm

(93 percent similarity) and less satisfactory agreement in the
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late-season stage of corn (78 percent similarity). This variability in
EETeement wes creﬁitmd to corn physiological maturity differences
between the two days of measurement. Reicosky (1985) provides an
accurate synopsis of details concerning calibration and accuracy of the
portable chamber method of estimaring ET.

Although the portable chamber is useful and accurate for estimating
ET, there are several limitations. During measurement, the
microclimate within the chamber is slightly altered because of
re-radiation eXchange and turbulent transfer {Businger, 1963). These
effects increase with an increase in measurement period. A portion of
this alteration of the miecroclimate results from the chamber material
and its effect on re-radiation of infrared lighr wavelengths (IR)
(Harmsen et al., 1982).

?he second limitation, a result of the chamber’s portabilicy, is
that repeated readings are required throughout the day if daily values
are desired, and this repetition can be very lasborious. On a clear day
one measurement per hour is usually sufficient (Reicosky, 198l); with
partial (intermittent) cloud cover more frequent measurements are

desirahla.




CHAPTER III1

METHODOLOGY

3.1 SITE SELECTION

Evapotranspiration measurements using a portable chamber were made
during three five-day periods of 1985 (20-24 May, 24-28 June, and 22-28
July) and regularly during the period of 26 May through 13 August
1986. During 1985, the only site measured was the USER Lysimeter
site. In 1986, chree sites were measured in each week (one site per
day) and wera chosen according to similarities in species compasition
and plant size to represent three different water table situations;
shallow, varying, and deep. Cround-water levels ar most project-area
sites were measured weekly in conjunction with ET measurement. The
varying water table site (due te pumping) had a corresponding nearly
constant water table site nearby for same-hour ET measurements. Site
locations with respect to the entire USBR Closed Basin Division project
area are shown in Figure 3.1; the plots measured are indicated in Table
3L

Attempts were made te select greasewood and rabbitbrush bushes
intermediate in size relative to those existing in the surrounding
?iant communities so that plant transpirational surface area was not z
confounding factor in the study. Average heights of greasewood and

rzbbitbrush sampled were 71 and 53 cm, respectively, although there was
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Table 3.1 Description of ET measurement sites. 1085, 198&.

Year Site Site Location Depth to Number and Type of
Mumber Warer Plots Measured
m
1985 . USBRE Lysimeter Sirte - 2 Greasewood?
1 Rabbitbrush
2 Salt Grasst
Ll Bare Soilk
2 Bare Spilizs
1986 1 USBR Lysimeter Site 0.6 to 3 Creasewood
1.5 3 Rabbitbrush
3 Salt Crass
1 Bare Soil
2 Salvage Well 3 varying 3 Greasewood
and 3 Rabbitbrush
constant 3 Greasewood {control)
{control) 3 Rabbitbrush (control)
2 Observation Well 4.2 to 3 Greasewpod
377 5. 6 f Rabbithruszh

t One of the plets indicated was a USBR lysimeter.
% upland area
#= lowland area
some variability in plant size and density between zites due to
different natural depths to the ground water.

Of the three closed basin sites of ET measurement, Salvage Well 3
{Site #2) and Observation Well 1377 {(Site #3) were sampled only in
1986. Measurements were made 2t the USBR Lysimeter site (Site =1)
during both 1985 and 1986. However, only two of the plets at this site
were measured both years (Grezasewood #1 and Rabbithrush #1). Durimg
1986, a minimum of three replicate plants for each speciez (treatment)
were measured at each site. This provided data applicable to the

one-way analysis of variance (ANOVA) and the least significant

difference (LSD) tests where appropriate,
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3.2 CHAMRER ET MEASUREMENT

froper construction and operation of the chamber was required for
reliable ET estimates. Design considerations included chamber material
selection, chamber size, choice of instumentarion, placement of
measuring instruments and fans, timing of measurement, chamber effects
on the plant response, and the data aquisition system.

3.2.1 Materials

The main goal in selection of the chamber material was to minimize
trapping of solar re-radiatiom while maintaining a sturdy structure.
lexan, the material chosen, was sturdy and re-radiates more IR than
Plexiglass (Harmsen et al., 1982). Propafilm ¢/110 was not chosen
because of its vulnarability to dsmage and Tupture, although it is a
better re-radiater. For relisble measurements minimal sunlight was
blocked by the instruments and, also, the instrumentation was silver or
painted white.

Two cylindrical clear Lexan chambers, measuring 0.95-m diameter by
0.91-m height and 1.61-m diameter by 0.91-m height were used for ET
measurements. The chambers were designed to fit over the USER
lysimeters with minimal plant disturbance and damage., During 1985 most
plots were measured with the smaller chamber, and during 1986 all plots
at sll sites were measured with the smaller chamber. Two fans were
loczted on opposite sides of the chamber to ensure well stirred air.
Instrumentation inecluded a fast response ceEpacitance-type relative
humidity probe (Qualimetrics, Inc., Model 5120-C) and a fine wire
copper-constantan thermocouple (36 gauge), borh located inside and near
the top of the chamber wall. Borh sensors were shielded from direct

sunlight. A portable data acquisition system (Campbell Scienrific 21X
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micrologger) sampled temperature and relarive humidity and stored these
cata on cassette tape every two seconds during the measurement period.
The data were used to determine vapor pressurs changes in the chamber,
from which ET was calculared.

3.2.2 Procedure

Measurements were made every hour for all plots at the site for
that day from shortly afrer sunrise to shortly before sunset. Prior to
each measurement period, the fans were run while holding the chamber
alofr for 20 to 25 seconds to allow the chamber air to equilibrate with
the surrounding air. The chamber was then placed over the plant,
rapidly sealed with soil at the ground, and the data acquisition system
started. Data were collected for a period of sixty seconds. After
this period, data acquisition was ended and the chamber was lifted off
of the plot and carried te the next plot where the chamber air was
again allowed tc mix with the surrounding air prior te the begimning of
the nexr measurement peried.

3.2.3 Rew data apnslvses

To calculate each plot's water loss (ET), the raw chamber data
(relative humidity and dry bulb temperature) were snalyzed to determine
the actual vapor pressure which, in turn, was used in the Ideal Gas
Equation to determine the amount of water in the chamber wvolume for
every two seconds during each sixty-second period of measurememt. The
Lowe eguation (Lowe, 1976) determined saturation vapor pressures:

SVP = 0.61077999€1 + 004436518521 ¢ + 0.0014A2B0458B05 £ &
2.65064847x1073 £3 + 3.031240396x10°7 % +
2.0340809854x10°7 2 +

6.136820029x10-12 6 3.1
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where ¢ = dry bulb temperature (*G), and
SVP = saturated vapor pressure (kPa).
The depth of water in the chasber was calculated by the following form

of the Ideal Gas Equation:

(AVP) (VOL)
(pu) () (R)(T)

3.2

whare DEP

dapth of water (m),

AVP = actual wvapor pressura {(kPa),

VOL = wolume of the chamber (m3},

Py = water densicy -— 1000 kgﬁma,

A = sa0il surface area (m?),

R = gas constant = 0.46152 kNem/kg+K, and

T = temperature (K).
Actuzl vapor pressure is equal to ssturated vapor pressure (kFa)
multipied by relative humidity.

Average hourly rates of ET were calculated from each measurement
period (one periocd per plot per hour) and were based on the maximum
ten-second vapor pressure gradient for each period. These hourly ET
rates provided a diurnal curve for each plot assuming lineariry between
measured points. Using a numerical techmique, the computed area under
the diurnal chamber-measured ET curve yielded a daily ET value (Figure
3.2). For purposes of daily ET estimation, no ET was assumed te eceur
hefore sunriée and after sunset.

3.2.4 Method walidatjon

In addition to the sites of ET measurement in the USBR project
area, a site (Site #4) was chosen In an alfalfa field at the Colorado

State Umivarsity Farm near Center, Colorade (Figure 31.1}. Measurements
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were obtained at this site for comparison of ET measured with the
chamber to ET measured from seversl established lysimeters containing
alfalfa (maintained by the USDA-ARS, referred to herein as the ARS
lysimeters).

Alfalfas ET was measured on two days (6 June and 25 July 1986). The
two hydraulic weighing lysimeters used For COMpATisgn purposes were
installed in the spring of 1983 by the USDA-ARS for determination of
alfalfa water use. Kinecaid et al. (1979) presented results of a study
using paired hydraulie lysimeters which were of a2 similar design to the
lysimeters at Center, and found that an average daily difference in
water use between pairesd lysimeters of 18 percent was reasonable under
normal operating conditions.

The ARS lysimeters were in excellent condition on both days of
measurement, with the alfalfa at a similar stage of growth inside and
outside of the ARS lysimeters. Six plots outside of the ARS lysimeters
but in the same field, chosen according to similarity in average plant
height and growth density, were sampled each hour for a peried of nine
hours on 6 June and six other similarly chosen plets were sampled EVery
half-hour for a period of seven hours on 25 July. Data from the two

ARS lysimeters were used for each comparison (Table 3.2).

Table 3.2 Means and standard deviations for ARS lysimeter and chasber
data, Colorado State University Farm, Center, Colorado,

198a.
Day Chamber ET ARS Ivsimeter ET Chamber/Lysimeter
u% ET ratio
Year ET ET
mm mm 1 Pl |
157 5.3 0.7 6.7 0.5 0.95
20 5.4 0.4 6.0 0.7 Q.90
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Average plot ET as determined by the chamber was 9€ percent (6 June)

and 90 percent (25 July) of the average ARS lysimeter ET for the

corresponding periods.

3.3 CLIMATIC VARTABLES
3.3.1 Measurement

Along with chamber measurement of ET, a weather station was
operated at the USER Lysimeter site to measure (parentheses denote
equipment used) dry bulb air temperature (thermistor), relative
humidiey (hair element with transducer), wind speed (DC tach
anemomeéter), solar radiation (LiCor Pyranometer), and precipitation
(weighing bucket raingage). These climatic parameters were recorded
using a Campbell Seientifie CRS datalogger at five-minute intervals on
days of ET measurement and every hour at other times. Precipiration
data were obtained from a USCS tipping bucket raingage at Site =1 and
were combined with the corresponding data of this study (Table A.1).
Tables A.2 and A.3 show daily weather sumnary data for 1985 and 1986,
respectively; Figures 3.3 through 3.6 show examples of diurnal wind
speed, solar radiation, temperazture. and vApor pressure data,

3.3.2 Apalysis - The Penman method of ET estimation

Weather dats were collected on all days of chamber measurement
during 1985 and for the entire period (26 May to 13 August) of
measurement during 1986. These data provided the necessary informacion
for use of the Penman Combination Eguation to calculate alfalfa
reference ET for each day of measurement (Tables A.4 and A.5).

The Penman method of potential ET estimation is one of the best
methods for calculating daily ET if adequate weather data are avsilable

{Jensen, 1973). The original formula was devzloped by Penman (1948)




31

L1

(9961 AT1nr gz ‘a11s 1e30wrsi] wgsn) ‘paods pups TrRuIng(

(SMNOH) FAWIL SONLIAVS IHOITAVG NIVINOOW
ZT 0z 81 91 w1 Z1 a1 8 g b
=1 | | [ I

1 1 i |

£'C ®andta

01

(v@s/m) @IIS QNIM




32

(9861 £1nr g7 ‘9178 1020wpsAT YA§N) *UOTIVTPUL IuToE TEUANYQ g Bandyg

(SMNOH) AWIL SONIAVS LHOITAVA MIVLNAONK
T A 0z 81 g1 vl Z1 01 8 9 i z 0
[ |

L ] | 1 | I L | 1 1 1]

= 100

- 2070

= ED°D

L #0000

= Q00

S0 1]

(uTwo/-u/rR) NOIIVIOWE AVI0OS TAVMINOHS




33

¥L

(9861 Arnr gz ‘03Fs alowysi] ¥asn) Ceanavandwsi [ruinyg §'f oan8yy

£z

0z

(SUNOH) AWIL SONIAVS IHOITAVA NIVINNOW

81

91
L

W
1

&l
I

or

B
1

)
I

K

= 02

= O

= 0F

- 05

(snIsT=) S23231F3p) FENLVEAZINIL




34

(9gaT LInp g7 ‘93718 J9louwisd] HEgsn) eanssaad zodea [RUINTA G'f 8In8Tg

i

[

0z

(SHNOH) AWIL SONIAVS LHOTTAVA HIVINMOW

BT

91
1

71
_

cl
L

o1

#

9
_

10

AN

L]

0

4N

£°0

8°0

60

(=4¥) IYnSsSTUd WOIVA




35

and simplified by Penman (1963). Several forms and calibrations of
this formula have been applied. The form of the Penman method chosen
for ET calculation using 1985 and 1986 weather data was calibrated in
Kimberly, Idaho by Wright and Jensen (1972).

Alfalfa lysimeter data collected by Mr. Segundo Diaz L/ ar the
Colorado State University Farm near Center, Colorado indicated that
during 1985 this calibration of the Penman equation was closer than
were several other commonly used equations te the actual ET messured on
the corresponding days of chamber measurement. Daily alfalfz reference
ET is computed from daily meteorological data with the modified Penman

Combination Equation (Wright and Jensen, 1972):

A T =il
Erp - [__ (Bp-G) + — 6.426 We (e.-eo }] (Lpg) 3.3
5 N Aty pis i %

Eer = reference evaporative flux as a water depth (m),

B, = net radiatiom {EanE},

G = s0il heat flux (MJ/m?),

We = wind function (dimensionless),

&; = saturation vapor pressure (kPa),

¢#g = saturation vapor pressure at the dewpoint temperature (kPa),

4 = slope of the saturatien vapor pressure-temperature curve
(kPa/"C),

4 = pEychrometric constant (LPa/°"C),

L. = latent heat of vaporization (MJ/kg). and

Py = water densicy = 1000 kgfm3.

1/ cersonal communication on unpublished deta in master’'s thesis drafc.
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Weighting factors multiply the net radiation-soil heat flux and
advection terms of the Pemman equation and represent their relative
importance in estimating ET, with the net radiation-soil heat flux term
recelving more weight. They are estimated from two physical properties
of air; A and yv. The slope of the saturarion VApPOY
pressure-temperature curve (A) can be estimated by taking the firsc
derivative of the expression for saturation wvapor pressure (Lowe, 1976)
with respect to t such thar:

A = 0.0443565185 + 0_002B57892 t + 7.95194541x10°F ¢ +

1.212496158x10°% £3 + 1.017040492x10-8 ¢4 +
3.682092557x10-11 £3 3.4
where t = temperature of the evaporating surface (°C).

The psychrometer constant, y, as a property of dry air represents
the bzalance between latent heat and sensible heat and can be estimated

using Brumt"s (1952) formula:

- 5 F 5
0.622 L

(W]

where Cp = specific heat of air = 0.001 MJ/kg-*C,
P = atmospheric pressure (kPa), and
L = latent heat of vaporization (MJ/kg).
Atmospheric pressure, P, can be estimated from (Jensen, 1973):
P=101.3 - 0.01055 EL 36
where EL = elevation above sea level (m).
The latent heat of vaporization changes with temperature and is

estimarad (Brunt, 1952) from:

i
=

L =2,4907 - 0.002135 ¢

- ek <
where © is che temperstute (“C).
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The first main energy inpur accounted for in the Penman equation

‘ncludes net radiacion, Ry, and soil hear flux, G. Net radiation, R

1s the difference between the downward and upward short and longwave

radiation flux passing through a horizontal plane abowve the ground

surface (Jensen, 1973). It can be estimated from:

By = (l-z) Be - By

where

3.8

Bs = measured incoming shortwave solar radiation {Hmez},

Bp = net outgoing lomgwave radiation (MJ/m?), and

o albedo of the surface.

#lbede is a coefficient which represencs the fraction of incoming

shortwave radiation that is reflected back inte the atmosphere. For

most field crop situations, albedo ranges from 0.20 to 0.25 wirh an

average value of 0.23 commonly used (Jemsen, 1973). The net outgoing

longwave radiation, Eh. can be estimated (Jensen et al., 1971) as:

Ry = (a ER L L

Z0

wheres

Bz = measured incoming shortwave solar radiation {Hmez},

Ezg = Iincoming shortweve radiarfion under clear conditions (MT /2y,

Bho = met outgeing longwave radiationm under cloudless sky

conditions (MJ/mZ), an

d

4, b = empirical coefficients determined by linear regression.

The coefficients "a" and "b"™ used in this resesarch are 1.22 and -0.18,

respectively; radiation units for computation with these coefficients

gre calorie/square centimeter.

Clear sky incoming shortwave solar

o
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radiation, Rg,, is estimated using an equation (Heermann et al., 1984)

o

£ the form:

Reg = A" + B’ Cos(2xd/365 - C')

where d = day number of the year.

accordin

A" = 31.54 - 0.2734 LAT + 0.0007813 ALT

g to:

B* = -0.2986 + 0.2678 LAT + 0.0005102 ALT

C' -

whera

2507

LAT = laritude (degrees), and

ALT — elevacion (m).

Rho can be caleulated as:

Rho = (a1 - 0.139/eg) o [(T% + TH)/2]

where

a1 =

Soil

gpproximations,

G =90_37656

a8 parameter for estimating the effective emittance of the

atmosphere = 0.325 (Wright and Jensen, 1972),

3. M0

The coefficients may be escimated

314

saturation vapor pressure at mean dewpoint temperature (kPz),

the Stefan-Boltzman constant = &.B895x10-7 Hme;fday-Kﬁ,

maximure daily Kelvin air tewmperature, and

minimum daily Kelvin air temperature.

heat flux, G, can be estimated by seversl empirical

= mean dally temperzture (*C), and

= = Oean

one of which {(Jensem et al_., 1971} is:

=
=

- 1
- & LT
[ = i (L=

2]

- C
B

1 -3

- - rh
ir temperature for the it

pravious day ("C}.

31
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In this research, soil heat flux is assumed to be negligible due to the
large diurnal temperature variation; large amounts of EMETgY are lost
to the atmosphere at night due to the elevation and climate of the
Valley.

The aerodynamic term in the Penman equation is defined as:

Ez = Wg (eg-eg) 3.16

We = wind funetion, —

€s = average of saturation vapor pressures ar the daily maximum

and minimum temperatures (kPFa), and

&4 = saturation vapor pressure ar mean daily dewpoint

temperature (kFa).

The saturation vapor pressure can be estimated from the Lowe
equation (3.1). The saturatiom vapor pressure at mean daily dewpoint
temperature can be estimated from a procedure using simultaneous
~emperature and relative humidity data collected at regular intervals
(¢.g. every four hours) throughout the day (Kincaid and Heermann,
1974). The wind funceion, Wg, is:

We = ay + byl 3.17
where

Zy: by = empirical coefficients dependent upon the

aerodynamic characteriscics of the crop surface and the
generzl nature of the location as it affects sensible hear
advection, and

Uz = the daily wind run at 2 m height (km).

The coefficlents a, and by, used here are 0.75 and 0.0115, respectively

{(Wright and Jensen, 1972).
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3.4 XKYLFM WATER POTENTIAL MEASUREMENT

In conjunction with ET measurement at each site, X¥lem water
potential data of the three species were collected throughout the
summer of 1986 using a Seilmoisture Equipment Corporation pressure
chamber; these data are presented in Appendices B.l through B.3. Warter
potential data are useful in the observation of plant responses to
various conditions, especially in areas of rapid water table
fluctuation (i.e. drawdowm).

Original work on the measurement methodology for the pressure
chamber or "pressure bomb™ was done by Scholander et al. (1965). The
pressure chamber is essentially a strong metal chamber which is
pressurized with compressed air or nitrogen during the water potentizl
measurement. A freshly cut plant branch or lsaf is placed inside of
the chamber, with the stem or peticle protruding to the atmosphere
through a tight gasket for observation. Hosing and valves regulare the
rate of pressurization and exhaust of the gases after completrion of
measurement. A gauge is used to monitor the pressure within the
chamber.

The basic prineiple involved follows that when a pressure
measurement is made, the pressure within the chamber forces the water
within the xylem to the curt end of the stem. The magnitude of the
equalizing pressure which ecauses sap te arrive at the stem end is an

indicator of the (negative) plant water potentcial.




CHAFTER IV

RESULTS AND DISCUSSION

.1 APOTRAN. TTON COMPARTSON - U ie IMETER WV MRER

Lysimeter ET data were obtained from the USBR for 1985 and 1986 for
comparison with chamber ET dats. Chamber measurements were made over
the USBR lysimeters and several surrounding pleots of vegetation of the
same specles in 1985. However, chamber data were not gathered over the
USBR lysimeters during the summer of 1986 because of the extremely poor
condition of the vegetation exisring inside of the lysimeters - mainly
the greasewood and rabbitbrush lysimeters. These lysimeters contaimed
vegetation which was not representative of the surrounding vegetation
in size and vigor. The gressewcod exhibited s yellowish color amd was
much smaller than typical greasewood plants at this site. A
replacement for the rabbitbrush of 1985 had been introduced in the
rabbitbrush lysimeter in mid-Spring 1986, but had not established
suffieiently to yield useful data as was observed by size, marurity,
and color appearance differences from surrounding rabbitbrush plants.

§.1.]1 1985 Data

Each plot at Site #1 provided data (of three five-day periods) for
ET comparison of USBR lysimeter wversus chamber measurements for
greasewood, rabbitbrush, salt grass, and bare soil (evaporation
comparizeon} plets (Figures &.1 through %£.4). Visual comparison of the

1985 datz shows that lysimeter ET (a seven-day average) was generally
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lower in magnitude than chamber ET (a five-day awverage) for each

corresponding week of measurement. The best agreements in weekly ET
and evaporation (E) were found for salt grass and bare soil plots
(Tzble 4.1). The poorest agreement in ET was found for the rabbitbrush

comparison. Although the ET and E rates from the USBR water table

joed

ysimeters were not representative of the surrounding vegetation, these
rates were similar to those measured by the chamber over the salt

grass, bare soil, and greasewood lysimeters.

Table 4.1 USBR lysimeter versus chamber method ET or E comparison
data for three weeks in 1985, USBR Lysimeter site.

Type of Weak RBatio of Lysimeter/Chamber ET or E
Plotg LET/LCET LET/CET
Greasewood 20-24 May 0.74 0.61
24-28 June 0.95 0.51
22-26 July 1.60 0.55
Rabbitbrush 20-24 May -- 0
24-28 June -- Q.51
22-26 July -- 0.0%
Salt Grass 20-24 May 0.76 0.86
24-28 June 1.19 0.89
22-26 July 0.63 0.56
Bare Soil 20-24 May 0.59 0.52
25-28 June 1.00 0.85
22-26 July 0.52 0.59

LET — USBR lysimeter average daily ET (or E)

CET - Chember average daily ET (or E) measured at the lysimeter

ET = Chamber average daily ET {or E) measured at s nearby pleot away
from the lysimeter.

st 1ol
S

i

M

§.1.2 1986 Data
A summary of totzl and average daily ET for each plet at Site #l is
shown in Table 4.2; point values are shown in Figures 4.3 through 4.8.

Alchough no chamber measurements of vegetation in the USBR lysimeters
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Tsble 4.2 Evapotranspiration summary of Site #1 for the period span

of 26 May te 11 August, 1986

Year Plot Methodology Evapotranspiratjon
Description fAvwg, Total Avg. Dailv

TRIR mm/day

1985 Greasewood (3 plocs) Chamber 253 3.3
Lysimeter Greasewood Lysimeter 80 1.0
Rabbitbrush (3 plots) Chamber 258 3.4
Lysimeter Rabbitbrush Lysimeter 54 0.8

Salt Grass (3 plots) Chamber 299 3.9
Lysimeter Salt CGrass Lysimeter 118 1.5

Bare Seoil (3 plots) Chamber 183 2.4
Lysimeter Bare Soil Lysimeter af 1.2

were obtained Iin 1986, the USBR lysimeter data (average values for a

seven-day period) were obtained for purposes of comparison with the

chamber dara; sach chamber walue was for one day of the seven-day

period represented by the lysismeter data.

Alfalfa reference ET values were calculated for each day
measurement period in order to cbserve representativeness

chamber values for each week. An average daily reference

&

value was

calculated for each complete period of each USBR lysimeter measurement

(usually one week, sometimes two weeks).

Then, each average ET walus

was compared with the reference ET walue for the day of chamber

measurement (Table A.6); the period differences in ET ranged from 0 to

37 percent. The weekly chamber versus USBR lysimeter value differences

ranged from 1 to 96 percent; the USBR greasewood, rabbitbrush, and sale

gress lysimeters measured mo ET for one week ecach of the measurement

season. Most of the non-zero lysimeter ET walues were less than 50

percent of the corresponding weekly chamber ET measurements.

The differences in reference ET were minor when compared with

c¢ifferences in measured ET for the two methods.

Error associated with
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the representativeness of daily chamber ET to the entire week was
exaggerated by the fact that alfalfa reference ET assumes g full cover,
well-watered alfalfa crop and is an overestimation of the actual ET in
most situations. Thus, error introduced by the day of chamber
measurement was minimal when compared with the magnitude of differences
fn chamber and lysimeter values.

The greasewood and rabbitbrush lysimeters accounted for only 31
percent and 235 percent of the respective chamber mean ET. The bare
soil USER lysimeter and chamber data show similar trends for daily E
(Figure 4.7). Quantitative results show that the mean 77-day chamber E
was consistently higher than the lysimeter E (an average difference of
1.2 mm per day) (Table &4.2), although the chamber E was expected to be
lower due to the location of the chamber plots in an area which was
approximately 0.6 m higher above the water table than the lyzimetar.

Lysimeter and chamber data for salt grass (Figure &_B) provide rhe
best comparison because the plots had the same depth to ground water
and the vegetation was similar in density, composition, and quality.
The data show similar trends for most of the season. Total USEBR
lysimeter ET averaged 40 percent of totz]l mean chamber ET (Table &_2).
The 1986 comparison data may be more accurate than data from 1985
because of a lomger and more intensive continuous measurement sesson.

£.1.3 Possible causes for ET differences

The differencns between the measured ET of the lysimeters and the
chamber are too large to be ignored and may be partially due to
differences in the sizes of the measured plants. The plants in each
lysimeter were smaller than the corresponding plants of the chamber -

mezcurec plots. | For relative comparison, each plant's dimensions were
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measured in three directions (foliage height and perpendicular spread)
only during 1986; each dimension was considered to be = diameter
measurement, A spherical surface area was calculated using each radius
separately; the mean plant spherical surface area was the average of
all spherical surface areas from the corresponding radius

measurements. These values provided a rough estimate of relative plant

size (rranspiratienzl area) assuming each plant could be approximated

as a sphere (Table &_3).

Table 4.3 Mean plant dimensions for chamber-measured Plants and USER
lysimeter veperatiom, Site =1, 1986.

Averagze Dimensjons Mean Planc

Plot Height Spread Spread Spherical
Dezcrintion Methodolosy Bl % z Surface Ares
m fm m =
Crezsewssd (3 plots) Chamber 0.7% 0_B4 0.96 2.36
Lysimeter Greasewood Lysimeter 0.31 0.50 0.91 1.23
Rabbitbrush (2 plots) Chamber 0.80 .75 0.95 1.91
Lysimeter Rabbitbrush Lysimeter 0.43 0.64 0.67 1.09
S5alt Grass (3 plots) Chamber 0.23 - -- --
Lysimeter Salt Grass Lysimeter 0.18 -- = ==

For the USBE Lysimeter site, lysimeter greasewcod and rabbitbrush
plants were approximately 52 and 57 percent of the size of the
corresponding plants measured by the chamber. Similarly, the lysimeter
salt grass was about 78 percent of the height of the salt grass
measured by Che chamber; the differences in lysimeter and chamber ET
were mich greater than 22 percent, indicating that faectors other than
size were affecting ET. Direct comparison of ET per plant size was not
made for the chamber and lysimeter ET measurements because 1) the size
meagurements were rough estimates and would have introduced additional

errar alane with the lemgth-of-period differences and 2) the soil
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surface areas of the chamber plots and lysimeters were not equal. The
svaporational (and transpirationzl) surface areas were different.

Additional causes for the differences may be from problems inherent
in the installation procedure of the lysimeters, The construction
process included driving the lysimeters {stee; eylinders) into the
ground. This may have compacted the soil sufficiently to inhibit its
aydraulic conductivity for a mumber of years which, in turn, could
lmpede ET. The driving of the casings may have also damaged some of
the roots of the vegetation, which would be reflected in reduced ET,
The rabbitbrush lysimeter was the only exception to this potential
damage because the rabbitbrush bush was transplanted,

Normal operation of the USBR lysimeters involves measuring soil
molsture changes (as related to ET) in each lysimeter with a neutron
probe. This method typically does not account for all of the soil
moisture, especially in the soil volume in the top 0.15 to 0.25 m of
the soil profile; this region contributes a major portion of water for
seil E. Other problems may be insufficient lysimeter volume (depth)
for plant roots or accumulation of toxic solutes in the lysimsrers
{Robinzon, 1966).

4.2 QBSERVATION WELT. 377 AND USRE IYSIMETER SITES

Mean ET data for greasewood and rabbitbrush plots at Site 23 are
shown in Figure 4.9. Three replicates (plots) each of greasewood and
rabbitbrush were sampled for ET at this site during the study; an
additional three plots (two of greasewood and one of rabbitbrush) were

sampled from Day 196 to the end of the study.
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A statistical analysis of these dara shows that greasewood and
rabhithrush ET wvalues at this site were usually not significantly (a <
0.05) different (Appendix C.1). A significant difference in ET of the
two treatments (species) existed for only one day, Day 225. There are
no apparent reasons for this difference on this parricular day;

greasewood and rabbitbrush plants were of similar size (Table 4.4&).

Table 4.4 Mean plant dimensions for measured plants, Site #3, 1986.

Average Dimensions Mean Plant
Plot Height Spread Spread Spherical
Deseription Methodelogy ¥ X z Surface Area
= m m m
Greasewood (5 plots) Chamber 0.68 0.68 0.32 1.67
Babbithrush (4 plots) Chambar 0.49 0.68 0.86 1.51

The ground-water level at this site (#3) remained nearly constant
at 4.3 m for the entire season. The water table level below the ground
surface in the hummocks area of the USER Lysimerar sire (Sire =1)
peaked in early June at 1.25 m and then dropped steadily to 1.7 m in
mid-Auguer (Figure 4.10).

' Mean ET for the greasewvood plots =25 mezsured by the chamber was
about the ssme at Sites #l and #3 for the longest corresponding peried
during 1986 - Days 160 te 223 (Figures 4.9 and 4.11). Rabbitbrush plet
mezan ET was nearly equiwvalent, as well, for plants measured at both
sites (Table 4. 5). The plants at the two =sites were of slightly
different size and woody material and were measured on different days

with éifferent weather conditions, so for purposes of comparison, no

e

sipnificent conclusions could be made concerning the effect of water
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Table 4.5 Evapotranspiration summary for greasewood and rabbitbrush
plots at Sites 21 and %3, 1986.

Ploc Hethodology Days in Evapotiranspiration
Descrintion Feriod To ve. Dail
m mm/day
Site #l
Greasewood (3 plots) Chanhey 77 253 3.3
Rabbitbrush (3 plots) Chamber 77 238 3.4
Site 23
Greasewood (5 plots) Chamsher 65 222 3.5
Babbitbrush (4 plots) Chamber 685 235 3.6

table depth on ET. It appeared that the plants ar each of these sites
had adapred well to their corresponding ground-water lewvels,

AT Site #1, greasewood and rabbitbrush ET values were not
significantly (a £ 0.05) different for any day of measurement (Appendix
C.2). The ET of these two species and salt grass ET were significantly
different for half of the days of measurement, Eare soil E and salt
grass ET were always significantly different; bare soil E was usually
significantly different from greaseweod and rahbbitbrush ET.

Seasonal salt grass plot ET (Figure 4.12) for 1986 averaged nearly
17 percent greater than both greasewood and rabbitbrush plet ET (Table
%.3). This may be due to the location of the salt grass in a low-lying
area closer to the water table (Figure 4.10). The seasonal average
bare soil evaporation at this sire was 72 percent of the seasonal
average ET found for greasewood and rabbitbrush plots.

Mo corrections for size differences were made at Sites 1 znd #3
because replicates of each species were of similar size. AT each sice
salt grass, rabbitbrush, and greasewood displayed values of ET in

relatZve descending order as listed.
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4.3 SALVAGE WEITL 3 SITE

The plots at the Salvage Well 3 site (Site #2) provided twelve
weeks of ET data. At 30.5 m from the pumping well (Figure &_13) the
water table was 2.6 m below the surface (for the first five weeks) then
decreased gradually te 5.2 m below the surface (at twelve weeks; Day
224). As shown in this fipure, there were dara from two observation
walls at 7.6 m from the pumping well; the one observed early in the
season was shallower and dried up later in the ssason due to an
increase in pumping rate. In addition to three plots each of
greasewood and rabbitbrush within 30 m of the well, three plots each of
greasewood and rabbitbrush were measured 90 m from the well to serve as
2 control with constant water table. Although there was no cbservarion
well at the control area, its distant location from the well ensured
that water table variations from pumping were minimal.
Evapotranspiration was measured at zll of these plots within the same
hour during each day of measurement (one day per week). Average total
ET and average daily ET for the two species at the two locartions at

Site ®2 are shown in Table 4. 5.

Table 4.6 Evapotranspiration summary for greasewcod and rabbitbrush
plots at the pumping well and control site, Site #2, 1986.

Plot Methodology Days in Evapotranspirstion
Description _Period Total || Ave Daily
o] mme S day
Pumping Well area
Creasewond (3 plots) Chasber 77 261 3G
Rabbitbrush (3 plots) Chamher 77 376 5.9
Contzol area
Gressewoed (3 plots) Chamber 77 282 3.7

Rabbithrush (3 plots) Chamber 77 338 5.4
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The mean ET data for rthe greasewood plots near the well at Sirte =7
and for the control greasewood plots were compared (Figure &.14)., The
same comparison was carried out for the rabbitbrush plots (Figure
4.15). There were significant (e < 0.05) differences in the ET of
greasewood and rabbitbrush plots (Appendix C.3); rabbitbrush plot ET
always exceeded greasewood plot ET. There.were several days of
significant difference for greasewood ET in comparison to values
obtained at the well and controel sites: the same observetion held For
rabbitbrush. There were no indications of significant pumping effects
on both greasewcod and rabbitbrush plots at the two locations.
However, ET was expressed only in terms of depth {(mm) and not in terms
of plant size, which affected each plot‘s ET.

S5ince there was some varisbility in plant size, a more adequate
comparison between the two locatiens involved accounting for plant
size. Mean ET per plant size was estimated from plant dimensions taken
several times throughout the summer. From three dimensions {everage
foliage height and spread in two perpendicular directions), the mean
spherical surface area was estimated for both measured species ac the
control (check) and pumping (salvage well) areas (Table 4.7). The ares
closest to the salvage well supported the larpger vegetation, so it is
important that the comparison accounts for plant size.

In comparison of greasewood ET per mean plant spherical surface
area, only one day showed & significant (a < 0.05) difference between
the purping well and control areas during the period afrer initiation
of continuous pumping (Appendix C.4). However, there was a promounced

gifference in the graphical representation of the mean gressewood ET
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Table 4.7 Mean plant dimensions for greasewood and rabbitbrush ple -
at the pumping well znd controel site, Site #7, 1986

Averagze Dimensions Megn Plan:
Plot Height Spread Spread Spherical
Description Merhodology i b4 E Surf Eﬁ‘& Area
m m m m
Pumping Well area
Greasewood (3 plots) Chamber 0.73 0.70 0.81 1.76
Rabbitbrush (3 plots) Chamber 0.55 - 0.28 0.92 2.01
Control arez
Greasewood (3 plets) Champber 0.64 0.68 0.78 1.55
Babbitbhrush (3 plocs) Chamber 0_48 0.74 0.87 1.61

per mean plant spherical surface area (Figure 4.16) for the period of
continuous pumping.

The rabbitbrush ET per mean plant spherical surface area data were
analyzed with the same procedure as was used with the greasewood dara.
Ho significant (a < 0.05) differences were observed between the pumping
well and control areas for the entire measurement season. Likewise,
there were no obvious differences indicated in the graphical comparison
(Figure 4.17)._

The reasons for the different (ET per mean spherical plant surface
area) observations for the two species do not appear to be related to
potential (expected) rooting depth because greasewood genmerally
develops roots deeper than rabbitbrush (Meinzer, 1927): less water
stress would be expected for greasewood. According to the observation
well data (Figure &.13) for the season, the depth to water at the
galvuge well plets (30 m radially from the salvage well) was mo greater
than 5.2 m, which might be too deep for rabbitbrush but is ample for
greasewood., The roots of both species may have developed at this sire

to the same natural depth but, with a sgudden areificsial drep in the
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ground-water level, greasewood appeared to suffer more, glthough there
were no marked visible signs of stress to any of the plants in the
salvage well plots.
5.4 P COEFF HTS

In an attempt to assist in the prediction of salt grass ET from
weather data, crop coefficientc (KEe) walues were calculated for each
week of chamber measurement in 1985 and for each day of (salt Erass)
chamber measurement in 1986. Salt grass was chosen for K. caleculations
beczuse the measurement plots had s uniform cover. Three average
weekly K. values (0.66, 0.45, 0.65) resulted from the three weeks of ET
data in 1985. Some of the differences in these values are due to the
occurrence of precipitation in the weeks previous to the firsr and last
week of ET measurement, especially events of the period from day= 198
to 203 (Table A.l). This would have elevared the actual ET because of
increased soll evaporation.

Salt grass K, values for 1986 varied from 0.27 to 0.84; the mean K,
for the season was 0.58 with a standard deviation of D_156. Most K.
values ranged from 0.51 te 0.68. There did not appear to be any
obvious trend toward higher or lower K, values later in the season.
&.5 [LANT WATER POTENTIAL

Xylem wate¥ potential dara for gll three major sites are shown in
Tables B.1 through B.3. Dara from Site #1 were statistically analyzed
and show that the three treatments (preasewood, rabbithbrush, and =salr
grass) were signifiecantly (o < 0.05) differenc for each of the hours of
0200, 1300, and 1900 compared seasenzlly (Appendix D.1). This was

expected and held for Site #3 data as well (Appendix D.23.
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Statistical tests were performed for selected data at Site %7
(Appendix D.3) and show thatc:

1) control and well site greasewood xylem water potential values
before pumping commenced were not significantly (o < 0.05)
different, and

2) control and well site greasewood xylem water potential walues
after pumping commenced were significantly (a < 0.03)
different for data collected at the same time on Day 210.

These observations indicate that pumping probably caused water stress
in greasewood, but not in rabbitbrush plants. This finding confires
indications of this ocecurrence provided by the ET per mean spherical
plant surface ares data.

% 6 CONSTRATNTS OF THE STUDY

The data obtained in this study show some importent trends and
effects of water table depth on the ET of native vegetation plots under
several conditions. However, these results must be viewed within the
constraints of the study. Only intermediate-sized shrubs were sampled,
but plant size varied throughour the basin. Sampling plants of similar
tize zllowed a reascnable number of replicate measurements to be made,
giving additional confidence in the ET data.

Although daily measurements were obtained at all three sites, there
are no same-day ET values for any two sites, with the exception of the
Salvage Well 3 site and corresponding check site. Caution should be
observed when comparing the ET obtained at any two sites because of
Cifferences in relative plant size and density, depth to water table,

anc weather varlables., In comparing site characteristics, smaller
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plant sizes and lower densities were observed in areas of histeriecally
desper water tables.

Direct comparison of these data with previous research was beyond
The scope of this research. Any comparison of ET data from different
locations must consider differences in vegetation size and
distribution; depth to water; climatie warisbles; and the measurement

period span in relation to the total length of the ET season.







CHAFTER V

SIMMARY AND COMCLUSTIONS

3.1 SUMMARY

Gas analysi; technology was applied by using the portable chamber
method for instantaneous measurement of evapotranspiration.

Yeasurement of ET on plots containing three major phreatophytic species
was accomplished during three five-day pericds in 1985 and for twelve
consecutive weeks in 1986. The three species measured were greasewood
(Szrcobatus vermiculztus Hook. Torr.), rabbithrush {Chrysothamnus
neuseosus Pall, Britt.), and salt grass (Distichlis stricta L. Greene):
each are common to the vegetation commmity of the sump area in the
closed basin of the San Luis Valley, Colorado.

This study was initiated becsuse of a need for more ET data for
these species in the closed basin area. Several lysimeters are
operatad by the USER in this area, zpd the chamber method data was
collected to also show differences and trends of similarity for these
two methods.

Evapotranspiration data were collected at three different sites in
the sump area to represent ET in areas of shallow, deep, and
fluctuating water table depths. Data were also collected at ome site
irn gn gliglfa field for walidatiom of the chamber method with

corresponding ET data from several estcablished lysimeters. ZXEylem water
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potential data for each species were collected regularly during the
1986 ET data collection period in order to observe relative plant warer
siress where the water table was fluctuating due to pumping, and to
view differences in water potential for the species measured for ET.
5.2 COMCLUSIONS

The following major conclusions may be drawn from the research

conducted in this study:

- 1} The chamber method of ET measurement is a useful togl for
obtaining accurate water use data without the expense and
initial vegetative disturbance of the lysimeter method.

The portable chamber used in this study yielded data which
were 90 to 96 percent of the corresponding reliable ARS
lysimeter ET data.

2) The USER greasewcod and rabbitbrush lysimeter ET data were
substantially lower than those obtained by chamber
measurements for the years of 1985 and 1986, and do not
show similar trends. The USER salt grass and bare soil
lysimeter data, while comsistently lower, exhibited similar
ET or E trends when compared with the corresponding chamber
data. The USBR lysimeters accounted for the following
percentages of chamber ET for undisturbed (non-lysimeter)
vegetative plots in 1985 (weekly wvalues) and 1986
{(zeazonal weluesz).

Mote: The rabbitbrush comparison should be used witch

caution hecause of plant problems in the USERE lysimeter.
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FLANT / YEAR 1985 1986
Greasewood 51-61 % 31 %
REabbitbrush 0-51 % 25 %
S5alt Grass 36-89 % 40 %
Bare Soil 52-8B5 = *

3) Greasewood and rabbitbrush plots with either shallow or
deep ground-water levels may use similar amounts of water
(ET) as long as the plants have become well established in
these areas and there is little wvariation in the deep
ground-water level (4 to 5 m).

4) Evaporation from bare soil is decreased with a desper water
table and is a significant component of ET in areas of
shallow water table (Figure &4.4).

3) ET of greasewood may be reduced more than that of
rabbitbrush by rapid fluctuations in water table depth,
suggesting that greasewocod may be more eesily stressed.

&} Crop coefficient (Kp)} walues (glfalfa reference crop)
calculated from the 1985 and 1986 growing season salt grass
ET data were mostly in the range of 0.5 to 0.7.

7) Water potential wvalues for greasewood, rabbitbrush, and
salt grass were significantly different from each other
for all site locations.

8) Pumping was the probable cause for a gignificant difference
in the water potential of greasewood near the pumping well

and at a nearby weter table control area,

* The USBR bsrs soil lysimeter was maintained at a different water
52e cepth than the chamber-measured bare soil plors. Thus, no
fvas® comparison was made,

a2

=
-
G
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The objectives of this study on evapotranspiration of natiwve
vegetation In the cleosed basin of the San Luis Valley, Colorado have
been fulfilled. Additional study will be imperative in order to
determine long-term effects of continuous project pumping on the
vitality of the phreatophyrie wvegetation. Also, the USER lysimeters
should be examined and evaluated in terms of their adequacy for

obtaining representative ET data.
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Table A.1 Precipitation data for 15 May to 26 July (Days 135 to 207}
1985, and 22 April to 22 August (Days 112 to 234) 1986,
Site 21, Closed Basin Division pProject area, San Luis
Valley, Colorado.
Source: unpublished data from H.L. Weaver, USGS, Denver CO.

1985 1986
Hour of Hour of
Precipitation _Daw End Precipitatfion
peud 1]
136 10 1 114 20 5%
1&0 17 1% 1449 15 25
169 18 1 153 B 1§
176 1 1 177 B 35
190 21 &4 186 156 1 o
195 21 1 187 1 2
195 23 ] 188 18 1
138 21 i6 189 23 3
200 2 1 190 17 1
203 21 2 193 16 1
200 22 3
201 23 &
204 20 45

t Precipitation occurred more than 10 days before ET measurement.
§ Weighing bucket data (USG5 data missing).
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Table A.2 Daily weather summary at USBR lysimeter site, 1985.

Climatie Variables
Day Hours Average Average

Date of of Tmax Tpin Vapor Solar Wind Wind
Year datg# Pressure Radiatfon  Run Speed
G =G kPa MI /me km  m/sec

20 May 140 0-22 17.6 -0.9 0.717 23.7 191.5 1.9
21 May 141 0-23 16.2 4.5 0.883 20.3 234.3 2.9
22 May 142 1-23 15.0 3.4 0.852 1623 131.0 1.7
23 May 143 0-23 18.7 0.6 0.825 24.5 176.6 2.0
25 May Lag 1-14 21.7 -0.6 0.748 0.1 1498 1.6
24 June 175 0-22 26.2 13.1 1.344 24.1 381.0 5.3
25 June 176 g-22 23.2 10.8 1.130 3537 318.0 4.0
26 June 177 0-22 19.2 3.5 0.515 06 32156 3.8
27 June 178 0-22 26 8 -2.9 0.515 - bl 109.7 1.5
28 June 179 0-15 25.54 2.4 0.697 0.9 158.4 1.6
22 July 203 2-22 25.7 10.3 1.386 22.9 16& 6 2.2
23 July 204 1-22 25.7 11.% 1.418 20.3 183 .4 2.7
24 July 205 1-23 23.6 8.5 1.133 23.3 215.3 2.5
25 July 206 2-22 243 7.9 1.151 sl al rdzfafal 3.2
26 July M7 1-14 25 2 7.1 1.100 20.9 131.7 1.2

t Time span of complete weather data collection (beginning-end) .
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Table A.3  Daily weather summary at USER lysimeter site, 1986.

Climatic Variables

Day Hours Average Average
Date af of Tpax Imin Vapor Solar Wind Wind

Year datat Pressure Radiacion Rup Speed

*C "G kPa MI/m km m/sec
26 May 146 8-23 21.0 11.5 0.314 28.3 278.7 4.4
27 May 147 0-23 273 103 0.985 29.0 254 .6 3.1
& June 155 0-23 22.5 3.8 1.008 19.¢6 162.7 1.9
5 June 156 0-23 22.9 3.5 0_286 23.9 158.4 1.9
2 June 1460 0-23 18.8 -7 0.8&7 fefrd 317.0 3.8
11 June 162 7-23 22.2 7.9 0.446 31.1 160.0 2.1
12 June 163 0-23 28.3 2.1 0.576 2201 17,1 2.0
16 June 1&7 0-23 28.3 1 L 0.541 2. 2648.6 2.9
17 June 168 0-23 27.a T.4 0.911 251 19386 2.2
18 June 169 0-17 26.8 7.9 1.094 26.6 220.0 2.4
23 June 174 0-23 26.0 9.7 1.188 18:3 23562 2.7
28 June 175 0-23 20.4 B.5 1.254 11.0 147.0 1.7
0 June 181 0-23 27.2 9.2 1.337 19.1 170.8 2.0
1 July 182 0-23 31.3 7.6 0.898 27.7 1951 2.3
2 July 152 0-23 31.4 11.9 1.174 24 .4 2004 2.4
7 July 188 0-23 28.2 B.8 1.427 17.5 153.1 1.7
9 July 130 0-23 28.1 13.3 1.511 17.7 145.9 1.6
10 July 191 0-23 28.00 9.2 1.158 1755 149 .8 1.5
14 July 155 0-23 32.8 10.0 1.268 238 172.1 2.1
15 July - 198 0-23 A5 50 3333 1.34%8 27.9 253.8 2.8
16 July 197 0-23 27.0 14.8 1.538 19.6 308.5 3.5
22 July 203 0-23 26.3 9.8 1.356 24 .4 195.1 P L
23 July 204 0-23 28.9 13.1 1551 22.0 256.7 2.9
25 July 205 0-23 30.2 9.2 1.072 26.1 151.8 1.7
28 July 209 0-23 2.8 &.2 0.552 29.0 176.6 2.0
29 July 21D 0-23 .5 5.2 Q.737 28.0 160.6 1.8
30 July 211 0-23 5.2 E.B 0.978 30.6 159.4 2.0
L Aug. 21k 6-23 289 9.7 1.260 14,6 2091 2.7
3 aung, 217 0-23 3l.& 7.9 1.190 20.0 203.3 2.4
b Aug. 21§ 0-23 33.2 12.9 1.156 25 205.7 253
11 Auwg. 223 0-23 32.5 B.4 1.180 FiEis 2 182.8 2.%
12 aug, 224 0-23 4.6 13.0 1.494 19 .8 181.1 2.1
13 Aug. 225 0-23 33.1 10.4 1.298 250 167.8 1.9

i Time span of complete weather data collection (beginning-end).
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Table A.4 Penman Equation reference ET. ET,, 1985.

Day of ET. Day of ET, Day of ET,
Yeay Year Year
om mm 1]
140 4 94 175 g.52 203 3.b6
141 4.61 176 7.57 204 5.44
142 232 177 E.26 205 6.09
143 T 178 7.05 206 5.12
144 6.36 179 7.52 207 5.12
Table 4.5 Penman Equation reference ET, ET,, 1986.
Day of ET, Day of ET. Day of ET,
Year Year Year
mm Em mm
l4s B.70 171 7.55 197 6.89
147 £.67 172 9.78 198 7.64
148 30 173 B.78 199 5.84
149 2.18 174 5.97 200 5.23
150 3.70 175 2.89 201 .
151 5.10 176 3.82 202 2.85
152 2.82 177 6.16 203 6.22
153 3.76 178 7.91 204 6.97
154 4 02 179 §.11 205 £33
155 4, 84 180 3 .45 206 8.21
155 3. 79 181 3.56 207 8.97
157 8.95 182 .52 208 .60
158 B.00 183 7.95 209 8.90
159 5.76 184 7.79 210 8_.62
160 [t R 185 B.77 2112 8.80
162 7.61 185 6.22 216 5.41
163 B.63 187 B.48 217 7.19
164  10.26 188 5.07 218 §.92
165 BESS 189 537 2119 T.38
lee ¥.91 190 5.39 220 T 47
167 g.56 191 5.53 221 B.93
158 ¥.33 194 8.18 222 &.29
169 8.29 195 LT 223 7.45
170 6. 3% 196 9.65 224 P |
225 7.68
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Table A.6 Relative comparison of daily chamber and weekly USBR

lysimeter measurements - weekly representativeness of
chamber ET dara, Site %1, 1985.

Days of

Lysimarer Daily Penman Beference ET

Measurement Day of Chambar Percent
Span Period Awg, Measurement Difference

mm/day mm/day %

146-152 5.50 8.70 37
153-159 5.96 4. 84 15
160-166 4.31 7.63 -]
1567-180 6.92 & .56 19
1467-180 6.92 3997 14
181-187 7.61 5.56 27
188-194 5.91 5.07 14
195-201 6 .65 7.37 12
202-215 7.65 6.97 9
202-215 7.65 8.90 14
216-227 7.40 3.41 27
223-239 7.45 T.45 0
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Eylem water potential data.




Table B.1 Means and standard deviations for xylem water potential,
Site 21, 1986.

XZylem Water

Day of Plant Hour Potential Fumber Comments
Yaar Species of Day mean s __of Samples
MPa
167 Greasewnod 9 -2.06 0.23 2
10 -1.88 0.20 2
11 -2.01 0.1s 2
12 -2.2% 0.00 .
13 -2.01 0.37 3
14 -2.71 0.01 2
15 -2.45 0.01 2
16 -2.03 0.01 2
17 -=2.33 0.04 2
18 =180 0.1& 2
174 Greasewood g -1.7% 0.15 2
10 -1.83 0.01 2
11 -1 81 O0.146 2
12 =220 0.17 2
13 -1.91 0.16 2 Eain began
14 -1.72 0.06 2 at 1350 hours.
181 Creasewood 9 -1.52 0.00 2
' 10 -1.89 0.13 2
11 -2.32 0.03 2
12 -2.58 0.17 z
13 -2_81 0.07 % Increasing wind.
14 -2.87 0.01 2
15 -2_.89 0_.13 2 Rein began
15 -2.30 0.06 2 at 1620 hours,
188 GCreasewood g -1.87 0.01 2
10 -1.97 0.47 L
11 -2.29 0.23 3
12 -2.66 0.03 2
13 -2.42 0.00 2
14 =2.11 0.10 2
16 -2. 81 0.43 3
195 Raebbitbrush 4 -0.95 0.14 3
10 =102 0.00 2
11 -1.18 0.00 2
12 -1.50 0.03 2
13 -1.56 0.00 2
14 =1 60 0.00 7 High clouds.
15 -1.45 0.04 z
14 -1.50 0.03 2
17 =1.4 0.01 2
18 1.18 0.11 3
19 -0.90 0.03 Z
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Table B.1 continued

Eylem Weter

Day of Plant Hour Potentia] Numher Cormments
Year Speciesg of Dgy  mean 5 of Samples
MPa
204  Rabbithrush 9 -0.84 0.11 3 Very sunny.
10 -0.91 0.01 2
11 -1.38 0.03 2
12 -1.42 0.00 2
13 -1.47 0.04 2
14 -1.27 0.04 2
15 -1.25% 0.10 C]
16 -1.30 0.03 2 Clouds.
17 -0_82 1 Rain.
209 Creasewood 4 -1_78 1 Clear, dry, sunmy.
10 =~ 1 z 2
11 -2.12 1
12 -2.14 1
13 -2.08 1
14 -2.42 1
15 -2.02 1
16 -2.30 1
17 -2.02 1
18 -3.06 1
149 -2, 08 1
20 -2.08 1
209 Rabbithrush 9 -1_20 i Clear, dry, sunny.
10 -1.24 1
11 -1.34 1
12 =1.42 1
13 -1.48 1
1& -1.60 1
15 -1.52 1
16 -1.52 1
17 =1.56 1
12 -1.44 1
19 -1.43 1
20 -1.28 1
215 Greasewood g -2.23 L Clear, cool.
13 -2 .55 1 cloud cover
19 =2 &0 1 at 1200 hours.
216 Rabbithrush 9 =1 00 1 Clear, cool,
13 -1.10 1 Cloud cover
19 -0_B0 1 at 1200 hours.
215 Salt Crass 0 -2.50 1 Clear, cool.
13 -2 _hh 1 Cloud cowver
:LE) -1.07 1 at 1200 hours.
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Table B.1 continued

Iylem Water

Day of Flant Hour Potential Number Comments
Year Epecies af Day mesn z of Samples
MPas
2213 Greasewoond 9 -2.30 1 Clear.
13 -2.55 1
149 -1.38 1 Cloudy, cool.
223 Rabbithrush 9 -1.00 1 Clear,
13 -1_58 1
19 -1_04& 1 Clouwdy, cool.
223 Salt Grass g -2 _&0 1 Clear.
13 =2 47 1
19 -1.60 1 Cloudy, cool.
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Table B.2 Means and standard deviations for xylem water potential,
Site #2, 19B&.
Aylem Water
Day of Plant Hour Potential Number Commencs
Year Species of Day  mean = of Samples
MPa
156 Greaszewood g -1.52 is
=] 10 =1.43 0.01 - 2
11 -1.83 0.01 2
12 =170 0.17 2
13 -1.79 0.01 2
14 -1.81L .30 2
15 -1_85 0.01 2
16 -1.92 0.06 2
17 -1.65 0.01 2
157 sreasewnod g -1.72 0.21 3 Clear, sumny.
& 10 -1.75 0.17 &
11 -1.82 0.13 &
12 -1.83 0.13 [
14 -1.62 0.00 i
15 -1.92 0.09 &
15 -1.76 0.27 &
17 -1.83 0.15 &
157 Greasewood 9 -2.07 0.04 3 Clear, sunmy.
@ 10 -1.87 0.29 &
11 -1.96 0.07 4
12 -1.96 0.32 4
14 -1.79 0,17 &
15 =201 0.29 &
16 -1.73 0.16 &4
17 -2.05 ¢.07 2
175 Greasewood Q -1.77 0.54 3
(=] 10 -1.72 0.13 3
11 -1.77 0.1% 2
12 -1.87 0.01 2 Rain began
13 -1.87 0.07 2 at 1350 hours.
182 Greasewood ] -2.09 0.07 & Pump started
@ 13 -2.33 0.3% 3 at 910 hours.
190 Greasewood ] -1.47 0.01 2 Wet, humid,
= 10 -1.58 0.03 2 overcast .
11 -1.49 0.07 z
12 -1.20 0.00 2
13 -2.31 0.04 2 Clearing skies.
14 -2.69 0.10 3 Clear-1330 hours.
15 -2.83 0O.18 3
ik -2.18 0.03 2
i7 -2.88 9_20 2 Rain began
1o -1.29 028 & gt 1700 hours.
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Table B.2 contimued

Aylem Water

Day of Flant Hour FPotential Number Comments
Year Species  of Dav n of Sam
MPa
196 Rabbitbrush 9 -0.83 0.04 pd
[ 10 -0.87 0.08 3
11 -1.00 1
12 -0.98 1
203  Rabbirbrush 9 -0.74 0.09 3 Wet, drying soil.
& 10 -0.65 0.04 2
11 -0.81 0.1 2
12 -0.85 0.04 2
13 -0.97 0.01 2 Mostly clear.
14 -0.77 0.10 3 Cloud cowver.
16 -0.%0 0.07 3 Mostly clear.
17 -0.75 0.04 2 Breezy.
18 -0.79 0.01 2
19 -0.71 0.01 2 Cool.
20 -0.70 0.01 2
210  Greasewood g -3.06 1 Very dry, summy,
= 10 -3.00 1 clear.
11 -3.02 1
12 =322 1
13 =296 1
14 -3.34 1
16 -3.16 1
17 -3.60 1
18 -3.56 L]
210  Rabbhithrush 9 =1.10 1 Very dry, sunny,
® 10 -1_18 1 clesr.
11 -1.16 1
12 -0.94 1
13 -1.10 1
15 -1_00 1
16 -1.16 1
17 -1.08 il
18 -1.08 ik
19 -1_04& 1
210 Greasewood 10 -2.56 1 Very dry, sunmy,
= 13 =2.34 1 clear.
210 EBabbitbrush 10 -1_20 1 Very dry, summy,
Q 13 -1.76 1 clear.
19 -1.03 L
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Tabhle B.2 continued

Xylem Water

hey of Flant Hour Potential Number Comments
Year Species of Day  pean s _of Samples
HFa
217 Rabbitbrush 9 -1.16 1 Clear, sunny.
= 13 -1.16 i
14 -1.18 1
10 -0.86 1 Hostly clouwdy.
217 Razbbitbrush 9 -0.82 1 Claar, summy.
o 13 -1.22 1
14 -1.64 1
19 -0_80 1 Mostly cloudy.
224  Rabbitbrush 9 -1.02 1 Mostly cloudy.
= 13 -1.02 0.07 2 Clear, sunny.
19 -0.80 1 Mostly cloudy.
224  Rabbitbrush 9 -1.09 0.01 2 Mostly cloudy.
o] 13 -1.40 1 Clear, sunmy.
19 -0.80 1 Mostly cloudy.

@ Pumping Well area (significant water table drawdown).
@ Control area (relatively st=ble water table level).
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3 Table B.3 Means and standsrd deviations for ¥ylem water potentcial,
Site #3, 1986,
Xylem Warer
Day of Plant Hour Poteptial Humber Comments
Year Species of Day mesp s of Samples
HFa
160 Greasewaod 9 -1.93 0.24 2
10 -1.82 0.0& 2z
11 -1.82 0.06 2
12 =162 0.09 2
13 -1.83 0.10 2 Small shower
14 -1.61 0.01 2 at 1320 hours.
15 -2.26 0.06 s
183 CGreasewood 9 -2.95 0.12 3
13 -3.28 0.28 3
19 -2.38 0.24% 3
191 Greasewood g -1.81 0.12 3
10 -2.35 0.01 2
11 -2.78 0.03 2
12 -3.06 0.03 2
13 -3.17 0.1 2
14 -3.19 0.D& 2
15 -2.93 0.01 2
. 15 -2.24 0.17 2
17 -2.62 1
E 18 -2.76 1
197 Babbitbrush 2 -1.19 0.01 2 Clear.
10 -1.28 0.19 3
11 -1.39 0.12 3
12 -1.03 0_.13 3 Cloudy.
13 -1.23 0.01 2
14 -1.36 0_.0& 2 Clear.
13 -1.28 0.06 2 Very breezy.
16 -1.32 0.03 2 Cloudy.
17 -1.08 0.03 2
15 -0.83 0.08 3
205 Rabbithrush 9 -0.85 0.07 2 Clear.
10 -0_.97 0.07 2
11 -0.96 0.06 2
12 -1.11 0.20 3
13 -1.07 0.01 2
14 -1_.18 0.03 2
15 -1.06 0.06 2 Cloudy.
14 -1.1& 0.0 2 Clear.
17 -1.37 0.07 2
18 -0.83 0.15 3 Cloudy.
19 -0.93 0.01 2
20 -0.27 0.01 Z Clear.
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Tzble B .3 continued

Eylem Water

Day of Plant Hour Potential Humber Comments
Year Species o a n of les
HPa
211  Greasewood 9 -2.40 1 Clear.
13 -3.34 1
19 -3.78 1
211 Rabbitbruszh ] -1.03 1 Clear.
13 -1.26 1
19 -1.08 1
218 Rabbitbrush 9 -0.%& 0.00 2 Clear.
13 -1_55 L
14 -1.49 1
19 -0.79 0.01 2 Cloudy.
225 Babhbi chrush o -0.62 0.00 2 Foggy.
13 -1.38 0.06 2 Clear, breezy.
19 -1.28 0.03 2 Partly cloudy.




APFENDIY. C

Statistical tests for ET data.
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Teble C.1 One-Way Analysis of Variance to detect interspecies
({greasewood and rabbitbrush) ET differences, Site #3,

1986,
Treatment #1 = Greasewood
Treatment #2 = Babbitbrush
p < 0.05 indicates a significant
(x > 0.05) difference amenpg treatments.
Day of Mean
Year Treatment ET = D
=
160 1 2.07 0.1a
2 2.2% 0.47 0.591
19 il 3.44 0.18
z 3.51 0.33 0.728
183 1 3.37 D.15
7 3.30 .54 0.847
191 1 3.48 0.23
2 3_86 0_4&4% 0.135
197 1 s 0. 27
2 2_88 0.3z 0,807
205 1 5.04 0. 44
2 5.52 0.63 0.223
211 1 3.59 0.23
2 1.97 {0.56 0.213
218 1 3.16 Q.25
2 347 {}. 36 0.172
223 1 3.02 0.149
2 .59 0.11 0.001
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Table C.2 One-Way Analysis of Variance and Least Significant
Difference (LSD) tests to detect interplot (greasewocod,

rabbitbrush, salt grass, and bare so0il) ET differences,
Site =1, 198&,

Treatment #]1 = Greasewood
Treatment #2 = Rabbithrush
Treatment £3 = Salt Grass
Treatment £4 = Bare Soil
Day of Mean
Year Treatment El 5 o] L5Dg ps
T
146 1 2.42 0.148
2 2.29 0.31
3 2.31 0.24
& 1.35 0.15 0.001 0.43
155 1 240 Q.27
2 2,73 0.70
3 08 0.21
& 2.94 048 0.001 0.57
162 1 3.32 {).35
2 326 0.17
3 £.03 0,26
& 2,10 0.09 0.000 O.44
167 1 .85 0.51
2 3.38 0.40
3 3.09 0.37
& 1.27 0.01 0.000 0.77
174 1 2.97 (.27
2 3.0 Q.38
3 3_35 0.3
&4 2.06 0.07 0.003 0.54
181 1 2.75 0.20
2z 3.04 0.13
3 3.81 0.25
& 2.8  0.15 0.000 0.38
133 ik 3175 0. 54
Z 2.97 0.21
3 3.41 n.19
T 2.39 0.21 0.020 0.61
195 1 4,09 0.67
2 3.83 0_4a1
3 3.01 0.22
& 2.80 023 0.002 0.79




Table C.2 sontinued

a9

Day of Mesn
Year Treatment ET D LSDp ps
mm
204 1 3.76 0.32
2 3.92 ° 0.34
3 5.10 0.09
& 3.56¢ 0.1 0.000 0O.47
209 1 4.31 0.71
2 .62 0.20
3 &£.86 0.30
& 2.06 0.12 0.000 0.76
216 1 2.92 0.54
2 3.03 0.27
3 2,75 0.14
4 103 0.30 0.006 0.65
223 1 3.51 0.5
2 8.15 0.40
3 .31 0.13
& 2.96 0.20 0.007 0Q.70
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Table C.3 One-Way Analysis of Variance and Least Bignificant
Difference (LSD) tests to detect inter-area (pumping
well and control areas) ET differences for greasewood
and rabbitbrush pleots, Site #2, 1986.

Treatment ®1 = Greasewood (pumping well zarea)
Treatment #7 = Rabbitbrush (pumping well area)
Treatment #3 = Gressewood (control area)
Treatment #4 = Rabbitbrush (control area)

Day of Mean
Year Treatment ET £l B LsSDp o5
THIR

147 1 2.10 0.13

2z 2.69 D0.08

3 2.36 0.15

& 2.65 0.17 0.002 0.25
156 1 3.3 0.10

2 £.03 0.15

3] .70 0.37

& 4_10 0.24 0.01&é 0.45
163 1 3.28 0.06

2 6,71 0.31

3 .32 0027

& £.13 0.63 0.005 0.71
168 L 3i.20 0.07

2 £ 92 0.49

3 g T 1 e

4 3.0 0.61 0.002 0.77
L75 1 2.18 0.10

2 3.25 0. 32

3 2.21  0.35

& 2.63 0.31 0.006 0.55
182 1 3.68 0.39

2 5.67 0.49

3 3.73 0.07

1 4. 7f 0.62 0.001 0O.B3
180 1 3.86 Q.17

2 6.72 0.17

3 &4 489 0.31

4 4. 87 0.31 0.005 0.48
196 1 £.09 0.08

2 .03 0.41

3 6.41 0.3

4 5.29 0.:1 0.000 0.60




Table C.3
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continued
Day of Hesan
Year Treatment ET s D L5Dp o5
W
203 1 4.63 0.41
2 5.79 0.21
3 3.7 0.34%
& 3.69  0.42 0.015 0.67
210 1 3.60 0.48
2 6.67 0.34
3 2.08 0.76
& 577 0.71  0.000 1.19
217 1 3.20 0.1s
2 &_T7 0.09
i 3.31 0.20
& 4.14 0.43 0.000 0.50
224 1 2.57 .11
2 5.62 0.25
3 2.80 0.11
& & .07 0.44 0,000 0.50
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One-Way Analysis of Variance and Least Significant
Difference (LSD) tests to detect inter-area (pumping

well and control areas) ET per mean spherical surface area
differences for greasewocod and rabbitbrush plots,

Site =2, 1986,

Treatment #1
Treatment #2
Treatment #3
Treatment 25

= Greasewcod (pumping well &srea)
= Rabbitbrush (pumping well area)
= Greasewood (control area)
= Rabbitbrush {(control area)

Day of Mean
Year Treatment ET/AREA = D LSDp ps
ﬂﬂjmf

147 1 1.19 -0.05

2 1.26 0.25

3 1.29 0.09

[ 1.57 0.34 S
156 1 1.89 0.06

2 1.89 0.33

3 2.01 0.19

& 2.47 0.80 406 ¢
163 1 1.86 0.10

2 2.20 0. 38

3 1.B1 0.13

& 2.39 0.26 054 ¥
168 1 1.81 0.10

2 2729 0.3

3 1.7 0.11

& 2.14 .21 019 0,38
173 I 1.23% .03

2 1.52 0,21

3 1.20 0.17

& 1.3% 0. 24 .098 t
182 1 208  0.17

ri 2.65 0.38

3 2.03 0.08

& 2.78 0.38 025 . 054
190 1 2.18 0.06

2 2.22 Q.45

3 2.44 0.15

& 2.84 1.02 . 387 1
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Table C.4 continued

Day of Mean
Year Treagment EIEAR%E = D lsnﬂ_ﬂﬁ
men /m

196 1 2.32 0.15

2 1.05 0.45

3 2.99 0.&7

& 3.34 0.40 0.063 ¥
203 1 2.62 Q.20

2 2.93 0.32

A 3.79 1.15

& 3.61 0.63 0.197 4
210 1 2.03 0.19

2 3.39 0.57

3 2.73 .25

4 3.62 0.19 0.002 0.6&
217 1 1.81 0.03

2 2 4] 0.26

3 2.25 0.39

&y 2_61 Q.29 0.037 0.52
224 1 1. 45 0.03

2 205 0.33

3 1.91 0.37

£ 2.56 0.29 Q.007 0,54

T Ko LSDp g5 values were calculated for days when p > 0.05.




ATFPENDIX D

Statistical tests for xylem water potential data.
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Cne-Way Analysis of Variance to detect interspecies
(greasewood, rabbitbrush, and salc grass) xylem warer

potential differences by the hour, Site 21, 1986.
Replicates were taken on different days at regular
intervals throughout the ET measurement period.
Treatment 2] = Greasewood
Treatment #2 = Rabbitbrush
Treztment #3 = Salt Grass
Mean
Xylem Water
Hour Treatment Potentigl 5 P
MPa
9 1 -2.05 .22
2 -1.00 AL
3 -2.45 07 0.000
13 1 -2.48 <13
2 -1.45 .20
3 -2.47 -01 0.000
12 1 -2.02 .56
2 -0.97 20
3 -1_34 85 17 0.012




Table D, 2

105

Une-Way Analysis of Variance to detect interspecies
{greasewood and rabbitbrush) xylem water potential
differences by the hour, Site #3, 1986. Replicates were
taken on different days at regular intervals thirougho=t
the ET measurement period.

Treatment #] - Grezsewood
Treatment #2 - Rabbitbrush

Mean
Xylem Water
Hour ITreatpent Potenrial g R e
MPa
g 1 -2_39 0.57
2 -0.93 0.21 0.002
13 1 -3.26 0.09
2 =1.30 0.1B 0.000
15 1 -2_.97 0.72

2 =-0.98 0.20 0.001
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Table D.3 One-Way aAnalysis of Variance to detect inter-area
(pumping well and control areas) iylem water potential
differences for greasewood and rabbitbrush, Site =2, 1986

CASE I : Difference between mid-day greazewood water potentizl at
the pumping well and the control areas before Day 187 7

Treatment #l = Greasewood (pumping wall ares)
Treatment #2 = Greasewood (control area)

Day Mean Mid-Day
af Eylem Water
Year Treatment Potential 5 D
MFPa
155 1 -1.75 0.11
157 1 -1.83 0,13
175 1 =1 _87 0.04
157 2 -1.96 32 J.165

CASE II1: Difference between mid-day greasewood water potemtial at
the pumping well and the control areas after Day 182 7

Treatment #l — Greasewood (pumping well area)
Treatment #2 = Greasewood (control area)

Daxy Mean Mid-Day
aof Eylem Water
Year Treatment  Potential = ol
MPa
210 i -2.98 0.03

210 2 -2 &5 0.16 0. 000
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