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Abstract:
Color as it affects drought resistance in barley isogenes and screening tests for drought resistance in
barley cultivars were investigated.

The greater reflection by the light isogene was related to its smaller water use early in the season. From
mid-season on the higher stomatal resistances in the dark isogene more than compensated for its
smaller reflection with the result being smaller water use by the dark isogene. Seasonal totals showed
the light isogene used as much or more water than the dark isogene.

Osmotic potential does not appear to be useful as a screening test because of unreliability and inability
to differentiate between cultivars.

Soil water use has good potential as a screening test. The best correlations with drought resistance
occur at the shallow and deep depths. The less water used the larger the drought resistance.

Water loss after dry-down is also a potentially good screening test. The optimum drying interval was
24 hours, with whole plants being the best sample. The smaller the water loss, the larger the drought
resistance.

Modulus of elasticity gave the highest correlations with drought resistance. However, the tediousness
of the procedure makes it of questionable value in preliminary screening. The higher the modulus, the
larger the drought resistance.

Plant height, percent plump kernels, and 100 kernel weights are all positively correlated with drought
resistance.
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ABSTRACT

Color as it affects drought resistance in barley isogenes and
screening tests for drought resistance in barley cultivars were inves—
tigated.

The greater reflection by the light isogene was related to its
smaller water use early in the season. From mid-season on the higher
stomatal resistances in the dark isogene more than compensated for
its smaller reflection with the result being smaller water use by the
dark isogene. Seasonal totals showed the light isogene used as much
or more water than the dark isogene.

Osmotic potential does not appear- to be useful as a screening
test because of unreliability and inability to differentiate bétween
cultivars.

Soil water use has good potential as a screening test. The best
correlations with drought resistance occur at the shallow and deep
depths. The less water used the larger the drought resistance.

Water loss after dry-down is also a potentially good screening
test. The optimum drying interval was 24 hours, with whole plants
being the best sample. The smaller the water loss, the larger the
drought resistance. '

Modulus of elasticity gave the highest correlations with drought
resistance. However, the tediousness of the procedure makes it of
questionable value in preliminary screening. The higher the modulus,
the larger the drought resistance.

Plant height, percent plump kernels, and 100 kernel weights are
all positively correlated with drought resistance.




Chapter 1

INTRODUCTION

Drought Resistance Theory

The research for this thesis has involved two related, but separate,

research problems. The first involved the influence of color as a

drought resistance trait in barley isogenes. This is part of an on-
going research program at Montana State University in which differernt
plant morphological features, such as color, awn length, and others,
are evaluated in relation to drought resistance. The second area of
research relates screening techniques to drought resistance of barley
cultivars., These two areas will be treated separately throughout the'
thesis.

A brief introduction to drought resistance theory.wiil follow
in ofder to give a general background to the.épecific areas of drought
resistance that were studied. Since this thesis research involved
only plant characteristics and their relation to drought resistance,
no discussion will be presented involving environmental f;ctors and
their relation to drought resistance.

Probably the simplest drought resistance claésificatién scheme

includes two categories, drought tolerance and drought avoidance.

‘Drought tolerators include those plants capable of undergoing water
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stress (experiencing lowered water potential)l while still functioning
normally. This is often referred to és'desiccation resistance. Plant
physiological characteristics that enhance this drought tolerance |
include: a) increased cell wall elasticity; b) the ability of the’
vacuole to gel or solidif&; ¢) the production of sugaré, polyols, pep-
tides and proteins; and d) enlargement nf cell walls (54). 'This thesis
measured, as a screening test, osmotic potential, which should be a
measure of the produntion of sugars, polyols, and other salts and, thus,
of drought tolerance. Another screening technique‘researched, modulus
of elasticity, measures cell wall elasticity and, consequently, also
measures drought tolerance.

Drought avoiders are those plants that maintain a favorable inter-
A : o
nal water status (high water potential) when undergoing water stress
or, such.as is the case with desert ephemerals,.maintain a-high watei
potential by avoiding altogether any stressful.situation. In order

. 2
to maintain high water potential it is necessary that uptake, U, of

water be equal to or greater than the transpirational water loss.-3

lThroughout this thesis a water potential with a large negative value
will be considered low.

2All symbols are defined in the text as well as Appendix Table 31.

31n some instances, such as with succulents, it is not precisely the
uptake, but rather the retention of water in various plant organs
that must equal or exceed transpiration.
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Using an'analogy of Ohm's Law it is possible to define the move-

ment of water in soil and plants as

q = A¥/r (56) (1)
where q = water flux, ‘
AY = gradient of water potential across some component,
r = resistance acfosé that component.

In a similar fashion to equation (1) we may write the uptake of

water as being proportional to

Wr - Y
0o« ———5
r +r (2)
T s
where U = uptake of water
¥ = root water potential,
T
¥ = soil water potential, ' .
s
r, = root resistance, and
r, = soil resistance.

Plant morphological features that lower root potential and decrease
root and soil resistances would increase uptake of water.

Potentials in the plant, including Wr, consist of three components:

B ¥=0)y )Y @) WP (3)
where Y = total plant pofential (root, leaf, etc.),
Wm = mgtric potential,
To = osmotic potential, and
¥ = turgor or pressure potential.
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Matric potential is due to the adsorptive qualities of the tissue‘
matrix. Osmotic potential is due to the pfesence of salts or othér
solutes. Turgor potential is caused by vacuolar fluid pressure being
greater than atmospheric.

Lowered root potential would likely include lowered osmotic poten-—
tial caused by increased production of salts, sugars, etc. As men-
tioned above, osmotic potential was one of the screening tests studied.
Soil resistances would be decreased by more extensive rooting systems,
both deeper as well as-more highly branched with fine; root hairs. In
both the color study and the screening tests study, soil water use was
periodically monitored throughout the season. It was hypothesized #hat
soil water use should give an indirect measure of the rooting patterns
and, thus, of root resistance.

Again using an analogy to equation (1), we may define transpira-

tion as being proportional to

lya B Wl
Ee ——r7 ‘ (4)
a 1
where E = transpiration,

Y, = air potential,

Wl = leaf potential,

r, = air resistance, and

ry = leaf resistance.

Any feature that lowers leaf potential or increases leaf resistance
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would decrease transpiration. One factor causing lowered leaf poten-
tial.is lowered osmotic potential, as described above, which was
measured in a screening test. Another plant feature, color, also
exerts an influence on the leaf potential. A lighter colored plant
reflects more visible radiation and, subsequently, maintains a cooler
canopy temperature. This cooler temperature results in a loyer leaf
potential which in turn means a smaller tranéﬁiration rate. In simpler
terminology, ''cooler wéter will evaporate more slowly than warmer water'.
It is interesting to use Gates and Papian's (35) tables on the energy
budgets of plant leaves to predict what a difference between plants of
16 percent in Qisible reflection (a realistic difference between a
light and dark colored plant) would do to transpiration rates for a
"typical" summer day. If this 16 ﬁbrcent difference in visible reflec-
tion results in a 16 percent differenqe in the radiation 1oéd, and if
we assume other mean déily values of

leaf dimension along airfiow: 5 cm,

leaf dimension across airflow: 1 cm,

internal diffusion resistance: 5 sec—cm—l,

windspeed: 20 cm—sec_l,

radiation absorbed - dark plant: .86 1y-min_1,

radiation absorbed - light plant: .72 iy-min—l,

relative humidity: 25 percent, and

air temperature: 20° C,
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we find a predicted‘transpiration rate of 0.115 ],.y—min-l for the dark
plant and 0.090 ly—minnl for the light plant. For a 16 hour day this
represents 69.00 ly (1.19 mm) for the dark plant and 54.00 (0.93 mm) |
for the light plant. This is approximately a 22 percent difference
between plants in transpiration rates. Plants can also reduce their
. temperature by sensiﬁle heaﬁ advectibn to the alr. Morphological
features, related to drought resistance, which accomplish this includé
thin leaves and stems, tall structures, and the presence of hairs or .
awns; | |
Leaf resistance depends upon cuticular resistance and stomatal
resistance. Stomatal resistance-is sometimes broken down into stomatai,
sub-stomatal, and cell wall resistances. Plant morphological structures
that would increase leaf resistance include a thick cutin, small density
and size of stomata, rapid responsiveness'of stoﬁata to Qater stress,
~leaf rolling, and others. One écreénihg test stﬁdied, dry-down or
‘percent water loss, is probabiy at least partly a méasure of leaf
resistance. In the color study, stomatal diffusive resistances were
monitored throughout the season.
This discussion oﬁ plant morphological features as they relate

to drought resistance is not intended to be exhaustive. .Rather, it

is presented here to elucidate a few important drought resistance

traits and, in particular, to show how this thesis research fits ;ntd

the scope of drought resistance theory and research.
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Color as a Drought Resistance Trait in Barley Isogenes

For many years, researchers and growers have pointed out the
possible advantages of lighter colored plants in arid regions. The
primary advantages they claimed involved cooler plant temperatures
and smaller evapotranspiration rates. A review of literature on iso-
genic barley pairs, differing by color, indicates that the lighter
color isogene reflects more radiation and maintains a cooler canopy
temperature. Consequently, it was hypothesized that the light isogene
would also have smaller evapotranspiration rates, thus making it better
adapted to arid regions. Water use in this thesis research was measured
by two methods: 1) the Bowen ratio energy balance method which measures
transient evapotranspiration fluxes, and 2) the neutron meter method
which measures soil water consumption. In addition stomatal diffusive

resistance was measured in 1977.

Screening Tests for Drought Resistance in Barley Cultivars

Each year breeders at many places develop many new cultivars of
barley. In breeding for a particular trait, such as drought resistance,
it would be highly desirable to have rapid screening tests that can
reliably differentiate the cultivars as to drought resistance. Several
parameters that were researched as potential screening tests include
osmotic potential, soil water use, water retention, modulus of elasti-

city, plant height, percent plump kernels, and 100 kernel weights. In
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order to determine their usefulness, each'of these tests were performéd
on a group of 50 barley cultivars, 25 tWo-réw and 25 six-row, covering
the spectrum of drought resistant to drought sensitive; and the results
were compared with independent drought resistance ratings of the 50

cultivars.




CHAPTER 2
REVIEW OF LITERATURE

Color as a Drought Resistance Trait in Barley Isogenes

Bowen Ratio Energy Balance Method

According to the conservation of energy theorem, energy cannot be
created nor destroyed. Consequently, the simplest statement of the
energy balance equation is that thé sum of the energy entering a crop
canopy must equal the éum of the energy stored, utilized, and leaving
the canopy. In symbolic form the equation'becomés

Ré—(r+t) RS+R —ERl—LE—S—A—BS—PS—M =0 ' (5)

1
where the signs follow the coﬁvention éf positive entering and neéa—
tive 1eaving.4 The available incoming short wave radiatiom, Rslf
(r+t) RS, includes the shért wave energy which is neither reflected, r,
nor transmitted, t. The long wave radiation entering the canopy is
Rl; and that leaving the canopy is denoted by eRl, where ¢ is the
emissivity of the particular crop, usually approximately .98 (33), and
Ri refers to the fact that only long wavelengths are eﬁitted._ Further

energy loss can occur by either conduction into the soil, S, termed

the soil heat flux, convection into the air, A, termed the sensible

In some instances the signs may differ such as the case when LE is.
positive during dew formation.
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heat flux, or by evaporation of water, LE. The storage term, Bs’ is
normally neglected since it is a significant factor_dnly for a short
period near sunrise and sunset when Rn’ A and LE are small and (change .
in temperature/change in time) is large (62). Photosynthetic, Ps;land
metabolic, M, processes are glso ignored‘since their:influencé is
estimated to be less than 2 percént (62).

Normally net radiation, Rn’ an easily measured quanﬁity, is in-
cluded in the energy balance equation; Net radiation is the differeﬁce
between incoming radiation and outgoing radiation (5oth short and long
waves). In symbolic form, the relation is

| R =R - (r+ t) R, + Ry - e Ry | (6)
Including Rn'and neglecting Bs’ PS, and M gives a simplified energy
balance equation of
R -LE-8-A=0. . (7
Application of this equation in field experiments is made easier
by inclusion of the Bowen ratio, B, which is defined as A/LE’(iO).

Utilizing the equation for sensible heat flux and latent heat flux,

the Bowen ratio is

CpKh P 3T/3z
Lk de/dz

" B = A/LE = . _ (8)

Cp refers to the specific heat of air. L is the latent heat of vapori-
zation. P is the absolute barometric pressure. w is the ratio of mole

weight‘of water vapor to dry air. Kh and Kw refer to the éoﬁductivityﬂ
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terms of heat and water, respectively. 23T/dz is the temperature dif-.
ferential with height (;), de/dz is the vapor pressﬁre differential_
with height. |
By replacing the derivatives with finite differences' and assuming

Kh/Kw to be 1.0,5 the ratio becomes

C_PAT
B = LwAe (9)
If we divide equation (7) by LE, substitute B for A/LE, and
rearrange we get
R - S )
IE = —— . (10)
1+8 ° : ' e

This is the final form of the energy balance equation which can be
readily applied to calculate evapotranspiration fluxes, LE, throughout

the day.

Evapotranspiration

Since evapotranspiration flux is ultimafely the most important. .
parameter of drought resistance, we will review'its relationship to
other energy balanée factors.

Brown and Rosenberg (12) have found that a greafer proportion of

the Rn goes into LE at lower values of Rn, particularly at lower vapor

5This assumption of equality appears to be good for most situations
except strong advective and very stable conditions where the ratio is
greater than one (8, 14, 19). :
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pressureé and higher temperatures. Fritséhen (28) computed values
for LE/R.n and found'the ratio to generally exceed 1.0 for irrigated
barley in Arizona. A ratio greater than 1.0 indicates advective condi-
tions found frequently in semi-arid and arid regions.  Under conditions
of very strong advection the.energy baiance method consistently under-
estimates LE, sometiﬁes exceeding 20 percent (8).

LE ten&s to be inversely reiated té humidity. According to Brown
and Rosenberg (12), the influence of hﬁmidity is greater at low values
of (Rn - 8), low température, and low vélues of airlrgsistance. Air
resi;tance is primarily influenced by wind speed or turbulence.

Normally, LE decreases logarithmically wiﬁh én increase in leéf
resistance. Brown and Rosenberg (12) found the dependence of LE.on
leaf resistance was greatest at low values of (Rn - 5), air vapor
pressure, and air resistance. This sugéests that é;omatal control
of LE is greater during periods of cloudy weather and during early
morning and late afternoon.

Lemon et al. (48) have found LE to decrease with the maturation

of the crop, even before physiological maturity.

Reflection
Radiation impinging on a leaf can be either reflected, trans-
mitted, or absorbed. The reflectivity of leaves in the iﬁfrared; IR,

beyond 2.0y is small, being less than 10 percent for an angle of
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incidence of 65°, and less than fivg percent for an angle of 20° k36).'
Réflectivity of visible radiation (.4 to .7p) has been found to vary
between six percent and 25.percent (61). Transmiséivity of leaves is
usually zero in the IR beyond 1.0u (36). Transmissivity in thé visible
region ranges from 0 to lOlpercent. Consequently,'absorptivify will
range from 90 percent to nearly 100 percent in the IR énd from 65.per—_
cent to mearly 100 percént in the.visible portion of the spectrum. The
maximum visible reflection usually occurs around .54u, contfibuting_to
the characteristié green color of the plant. However, there'afe ﬁsually
smaller reflectance peaks at .57 and .64ﬁ. | |

Reflection from leaves is made up of two components. One is the
reflection occurring at the first air—cuticlé interface, which
probably is fairly uniform throughout the spectrum. The other is the
reflection occurring at interfaces within the 1eéf - with the'different_‘
pigments accounting for the selective absorption (52>.f |

The following‘statements include some -empirically deriveﬂ.fela~
tionships between refleétance and plant characteristics. At'far IR
wavelengths, the upper ieaf surface reflects more than the lower,
old leaves more than young, and.sﬁade leaves more than sun leaves. In
each insténce the inverse is true in the visible and near IR k34).
Billings and Morris (b) found that the.drier the Babitat, the greatef
the visible and near. IR reflectances. While studying color influences

on reflecténce, Shull#(61) found that the darkest green leaves had six
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to eight percent reflectance, whereas the lightest green leaves had
20 to 25 percent reflectance. From a computer simulation model, Seginer
(60) predicted that a 15 percent reduction in net radiation, caused by -
increased short wave reflection, would cause a 30 percent reduction
in LE.

| Since there appeared to be a relationship between increased reflec~
tivity and lowered crop tempé;ature and decreased evapotranspiration
rates, investigators and growers begaﬁ to look into artificial reflec-
tances (applied chemicals or sprays).

Several growers have used "white—washing"'tb reduce sunburn in
crops (22, 51). Elam (22) feported a decrease in the temperature of
tomatoes of 4° F after whitewashing.

Roseﬁberg and his associates in Nebraska (3, 4, 21, 46, .47) are'
currently studying the effects of two types of artificial refléctants -
Celite and Kaolinite sprays. Their findings include the following:

a) Reflectant treatment of canopies increased reflectivity by

10 to 20 percent.

b) Reflectant treatment resulted in a reduction of net radiation

from five to 10 percent.

¢) Reflectant treatment resulted in temperature increases of

one to 2° C. Normally increased reflection would lower the
temperature. The authors concluded that the surprising in-

crease in temperature was caused by reduced emissivities
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which decreased long wave radiation, and decreased evapotran-
spiration rates which decreased evaporative cooling.

d) Reflectant tfeatmént resulted in increaéed net radiation at
lower levels within the canopy. This was evidently caused by
downward reflection.

e) Evapotranspiration rates were 10 to 15 percent lower in

the treated canopies.

Colér Influences in Barley Isogenes

Crop breeders have developed isogenic pairs of barley cultivaré._
These cultivars differ, theoretically, by only one gene or group of
genes. Several researchers have studied the characteristics of isogenic
pairs that differ only by color (1, 2, 24, 25, 26). Some of their

findings are reviewed below.

All evidence shows that the light cultivars reflect more radiation -

than do the dark cultivars. Aase (1) averaged rgflecfivity for three
pairs (Compana, Liberty, and'Betzes).and found the light cultivars to
have a six percent higher reflectivity. Fuythermore, Aase et al. (2)
showed greater light transmission for the lighter cultivarsl _Gfeate?
reflectivity should correspond to lower net radiation. However, Aase
et al. (2) discovered little difference in net radiation between the
colored isogenes (the light isogene had slightly higher net radiatiomn).

This would suggest that some component, other than short wave
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reflection, is also influencing the net radiatiom.
Canopy temperatures in the light isogenes are usually cooler than
in the dark isogenes. Ferguson (24) found the'light Betzes cultivar to
be .6° C cooler than the dark cultivar and the light Liberty'cultivar

to be .9° C coolér than the dark cultivar.

Screening Tests for Drought Resistance ih Bérley Cultivars

Since drought resistance can include a complex array of physiologi—
cal and morphological features, it is likely that in order to adequately
differentiate cultivars as to drought resistance it will be necessary to
use a combination of screening tests that measure some facet(s) of both
drought tolerance and drought avoidance (50). "In the reyiew of each
screening test, it i; indicated whether the test measufeé drought

tolerance and/or drought avoidance.

Osmotic Poténtial

A measure of osmotic.potential would probably give a measure of
droﬁght avoidance since plants that have a iower osmétic potential have
a higher absorbing capacity and a smaller transpiring capacity (see
equations (2) and (4)), thus maintéinihg a more favorable internal
‘water condition. A supporting argument states that lower potential
decreases vegetative growth throughout the season, thus saving water
for the more important later stages of growth (44). It can also be

argued, as noted in the introduction, that osmotic potential measures
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a form of drought tolerance. Levitt (49), summarizing the work: of
several investigators, showed an inqrease in drought resistance with a
lowering of osmotic potential. Studying winter wheat in Canada, Kaul
(43) also found an increase in drought resistance with a iowering of
osmotic potential. Campbell and his associates (15, 16) found, for
wheat varieties, an increase in drought resistance with a decrease in
(osmotic potential in the afternoon minus the osmotic potential in the

morning).

Rooting Patterns/Soil Water Use

A mea;ure of the rooting patterns would probably also gi&e a
" measure of avoidance, since a more extensive rooting system could
extract more soil water. Several investigators have found that as the~‘
Wid;h,.depth, and brancﬁing:of roots increase, the plént-water stress
decreases (5, 63, 64); Levitt (50) reported that deep-rooted plants
shéw gfeafer droﬁght_avoidance dﬁly if ground water is available.
If ground water is not available, the deeper rooted plants show less
avoidance;, Working with winter wheat, Sandhu énd-Laude (59) showed
that, in general, drough£ and heat-hardy varieties had higher root/top
ratios than nonhafdy’varietieé. Research in Canada shows that the
rooting patterns below a certain depth may be an important drbught

resistance trait (40). Hurd (40) reports that the most important soil

depth for the root development of wheat is below 60 cm. He states that
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it is advantageous to breed cultivars that have the greatest root mass

below 60 cm.

Water Retention/Dry Down

A measure of a plant's ability to retain water is another measure
of drought avoidance since a high reténtion of water would ‘result in
a better internal water statns. Dedio (19), working with 6 neék old
spring wheat and durum plants found a significant ddfterence between
cultivars on a measure of water content. The ten spring wheat culti-
vars varied in percent .water content from 74;2 percent (least drought
resistant) to 83.8 percent (most drought resistant). The five durum
cultivars ranged fron 76.7 percent to 79.2 percent. Drying at room
temperature for a 24 honr period showed the greatest differential
aﬁong cultivars. Also, the authors found that stage of growth and
position of leaf considerably affected the water retention abllity
In another study‘w1th winter wheat, Sandhu and Laude.(59) discovered
large differences in water retaining capacity of the plants at the‘
tillering stage The percent decrease in neight upon drying varied.
from 25.6 percent (most drought resistant) to 40.4 percent (1east
drought resistant). -The cultivars showed a greater differential water '
retaining ‘capacity in the tillering stage than in the dormant stage.
The.shortest drying period for effective differentiation of cultivars

was 3 hours. A study on wheat, oats, and bariey (58) showed only poor
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differentiation between cultivars on water retention of detached
leaves. Water retention of intact plants following exposure to low

vapor pressure was correlated with survival.

Modulus of Elasticity

In general terms a modulus of elasticity is defined as the ratio
of the stress to the corrésponding strain. A modulus of elasticityi
for plants is defined as the ratio of turgpr.potenfial to the cell

‘volume (water content) (13). Philip (54) gilves its formal definition as

®n ~ V/VWPTT ’ . (11)
o
where e_ = modulus of elasticity,
V = cell volume,
V0 = cell volume at zero turgor potential, and
WP = turgdr potential.

By knowing the turgid values of osmotic potential and matric potential,
turgor potential, and.relative water content, it is possible to cal-

culate ey from Wilson's (66) relation
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R = relative water content.

A simpler approa;h was developed by Campbell (16) in whiéh he
calculated e as the slope of the relationship of (1l/total potentiai)-
vs. relative water content.  His assumﬁtions include zero métric poten-
tial and a linear relqtionship between water content and turgor poten—
tial.

A couple of studies (15, 16) havé shown an inverse relationship
between médulus qf élastici£y and drought reéisténce. However, Cowan
and ﬁilthorpe 18 diségrée on theoretical grounds because 'a combina-
tion of 1argé elastic modulus and low osmotic potential providés'é"
mechanism for maintaining the Wate:'supply to the metabolic component
while sustaining large gradiénts of pofentiél associated with water |

flow to the leaf".




Chapter 3

METHODS AND MATERTIALS

Color as a Drought Resistance Trait in Barley Isogenes

Physical Location

Both iﬁ 1976.and 1977, one acre plots each of Compana, Golden
Compana, Liberty and Golden Liberty barley were grown on John Kamp's
dryland grain farm located épproximately eight miles northwest of
Three Forks. This area has an average annual precipitation of 12 inches
(30.48 cm). The location consists of deep, well-drained soils on
probably a broad fan. These soils formed in strongly calcareous, stra-
tified alluvium. The slopes range from level to two to three percent:
slopg. The soil family classification is a coarse-loamy, mixed

borollic calciorthid. The series is Ameéhé.

Reflection

Reflection was measured with invérted-Kipp radiometers. These
instruments measure the shbrt wéve radiation up to abproxiﬁafely éu.
In 1977 a 2 cm high cylindrical shield was"plaééd on the outef edge
of the radiometers to reduce the méasurement of scattered sky radia-
tion. The instruments were suspended to the south of the support post
and elévated, early in the season, approximateiy 1 m above the crop

canopy;
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Net Radiation

Net radiation was measured with é Fritschen miniature.net‘radio—
meter. These instruments were also suspended to'the south of the
support post and elevated apfroximately 1 m above the crop canopy.
In 1977 the net radiometers were calibrated, using the shading tech~
nique (41), before and after the growing season. The mean values
agreed reasonably well with the factory calibration values. The
factory calibration factors were therefore used in the subsequent

calculations.

Soil Heat Flux
A single heat flow transducer (Micromet industries) was buried
10 cm under the surface between two rows in each plot. The factory

calibration factors were used to determine. soil heat flux.

Brown Ratio Appéfatus

In 1976 the Bowen'ratio apparatus’ consisted qf thermocouples (.005
inches, matched copper—constahtan) for temperature measurements and
thermiétors (YSI 44Q05, differenfial) arraﬁgéd in a'wet-dry bulb
manney for the vapor pressure measureménts, The recording device was
a non-integrating data 1ogger (Multifﬁncéioﬁ Data Logger, ﬁDL—930) with
a separate digital fecorder. Readiﬁgs‘were taken every 20 minutes.
While the temperatufe measurements appeared close té the .25° C

theoretical accuracy, the vapor pressuré measurements presented
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considefable inaccurécy. The exact cause 6f the'inaccuracy was not
ascertained. To correct for this problem, it was decide& to discard
an§ data obtained bgtweeh the hours of 6:00 a.m. and 6:00 p.m., that
gave LE rates greater than 0.0 'J.y—min-1 or less than 71.5 1y-min_l.
These somewhat arbitrary wvalues wére then chosen because typiéal
Bowen ratio LE rates from literature are generally within these
limits (8, 12, 62). This resulted in considerable exclusion of data.
Furthermore, even the data retainea are somewhat questionable.

In 1977 the Bowen ratio apparatﬁs consisted of similar thermo-
couples; however, the psychrometer-sensors were replaced with humidity -
sensors (We;ther Measure Corporation). Although these sénsors'héd a .-
fadtdry rated accuracy of + 1 percent relative humidity, our laboratdry
calculations indicated less accuracy. Therefore, it was decided to
rotate the sensors every half hour'in order to remove individual sen-
sor bias. This résult;d in reasonably aécuraté vapof pressure gradiént
data; and very little data‘had to be discardeq. A differeﬁt data
logger (CR5> Digital Recorder, Campbell Scientific, Inc.) &as used
in 1977. This recorder had the.capability of integrating signals over
4 time interval and printing the mean value.' Readings were takenlevery
30 minutes. | |

In order to develop the energy balance equation ;o a'useable form .
we assumed: 1) Kh/Kw = 1.0, as discussed above, and 2) CP P/Lw = 0.642

1

mb-deg . The second assumption is reasonable since diurnal and
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season varlation in pressuré 1s small and the other constants vary .
.only slightly with temperature. These assumptions reduce the equation

to its final useable form

R -5 |
LE = 140,642 aT/te 3 (13)

~ Stomatal Diffusion Resistance

In 1977 stomatal diffusive resistances of Liberty and Golden
Liberty were measured at two different locations. . First, stomatal re-
sistances of the upper surfgce were determined, using a Li Cor Auto-
porometer, on Liberty and Golden Liberty grown oﬁ Kamp's dryland farm.
Random samples were taken throughout the day on June. 24, July 7,

July 11 and 12, and July 20. A randomized complete block design wéé
employed treating time as the block variable.

A second approach involved measuring.the stomatal fesistancgs of
Liberty and Golden Liberty grown‘at the Bozeman farm: A randomized
complete block design was used with seven replicates. Since it took
approximately 3 hours to complete the study, it was performed twice,
once in the mofning and once in the afterpoon. This was accomplished

to determine if time of day influenced stomatal resistance.

Soll Water Use
A second means of determining water consumption by the barley:

isogenes involved the periodical monitoring of soil water consumption
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by the neufron meter method. Two inch (5.08 cm) diameter aluminum
alloy access tube; were placéd‘60 inches (152.40.cm) deep, cente?ed
between rows, with 3 per plot. Row spaciné-was 30.5 cm. Readings were
taken twice weekly at 6 inch (15.24 cm) intervals down to 60 inches
(152.40 cm) throughout thg season. Soil water data were obtainéd for.
Compana - Golden Compana at the Bézemén station in 1975-and at Kamp's .
farm in 1976. Data for.Liberty - Golden tiberty were obtained at -

-Kamp's farm in 1976 and 1977.

Screening Tests for Drought Resistance in Barley Cultivars

Osmotic.Poﬁential

. Osmotic potential data were developed ftrom the 50 barley cﬁlti— .
varé grown in 4 fow'x lO‘feet (3.05 m) plots. Readings were taken
‘during all three seasons .at two different times: .1) prior to hgading'
 and 2) afterrheading. In 1975 the cultiva?s wgfe.gré%n'at thé Bozeman -
.farm.and,readings taken on‘July 14 and August 12, .In 1976 thé‘cultivaré
were gfown at Kamp's farm and readings taken on Juiy 14 and Auéuét 10.
.In 1977 the cultivérs were again grown at Kamp's farm. Howgvéf, two
replications were fun in a'randomized é&mplete block design. Data
were taken on June 22 énd July 20. '

On each-sampiing day, reddings were taken at maximum turgor,

defined as just p;ior to sunrise, and at minimgm turgor, defined as

2:00 p.m. -Single ieaves'from 3 plants (the most recent prioxr to
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heading, and the flég leaf after headiﬁg) were inserted in 15 cm'lengths
of surgical tubing with an inner diametér of 1.3 cm.- The.pieces of
surgical tubing with leaves were closed wifh rubber stoppers and frozen
on dry ice. After thawing, the sap was ex;racted with steel‘rollers;
The sap was absorbed by filter discs and the osmotic potential was
determined with a desk model thermocouple psychrométer (C-52, Wescor,

Inc.).

Soil Water Use

In 1976 soil water consumption and, indirectly, rooting patterns
were measured for the 50 cultivars grown, in 4 row x 10 feet (3.05 m)
plots having a 30.5 Em row spacing at the Bozeman farm. These data
were taken after the culti&ars had been harvested. Soil samples were
taken at 6 inch (15.24 cm) intervals down to 60 inches (152.40 cm).
The percent soil waterzremaining waé calculated from gfavimetric daéa
by taking the ratio of soii'ﬁater ﬁo dfy soil mass. 1In 1977 néutrOp'.
‘access tubes were, placed in the middle Qf thé.A row x 10 feet plots
with a 30.5 cm row spacing at Kamp's farm and soil water use was
monitored once a week throughout the season. Reédings were taken at
6 inch infervals down to éAﬁaximum of 60 inches (where the gravel per-

mitted).

Water Retention/Dry Down

Water retention of young plants and also plants after heading was
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determined in the summer of 1975 at the Bozeman farm. _flang'weights'
Wgre:taken at 1 hour, 6 hour, 12 hour, 18 hou;,‘24 hour, 48 hour,
* 72 hour, 96 hour, and iO days. The sample consisted of a single plant
in each case which was allowed fo dry at room temperature. The percent
water loss, on a dry weight basis, was caléulated by &ividihg‘thé water
transpired in a given inter&al by the dry weight and' then multiplying
By 100. 1In 1976 the percent water loss of whole plants, grown at the
Bozeman farm, was determined at 1 hour, 6 hour, 12 houf, 24 hour, gnd 48
hours. The percent water loss of léaveé was‘detefﬁinea at 3 hours and
after oven drying. The pércent water lbsé of heads with grain weigﬁt
included and of heads with grain weight.sﬁbtraéted were determined for
‘one drying intervai, that being oven dry. The category of heads with
grain weight subtra;ted Was‘&etermined by subtracting the weight of.
thé Eernels from the total Qead weight before calculating percen£ .’
water loss. 'In.each studyliﬁ 1976, fi&e samplés,of eéch cﬁlti%a?-was
used. Using a‘completely randomized design, an analysis of variance

was determined for these data.

Modulus of Elasticity"

In developitha'meang,fdr measuring the modulus of elasticity,
em,'an agproach somewhat liké Ca@pbellﬂs.(iG) was used. Important
modifications included ﬁsing Wilson's (63).equatibné for osmotic poten-

tial, Wo, matric potential,vwm, and turgor potential, WP. These
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equations are:

(Wo + Wm )(1 - B)

_ t t .

1

where Wot osmotic potential at full turgor,

¥m, = matric potential at full turgor,
B = fraction of bound water,

R = relative water content,

v +Y¥%¥ )B (1 - B)
S

n ~ R(R - B) - | 3

and

b4
p

1

R[em-— (Wot + Wmt)] me . . (16)
Combining the osmotic potential and matric pofential; the. equation

for total water potential becomes

(WOt.f Wmt)(l - B)
¥ o= R'—.B .+ R[em- (‘{"

o¢ +-Wmt)] -e - (17)

For R < Rb the turgor potential becqmes‘zeﬁo. If we.now invert, the
equation for total water potential becomes

R-B - R _ B .
¥, t-HJmt) (1-B) (Yo t+\ymt) (1-B) (\yotwmt) (1-B)

1/¢ = (18)

It is seen that B= - intercept/slope and (Wot+wmt) = l/(élope(l—B))
of the regression of 1/¥ on R. Now Wo and Wm are determined (eg. (14)
and (15)) and WP can be determined by algebraic subtraction (eq. (3)).

From the regreséion of Wp on R (eq. (16)) it is seen thét:the intefcept
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is'— e Thus, usiné only two e#perimental vafiaﬁles,-w énd R, it is
possiblé to readily determine e The-expgrimengal procedure consisted
of taking a éingle leaf, inserting i;s stem through a rubbef stopper,
and forcing water inté thé leaf untillq &ate: dropleﬁ appeared on the
extruding stém.. This would correspond to full turgidity. Then'the
leaf was allowed to dry doﬁn at room temperaﬁure;'while téfél poten;‘
tial and leaf:weights were périodiqally detefmiﬁed. Total potential
was measured wifh a pressure bomb (PMS Instrument Co.) while. 'R, |
calculated by fresh weight/fufgid weight, was deterﬁined with a 3-
place Mettler balance. Iﬁ 1976 data for the relationship of 1/¥
vs. R were obtained for 29 cultivars grown at the Bozeman farm. 1In
1977 similar data were qb;ainéd for 21 cultivérs grown in the green-

house.

Eslick's Drought Resistance.Ratinés'(Tgble'l)
TIn order to determine drought resistance ratinés'fqr.thg 50 barley
cultivars, Eslick (23) has‘analyzed-yield data froﬁ regional nurseries .
and Montana-nursérigs inciuding the Northern Great Plains Barley
Nurserf, Rocky Mountain Bariey Nu¥sery, Western 2-Row BarleyvNﬁrsery,
Western Spring Barley Nuréery, Western Dryland Spring Barley Nurserf,‘
Montana Interstate Nursery and othér Monténa_nurseries. This ingludes
nurseries grown in Oregon, Washington5 Idého, Utah, Cblorado,‘Wyoming,

Montana, western North Dakota, western South Dakota; western Nebraska




Table 1. Predicted yields at different yield levels and the slope.for 49 bafley cultivars.
Data from R.F. Eslick,

- _ Yield Level, bu/a . ) :
20 30 40 50 60 . 70 80 90 100 110 120 Slope-Method E

Variety 10
Predicted Yield, bu/a
Marie 9.6 19.8 30.0 40,1 50.3 60.4 70.6 80.8 90,9 101.1 111.2 121.4 1.02
Titan 12.2  20.8 29.4 38.0 46.6 52.2° 63.8 72.4 81.0 89.6 98.2 106.8 .86
. Betzes 10.4 20.2 30.0 39.8 49.6 59.4 69.2 79.0 88.7 98.5 108.3 118.1 .98
Vantage -8.9 19.5 30.0 40.6 51.2 61.7 72,3 82.9 93.4 104.0 = 114.6 125.2 1.06
Compana 12.5 20.8 29.2 37.5 459 54.2 62.6 70.9 79.3 87.6 96.0 104.3 .84
Glacier 10,2 20.1 30.0 39.9  49.8 59.8 69.7 79.6. 89.5 99.4 109.3 119,2 .99
Dekap 13.2  21.8 30.4 39.0 47.7 56.3 64.9 73.5 82,1 90.8 99.4 108.0 . 86
" Traill 10.2 20.1 30.0 39.9 .49.8 59.7 69.6 . 79.5 89,4 99.3 109.3 119.2 . .99
- Freja 9.1 19.6 30.0 40.5 50.9 6l.4 71.8 82.3 92,7 103.2 113.6 124.1 1.05
Trophy 12.0 21.1 30.1 39.2 48.2 57.3 66.3 75.4 84,4 93,5 102.,5 111.6 .91
Ingrid 9.1 19.5 30.0 405 50.9 61l.4 71.8 82.3 92.8 103.2 113.7 124.1 1.05
Larker 12.7 21.3 29.9 38.6 -47.2 - 55.8 64.4 73.0 81.6 90.2 98.8 107.4 .86
New Moravian 4.4 22,1 29.8 37.6 45.3 53.1 60.8 68.5 76.3 84,0  91.8 99.5 7
Atlas 46 11.1 20.6 30.0- .39.5 48.9 58.4 67.8 77.3 86.7 96.2 105.6 115.1 .95
Piroline 10.5 20.3 -30.0 39.8 49.5 59.3  69.0 78.8 88,5 -98.3 108.0 117.8 .98
Harlan 6.9 18.4 29.9 41.4 .52.9 64.4 .75.9 87.4 98.9.110.4 121.9 ~133.4 - 1.15
Frontier 11.8 21.0 "~ 30.1 39.3 48.5 57,7 66.9. 76.0 85,2 -94.4 103.6 112.8 .92
Hiland 7.3 18.7. 30.0° 4l.4 52.8 64.2 75.5 -86.9 98.3 109.6 121.0 132.4 1.14
Heines Hanna 12.3 21.1 29.9 38.7- 47.4 56.2 65.0 73.8 82.6 91.3 100.1 108.9 .88
otis 10,0 20.0 30.0 40.0 50.0. 60.0 69.9° 79.9 89.9 99.9 109.8 119.8 1.00
Horn 11.0 19.4 27.9 -36.4 44,8 53.3 61.7 70.2 78.7 87.1 95.6 104.0 " .85
Trebdi 12,5 21.4 30.3 .39.2 48.0° 56.9 65.8 74.7 83.6 92.4 101.3 110.2 .89
Haisa II 9.7 19.9 30.0 40.2 50.3 60.5 70.6 80.8 90.9 101.1 111,2 121.4 1.02
Gem 9.8 19.9 30.0 40,1 50,1 0.2 70.3 80.4 90.5 100.5 110.6 120.7 1.01
Hannchen 13.9 21.9 29.9 37.9 45.8 53.7. 6l1.7 69.7 77.6 85.6 93.5 101.5 . .80
Bonneville 9.2 19.6 30.0 - 40.4 50.9 61.3 71.7 82.1 92,5 103.0. 113.4 123.8° 1.04
Munsing 11,9 21,1 30.2 39.3 " 48.4 57.5 66.6 75.7 84.8 93,9 103.0 112.2 ©W91
Liberty - 12.6 . 21.2 29.8 - 38.4 A47.1 55.7 64.3 _72.9 8l.5 90.2 98,8 107.4 .86
-Spartan 15.3  22.0 28,7 35.&4 42.1 48.8 55.5 62.2 69.0 75.7 82.4 89.1 .67
Galt 8.3

19.1 29.8 40.6° 51.4 62.2 73.0 83.7 94.5 105.3 116.1 126.9 1.08

0¢




Table 1. Predicted yields at different yield levels and

Data from R.F. Eslick.

Cont.

the slope for 49 barley cultivars.

Yield Level, bu/a

Variety 10 20 30 . 40 50 60 70 80 90 100 110 120 Slope-Method E

. - Predicted Yield, bu/a i ”
Firlbeck III 9.5 19.7 30.0 40,2 50.4 ~60.7 70.9 81.2 91.4 101.6 111.9 122.1 1.02
Steptoe- 3.3 15.9 28.6 41.3 54.0 66.6 79.3 92,0 104.6 117.3 130.0 142.6 1.27
Vanguard 9.5 19.7 30.0 40,2 50.4 60.7 70.9 81.2 91.4 101.6 111.9 122.1 1.02
Beecher 12.3 20.9 29.4 38.0 46.6 55.2 63.8 72.3 80.9 89.5 98.1 106.7 .86
Hector 9.1 19.5 29,9 40.3 50.8 - 61.2 71.6 82.1 92,5 102.9 113.4 123.8 " 1.04
CM67 : N . ’

K Klages 9.3 19.7 30.2 40.6 51.0 61.5 71.9 82.3 92.8 103.2 113.6 124.0 1.04
Steveland 8.0 18.9 29.8 40.7 51.6 °62.5 73.4 84.3 95.2 106.1 117.0 127.9 1.09
Erbet 12.3 21.0 29.8 38.5 47.2 56.0 64.7 73.4 82.2 90.9 99.6 108.3 .87
Dickson 11.4 20.7 30.1 39.4 48.8 58.1 67.4 76.8 86.1 95.5 104.8 114.1 .93
Maris Mink =0.5 14.5 29.4 44,4 59.4 74.4 89.3 104.3 119.3 134.2 149.2 164.2 1.50

. Montcalm 11.8 20.5 29.2 37.8 46.5 55.2 63.8 72,5 81.2 89.9 98.5 107.2. .87
Vireo 20.5 27.7 35.0 . 42.2  49.4 56:7 63.9 71.2 78.4 85.6 92.9 100.1 T2
Primus II 9.2 19.6 30.0 40.4 50.9 61.3 71.7 82.2 92.6 103.0 113.5 123.9 1.04
Zephyr 7.2 18.5 -29,7 40.9 52.2 63.4 74.7 85.9 97.1" 108.4 119.6 130.9 1.12
Nordic 22.3 27.3 32,3 37.3  42.3 47.2 . 52,2 . 57.2 62.2 67.2 72.1 77.1 .50
Georgie . 8.5 19.2 30.0 40.8 51.6 62.4 .73.2 84.0 94.8 -105.6 116.4 127.1 1.08 .
-Briggs 14.2 21.8 29.3 36.9 44.4 52.0 59.5 67.1 74,6 82.2 89.7 97.3 .76
Herta 9.7 19.8 30.0 40,1 50.2 60.4 70.5 80.7 90.8 100.9 111.1 121.2 . 1.01
Unitan 8.0 18.9 29.7 51.5 62.3 ° 73.2 84,0 94.9 105.8 127.5

116.6 1.09

1€
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and southern Alberta. Drought is frequently encountered in these areas.
The data used were from the 40 year period 1536 through 1976. The cul-
tivars, wﬂich are tybically grown in these regions, are equally divided
betﬁeen 2-row and 6-row cultivars. California Mariout 67 was not
tested in the area which resulted in the ratinés of only 49 cultivars.

Whenever two cultivars wére grown in the same nursery the paired
values were used in a regression analysis. Thus, if all 49 cultivars
were grown in a given nursery there are a possible 48 equations to
predict the yield of_a selected Cultivar._'ﬁOWever, not a11.49 cultivars
were grown in eve?y nursery which résulted in fewer regregsion equa-
tions. Since the regression equations had different reliabilities
based on n, the values were weighted in accordance with the value of n.
Weighted means, %eighted regfession coefficients and weighted standard
errors were'calculated.for each cultivar and used to predict the
yields ‘(dependent valuesj of each cﬁltivar by 10 bushel yield incre-
ments from 10 to 120 bu/a.(independent values). These indepéndent
values of 10 to 120 5u/a will be referfed‘tq'as yieid ievels.‘ The -
dependent values Wili be feferred to as éfédicéed yieids, The éfef
dicted yields were weighted.and averéged‘to give the3§aiues listed in -
the first 12 columns of Table 1. Several methods.of calculétiﬁg slopes
were employed to summarize these 12 data points for éach cultivar.
~ Only Me;hod E was used in éhis thesis. Method E consisted:of taking

all predicted yields for yield levels of 80 and above, detérmining‘a‘
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regression for these values, and from this regression predict a yield
for a yield level of 90. The same was accomplished for yield levels of
40 and lower to obtain a'predic#ed yield for a yield level of 30:. The
slope was then defermined from these two yield levels of 30 and 90 and
their predicted yields. These values are given in the last column of
Table 1. The twelve columns of yield 1eveis and their predicted'yields
plus the thirteenth colqmn measuring the slope (Method E) will be
referred to as Eslick's drought resistaqce'ratings (Table 1). These
ratings (Tabie 1) were used as the standard to compare tﬂe effective~
ness of the potential-screening tests that were researched in this
thesis._6

Probably the moét.ideal,drought resistant cultivar would yield
' high under drought conditioﬁs and continue té yield high under Wéttef
. conditions. This meéns that the éredicted‘yield'would be gréater\
than iO bu/a fof a yield level of 10 bu/a and also greater than 120
bu/a for a yield lével of 120 bu/a. A éultivar that has hiéh predicted
yields (> 10 bg/a) for a yield level of 10 bu/a and has low pfedicted
yields (< 120 bufa) for a yield level of 120 bﬁ/a would also be con—

sidered a drought resistant cultivar, although less ideal than the

r6Table 1 is currently being revised at Montana State University. Since
maturity dates may have an important influence on drought resistance,
it was decided to remove any maturity differences. This may have an
important influence on .the analysis given below. ‘
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above. Using the same reasoning as abéve, it is expected that the
more drought resisfant a cultivar is, the -smaller the slope.

In order to determine theleffectiveness of a particular
scréening technique, cémbarisons usiné Pearson product moment correla-
tion éoefficients, were made Between Eslick's drought resistance
ratings and the data of an individual screeﬁing test. For example,

a correlation coefficient was calculated for percent water loss at 24
houré for the 50 cultivars vs. ﬁredictéd yieldtat a yield 1evei of

10 bu/a. Then another corre;ation'coefficient was calculated for per—
cent water loss at 24 hours for the 50 cultivars vs. predicted yield at
a yield level of 20 bu/a. This ﬁrocedure was continued for all yield
levels and #he slope (Method E). .The analysis of these correléﬁion
coefficients'determines the effectivenesé of a given screening tecb—
nique.

A scrgening technique which would ‘be in.good.agréement With-.
Eslick's ratings of drought resistance (Table 1).wou1d at least show
high correlations.at low yield 1eyels.l Wﬁaé consists of a '"high"
correlation when cohéidéring drought resi;tance is“difficult to say.
Howéver; it seems reasonable to assume that coefficients of around
+ .20 at low yield 1eve1§ may indicate a useful screening test. It
is more difficult to theorize what sort of correlations should occur
at intermediate and high yield levels for high drought resistangé. A

screening test that resulted in high correlations at low as well as
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intermediate and h%gh yield levels would imply that cul£iﬁars high (low)
in the measured frait yielded well under both drought and wet cbndi—‘
tions. (In some cases plants high iﬁ the measured trait, such as water
retention, were more drought fesistént; whereas in other cases plants
low in the meésured trait, such'as soil water use, were more d%ought
resistant.) Whereas, a screening test that had high correlations at
low yield levels and low correlations at intermediate and high_yiéld
levels implies that those culfivars high (low) in the measured trait
yielded well oﬁly under drought conditions. . Finally; a screening
test that had high correlations at low yield levels, low‘corfelations
at intermediate yield levels and high correlation, but with opposite
algebraic sign, at high yield levels implies that plants high (low)
in thé measured. trait ylelded well under drought cqnditioﬁs, but
yielded poorly under We£ conditions. Ih combaring the screening -
tests with the siope (Method E), high-corrélations implies that
plants high (low) iﬁ the measﬁred trait &ielded relatively high under

drought conditions and relativeiy low under wet conditions.




Chapter 4
RESULTS AND DISCUSSION

Colér as a Drought Resistance Trait in Barley Isogenes

Appendix Tablé 2 gives the daily energy balance values for the
1976 season. Appendix Table 3 gives tﬁe‘daily energ? balance values for
the 1977 season. Rather thgn analyze each day's table of values, the
approach will be to analyze trends within the tgbles giving the daily
tqtals for each season (Tables 2 and 3). Most of Fhe analysis will
concentrate on the 1977 data since very fewvmeasurements had to be

discarded and certain trends are more evident.

Reflection

.Summarieé of the daily ;6tals for the various energy balance
factors, stage of-develqpment as determined by the Feeke's scale (44),
and the solar time period of measurement are-given for the 1976 and
1977 déta in Tables 2 and 3, fespectiﬁely. Columns in thesg tables
giying reflected radiation for the 1ight‘isoggne, Rr—L, and reflécted
radiation for the'dark‘isogene? Rr—D,.reveai'the énticipated greater
reflectivity for the lighf iéogene. This hoids true untiltthe heads
'.began to tuxn on August.3, 1976 and July 20, 1977, af;er which the
dark isogene refiects‘more. This réversal in trend is caused by the

earlier heading of the dark isogene, which increases the reflectivity.




_Table 2.

Daily and seasonal totals of energy balance factors involving
Golden Compana barley, 1976 (ly).

Compana and

Time period of - Feekes Scale*
Month/day LE-D LE-L R, Ryl R.-D Rl sop s-n ad AL X¢ measurement D L
July 4 16 20 42 35 25 26 2 1 28 16 104 11:20 AM- 4:20 PM 10.1 10
5 1 37 192 181, 71 79 14 i1 177 133 415  6:20 AM-11:00 PM
6 2 38 110 94 34 35 7 5 101 52 166  3:40 AM- 4:40 PM 10-5.2 10.1
7 27 21 . 166 141 53 59 8 5 130 115 261 11:20 PM-10:40 PM
8 1 4 A 36 16 17 3 2 40 31. 78  9:40 AM- 7:20 PM
9 0 0 23 21 0 0 3 1 20 20 © 6 11:20 PM- 4:00 AM
13 2 31 211 178 121 126 7 5 202 142 342 10:30 AM-10:40 PM 10-5.6 10-5.4
14 0 3 257 - 242 80 90 20 11 237 227 401 10:20 AM- 8:00 PM
15 3 11 69 62 30 34 4 5 62 46 135 11:40 AM-10:40 PM 11.1 11.1
28 2 2 208 181 78 88 16 15 191 164 360  9:40 AM-11:00 PM 11.1.1 11.1.1
29 2 10 98 76 42 46 3 3 92 64 188 11:00 PM-11:00 PM
Aug 3 0 14 93 78 42 41 ‘5 2 88 62 87 10:00 AM-11:40 PM 11.1.3 11.1.3
- 4 6 2 . 9% 82 65 64 - 10 10 78 70 148 11:20 AM- 8:20 PM
5 3 4 146 128 121 119 9 9 134 115 230 10:40 AM-11:00 PM 11.1.3 11.1.2°
Total 65 . 197 1753 1535 778 824 111 85 1580 1257 2921

D = Dark Isogene
L = Light Isogene
1ir

Rp = Net Radiation

R
S = Soil Heat Flux

A = Sensible Héat F1l
Rt = Total Radiation

*

Evapotranspiration

r Reflected Radiation

ux

Appendix Table 32 gives a description of the stages of development associated with the numerical categories.

LE




Table 3. Daily and seasonal totals of emergy balance factors involving Liberty and
Golden Liberty barley, 1977 (ly).
. g - Time period of Feekes Scale®
Month/day "LE-D LE-L RniD Rn-L R, D R, L S-D S-L A-D A-L Rt measurement D L
June 24 258 196 183 136 -- -~ 49 48 24 12 417  7:30 AM- 1:00 PM 8-9 4
27 144 110 111 9% -- -- 2% 24 9 11 246 11:30 AM- 2:30 PM 10
30 150 121 209 179 65 78 11 8 48 50 329 11:00 AM- 3:00 FM  10.1
July 1° 139 121 222 191 74 86 10 8 73 62 350 .9:00 AM- 1:30 PM
5 172 168 225 206 70 82 10 8 43 30 362 10:00 AM- 7:00 PM  10.2 4-9
6 72 . .79 . 146 135 42 51 6 4 69 52 220 9:00 AM- 1:00 PM
7 57 6 129 111 38 46 6 4 66 43 203 10:00 AM-12:00 PM 10,2 £4-10
11 155 177 269 222 82 97 13 12 ‘182 33 418 10:00 AM- 5:00 BM 10,3 4.10.1
12 88 79 159 130 51 58 4 4 66 46 244 6:30 AM-11:00 AM
14 187 172 328 273 98 114 14 12 127 89 509 8:30 AM- 3:30 PM  10.4 4-10.1
15 .61 78 185 153 53 - 62 9 8 116 67 277 10:00 AM- 1:00 PM
18 32 2% 119 103 40 45 3 3 8 76 198 8:30 AM-11:30 AM  11.1.1  5-10.2
20 - 56 59 166 144 84 67 7 7 103 8 303 7:00 AM- 7:00 PM
27 34 71 168 152 75 71 8 9 126 71 320 7:00 AM- 7:00 PM  11.1.1  5-11.1
29 57 39 137 130 53 50 6 7 74 84 235 9:00 AM- 1:30 PM
Aug 1 34 42 185 155 77 71 7 8 144 105 314 8:00 AM- 1:00 PM
2 72 71 159 155 74 68 8 9 79 75 293 9:00 AM- 3:00 PM  11.1.1  5-11.1
Total 1768 167t 3100 2676 976 1046 195 183 1353 990. 5238

8¢

D = Dark Isogeune

L = Light Isogeae
Evapotrauspiration
Net Radiation
Reflected Radiation
Soil Heat.Flux
Seusible Heat Flux

LE
Rp
Rr
s
A

Re= Fotal Radiation

Appendix Table 32 gives a description of the stages of development associated with the numerical categories.
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Appendix Tables 4 and 5 give the ratio reflected radiation/total
radiation X iOO. Thi; represents the percent of total radiafion that
is reflected. In 1976, the mean values for the season were 28 percent
reflectivity for thé dark isogene and 30 percent reflectivity for the
light isogene. In 1977, the mean values for the season were 22 percent
reflectivity for the dark isoggne and 25 percent reflectivity for the
light isogene. Early in the season thé 1ight isogene commonly has 15
to 20 percent greater reflectivity than the dark isogene. As‘ﬁoted in
the introduction, a 16 percent reduction in reflectivity should cause
a 22 percent reduction in transpiration for a "typical" day.: This
appears to hold true early in the season. For example, on June 30 the
light isogene had a 19 percent smaller LE rate. Early.in the season
the differences in LE rates are probabiy caused by differences in .
reflectivity. . However, by July 5, 1977 the differences in.LE‘rétes
had décreased substantially and by July 6, 1977 the trend had reﬁersed,
‘since the light isogene was then using more water. This is certainly
not explained in the reflectivit& data since on July 6, 1977 the light"
isogene still had 20 percent greater reflegtivity. The explanation

for this reversal in water use pattern will be discussed later.

~ Net Radiation
Net radiation is a measure of incoming radiation minus outgoing

radiation. Since the incoming radiation for both isogenes is the
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same, fhe important differentiating term is‘likely the outgoing radia-
tion, both short and long waveléngths. Reflectivity differences were
measured With a Kipp radiometer which measures only the short wave
radiation (up to approximately 3u). THis, as we have seen, showed
higher reflectivity by the light isogene. Since the light isbgene
maintained cooler temperatures, it would be expected to have smaller
long wave radiation losses. Thus, the short wave reflectivity values
indicate increased outgoing radiation by the light isogene,'whereaé'
the long wave emitted radiation indicates decreased outgoing radiation,.
Consequently, the influence of color on net radiation is dependent
upon whether the short wéve radiation term or the lohg wave emitted
radiation term is more significant. Using Stefan's Law,
R o=eo 1t o - (19)
1 .

where R, = long wave emitted radiation,'

g = emiésivity,

o = Stephan-Boltzmann constant,~

T =‘absolute temperature, |
with an emissivity equal to 0.90, we can calculate the influence of
a 1° C difference between isogenes (which is a typical midday difference
for Liberty and Golden Liberty). The calculated thermal fadiétion
at 26° C is 0.588 ly-min *; while at 25° C it is 0.580 ly-minl. This

-represents a 1.4 percent difference which is considerably less than

the 15 to 20 percent differences in reflectivity that are commonly
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encoﬁntered at middéy. Thus, the increased reflection of short wave
radiation by Golden Liberty is likely larger than the decreased 1oﬁg
wave radiétion. This résults in a potentially smaller net radiation
for the light isogene. If we turn our attention to actual data, we
will see in columns 4 and 5 of Tables 2 and 3 that, aé expected, the
light iéogene has 1owef net radiation for ail days fhfoughdut the
.entire season. (It should be noted that Aase (2) found no significant
difference in net radiation between the isogenes.) Although the dark
isogene -has a larger net radiation throughout ﬁhe season, the differ-
ence becomes quite small late in the season, as we observe in the
1977 data.

If we plot net radiation vs. reflection, see Figure 1, we observe
a relationéhip that is best described as linear, Theréfoye, a linéar
regression was determinedifor all days and both seasons. Appendix
ITables 6 and.7llist the r2, intercept and Sloéé for 1§76 and 1977.
The r2 values were mostly in the high .80's and .90's, indicating that
most of the ngtAradiation variation is associated with reflection
variation. The mean seagonal value for the slope of the 1ight iso-
gene in 1976 is 2.95. Its value for the dark isogene is_3.86.,-Like4
wise, the mean seasonal vélué for the slope of the light isogene in
1977 is 3.20; whereés, the dark is 4.32, The steeper siope for the
dark isogene implies a lafger net radiation for an equivalent

reflection. This implies a smaller outgoing ldng wave radiation' term
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for the dark isogene. The only explanation for this pattern is that
the dark isogene has a lower emissivity which results in less outgoing

long wave radiation [see eq. (19)].

Sensible Heat Flux

Columns 10 and 11 in Tables 2 and 3 give information on the
sensible heat flux to the air. Previous literature (24) as well as
Table 4 indicate that the dark isogene maintains a Higher canopy
temperature (almost 1° C greater) at least during portions of the
season. Since sensible heat flgx is directly proportional to the
temperature gradient, it is anticipated that the dark isogene will ha&e
a higher sensible heat loss. This is what wé find for the greater
part of the season. However, during the early ﬁart of‘and towér& the
end of the growing season, the difference between the isogeneé-is much
smaller. We shall see later that these fiqdings are highly corrélated
with the Stoﬁatal diffusive resistance data. Early in the season,
When.resistances are small and there is little difference between iso-
genes, most of the net energy is dissipated by‘evapotranspiration,
and very little by sensible heat flux. Consequently, the sensible
heat loss is small with_litfle difference between isogeneé. As the
season progressés, the dark isogene experiences rising resistancés
mofe rapidly than the light isogene (this will be shown in data below).

This results in the dark isogene's evapotranspiration rates decreasing
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Table 4. Canopy temperatures.for Liberty and Golden Liberty, July

20, 1977. ' ‘
Temp (°C)

Time . Golden Liberty Liberty
6:40 AM 15.0 16.0
7:00 AM 15.5 17.0
7:30 AM 17.0 18.0
8:00 AM 18.0 18.5
8:30 AM - 19.5 21.5
9:00 AM ©21.0 : 22.5
9:30 AM 22.0 - 23.0
10:00 AM 24,00 24,0
10:30 AM 23.5 . ’ 25.5
11:00 AM 24,0 25.5
11:30 AM 26.5 27.0
12:00 Noon 26.0 28.0
12:30 PM . 27.5 " 29.5
1:00 PM 28.0 . - . 31.0
1:30 PM 28.5 . 32.0

2:00 PM 30.0 32.0 -
2:30- PM 30.5 31.5
-3:00 pM 30.5 32.0
4:00 PM 31.0 33.0
5:00 PM 28.0 30.0
5:30 PM 25.5 25,5
: 0 PM 25.5 25.5

Mean . 24,4 o 25.9
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more rgpidly while its sensible heat fluxes are incréasing more rapidly
thén the light isogene. At the end of tﬁe seagoh, it is speculated
that the stoﬁatal resistances in the light isogene become comparable
"to that of the dark isogene, thus resulting in comparable sensible:heat

losses.

Soil Heat Flux

Columns 8 and 9 qf Tables 2 and 3 give the soil heat flux for. the
1976 and 1977 seasons. In Table 3, the soil heat fluxes are equivalent
early in the season. ¥From June 30 to July 15, the dark‘isogene- |
generally has higher fluxes. The remainder of the season, the fluxes
are again équivalent. This trend is similar to the sensible heat and
stomatal resistance data discussed above and below. Soil heat flux
results from either solar radiation passing through tﬁe canopy, re-—
radiation being emitted downward from the canoby, or sensible ﬁeatyflux
.downward from the canopy. The higher reflettivity of the light iso-
gene,should result in é greater proportion of the solar radiation
reaching the soil suxface in the light isogene. However, the lower
canopy temperature and lower stomatal resistances in the light isogene
should result 1n léss eﬁergy“reachihg the soil surface. From thevdata
it appears that the éanopy temperature and stomatal resistance in-
fluences are the mére imporﬁant, resulting in smaller soil heat fluxés

in the light isogene for the majority of the season.
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Evapotranspiration

The dependent wvariable of the epergy balance equation; which ié
calculated from the othef measured variables, is evapotranspiration, LE
(see eq. (13)). The LE data are found in célumns 2 and 3 of Tables 2
and 3. The dark isogene appears to use more water early in the séasbn :
(24 percent greater on June 24, 1977). This early trend was probably
missed in the 1976 season. By about July 6, for the 1977 data, the -
light isogene had a higher LE rate which continued until approximatel§
June 15 (July 28 for the 1976 season). Following this the iéogengs
were fairly equivalent in LE rates. As noted above, this pattern
resembles the pattern found in the sensible heat flux data and the
stomatal diffusivé resistance data. Eérly in‘the season, with small
equivalgnt resistances in both isogenes, the LE rates are high with the
ligh£ isogene being smaller because of ité.greater reflectivity and
slower growth rate. During the middle portion of the season thé high
resistances of the dark .isogene and slower growth rate more.than com-
pensate for ifs greater net radiation load resulting in’smaller LE
rates. Finally, at the end of the season, where reflectivities are
comparable and resistances probably comparable, the LE rates are
comparable.’

Appendix Tables 8 and 9 give data on the ratio LE/Rn.' A ratio
gréater than one would indicate advection was takiné place. Consider-

able advection, as noted in the literature review, causes some error
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in the Bowen ratio energy-baiance method. In 1976 the area Qest of
the experimental plots was planted in winter grain. Since winds in

this area are predominantly westerly, it was speculated that little

advection would occur. This was the case in 1976, where the ratiés are
primarily less than ome. In 1977 a different situation occurred, where
the area iﬁmediately west was summer fallow. Advection was no;iced
early in the season (June'24, 1977 and June 27, 1977), where the ratios
are greater than one. However, forvthe~remainder of the season adﬁe¢—
tion only infreéuentiy dccu}rea in the éarly morning and late evening

hours.

Stomatal Diffusive Resistance

Table 5 gives the stomatal diffuéive resistances for four dif-
ferent periods in the 1977 season. Early in the season, June 24,Ithe
resistances a?é small with little difference between the isbgénes. By
July 11 and 12'the dark isogene had slightly higher resistances, with
the mean for the dark being 8.7 sec—cm_l (both Aays included) and the
mean for the light being 7.1 sec—cm—l. Late in the season, July 20,
the mean for the dark isogene was 41.7 sec—ém—l while that for the light
was 19.4 sec—cm—l. This was a statistically significant difference.
Consequently, as the seagon progresses and the storéd soil water is

decreasing, the stomatal resistances are increasing with the dark

isogene apparently undergoing a Jlarger increase., This trend is




Table 5. Stométal diffusive resistance for‘Liberty and Golden Liberty (sec/cm). Kamp's

farm (1977). . )

8:00 9;00' 10:00 11:00 12:00 1:00 2:00

3:00 4:00 5:00 6:00 7:00 F-Stat

June 24:
Liberty
Golden

Liberty

July 7:
Liberty 6.
Golden - 8.
Liberty

July 11:
Liberty
Golden

Liberty

July 12:
Liberty
Golden

Liberty

July 20:
" Liberty 17.8 23.
Golden 11.6
Liberty
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. *Gignificant at p = .025.,
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probably_aésociated with more rapid maturation rate of the dark culti-
var, since resistances are dependent upon age. If it were strictly a
résponsé to the differences in canopy temperature or chlorophyll con-
centration, ‘then there should have been differences in resistances early
in the season. This was not observed. ,

The replicated resistance studies performed on plots at the
Bozeman station are summarized in Table.6. The study performed in the
morning revealed no significant differences between isogenes with the
mean for the dark being 4;7Asec—cmfl and that fof the light 5.2 sec—cm_l.
The afternoon study showed a statistically significant differenée,
with the dark isogene having larger resistances (13.8 sec—cm_l
compared to 10.3 sec—émfl for the light isogene). ‘When the isogenes are
grown at the.Bozéman farm (where the annﬁal précipitation is 5 in. mo?e
than at Kamp's farm), the differences in growth rates are not as notiée—
able. It is possible that the higher LE rates in ﬁhe Bozeman area,
because of more available soil water, would result in smaller tempera-
ture differeﬁces between the isogenes. If the temperature differences
and/ox the growth rate differences are_related to stométal resistances,
then it is reasonable for-the differences in stomatal resistances to
be smaller at the Bozeman farm. Theée daté appear to indicate a daily
pattern in stométél resistances, with the dark isogene increasing its
'resistances more rapidly than the light isogene.‘ This daily tfénd is

likely associated with canopy temperature.




Table 6. Stomatal diffusive resistance (sec/cm). Bozeman farm (1977).

Rep 1 Rep 2 Rep 3 7 Rep 4 Rep 5 Rep 6 ;) Rep 7 F-stat
9:00 AM-12:00 —-.
Liberty 5.5 4.0 3.9 3.8 4.3 4.6 6.9 1.0
- Golden Liberty 6.7 5.9 4.2 4.5 5.7 5.4 5.3 °
12:00- 3:30 PM —- -
Liberty 33.8 12.3 8.6 "11.3 9.6 10.2 10.7 6.5%
Golden Liberty 23.3. 7.0 9.1 7.1 8.4 7.9 9.1 :

3%
,*_Significant at p= .05

0§
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Soileater Use

Soil water use data obtained with the neugrﬁn meter are given in
Table 7. This table gives.the usage by 6 iﬁch (15.24 cm) soil'depth
. intervals for the Compana lines in 1975 and 1976 and the Liberty lines
in 1976 and 1977. No definitive use-by-depth patterns aré visible. 1In
analyzing total consumption, we find Compana using 0.41 in. (1.04 cm)
more ﬁater than Golden Compana in 1975. In 1975 these isogenes were
grown at the Bozeman station where the wetter conditions probably lessen
the influence of growth rate and diffusive resistance differences. In
1976 these isogehes were grown under drie? cbndi;ions at Kamp's farm and
the result was Golden Compéna used 0.40 inches (1.02 cm) more water than
Compana. In 1976 Libertyiused 0.05 inches (0.13 cm) more water than
- Golden Liberty thgh was probably due to the influence of a cold, wet -

growing season. A much drier year occurred in 1977 and the result was

’ Lﬁat Golden Liberty used 0.36 inches k0.91 cm) more water thén
Liberty.

Figures 2—5.give the cumulative soil water usé for‘the fwo iines
in 1975-1977. 1In all four cases the dark isogene initially used more
wéter. Aslmentioned previously, this correlates well with the higher
net radiation load and the faster growfh rate of the dark isogene;
Figure 2 presents data obtained at the Bozeman'farm with the Compana
'1iné. In this case the dark isogene appears to'maintaiﬁ an eduivalent

or larger LE rate throughout the season. As mentioned earlier, the




- Table 7. Soil water use by depth,

, - -Inches - . .
6-12 12-18 18-24 24j30' 30-36 36-42 42—48 48-54 54-60 Total

- 1976: ’ ‘ .

Liberty .71% .69 .62 .54 .46 .32 .35 .16 - 3.85
- Golden Liberty .76 .72 .71 .58 .44 .29 .21 A1 3.80
©1977: _ . :

Liberty .95 ©.91. .89 - .72 . .56 42 .26 .12 .07 4.90

Golden Liberty .94 .90 .90 .79 .69 .57 .35 -.12 .00 - 5.26

1975: - -

Compana 48 .66 0 L T1 .70 .70 .66 .52 .41 .30 5.56

Golden Compana .50 .65 .72 .66 . .65 _ .60 47 .36 .24 5.15
'1976: S I - |

~ Compana .69 .64 .62 .56 .45 39 17 .08 3.60
- 4.00

Golden Compana L. 64 .69 .72 . .63 .54 .43 .27 .08

*The‘addition_of the rain factor is not included.
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Figure 2. Cumulative soil water use by Compana and Golden Compana.

Bozeman farm (1975).
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higher precipitation at.thefBOZeman farm appears to lessen the,dif—‘
.ferences in stomatal resistances and growth rates.which result in the
'lreflectivity differences being more important in determining LE rates.
The 1976 data on Compana - Golden Compana, ‘Figure 3, show the expected
- crossover where the light isogene uses more water 1ater in the season.
This crop was grown at Kamp's farm, théh is much drier. The crossover,
as mentioned above, is:apnarently cansedzby higher stomatal resistances .
~in the eark isogenelmore than compensating for the lower-reflectivity
in the dark'isogene.' Fignre 4 giVes the data for Libert& - Colden
Liberty in l976;‘ Ihere is no crossover ooint with the final seasonal
total indicating_equivalent LE rates. This season-there was con-
siderable more rainfall (SL? inches compared to 1;8.inches_inll977)
-which probably accounts_for the light isoéene not crossing over as
in 1977. Finally, Figure S.gives the data for ﬁiherty ~ Golden
Liberty in'1977 and indicateg the'expected crossover with the light
1sogene using 0.50 inches (1 27 cm) more water. Figures'B and 5
"appear to correlate well with the water use data obtained from the

energy balance method in 1976 and 1977.

Screening Tests for'Drought.Resistance in Barley Cultivars .
Osmotic Potential
Morning osmotic potentials, afternoon osmotic potentials, ‘and

(afternoon minus morning osmotic potentials) were determined for the 50‘
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cultivars over three seésqné. These readings are given in Appendix
Tables 15 through 18. 1In each year samples were taken twicé: *1) some-

time prior to heading and 2) sometime after heading; Two approaéhes.

were used in detérminihg the reliability and the differentiating ability

of these ﬁeasuremgnts: 1) a table of iinear correlétions compariﬁg
-one season with the next was constructed and 2) a replicated study and
its associated énalysis of. vdriance was run in 1977. - |

Table 8 lists the coefficignts pbtaiﬁed by correlating the‘mornihg
. aﬁd afterhoon.osmotic'potentiais for a particular measuring time in
one season with a comparablé time in an9£her seasoﬁ. Other than two
values -above r = .50, thé values are géﬁerally low and indicate little
repeatability across seasons;'

Using two replicateg, én.analysié of variance was détefmined on .
the morning and afternoon: values on June 22, 1977 ahd:July_ZO; 1977.
Table 9 summarized this analysis. The only'F—ratio'ﬁHich appfoaches
significance occurred on July 20 morning. .Its ratio of 1.75 is éignifi-
cant at p = .10. The 1ack-of significant.differeﬁces‘betWeen cu;ti—
vars in this study indicates it mé& not be poésibie‘to differentiate
‘cultivars 6n'é meaéurelof osmotic potential.

Table 10 gi&es'thé corrélation-goeffiqients from égrfélafing
- Eslick's drought resistance ratings with dsmotic potential in-1975.
‘The readings on July 14 givé little inaiéafion of .any correlation. How-

ever, on August 12, there are two conflicting patterns. In the morning,
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Table 8. Correlation coefficients comparing osmotic potentials
over three seasons.
July 14, 1975 Aug. 12, 1975 July 14, 1976 Aug. 10, 1976
AM PM AM PM AM PM AM PM
July 14, 1976 *
AM .37 *
PM © .33
Aug. 10, 1976
AM .10
PM .21
June 22, 1977 !
AM .04 .06
M 14 .15,
July 20, 1977 _
AM .17 .04
PM .25 .01

*Significant at p = ,05,
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. Table 9. ANOVA for osmotic potentials in 1977.

MS

df . . 8s F
June 22, 1977--
AM: Treatments Y 56.17 1.22 ‘ .99
Error ' - 47 . 58,20 . 1.24
Total . | 93 . 114.37 -
PM: Treatments T 47 90,07 1,92 1.32
‘ Error.. . | . - 48 " 69.56 1.45 ‘
Total . . . - 95 159.63
July 20, 1977—- - | |
AM: Treatments = . 33 160.13 4.85 1.75%
Error R " 34 . 94.06 2,77
.Total .- o 67 __254;19_
PM: Treatments 16 96,32 6.02 .89
. Error T 114,82 6.75

Total . . °~ .° .33 . .. 211.14

*Significant at P = .10,
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' Table 10, Correlation coefficients from correlating Eslick's drought
resistance ratings with osmotic potential. 1975,

, July 14, 1975 Aug. 12, 1975
Yield Level : AM PM . A T AM PM A
bu/A . - B .
10 : o © .07 04 -,02 07 =14 0 =019
20, ' -.03 .07 .08 .17 -.04 -.15
30 . . .03 .27 .20 .15 ' -.08 -.19
40 . C .08, .23 .13 -.04 =-.06 -.03
50 . . .07 .15 .08 -.10 . -,03 .03
60 : , - .08 .12 .04 -.09 -,01 .05
70 . - .06 .11 05 - . ~-,12 . -,02- .06
80 - .07 .10 .04 -.12. -,01 .06
90 . .06 .09 .03 -.13  =-.01 .07
100 C .06 .09. .03 -.13 '-.01 07 -
110 R - .06 .09 .03 " -.13  -,01 .07
120 ' .06 .08 .03 -.13° ~.01 .07
Slope~Method E . .06 .06 .01 -.14 - .00 . .08

p (.05) = .28
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the coefficients‘are reasonably high (e;g.; .07 and 17) at low yield

' levels and then reaches. reasonably high negative values (e g s = 13 and

~-.14) at high yield levels This 1ndicates a p051tive correlation with

drought resistance ' However the afternoon values and difference values

on August 12 have reasonably high negative values (e 8.y - 14 and - 19

- _at 10 bu/a) at low yield levels and approach low values (e g , —.01 and

.07 at 120 bu/a) at high yield levels. This indicates a negat1ve cor-
lrelation with drought resistance Table‘ll gives comparable data for

1976 Here we see osmotlc potentials for the morning of July 14, the

afternoon of August lO, and the osmotic potential differences of August
" 10 showing reasonably good correlations with drought res1stance Again;.

' the correlations are primarily negative (e g., =.17, = 23, and - 34) at

low yield levels with comparably high positive values (e g , .ll, ,27_.
“and -.13) at high yield levels The correlations with the slope (. 09

- to .27) imply that the plants with low osmotic potentials yielded :

better under drought conditions and poorer under wet conditions : Table :

12 gives comparable data-for June 22 1977 Both replicates in the
morning indicate negative correlations with drought resistance with
negative values (e gy 27 and - 06 at 10 bu/a) at low. yield 1evels‘
and positive values (e g ,'.19 and ll at 120 bu/a) at high yield

levels. The potential difference for replicate 1 shows a conflicting

positive correlation again, with pos1tive values (e g s .12 at 10 bu/a)‘

at low yield levels and negative.values (e.g., -.14 at 120 bu/a) at .
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Table 1l. Correlation coefficients from correlating Eslick's drought
resistance ratings with osmotic potential., 1976,

] o July 14, 1976 - ..+ August 10,-1976
Yield Level ' . - AM . PM A AM PM A
bu/A
10 . -.17 -.06. =-.06 .26 -.23 -.34
20 , -.14 .05 -.02 .04 =16 0 =17
.30 . -.12 .27 .13 .30 W12 - =15
40 o .04 .25 - ,18 .30 .34 . -,03
50 . .08 ..18 .15 .22 .33 .09’
60 - , .10 .15 .13 .20 .31 .09
70" .10 A4 0 130 17 .31 11
80- : ' .10 A3 .12 0 16 $30- 011
90 - - Jlo .12 12, .15 .30 .12
100 o ‘ Wi 12t 12 15 - 7,29 .12
'110 . c A1 0 12 0 12 14 0 029 120 -
120 AR & A & A .14 .29 1207
- Slope-Method E SW11 0 .09 -1 12 -0 27 .13

o P (q055f=J.28 -




Table 12. Correlation coefficients from correlating Eslick's drought o
resistance ratings with osmotic potential, -

64

June 22, 1977.

Yield Level AM=1 AM=2 PM-1 PM-2 Anl A=2
bu/A
10 -.27- -.06 -.08 -.02 © .12 .02
20 -.09 ~-.10 - .10 -.04 .13 .02
30 .10 -.04 .15 .03 .04 .04
40 .24 .08 .06 09 =11 .02
50 $22 .10 .01 .08 -.13 .01
60 .19 .12 .01 .08 -.11 .01
70 .20 .10 -.01 .08  -.14 .00
80 .19 .11 -.01 .08 - 14 .00
90 .19 .11 ~.02 .08 -.14 .00
100 .19 .11 -.02 .08 -.14 .00
110 .19 W11 -.02 .08 -.14 .00
120 .19. .11 -.02 .07 ~-.14 .00
Slope-Method E .18 .11 -.14

-.03

.07

.00

p (.05) = .28
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high yield levels. Table 13 giveé pompérabie data for July 20, 1977..
The afternooﬁ osmoéic_potentials and the poténtial.differences for
replicate 2'giyé fairly goéd'negatiVe cqrrelétions (e.g.,'—.l9'and -.23
at 10 bﬁ/a),ét low yield levels and éoﬁpé;able positivé correlations

(e.g., .26-and .30 at 120 bu/a)‘af high yield levels. The potential

" difference for replicate 1 again has a cohfiicting positiﬁe cofrglation‘
" with dfough;'resistance,:with posiﬁiVe valués (e.g., .14 and .41) at

“Tow yleld levels nad negative values (e.g., -.26 and -.29) at high

yield ievels;

In summary, the correlations across years and the replicated
study éo not give much credénce tp the reliability of this technique .
or ifs ability to diffgfentiate cultivars on a measure of oéﬁofic poten—

tial or osmotic potential difference. However, there is some evidence

..to .support several conclusions. Morning osmotic potentials early in the . 

season:and af;e;nqoh osmoticlpotentials late iﬁ the season apbeaf t6 be
correlated wifh dxought resistance. Iﬁe.beét différentiator as to
drought résistance is thé'osﬁotic poteﬁtiai:différence late in -the
ée;son} 'Finally, in nearly all cases, the igwér the potégtial, thé‘
larger the drought reéistance. Generally, tﬁe crosé&vér from negative
correlatioﬁs'at iow yiéld ;eveis.to comparable positive correlations

at high yiéld levels,. as'well.as the ﬁositi&é correlation with the
slope (Mefhod'E), indicates tﬁat.thé plants with low osmotic poten-

tials yielded better under drought conditions énd pborer under. wet
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Table 13. Correlation cdefficients from éorrelating Eslick's drought
: resistance ratings with osmotic potential, July 20, 1977.

Yield Level AM-1 AM-2 PM-1 ~  PM-2 A-1 A=2
bu/A
10 -.05 .02 21 0 -.19 . .14 -.23
20 -.30 -.09 . .14 -.14 W41 -.17
30 -.14 -.04 22 .06 .36 .04
40 .19 .06 .13 .29 .02 .31
50 .26 .09 - .06 .29 -.13 .32
60 .25 .10 .03 .25 -.14 .27
70 .29 .09 .02 .27 -.22 .31
80 .29 .09 .01 .27 -.23 7 .31
90 .29 .09 .01 .26 .24 .30
100 .29 .09 .00 .26 -.25 .30
110 .30 .09 .00 .26 -.26 .30
120 .30 .09 .00 .26 -.26 .30

Slope~Method E .30 .09 -.02 .24 -.29 .28

p (.05) = ,28
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. conditions.

Soil Water Use/Rooting Patterns

Appendix Table 19 gives the soil water content measurements at
6 inches (15.24 cm) increments for 1976. Table 14 gives the correla-
tion coefficients from correlating Eslick's drought resis;ance ratings
with soil water remaining at various depths. Three trends are notice-
able. | |

In the upper prbfile; 6 to 18 inches (15.24-45,72 cm), the éofréla—
tion céefficiénts are.positive (e.g., .13, .06 énd .10 at 10 bu/a) at

"low yield levels and negative or small (e.g;, .02, -.14 and -.21 at

120 bu/a) at high yield levels. The correlations with the slope

i(Method E) of r = -.16 and -.24 imply that plants with a high soil water
content yielded better under drought conditions and poorer under wet
conditions.

The middle depths, 24 Fo 42‘inches (60.9§—106.68 cm), show the
reverse trend. The correlation coefficients are reasonably higﬁ nega-
tive (e.g., -.20, -.23, -.11, and -.0-7 at 10 bu/a) at low yield levels
and crossover to high positive values (e.g., .l4, .23, .15, and .06 at
120 bu/a) at high yié;d levels. The correlations with the slope
(Méthod E) give values from r = .12 to .24. These correlations mean
"that, at intermediate depths; the more drought resistance culti?aré have

a lower soil water content.
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Table 14. Correlation coefficients from correlating Eslick's drought
resistance ratings with water remaining in soil. 1976.

‘Yield . ‘ Inches

Level 6 . 12 18 24 30 36 42 48 54 60 66 72
bu/A
10 .13 .06 .10 -.20 -.23 -,11 -,07 .09. .17 .15 .28 .07
20 © .06 .25 .38 -.02 -.26 -.14 -.08 .12 .25 .21 .14 .00
30 - .14 .29 .44 .16 -.17 -,07 -.09 .00 .18 .08 .00 .02
40 - .08 .01 .02 .22 .13 .11 .01 -.15 -.11 -.,18 -.18 .02
50 .05 -.08 -,11 .18 .19 .14 ..04 -.15 -,17 -.21 -.19 .01
60 .02 -,08 -.13 19 .21 .14 .04 -.17 -.20 -.24 -,20 -.01
70 .03 -,12 -,18 .15 .22 .15 .05 -.15 -.19 -,22 -,19 .01
80 .02 -,13 -,19 .15 .22 .15 .06 -.15 -,20 -.22 -,18 .01
90 .02 -,13 -,20 .14 .22 .15 .06 -.15 -,20 -.23 -,18 .01
100 .02 -,14 -,20 .14 .23 ,15- ,06 -.15 -.20 -.23 -,18 .01
110 .02 -,14 0,21 .14 .23 .15 .06 -.15 -,20 -.23 -,18 .01
120 .02  -.14 -,21 .14 .23 .15 .06 -.15 -,21 -,23 -,18 .01
Slope- ' '

Method E .01 -.16 -.24 .12 .24 .15 .06 -.15 -.22 -.23 -.18 .00

p (.05) = ,28
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Finaliy, from 48 - 72 inches (121.92 - 182.88 cm), the droughl;:
resistant cultivars are once again positively correlated with water re-
maining in the soil. The coefficients are positive (e.g., .09, .17,
.15, and .28 at 10 bu/a) at low yield levels and c?oss over to negative
values (e.g., ~.15, -.21, -.23, and -.18 at 120 bu/a) at high yield
levels. Similarly, the correlations with the slope again give nega-
tive values (-.15 to -.23). |

The so0il water use data obtained from the neutron meter in 1977 is
presented in four forms: 1) soil water use for a given depth and a
‘given date; 2) cumulative soil water use at a given depth; 3) soil
water use as ; logarithmic relation of time; and 4) water use effi-
ciency.

Appéndix Table 20 gives the data for soil water use for a given
depth and a given date. These data were correlated with Eslick's
ratings on drought resisfance and the result is given in Tablé 15. At
6 inchés (15.24 cm) and 12 inches (30.48 cm) the negative correlations
at low yield levels indicate that the drought resistant cultivars use
less water at thesé.depths. At both Aepths there is generally a cross
over to comparable positive values at high yield levels. The correla-
tions with the slope (Method E) give values ranging from the positive
mid-teens to positive mid-twenties. At the 18 inch (45.72 cm) depth
the coefficients are mostly small indicating no detectable pattern of

water use. From 24 inches (60.96 cm) through 42 inches (106.68 cm)
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' we again find the patfern of negative correlations at low yield levels
and positive correlations at high yield levels. The corrélations with
the slope (Method E) give values in the positive low-teems. These
correlations imply that resistant cultivars ﬁse less water at these
depths. This pattern is most noticeable later in the season. At the
48 inch (%21.92 cﬁ) depth there again is no.detectable_patterﬁ. These
data generally agree with the 1976 data except for the middle depths.
In 1976, Table 14, the intermediate depths, as noted above, actually
showed a reverse trend with the drought resistant cultivars using more
water. This trend for the drought resistant cultivars to use relatively'z
more water at the intermediate depths is visible in the 1977 data
(Table 15) im that at the 18 inch (45.72 cm) depth there was no detec-
table péttern and at 24 inches (60.96 cm) the negative correlations
were smaller than at shallower and deeper depths. Nevertheless, in an
absolute sense, the'drought resistant cultivars continued to use less
water at these depths, as at other depths, in 1977. Other than tﬁis_
excepéion, the data in 1977 agree .with that of 1976. The exception
noted may be related to the fact that the drought line in 1976 was
grown at the Bozeman station, while in'1§77 the line was grown at Kamp's
farm (where the annual precipitation is 5 inches (12.70,cm5 less and
the water holding capacity is less).

Total seasonal water use, Appendix Table 21, was also correlated

with Eslick's ratings on drought resistance. These coefficients are
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Table 15. Correlation coefficients from.corrélating Eslick's =~ . h . !
drought resistance ratlngs w1th s011 water use at ce o
a given date. :

Depth: 6-12 in

Yield

Leval . - . .

(bu/a)  June 13 20 27 July' S 11 18 © 25 " Aug. 1 8 16 -
10 -.16 ~.03 -.02 =,09 -.12 -.22 ° -.13 -.22 - -.14 -.19
20 -.03 -.02 -.11 00"  -,05 -.20 ~.05 -.18 -.14 -.09
30 -6 -,19 -02 .18 .01 -.02 .12 .02° .04 - L0T"
40 -.15 -.19 A3 .21 .07 .25 .21 26 .23 .2l
50 -.11 -.14 - .15 W17 08 - 27 .18 .27 .23 .. .20
.60 -.09 '-,13 ° .14 .13 .07. .,26 R I { . .26 23 19
70 ~-.09 -, 11 w14 W14, .07 .27 16 ° 26 . .22 - .18
80 ~.08 -.10 .14 . .13 07 .27 .16 .26 .22 .18
90 -.08 -.10 .14 .12 .07 .27, .15 .26 .22 .18
100 -.07 -.10 .14 12 .07 C.27 .15 .25 22 .0 .18
110° -.07 -.09 14 . 12 . ,07 .26 .15 W25 21 A7
120 -.07 -.09 .14 W12 07 .26 A5 0 .25 .21 A7

Slope  -.06 -.08 .15 .10 07 26 0 .14 .25 .21 LT

Depth: 12-18 in

vield e ST : .' .

Level . . . o T ‘ .

(bu/a) _ June 13 _ 20 27. July 5 1) - 18 . 25 Aug. 1 8 16
10 -.28 © -,15. -.28 '-,16 -16 - -,18 -.17 ~ -.28 .-31 -.26
20 ©-,29 -°-,10 ',08 ~-03 -07 -08. -.04 -.14 -0 -.10
30 -.28 -15 -.02 © .02 = -04 .01 .07 .00  ,07°. .05
0 - .04 ~-04 -.12 .08 .05 12 4 18 0 200 20
50 - .13 .00 - =12 ;07 06,13 0 13 . .19 190 .19
60 - .14 .00 -.18 .07 06 . .13 . .13 200 - .19 - ,19
70 17 202 -.11 .07.- . .07 JA2.0 0011 - 19 . 1T 18
80. Jde © .02 - =11 ,07- .07 A2 11 - 190 -17 0 18
9 .19 03 -1 .07, .07 20 711 W19 - 17 .18 -
100 .19 ..,03 -11 .,06 - ,07 .12 .11 A9 0 1T T
110, .19 .03 .- -.11 " .06 .07 .12 0 - .18 .16 .7
120 .20 - ,03 -1 - 06 07 .12 0 10 - .19 60 17

Slope ;21 04 -.10 .07 07 12 ‘10' 18 L6 AT

p (.65) = ,28
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Table -15. Correlation coefficients from correlating Eslick's

drought resistance ratlngs with soil water use at
a given date. Cont. :

Depth: 18-24 in

Yield

Level ; _— o i ) :

(bu/a) June 13 20 . 27 July 5 . 11 - 18 25  Aug. 1- 8 16
10 -,02 ~ .08 -,07 .00 -.04 -.03 10 . -.02 2,03 -,03
2 - -.02 .04 .02, -.05 -.07 -, 12 -,04, -, 13 -.05 -1
30 -,12 ° -,08 -,12 -.14 -.13 -.17 -,15 -.13 -.09 -.17
40 -.11 -.15 -.16 ~ -.10 -.05 -,04 -.11 .02 14,04 . -.05
50 -.08 -.13 -.13 . -.06 -.01 .02 -,06 .07 -.01 . .01
60 -.03 -2 -2 .-.04 .02 .04  -.04 .09 01 ° .03
70 -.06 . -.12 - 11 -.04 01 . .04 -,05 - .08 .01 .03
a0 -.06 -.12 -.11 -.03 .01 .04 - -,04° .09 .01 .03
90 -.05 =11 =11 -.03 .0l .05 . -.04 " .09 .01 .04
100 -,05 ~-.11 -.11 -.03 .02 05 -,04 .09 . .01 ,04
110 - -.05 -,11. =-.10 -.03 .02 .05 -.04 .09 - .01 .00

- 120 -.05 -.11 -.10 -.02° .02 .05 -.03 .09 .01 04

Slope - -,04. -,10. ~-.09 -,01 .03 07 -.02 ' -.,10 .02 .05

Depth: 24-30 in

Yield

Lavel . ' : X T N

(bu/a). _June 13 20 27  July 5 11 . 18 25 Aug. 1 -8 - 16
10 .16 ©.01 =11 -.15 -.09 ' -,12 -.04 -.09 -.07 -,06
20 -.,14 - .05 -.14 -.15 . -.14 -.19 -.16 -.19 - -17 -.20
30 .04 . -,05 -, 20 -.22 -.23 - -.24 =15 -.18 -,19 -.19
40 l12 -2 .-.05 -.06 -.07 _-.03,..04 .06 - .01 .06
50 -.15 -.11 .01 W0l - .00 040,09 Cull 06 . .12
60 =, 15 -.11 03 -, 03. .02 ,08 g2 .15 .10 .15
70 . -5 -0 .04 .04 .03 .08 A1 14 .09 .14
80 . .15 . -,10 .04 .05 . .03 .08 . .12 .14 .09 .15
90 -.15 -,10  ,05 . .05 .04 . .09 2 .14 100 15
100 -.15 . -,10 * .05 ©,05 - .04 09 .12 15 - ..10 .15
110 . -.15 -.10 .05 506 1,04 . ,09 12 .15 .10 .15
120 -.15 -09. .05 - /06 - '.05 | .10 .12 ©L,15 00,10 ;15

Slope -.16 -,09 LoT .08 .07 11 .13 W16 - S RIS (1

p (.05) = .28
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Table 15, Correlation coefficients from correlating Eslick's
drought resistance ratings with soil water use at
a given date. Cont,

‘Depth: 30-36 in

Yield

Level o . ‘ . : : : L

(bu/a) June 13 20 27 July.5 11 18 - 25  Aug. 1 8 - 16
10 .04 .09 .04 -.05 .01 -.12 -.10  -,14 . -.13 - .-.18°
20 - -.05° -,04" =,10 ,00 .07 -.14. -,14 -,22 - 17 ¢ =21
30 15 -.08 06 -,05 -,21 -.24 ,-21 25 .18 -.22
40 .24 -03 .08 -.04 -.14 -,09 -.05 .00 .02 .02
50 .20 -,00 7 10 -.03  -09 -.02 .01 .08 77 .07 .09
60 .21 .00 20 .-02 -.05 .02 .. .06 .13 .12 RY
70 .18 ,00°,. ,11' ~,03 -,05 ° 02 .04 .12 10 12
80 .18 .00 .11 -.03 -04 02 .05 112 .10 .13
90 17 01 <11 =03  -04 0% .05 .13 .10 .13
100 17 .01 Jd1 -,03  -04 .03 .05 .13 .1 14
10 . 7 .01 A1 -,03 -.04. .03 ° .05 .13 (11,14
120 17 .01 A1 -02 -04- .04 .06 (147 .1 14
Slope .16 .02 Jd1 -02 0 -02 .06 . .07 .15 12 15

Depth: 36-42 in

Yield ] o

Level . ’ - : .

(bu/a)  June 13 20 27 July 5 11 18 25  Aug. 1 8 16
10 .00 .01 -,01 -.02 .0l -.06 -,19 -,13 =15 --.06
20 -.15  -.00 -03 .01 .13 .07 .04 © =,03 -02 -.02
30 21 .26 .24 7,25 w13 - .10 .M .08’ A4 12
0 . .2 .24 21 .18 -.04 .01 .07 .11 13 12
50 -,24 19 17 .3 -.07-. -.01 04 .09 100 .09
60 .24 Jdr 0 .15 .12 -07  -.01- .05 0 .10 .10
70 .28 .16 14 L1l -.09 -,02 .03 .08 .09 . .08
80 o .23 .15 14 .10 -i09 -,02 ,03 .08 .09 . .08
% .23 A5 14 L0 -09 ~-03 ,02 .08 .08 - .08
100 .23 .15 A3 .10 -.09° -.03 .02 .08 .08 .08
110 .23 Jd4 . 13 .09 -.09 . -.03 .02 .08- .08 .07
120 .23 A4 7 13,09 -09 . =-.03. ,02 .08 .08 .07

Slope .21 .13 .12 .09 | -.09 - =03 .02 .08 .07 .07

p (.05) = .28
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Table 15.. Correlation coefficients from correlating Eslick's

drought resistance ratings with soil water use at
a given date., Cont.

Depth: 42-48 in’
Yield
Level
(bu/a) June 13 20 27  July 5 11 18 25  Aug. 1 8 16
10 .03 -.06 -.11 -.13 -.11 -.14 -.18 -.10 -.23 -.14
20 .10 .22 .04 -.08 .14 -.01 .00 -.04 -.05 -.05
30 12 25 11 10 10 02 -.01 035 07 .03
40 -.03 -.06 04 16 -.09 02 -.01 09 11 .09
50 -.05 -.11 01 14 -.11 02 -.01 07 09 .08
60 -.05 -.12 01 11 -.13 02 00 08 11 .10
70 -.06 -.14 .01 .13 -.12 .02 -.01 .07 .09 .08
80 -.06 -.14 .00 .13 - 12 .02 -.01 .07 .08 .08
90 -.06 -.14 .00 .13 -.13  ..02 -.01 .07 .08 .08
100 -.06 -.14 .00 .12 -.13 .02 -.01 .07 .08 .08
110 -.06 -.15 .00 .12 -.13 .02 -.01 .07 .08 .08
120 -.07 -.15 .00 | .12 -.13 .02 .00 .07 .08 .08
Slope -.07 -.16 -,01 .12 -.13 .02 -.01 .07 .08 .08
Depth: 48-54 in
Yield
Level
(bu/a) June 13 20 27  July 5 11 18 23 Aug. 1 8 16
10 -.07 .23 10 04 .04 -.09 -.03 00 09 -.19
20 00 -.02 06 -.01 .04 -.07 01 -.17 00 -.18
30 07 01 -.09 07 06 06 - 07 -.12 -.03 -.11
40 o7 03 -.15 06 .00 13 -.05 11 -.03 .12
50 06 03 -.12 04 ~.01 12 -.04 13 -.03 .14
60 o7 -.01 -.14 03 -.02 11 -.03 15 00 .15
70 04 03 -.12 03 -.02 11 -.04 14 -.02 .16
80 04 03 -.11 03 -.02 11 -.04 14 -.02 .16
90 04 03 -.11 03 -.02 11 -.03 14 -.02 .16
100 04 03 -.11 03 -.02 10 -.03 14 -.02 .16
110 04 03 -.11 03 -.02 10 -.03 14 -.02 .16
120 .04 .03 -.11 .03 -.02 .10 -.03 .14 -.02 .16
Slope .04 .02 -.11 .03 -.02 .10 -.03 .15 -.02 .16
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given in Table 16; Generally these reflect the same trends that were
seen abo&e in water use for a given .depth and date. The coéfficients
depict negative correlations at low &ield.levels with a smooth transi-
tion to positive correlations at high yiela levels. The correlations
with slope range from .00 to .17. The technique appears to give better
correlations at the shallow and deep depths.

Figure 6 is an illustration of the "logarithmic" relationships of
water use vs. time, which was typical for all.50 cultivars. Water use
vs. 1ln time'wés determined for each culfi&ar and the values for the
intercept, a, and slope, b; are listed in Appendix Table 22, Since
the slope gives a measure of the rapidity of water cdnsumption, it Was.
correlated with Esiick's drought resistance rating. Tﬁese correla-
tion coefficients are given in Table 17. The generally neéative
correlations at low yield levels and positive correlations at high
yield levels indicate that the drought resistant cultivars have
smaller slopes. Thus, drought resistant cultivars use water more
slowly. The depth that éhows the greatést differeﬁtiatioq (highest
correlation) of drought resitance is 24 to 30 inches (66.96 - 76.20 cm).
Here the wvalues range from -.13 at 10 Bu/a to .24 at 120 bu/a.

Water use efficiency is given in Appendix Table 23. Its correla-
tions with Eslick's drought resistance ratings are given in Table 18.
This comparison indicates good positi&e correlation (e.g., .27 at 10

bu/a) between water use efficiency and drought resistance. This can
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Table 16. Correlation coefficients ffoh*cbrreiatiﬁg-Eslick's drought

resistance ratings with total water use. ‘1977.

. Inches

Yield Level "6-12. 12-18 18-24  24-30 30-36 36-42 4248 48-54
bu/A

10 -.17 =,26  =-,01 -.08 -.09 -.09 -.15 -,02

20 -1 -.08 -.06 -.15  =.15 .02 .03 -.10

30 .03 -.,01 -.15 -.20 -.20 .17 .10 © -.05

40 .18 .10 . -.09 -.03 -.03 11 ;04 .08

50 18 A1 ~-.04 .03 .03 .08 .02 .09

60 .17 12 -.02 .06 .07 - .08 .02 .10

70 .17 A1 =02 .06 .06 .06 .01 ;10

80 .17 A1 -.02 .07 .06 .06 .01 .10

90 17 A1 -.01 .07 .06 .06 .01 .10

100 .17 11 -.01 .07 .07 .06 - .01 .10

110 .17 .10 -.01 .07 .07 .06 01 .10

120 170 .11 -0l .08 .07 .06 +01 .10

Slope-Method E - .11 00 .09 s09 .05 .00 .10

17

p (.05) = .28
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Correlation coefficients from correlating Eslick's drought

Table '17.
resistance ratings with the slope of the relationship, w =
a+ b 1ln t. '
, ' Inches : E
6-12 12-18 18-24  24-30 30-36 36-42 42-48 48-54
~bu/A
10 -.12  -.08 .01 -.13 -.18 =13 -15 -.13
20 -.09 -.01 " -,12 , -.27 -.19 .02 . -.06 =-.13
30 .19 .20 -.06 .-.19 -.28 .05 =-,02 -,08
40 34 . .25 .09 14 -,07° .02 .07 .09
50 .30 © .20 .12 .20 .01 . .01 .07 .10
60 .28 .20 J12 .20 .01 = .01 .07 .10
70 .27 .17 .13 .23 .05 .01 .07 .11
80 .26 .16 .13 .23 .06 .01 .07 o1l
90 .25, .16 .13 .24 .06 - .01 .07 .11
100 +25 +15 .13 .24 .07 .00 .07 .11
110 .25 .15 .13 .24 .07 .00 . .07 .11
120 .24 .15 .13 .24 .07 .01 07 - .11
Slope-Method E .22 .25 09 .01 C- W12

.13

.13

.07

s
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Table 18. Correlation coefficients from correlating Eslick's drought
resistance ratings with water use efficiency,

Yield Levei. C "Water Use Efficiency‘
(bu/a) ' (bu/in) |
0 e

20 - .09
30 e
40 : _.03
50 , .06
60 : -.08
70 - | =07
80 - -.07
90 : -.07
10 -.07
10 . B
120 Lot
Siope o - Q.pa"

.28

p (.05)
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result from drought resistant cultivars either using less water or
having a higher yield for a given watericénsumption, or some combina—
tion 6f the two. In the analysis above, it Waé obsetved~tﬁat drought .
resistant cuitivars definitely tend to use less wateru' |

In summary, drought resistant cultivars use considerably less
water at shallow and deep depths. At the intermediate depths, the
drought resistant cultivars use only élightly less Watér in a dry area
such as Kamp's farm of use mére water than drought sensitive cultivars
in a wetter area, sﬁch as tﬁe Bozéman farm. The‘beftér_corfelation
coefficients ranged ffom .13 to .23, ‘There is evidence that the
drought resistant éultivarg use Wéter more slowly.l The generaily
smaller and slower water usé by drought-résistant cﬁlfivaré may.be
caused By different rooting systems,'sﬁch'as extensive footing only

at intermediate depths, or, possibly, some characteristic that -

~ decreases transpiration, such as rapid maturation or high résistances to -

water movement through the plant. Finally, a single.measﬁremeﬁt‘of
water content aftefr crop removal appears to give as good an indication

of drought resistance as does weekly measurements.

Water Retention/Dry-Down
The percent water loss data for young piants (not headed) and old
plants (headed) in 1975 are given in Appendix Tables 24 and 25. Tables

19 and 20 give the correlation coefficients froﬁ‘cbrrelating water loss
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Table 19. Correlation coefficients from‘cofrelating Eslick's,droughﬁ

resistance ratings with percent water loss of young plants.
1975. : -

Yield
Level .
(bu/a) 1 hr 6 _hr 12 hr 18 hr 24 hr 48 hr 72 hr 96 hr 240 hr

10 -17° =137 -9 -.25 =30 -85 -3 -.33 -.30
20 06 .12 08 .03 -0l =09 -1l -3 -.14
30 .02 .16 16 . 16 A3 05 - -.oi -.05 -.13
40 -.06 .03 .10 a5 a7 .8 .14 .11 .03
50 -.07 -.03 .04 . . .10 .13 16 .14 A3 .07
60 -.08  -.05 .03 .09 .13 17 .16 .15 .10
70 -07 -,05 - .02 .07 . .1 . .5 .14 .13 .09
80 -.07 -.06 .01 .07 .0 .15 .14 .13 . .10
90  ° -.07 -.06 .01 .06 .10 .15 14 .14 .10
. 100 -.07  -.06 .01 .06 .10 .15 .14 .13 .10
110 -.07  -.07 .01 06 .10 15 .14 .13 .10
120 -.07  -.07 .00 .06 .09 .15 .14 .13 .10
Slope - -.08 -.01  .05° : 08 .14 240 14 .1

. 1
o
J

p (.05) = .28.
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Table 20. Correlation coefficients from correlating Eslick's drought
resistance ratings with percent water loss of headed
plants. 1975.

Yiela |

Level :

(bu/a) 1 hr 6 hr 12 hr 24 hr 48 hr 72 hr 96 hr 240 hr
10 -.07 -.10 -7 -.23 -.23 -.23 -.24 -.27
20 ~.07 -2l .25  -.33  -.20 - -.20 -.19  -.20
30 -.10 -.07 -.05 . -.01 .00 -.01 ;.01 =01
40 -.04 .18 .26 .30 .26 .24 .23 .24
50 -.01 .21 29 .31 .27 .25 .24 .25
60 .01 .24 .31 .33 29 .28 .27 .28
70 .01 .22 .29 .31 .26 .25 .24 .25
80 .01 .22 .29 .31 ;26 .25 .24 .25
90 .02 22 .29 .31 26 .25 .24 .25
100 .02 .22 .29 .31 .26 .25 .24 .25
110 ;02 .22 29 .30 .26 .25 .24 .25
120 .02 .22 o .29 ;36 .26 .25. .24 .25

Slope .03 .22 .29 .30 .25 .24 24 .24

p-(.05) = .28
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with Eslick's drought resistance ratings. It is apparent that percent
water loss gives good negative correlations with drought resistance,
with negative values at low yield levels (e.g., —-.30 and ;.23 at iO
bu/a for young and old plants,.respectively) and low to high positive
values at high yield levels. Good differentiation, in bqth cases,
occurs by approximatély 24 hours. This is in good agreement with
Dedio (19). Correlations with the slope give reasonable values (around
r = .14) at 48 hours for young plants. However, for old plants the
correlations become high (r = .22) for a dryiﬁg interval of 6 hours.
The dry-down data for whole plants, leaves, and heads in i976 are
given in Appendix Tables 26, 27, and 28, respectively. Table 21 lists
the correlation coefficients compariﬁg percént water loss for whole
plants with Eslick's dfdught resistance ratings. The result is in
agreement with the 1975 data in that percent water logs,is negative;y
correlated with drought resistance. However, the coéfficients are not
as large and, furthermore, optimum differentiation has occurred.by
6 hours (e,g., —.16 at.lO bu/a and .18 at 120 bu/a). The correlations
with the slope give positive values in the mid-teens with a_maiimum
correlafion of r = .18 at 6 hours. Table 22, which gives the correla-
tion coefficients from correlating percent water loss &ith Eslick's
drought resistance ratings for leaves only, does not apbear to dif-
ferentiate between cultivars as to drought tresistance. Table 23 gives

comparable data for heads with grain weight included and with grain
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Table 21. Correlation coefficients.ffom correlating Eslick's drought
resistance ratings with water loss for whole plants. 1976.

Yield Level 1 hr., 6 hrs. 12 hrs. 24 hrs. 48 hrs.

bu/A

10 . -.05 =16 -.16 -.13 -.09

20 ‘ -.09 -.10 -.08 . -.06 -.04

30 .03 .07 .07 . .09 .06.

40 .16 .22 .19 .17 .12

50 ‘ .16 .21 .18 .16 L11

60 .15 .20 .18 15 0 .11

70 .15 .20 .17 14 .10

80 .15 .19 .17 .14 .10

90 .15 .19 .16 14 .09

100 .15 .19 .16. 14 .09

110 .15 .19 .16 .13 - .09

120 .14 19 .16 .13 .09

Slope-Method E .14 .18 " .15 .12 .08

p (.05) = .28
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Table 22. Correlation coefficients from correlating Eslidk'sldrought
resistance ratings with water loss for leaves. 1976.

Yield Level 0-3 hrs. O-oven dry
bu/A
10 .01 17
20 .16 .16
30 .20 o .30
40 ' .03 o W14
50 -.03 .05
60 -.06 .02
70 - -.06 .01
80 , -.07 : .00
90 : ~ -.07 -.01
100 -.08 -.01
110 o -.08 . =,02
120 ' ..08 - =,02
Slope-Method E -.09 ' -.04

p (.05) = .28
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" Table 23. (Correlation coefficients from correlating Eslick's drought -
-resistance ratings with water loss for heads with grain and
without grain. 1976. . : :
Yield Level With grain ° Without grain
bu/A
10 ~-.23 .06
20 .03 ' -.06
30 14 .02
40 .14 .09
50 .10 .09
60 .08 .09
.70 .08 .09
80 .07 .09
90 .07 .09
100 06 .09
110 .06 .09
120 o .06 ' .09
Slope-Method E .05 , .08

p (.05) = .28
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weight subtracted. Heads with grain weight included have reasonabiy
good negativg correlations with drought resistance, with negative
correlations (e.g., —.23 at 10 bu/a) at low yield ievels.,

An analysis of variance was determined for the samples in 1576.
This summary is given in Tables 24, 25, and 26, 1In all cases thé
differences betweéh cultivars is significant (p = .0l). Also, in all
cases the variation within cultivars was non-significant. This‘indi—
cates that the method does differentiate between cultivars.

In summary, a measure of water retention, or loss, appears to
1) differentiate between cultiﬁars, and 2) give repeatable measurements,
at least with whole plaﬁts. A drying interval of 24 hours appears
sufficient to givé good correlations with drought resistance. 1In all
instances, percent water loss is negatively correlated with drought
resistance with the better corfelations‘giving values from .15 to .35.
Finéliy, iﬁ most cases,.ﬁhe geﬁerally smootﬁ transition.f£om negativé.
. correlations at low yiél& levels to comparabie positive correlationg
é; higﬁ yield ieyels,'as well as the positive cofrelations‘with.the
slope (Method EX indicates that the plants that had higb water reten-
tion yiel&ed better under drought conditions and poorer under wet

conditions.

Modulus of Elasticity

Values for the modulus of elasticity in 1976 and 1977 are given
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Table 24. Analysis of variance summaries for whole plant dry-down,
1976,

Drying interval: 1.5 hr

Source of Var, DF SS MS . F_ Source of Var. DF SS MS F

Between Cult, 49 22616,6 461.6 5.7* Within Cult. 4 226.9 56.7 .4
Error 186 15046.9 80.9 Error 231 37436.6 162.1

Total 235 37663.3 Total 235 37663.5

Drying interval: 6 hr

Source. of Var. DF - SS MS F Source of Var, DF SS MS F

Between Cult., 49 152049.0 3103.0 7.6* Within Cult, 4 3561,1 890.3 .9°
Error 192 78479.2 408.7 Error 237 226967.0 957.7

Total 241 230528.0 Total 241 230528.0

Drying interval: .12 hr

Source of Var. DF SS MS - F Source of Var, DF SS MS F

Between Cult, 49 281208,0 5738.9 8.5* Within Cult, 4 2666.2 666.5 .4
Error 193 131045.0 679.0 Error 238 409586.0 1721.0

Total 242 412253.0 Total 242 412253.0

Drying interval: 24 hr

Source of Var, DF SS MS F . Source of Var. DF SS MS F

Between Cuit. 49  352648,0 7196.9 6.9* Within Cult. 4 4501.0 1125.3 .5
Error 192 200428.0 1043.9 Error 237 548574.0 2314.7

Total 241 553075.0 Total 241 553075.0

Drying interval: 48 hr

Source of Var. DF SS ' MS F Source of Var, DF SS MS F

Between Cult, 49  402392.0 8212.1 6.3'Hl Within Cult, 4 6685.8 1671.4 .6
Error 192 249669,0 1300.4 "Error 237 645375.0 2723.1
Total 241 652061,0 . Total 241 652061.0

*Significant at p= ,01
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89 .

Analysis of variance summaries for leaf dry-down,

1976.

Drying interval: O0-3hr .
Source of Var. DF SS MS F
Between Cult. 49 137819.0 2812.6 10.9"
Error 145 37266.4 257.0
Total. 194 175085.0
Within Cult. 3 802.9 267.6 .3
Error 191 174282.0° 912.5
Total 194 175085.0
Drying interval: O-oven dry
Between Cult. 49 79366.7 1476.9 5.4"
Error 147 39968.4 271.9
Total 196 112335.0
Within Cult. 3 668.4 222.8 .4
Error 193 111667.0 578.6
Total 196 112335.0

01

Bas sp
. Significant at p= .
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Table 26. Analysis of variance summaries for head dry-down. 1976.

Grain weight included

Source of Var. ' "DF SS MS F
Between Cult. 49 . 7679.8 156.7 11.0"
Error | 199 2850.8 14.3

Total 248 10530.6

Within Cult. 4 5.8 1.4 . .03
Error 244 10524.8  43.1

Total ' 248 10530.6

Grain weighi'subtracted

Between Cult." © 49 111518.0‘ 2275.9 7.1
Error . 194 62255.7 . 320.9

Total : 243  173774.0

Within Cult. 4 - 493.2 .. 123.3 .é
Error 239 173281.0 725.0 .
Total 243 173774.0

“Significant at p = .01
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in Appendix Table 29. 1In analyzing these data, it should be remembefed
that.the values in 1976 were derived from field grown plants, whereas,
those in 1977 weré from greenhouse grown piants. Table 27 lists the
correlation coefficients from correlating modulus of elasticdity. with
Eslick's drought resiséance ratings for 1976 and 1977. The values for
the various yield levels in 1976 range from .33 ét 10 bu/a to -.35 ;t
120 bu/a. This appears to do a very good job of differehtiatiné culti-
vars as'tovdrought resistance. The positive correlations at low yield
levels mean that drought résistanp cultivars have high modulii of .
elasticity, or are very inelastic. This is in agreeﬁent with éowan

and Miithofpe (18). The correlation'with slope gives a value of

r = -.35. This implies that plants with high modulii yielded better
under drought conditions and éoorer under wet conditionms. 'Althoﬁgh

the corrélation,coefficients for 1977 begin with .32, the lack Qf.a
smooth transition to low correlation at intermediate yieldilevels; as
~well as the low correlation with the slope (r = .10), indicate that.
calculating modulii of elasticity for greenhouée plants ié much less

effective in differéntiating cultivars as to drought résistance.

?laﬁt Height, Percent Plump Kernels, 100 Kernel Weights
Several miscellaneous measures were taken in the drought line '
grown at Kamp's farm in 1977. These included plant héight,'percent'

plump kernels, and 100 kernel weight. Appendix Table 30 gives the
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Table 27. Correlation coefficients from correlating Eslick's drought

resistance ratings with modulus of elasticity.

1976 & 1977.

Yield Level - 1976 e - 1977
bu/A

10 .33 .32
20 .28 -.11
30 -.19 -.08

40 -.34 .05 .
50 —-.35 .08
60 -.37 .09
70 -.35 .09
80 ~-.35 .09
90 -.35 .09
100 -.35 .10
110 -.35 .09
120 -.35 .10
Slope-Method E -.35 .10

p (.05) = .28
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original‘data for these measures. 'The correlation coefficients f¥om
correlating these measures with Eslick's drought fesistance ratings
are given in Table 28. There is some indication that both percen£
plump kernels and 100 kernel weight are positively corfelated with
drought resistance. That is, both begin with positive correlatioﬁ
(e.g., .15 and ;12 at 10 bu/a) and drop to low correlations af the
higher yield 1evelé. Both plant height A, which includés the height
to bottom of head, and plant height B, which includes the height to
the top of the awns, give éood poéitive éorrelations with drgught
resistance (e.g.; .19 and .16 at 20 bu/a). The correlations with
the slope (Method E) of r = -.34 and -.32 impiy that the tallef'plants
yielded better gnder drought conditions and poorer under wet condi-

tions.

Multiple Correlation

Drought resistance is a‘complex phenomenon involving potential}y
many facets of drought tolerance and/or many facets of droﬁght avoid-
ance. Cohéeqqently, it is likely that in order to adequately differen-
tiate ;ultivars as to drought resistance it will be'heqessary to use
some combinaéion of screening tests. Thefefore, fi&e écréening téstg
that shbwe& réasonably good simple correlation with drought resistance
were faken in all possiblé comEinations and multiple correlgti&n

coefficients computed between Eslick's drought resistance ratings and
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Table 28. Correlation coefficients from correlating Eslick's drought
resistance ratings with % plump kernels, 100 kernel weight,
plant height A and B.

% plump 100 kernel Plant height
Yield .Level kernels welght A " B
bu/A
10 .15 .12 .18 .13
20 -.04 -.03 .19 .16
30 -.15 -.16 -.18 -.19
40 -.12 -.15 ~.44 ’ -.42
50 . -.09 -.11 -.41 -.39
60 -.07 -.09 ‘ -.38 -.35
70 ~.06 ~.08 -.38 ~-.36
80 ~-.06 -.08 -.38 -.35
90 .05 -.07 ‘ -.37 -.34
100 -.05 . -.07 -.37 -.34
110 -.05 -.07 -.37 -.34
120 ~.05 -.07 -.36 . =.33

Slope-Method E -.04 -.06 —.34 -.32

p (.05) = .28




95
these combinations of screening tests. These coefficients are listed
in Table 29. Multiple correlation coefficients are always positive;
thus the trend from positive to negative or vice versa will not be
visible in these data.

As one would expect, the best correlations occur when all five
tests are correlated with Eslick's drought resistance ratings. Tﬁe
values range from .62 at 10 bu/a to .51 at 120 bu/a and .51 for
the correlation with the slope (Method E).

With combinations of four tests, there are three combinations that
resulted in significant correlations at a yield level of 10 bu/a.

These are (osmotic potential, soil water use, modulus of elasticity,

and plant height with a value of .61l), (osmotic potential, soil water
use, water loss, and plant height with a value of .62), and (osmotic

potential, soil water use, modulus of elasticity, and water loss with
a value of .62).

With combinations of three tests, there aré five combinations
that resulted in significant correlations at a yield level of 10 bu/a.
These are (osmotic potential, water loss, and modulus of elasticity with
a value of .56),(osmotié potential, soil water use, and modulus of
elasticity with a vélﬁe'of .61), (osmotic potential, water loss, aﬁd
plant height with a value of .45), (osmotic potential, water loss, and
soil water loss with a value of .49), and (osmotic potential, soil water

use, and plant height with a value of .44).
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Table 29. Multiple correlation coefficients from correlating Eslick's
drought resistance ratings with various combinations of 5

screening tests.

vield 0.P. W.L., 0P AMEE ST 0P WO L 0 P SR I O T YL T
Level S Wl S.W.U., S.W.U., S.W.U S.W.U M.E.,P.H.
(bu/a) M.E. P.HL. PLH. P.H, W.1 WaL:
10 .62 61" 62" 62" .50 .56
20 .41 .29 .39 .39 .36 37
30 .34 a3 .26 .26 .28 34
40 .56 .56 .39 .30 .56 5
50 .54 .54 .44 .41 .54 .52
60 .54 .54 .42 .44 .54 .51
70 .53 .52 A2 A2 .52 .50
80 .52 .52 .42 .42 .52 .49
90 .52 .52 42 .42 .51 .49
100 .52 .52 .42 A2 .51 .49
110 .52 .51 .42 .42 .51 .49
120 .51 .51 A2 42 .51 .48
Slope Jol 51 <43 =43 .50 .48
Yield ONPLLM, B 0P WD | 00P ML, R MR RWEEEEME R 0P WL
Level PLH. M. E. S.W.U. P.H S.W.U. P .H.
(bu/a) 4 A
10 .51 .56* .61* .43 .40 .45
20 .37 .36 .38 .an 30 21
30 + 334 .26 .23 28 .22 3k
40 .54 37 .38 .54 .38 45
50 .51 .38 .41 .51 .38 .40
60 .51 .41 .44 .51 A .36
70 .50 .39 .42 .49 .39 .36
80 .49 .39 42 .49 .38 35
90 .49 .40 .42 .48 .38 .35
100 .49 .39 .42 .48 .38 .35
110 .48 .39 .42 .48 .38 .34
120 .48 .39 .42 .48 .38 .34
Slope .48 .40 .43 a7 .39 .32

*Significant atip = .03
**Significant at. pi=a 501

Aok sk

0.P. = Osmotic potential difference on Aug. 10,1976,
W.L. = Percent water loss of young plants, 1975.
S.W.U. = Total soil water use at 6-12 in, 1977.

M.E. = Modulus of elasticity, 1976.

P.H. = Plant height to tip of awns, 1977.
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Table 29. Multiple correlation coefficients from correlating Eslick's
drought resistance ratings with various combinations of 5
screening tests. Cont.

Yield 0.0 Wb OSPLP Hi s WL Bell, P8 B 0.r., 0.p., 0.0,
Level S.W.U. S.W.U. S.W.U. S.W.U. P.H. W.L. M.E.
(bu/a) e
10 19™ .44* .37 .48 L .45* 51*
20 .20 93 .18 .35 .21 .18 .36
30 21 28, 22, .26 28, , .20 23
40 18 14, a5, 56" 437" a7 35
50 17 40 41 .54 39 16 37
60 18 37 38 .54% 55: 16 40
70 18 37 37 .52 35, 16 )
80 18 36 .37 .51 35, 16 39
90 18 30 36 .51 317 16 39
100 18 .36 36 .51 34" 16 .39
110 18 .35 35 .51 34" 16 .39
120 18 35 35 .50 33 16 39
Slope 18 34 33 .50 32 16 40
vield 0.p., W.L., M.E., P_H., W.L., W.L., M.E.,
Level S.W.U. P.H, P.H. S.W.U. M.E. S.W.U. S.W.U.
(bu/a) o
10 A L3 .35 .30 Al 85" 46"
20 .20 .16 32 .18 .29 .08 - |
30 .15 20 .26 .19 .82 .14 .19
40 oyl A4 .54%* 45°" .36 18 37
30 a3 .40 2517 .40™ .35 15 .38
60 .16 .36% 51 a7* .38 .16 .41
70 .16 .36* .49" 3 .35 .13 .39
80 .16 . 354 49" 36 .35 13 38
90 M 7 .35 .48" 36" .35 413 .38
100 17 .34* .48" .35*% .35 .13 .38
110 17 34 .48" 35* .35 12 38
120 17 et .48" 35* .35 A2 38
Slope A7 .32 A7 33 35 L12 39

*Significant ati'pis K05
**Significant at p = .01

#%%() P : Osmotic potential difference on Aug. 10,1976,
W.L.: Percent water loss of young plants, 1975.
S.W.U.: Total soil water use at 6-12 in, 1977.
M.E.: Modulus of elasticity, 1976.

I’.1l,: Plant height to tip of awns, 1977.
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With combinations of two tests, there are six combinations that
resulted in significant correlations at a yield level of 10 bu/a.
These afe (osmotic potential and plant height with a value of
.35), (osmotic potential and water loss with a value of 45), (oémotic
potential and modulus of elasﬁicity with a value of .51), (osmotic
potential and soil water use with a value of .44), (water loss and
soil water use with 'a value of .35), and (modulus of elasticity and
soil water use with a value of .46).

As noted in the discussion under osmotic potential, the useful-

ness of osmotic potential as a screening test is questionable; Fur-

' thermore, the tediousness of the modulus of elasficity test makes it

duestionable in initial screening processes. Therefore, if we delete
these two tests we find the one remaining combination of'three testg
to give a correlation of .37 at 10 bu/a and .35 at 120 bu/a. Neither
of these values are statistically significant. With combinations, of
two tests, there is -one combination that gives significant coffela—
tion at 10 bu/a. This is (water.loss and soil water use) with a vaiue
of .35 at 10 bu/a.. These values for multiple correlation are éliéhﬁ
improvements over the éypical correlafion values in>the ;20's'found
when employing simple cofrélatidn. The inclusién of modulus of élas—'
ticity with these three tests results in valueé inéreasing to éhe

high .40's and low .50's.




Chapter 5

SUMMARY AND CONCLUSION

Color as a Drought Resistance Trait in Barley Isogenes

Reflection data showed that the light isogene has greater reflec-—
tion than the dark isogene for the majority of the season. Seasonal
averaées were one to two percent greater for the 1igﬂt isogene. Early-
in the season the greater refleétivity of the_lightlisogene is
apparently related to its smaller water consumption. ﬁowever; from
mid-season on, fhe light isogene consumes more water than the dark iso-
~gene. In fact, for seasonal totalé,'the'light isogene uses as much.
or more water than the dark isogene. This surprising finding ié
apparently related to the higher stoﬁatal resistances of the dark
isogene from mid-season on. These ﬁigher stomatal resistances.of the
dark isogene are ih turn related to the faster growth raté and higher-
canopy temperature of the dark gsogene. In £his instancé, é dbminaﬁt
drought resistance trait(s), stomatal.fesistaqée and/or maturation
fate, has more than compensated for a less influentiai drought resis-
tance trait, high reflgction. The result is that with‘theltwq iéogenié

pairs studied, the dark isbgene is‘better.adapted to-arid regions.

Screening Tests for Drought Resistance in Barley Cultivars

Osmotié potential does not appear to be a promising test because

of its unreliabilify and inability to significantly differentiate .
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between cultivéfs. However, morning potentials eérly in thé seasén and
afternoon osmotic potentials late.in the season appear to be correlated
with drought resistance. -The best differentiator as to drought-reéis—
. tance is the osmotic potential differénce late in the sgéson which
gave corfelations coefficients up to the high teens. In nearly all
: ' : o™

cases, the lower the potential, the larger the drought resistance.

Soil &aéer use has good potential as a screening test. The
best correla&ioné with dfouéht resistance occur at the shallow ana
deep depths. The better correlation coefficientévranged from .15
to..25. The best method is a single determination of soil water con-
tent after the crop has been harvested. Generally; the less water
used ét the shallow and deep depthé, the larger the dréught resisf
.ténce. Water use at the intermediate depths indicate that wﬁile
drought resistant cgitivars use more &ater than droéght sensipive'
cﬁitivars at.a wet'siﬁe (Bozeman farm), théy use 1ess‘water'ét-a dry
site (Kamp's'farm). | |

Another potentially good sé;eening test is.the measure of wate?
loss after dry-down. O?timum differentiation occuxrs for a drying
interval of 24 hours, with whole planté‘being the best sample. The
better.correlation.coéfficienps,ranged from .15 to .35. Thg smélier,
the water loss, the larger the drought resistance.

Probably the best screening test was a measure of the modulus

of elasticity. This gave correlation coefficients mostly in the.
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mid-thirties. However, the tediousness of the procedure makes it of
questionable value in preliminary screening. The higher the modulus
(the less the elasticit&), the larger the drought resistamnce.

Plant height, percent plump kernels, and 100 kérnel.wéight'afe all
positively correlated with drought resistance. However, plant height
gives far better correlation; with the better coefficients reaching the
low thirties.' Its ease of determination makes it a good candidate for
a screening test.

. If we look at combinations of tests (with the exclﬁsion.of the
osﬁotic potential test), we find that while simple correlation gave
coefficient values in the'tZO's, multiple cbrrelations‘of‘two tesfs
Igaye values in £he .30"s, multiple correlations of three tests gave
values ip the .40{5, and multiple cdrrelatiops of four tests gave
values in the .50's.

Screeniﬁg tests suéh as plant height and-éoii water use are
likely dependent on eﬁviropmental conditioﬁs. In fact, we noted that
while drought resistant cultivars used more water than drougﬁt-sensi—
tive cultivars at a wet sife (intermediate depths), fhey used less
water at a dry site. This dependence on envirbnment limits any inter-
pretation of this thesis data since the plants were grown in only
one or two locations. Further experiﬁentétion, involving growing
the plants iﬁ various'lﬁcations, and thus EnvironmEnts,~shoulé be domne.

before any conclusive generdlizations be drawn.
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Plant water loss upon dry-down, as well as the modulus of
elasticity, are probably indepen&ent of environment. This makes

them potentially more useful screening tests.
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Appendix Table. 1. Key to symbols used in Appendix Table 2.

and 3.

Time: Data in minutes

ETPD: Evapotranspiration - dark isogene, 1y—min'1
ETPL: Evapotranspiration - light isogene, ly-min'1
ARADND: Net radiation - dark isogene, ly—min“1
ARADRD: Reflected radiation - dark isogene, ly—min"1
. ARADNL: Net radiation - light isogene, ly-min-1

ARADRL: Reflected radiation - light isogene, ly—min"l'

ASOIHD: Soil heat flux - dark isogene,,ly—min‘1
ASOTHL: Soil heat flux - light isogene, ly--min“l
BRL: Bowen ratio - light isogene

BRD: Bowen ratib - dark isogene
ARADT: Solar radiation, ly-min—l

CETPD: Cumulative evapotranspiration - dark isogene, 1y
CETPL: Cumulative evapotranspiration - light isogene, ly
CRADND: Cumulative net radiation - dark isogene, ly . |
CRADRD: Cumulative reflected radiation - dark isogene, ly
CRADNL: Cumulative net radiation - light isogene, ly

CRADRL: Cumulative reflected radiation - light isogene, ly

CSOTHD: Cumulative soil heat flux - dark isogene, ly
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Appendix Table I. Key to symbols used in Appendix Table 2.

and 3., cont.

CSOIHL: Cumulative soil heat flux - light isogene, ly
CSENHD: Cumulative sensible heat flux - dark isogene, ly
CSENHL: Cumulative sensible heat flux - light isogene, ly

CRADT: Cumulative solar radiation, ly
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table will be continued through
August 5,1976.
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*i0b *9p
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ARADRD
®+00
CRALHD
®+01
ARADRD
.00
CRADID
=103
ARADRD
**00
CRADRD
.09
ARADRD
“*00
CRADRD
Y]
ARADWR
‘00
CRADRD
.ey?
ARADRN
or
CRADRD
sip9

ARADRD
0n

CRADRD
)
ARADRD
b
CRADRD
1040
ARADRD
L 2
CRADRD
LLS 1}
ARADRD
006
CRADRD
LLL T
ARADRD
"7
CRrADRD
10%00
ARADRD
03
CRADRD
10084
ARADRD
"9
CRADRD
18039
ARALRD
2%

APACNL
.08
CHRAPNL
1408
ARADNL
.08
CRaDNL
*2+00
ARADNL
08

CRAPNL
=3+08
ANAONL
“i08
CRAONL
4006
ARADNL
.08

CHARNL
BT

ARADNL
.8

CRLADNL
«6+23

ARADNL
=08

CRaDNL
who RS

AXADNL
*08

CHRAONL
«5e7y

ARADNL
"Wy

CRAONL
3068
ARADNL
9% e
CHaAPNL
6rap
ARAPNL
3
CPANNL
\av2?
ARADNL
w08
CRABNL
1824
ARAPNL
.g.
CRADNL
»8'70
ARAONL
76

AWADRL
.00
CwaDaL
c.02
AWADRL
"e00
CxaDAL
*.0h
AMADRL
*.01
CwaDaL
. pe
ARADRL
-1
CwaDeL
*2?
A¥,0RL
*00
CRADRL
“pe
AR, DRy
*00
CR4DRL
g
AMADRL
00

CeaDaL
"3

ARADRL
06
CRADRL
1013
ARADRL
2
Cr,DaL
5:83
ARADRL
(oL
CHADRL
Tayt
AMADRL
20

CHyORL
1098

AR DAL
03

CwaDaL
11456
ANaDaL
p2
CHaDaL
16402

ANADAL
o

AS8 WD
=01

Cea 1m0
“.20
AS81KD
=01
Csa1ne
a8
ASBIWD
=02
Ceg 1l
=76
ARSI WD
“s02
Ceo1nD
“1ey8
A0 KD
=02
Cealnd
“1e58
AS8 WD
=02
Cea1nD
“109%

AgeIND
=.02

Cga 1D
2437

A8 IHD
=02

CeoInd
=280

ASOIND
=00
Cso1n0
=g 86
Age1HD
*00
Cg8 1m0
*2+83
AQ8 MO
'01
Cgo1nD
=2+70
A881WD
0l
Cgand
)
Ag81KD
02
Captmn
=2

AS8 KD
8

ASH ML
**00

Conmi
“vpb

ASHIHL
eent

CealmL
“y8

ASBIH
o1

3 L3I0
3
ASAIHL
bl o
Cgaln
“exg
ASAIHL
sopd
CeamL
e ng
ARAIML
*ip1
Cgapmi
310
ABOINL
b1

CgrpmL
1040

AgO ™I
=2

CemImL
170

ASOIML
b o |

CgoImL
“yely

AgOIML
**e0

CearnL
Ol

ABBIHL
*e0

CgornL
L LT

A8 ML
‘00

Cann
ST

A8 ML
el

Caalri
“yeas

AGA NI
n?

July 7,1976.

ARL
23434

CSENKD
. an

RRL
185.3%

CBEND
“1eb2

BRL
6410

CSENKT
c2e42

BRL
55.31

CEENWE
*3.19

BRL
80.82

CSENHD
388

RRL
21088

CEENKD
“heSe

BRL
94,88

CSENKD
*5.08

pRL
33.0%

CBENKD
343

ARL
b2t

CRENKD
708y

ARL
11+98

CBENKD
11029
ARL
2473

CBENND
20+ 7%

BRL
EPEL]
CBENKD
21ebp
BRL
7483
CBENKD
343

BRL
10+67

Cont,
Her ARA'Y
178477 02
Cgpnml CRADY
-4 e 3b
BRD ARADY
142449 e 0?
Copnnl CRADY
=178 =1+70
BRN ARADY
172493 =e12
Cog nil CRaLY
=257 =4e00
oL ARADY
1623 cc2
Copnul cealy
“3+29 423
HRO ARADT
193473 c.02
Cspnel CrRANY
=3:97 “habu
BRN ASADY
1aR,97 LTS Y
Cgpnml  CRALY
=470 “4e9p
Ben ARALY
202+21 ro
CSEnmL  CRADY
BN “eslb
Habd ARADY
11he2s P
Cgpnml CRADY
“3.84 CRLYY
BRD ARADY
20329 L]
CepNmL CRADY
382 16477
HRP ARADY
81439 78
Cepnml CRADY
6ibp 2e+at
BROD ARADY
2435419 79
Cgpnmt CralY
12015 38418
HRD ARADY
39439 ")
Cgpnml CPALY
12+82 LLALS
BRO ARADY
6088 1408
Cernml CPalY
?1+99 h1e9)
BRD ARADY
LT 1027
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Appendix Table 2. Energy balance values for Compana -
Golden Compana. July 7,1976. Cont,

TIME ceTHr CETRL CRALND CRADRD CRANNL CHADRL Ceplsd CsAlmi CSENMD CoF Nl CoASY
720+ "e3 €62 S¢e7y 19435 “0*87 21442 ~1.n8 e 51436 aB.ng B7.77
TIME gTRU ETPL ARADND ARADRD ARADNL ANADRL ASH 1D ASA ML RRL Ells ARA"T
7800 Senh ce1n *9% '25 +79 27 “06 on2 657 23,46 129
TIME Cerr™ CpThPL CEADND CraDAD CHRADNL CwaDaL Cggiun CgA ML CSENKD CgpNmL CRADTY
T4p° “14186 “BenS 69066 Para? %668 26487 o9 -8 6841 WReBy  g13epY
Tivg ETPL eTPL ARACND ARADRD ARADNL AMaDRL ASATHD Ao 1HL ARL BRM ARADY
£on® frae e0é A9 18 LS 2t 06 tod 13e11 3ke14 1099
TIMEg CerPn CeTPL CRADND  CRADRD  CRLONL  CR, DAL CgaInd  Cgarwmi CSENHD  CUspnWl  CRaDY
80n* 8 LT T *9.78 87:39 2803 RELTY w1t 1038 aph Bauky 63+60 136483
TIrvE gyeu LThL ARATND  ARADRD  ARADNL  aWaDaL ASHIMD  AgAIML  RRL HRD AVADY
B2n* *s09 *219 *99 27 *92 29 207 *n% 480 3005 1+40
TiMEe CeyPn CerPL CrawD  CRADRD  CR,DNL  CwaDRL  CgaiWD  Cgapwi €ggnHD  Cgpmmbt  CRADY
824 =¢+2g “12e7R 19726 33037 9y+7s 27490 2474 L) 102432 ;ﬂnul 164075
TIME ETPV LTPL ARAOND  ARADRD  ARADNL  ARADARL  ASBIWD  AgBINL  RRL uRn ARADT
B4y .25 =en? 1420 2h 86 2?7 0? nh 1152 2473 1428
TIME cgTes CerPL CRAIND CrRaDRD CRYNNL CHaDRL Cgo D CgaTHL CSENKD CgpNKL CRaDY
LIT *leqb  epaegd 127°48 3867 19894 4337 bey3 1073 115.89 LETER 199+33
TIME zTPL LTPL ARAIND ARADRD ARADNL AR ADRL ASHIND ASB 1M BRL HRN ARADY
LLI e .11 ) “s 37 L) v0? e 2401 71041 .73
TiMg CitHr CerPL CRAUND CrRADRD CRLONL CR,LDRL Cga1nD Cearmt Ceenkl Cgene b CRaDY
LA 7.7 16428 136°43 gy 116°34 A6 ER Sea? 254 123469 9749y 20488
TIME FTPY EvPL ARADND ARADAN ARANNL ARADaL ASAIHD  agaIMI ARL arh ARADY
%00* *oy =09 *84 2 °73 27 06 nb 6459 1e92 1023
TiMg CeTen CpTPL CRAOND CRADRD CRLDNL CR(DRL Cgo1HD CgaHL CBENHD Cop At CRALY
9un* "1deae =1Ren7 183022 46445 130493 5186 6474 3438 133408 109%D]  pPY.40
T1ME F1PV evPL ARANYD  ARADRD  AR,NNL ARADRL ASBIND  AgAIHL RRL HRn ARADY
9Rg =70 “25 73 D 8 26 203 n3 1465 «00 1e08
T1IME CETen Cripl CRACND CRADRD CRADPNL CHADRL (LTI Cgp ML CSENKD CSENKL CRALY
98 T2/en7 =22499 167490 51020 14449 K708 7439 3°R7  133.04 117467 251416
TiME gTRL ETPL ARADND ARADRD ARADNL ARADRL ASB KD ASATHL ARL RN ARADT
1090 +20 «0C *02 *02 o2 02 04 2 Tek2 40478 08
TiME (43 Ll CerPL CRADND CRADRD CRADNL CRADRL Cge 1«0 Cgarmt CSENKT Copnml CrRaDY
1020* 27447 ~22+98 168+38 Spe84 1441086 ®7.36 8.90 LEE T 132+8; 11757 2%2+49
TIMe ETRU g TPL ARAOND ARADRD ARLDNL AMADRL ASH KD ASH [ HL BRL nRE ARADY
11eoe *N0 *0C ‘o2 01 01 01 02 o0l 7473 116.93 ok
TiMg Cerer Cegrel CRAUND CRADRD CR,AONL Cw,0nalL Cgo‘nu CgarHL [ T Cgg Nk CRADT
1100°* “a2l.47 “g2+98 1687y 5149 148410 57.56 Yy Tt 13280 117455 283.52
TimMg grTpY L TPl ARADND  ARADRD  ARADNL  AWADRL  AS@IMD  agAlWL  BPRL HRD ARADY
1120 +20 =*00 "*00 ‘01 **01 01 01 *o1 “6.34 33406 ch
TiMg Ceren CerPL CRAOND  CRADRD  CRAONL  CR DRl Cg@[WD  Cga[HL  CSgNWD  Cspnul  CRADY
1129 “2/+46  =23058  j68cep 51094 jaec8p %7.8% 8.7y asBp 132446 116494 254435
riMg gTPU ETPL ARADND ARADRD ARADNL ARADRL 480 1HD ABSIHL RRL BRD ARADY
1140 ®eco *03 ‘o8 *0t *08 04 +01 ‘01 =3.32 32400 .16
TiMe CeTPn CerPL CRADND CRADRD CH4DNL CRADAL Cao 1D CgapHL CBENKHD Cgphmb CRADTY
1180*  "27+%p  ¢2+%c  170°30  S2066  146°34 %868 8.99 4299 133.90  ((B8:85 25787
Tike [ i ETPL ARADND  ARAD3N  aRADNL  aMaDAL  AgBIWD  AgAIML  RRL HRD ARADY
1164 *e 0 =00 nt 0% 0?7 00 01 0l 24499 40:71 22
TiMg Cerrn CerPL CRADND CraDRD CRADNL CRADRL €TI0 Ceatmi CSENKHD CognmL CRADY
1160 “27+%8  =22+%5 17188 53473 147483 "8.7p 9.06 8047 135.29 120011 262406
TIME gETPU ETPL ARADND ARADRD  ARADNL ARADRL A8 [HD ASATHL BRL Ban ARADT
1240 00 *00 “ce =00 =*06 +00 200 ' g0 1776 12268 201

TiMe cerr CetPL CRADND  CRADRD  CRLONL CRADRL Cgalnn  Cgapmt CBENWD  Cgpnml CRADT
124 =27/+53  =e2ea9  170%7p 53471 1a6°72 8,72 9.09 8053 13409 119000 262428
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TiME
126¢

TiM
1220.
TIME
1280
b4 L
12‘0‘
TiMg
130n*
TIME
130n*

TIME
13850

rive
1384

TiME
1420

TIME

14200

ETRU
00
CeTh"
=2749¢
ETPV
+0C
(43448
*z7.5,
(i 4
o

Cerrr
“27.49

gTPL
)
Cermr
“p/eyn
FVPU

6o
Atk
*27.48

Table 2.

ARADND
.ee?

CRADND
‘6q~~c
ARANND
.06
CRADND
165048
ARADNR
“.08
CRADND
167400
ARADND
s
CRADND
16549
ARADND
“ece

CRADND
16552
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Energy balance values for Compana -

Golden Compana.

ARADRD
ee0C

CRADRD
53068
ARADRD
®s00
CrRaADRD
53+6"°
ARADRD
®+00
CrADRD
53062
ARADRD
**00
CRADRD
53+88
ARADRD
“e01

CRADRD
53429

ARAONL
“e0b

CRADNL
145945
ARADNL
=06
CRyONL
144027
ARADNL
“s0b
CRADNL
183%13
ARAPNL
.ip%
CRLONL
18211
APANNL
.00.
CHADNL
18126

ARADRL
*00

CRADRL
8,69
ANADRL
.00
CRADAL
LLIT 1)
AMaDRL
*.00
CRADRL
=8,87
ARADRL
*.00
CR,LDRL
®8.56
AMADRL
*.00

CRADRL
®8.84

ASBIHD
“+00

Cs8 1m0
§80s
A8 1HOD
*+00
Cga WD
8498
AS8 IHD
.0l

Cgalnd
8.8

ASHIHD
*+01
8.84

ASAIHD
.02

cenlmd
8.2

ASBIHL
*co

CgolnL
$e30

ASB THL
*n0

CgaHt
LIk

AgATHL
‘o0
LILTE
534
ASHIHL
“ent
CeaHL
Beps
ASATH
=01

CsalML
87

July 7,1976.

BRL
16410

CBENKD
132454
RAL
1534
CSENKD
13172
RRL
« 00
CSENRD
13068

ARL
69,43

CgENKD
12989

ARL
Beih

CSENKD
12933

Cont,
&R0 ARADTY
S54.15% =01
CSENKWL CRADY
11773 ELERLE
BRD ARADY
138.75% -.np
CopNmL CRADY
116060 26104
BRD ARADTY
128.22 .02
Cepnmb CRADY
116460 261036
CCL ARADY
13597 =02
Copnml  CRADY
1157,  260p+79
HRD ARADY
13208 00
CSENWL  CRADT
115+09 26022




Appendix Table 2.

TIME
640

TiME
645

TIME
964+

TIME
96+

TiME
98q

TIME
98,

TiMg
122p

TiMe
122p

ETRY
*co
ceTrr
Sect
ETPU
*e02
CETHD
.34

gTPL
*+00
CETHD
40
ETPO
®+01
CgTPn
Y63

ETPL
vl
CpTPL
b8t | 4
ETPL
%08
CeTPL
=80

ETPL
-.05
CeTPL
1045
ETPL
“e 40

‘QerPL

3084

ARADND
78

CRADND
15+53

ARADND
79

CRADND
31*40

ARADND
026

CRADND
36066

ARADND
*39

CRADND
88043

Energy balance values for Compana -
Golden Compana.

ARADRD
23
CRADRD
LYY
ARADRD
23
CRADRD
9:30

ARADRD
"6

CRADRD
12+ 60

ARADRD
0?7’

CRADRD
1594

ARADNL
63

CRLONL
12254

ARADNL
e

CRADNL
22028

ARADNL
.32

CRABNL
pRe78

ARADNL
*38

CR,ADNL
3637

154

ARADRL
25
CR,ADRL
Se10
ARADRL
s
CRLDRL
8,06

ARADRL
28

CRADRL
1356

ARADRL
19

CR,DAL
1728

July 8,1976.

ASBIHD
03

Cgo(HD
'60

ASEeIWD
)

Cs01HD
1276

ASOIHC
0%

Cso1HD
2478

ASOIHD
03

Cga WD
Jehé

ASBIHL
‘o2
CgaHL
*3
ASAIH
|°Q
CgoIHL
1°0%

ASBIHL
03

CaaTHL
1474

ASOTHL
o2

CsarHL
2+ 22

kL
54060

CSENHD
1491

BRL
30¢70

CSENHD
29+30

BRL
5.16

CSENWD
33.49

BRL
2039

CBENKD
20.34

Cont,
BRO ARADT
1395.25 1412
CgeNml CRADT
12+02 2242
BRD ARADY
4ho28 “7s
CspNmb CRADY
20+73 37443
8RD ARAOT
6he4h 136
CSENKL CRADY
25460 6aek2
BRD ARADY
3031 67
CgENML CRAUT
30+61 77486
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TiMg
2n¢

TiMg
2n°
TiMg
4
M
Sge
TiMe
60¢
TIME
LY
TIME
8pe
TIME
84
TIME
100+
TIME

100+
TiME
129
TiMe
1290
TIME
14%0°
Tike
1490
TiMe
169+
TiMe
18g°
TiMe
18g¢
TIMe
185+
TIME
200+

b 2
200.

TInE
229+

TiME
220

TIME
24g¢

TiME
2%
TiME
2600
1M
260+
TiME
280+

vl:ih.

TiMe
300

TiMg
300*

ETPV

CeTHn
“+00

gTPL

C[TFF
“eno
ETPL

CE'VF
*00
gTPL

CeTPn
*00
ETPL
®e00
Cer#n

£TpY

CerPn
*ot

ETPL

CETHD
+01
gTPO

CerHn
lo‘
ETPV
*00
cEyﬂﬁ
91
gTPV
*00
Cerkn
02

gTPL
*00
CerPL
.0b
ETPL
~e00
CeTPL
)
ETPL
+00
CETPL
b
EreL

CerPL
w0l
ETPL
-.01
CeTPL

“v18
erel
*00
CgTPL
-7

eTPL

Ce1PL
“*10
ETPL
.00
CerPL
=10
ETPL

CeTPL
~eq?
ETPL
*00
CerPL
.01
eTel
“400
CeTPL
“ugh

ETPL
=*00

CETPL
“q?

eTPL

CeTPL
b
ETPL
.00
CegTPL
)
eTPL
=00

CeTPL
“eyh

ARAUND
“o08
CRADND
1068
ARADND
--c.
CRACND
=337
ARADND
=08

CRADND
808
ARADND
-9
CRADND
6477
ARADND
08
CRADND

“8433
ARAOND
.08
CRADND
-9+a8
ARADND
=08
CRADND
11044
ARADND
.08
CRAOND
*13*00
ARADND
.8
CRADND
“1ee89
ARADND
08
CRADND
wlbilp
ARAOND
.8
CRADND
17477

ARADND
“0?

CRAOND
.19426
ARADND
“v0?
CRADND
2063
ARADND
.07
CrRADND
31497
ARADND
“eb
CRADND
u!]"!

ARADRD
=00

CRADRD
.02
ARADRD
“*00
CRADRD
*109
ARADRD
=:00
CrADRD
09
ARADRD
*00
CRADRD
v 08
ARADRD
=400
CRADRD

"1
ARADRD
“*00
CRADRD
*eq?
ARADRD
.00
CRADRD
“e13
ARADRD
**00
CRADRD
-.“
ARADRD
00
CRADRD
U
ARADRD
*00
CRADRD
“ol
ARADRD
Uloo
CRADRD
bt - |
ARADRD
“*00

CRARRD
e ph
ARADRD
®+00
CRADRD
L1
ARADRD
.00
CRADRD
=30
ARADRD
**00

CRADRD
36

ARAONL
“s08

CRAPNL
153

ARADNL
.08

CR,PNL
=3406

ARADNL
*:07

CRADNL
455

ARADNL
.sg7
CRADNL
“6°0%
ARADNL
w07
CRADNL

w752
ARAONL
.07

CRAONL
8098
ARADNL
weg?
CRADNL
*10°38
ARAONL
=07
CRANNL
1188
ARADNL
.eq?
CRLDONL
“13+28
ARLONL
.07
CRLNNL
“1he71

ARADNL
we0?

CRADNL
638

ARADNL
.07

CRADNL
179
ARADNL
-e07
CRADNL
“(Re82
ARADNL
06
CR,ADNL
“20°06
ARADNL
--05
CRADNL
21014

116

ANADRL
=00

CR4DARL
“.0t
ARADRL
400
CR4DAL
*.03
A¥aDRL
=00
CRADRL
0?7
ARADRL
*.00
CRADRL
=.08
ARADRL
*+00
CRADRL

.08
ARADRL
*«00
CRADRL
"l
ARADRL
*00
CR,0RL
*e13
ARADRL
+00

CRL0RL
.13
ARADRL
*e00
CR,0RL
*e19
ARADRL
«0C
CR,ORL
.14
ARADRL
" 00
CRADRL
L
ARLDRL
*.00

CRADRL
“.22
ARADRL
=00
CR,ADRL
2%
AMADRL
=400
CH,ADRL
c.2f
ARADRL
=s00
CR4DRL
"3

July 9,1976.

ASBIWD
=00

Cso 1Ml
“s0b

ASBIHD
*+00

Cga1mD
o532

ASOIHD
=401

CsalnC
27

Ag8 (WD
*+01

(€TI0
“eay

ASB KD
*+01

Csa140

“v60

AS8 KD
=01

Cga 1m0
".78

ASO WD
“e01
Csp1HD
=96

ASH WD
=01

Cgo1n0
“1e1%
AS81HD
*:01
Ceo1HD
“1037
A8 IHD
=01
Cgo WD
«1,61

AS8IHD
=01

Csn1HO
-1483

A8 KD
*+01

Cs81HD
2086

ASOIHD
=.01

Cso1HD
=2:31

AS8 WD
=01
Cgo1HD
~2e56
ASO WD
=01

Cga WD
“2.84

ASBIHL
00

CsarH
*n2

ASHIHL
*no

Com ML
pe

ASBIHL
N0

CsalHL
-n3

ASBIHL
200

Cga ML

“vn?

ASB ML
*2 00

CgaM

“en8
ASAIHL
=200

CsarmL
. ya
ASAIHL
“*n0
CegapHL
- ?!
ASAIHL
*+0l
Cgaim
.33
ASBIHL
“in
Caa ML
)
ASOIHL
=01

CemmL
-o%8

ABBIHL
el

CgalmL
.2

ASBIHL
-lg‘

CsaIHL
.86

ASOIHL
=01

Cganl
*1°03
ASOIHL
“ent
CgaHL
“1020

ASHIHL
*ond

CgATHL
“1036

RRL
25455

CSENKD
*1.61

ARL
*572.36

CSENKT
*3.21

ARL
205.50

CSEnuD
479

aRL
76498

CSENKD
6436

BRL
"6e40

CSENHD

=7.73

ARl
140002

CSENKD
=910

BRL
17+66

CSENKD
“10e49

ARL
aopnany

CBENKD
*1148%

BRL
41419

CSENKD
*13.22

ARL
23.21

CSENHD
“14,57

ARL
“49.26

CSENHD
=15.93

BRL
37452

CBENKD
#17.20

RRL
70.13

CSENKD
«18.31

BRL
AERBANE

FSENKD
=19.40

ARL
1291

CSENKD
*20+26

Energy balance values for Compana -
Golden Compana.

Cont,
HRD ARADY
“711.3% “un2
Cepnml CRADY
149 “.kd
H]h ARADT
~238.25% “er2
Cgenml Craly
=304 “e*8S
BRC ARADY
967.22 "eC2
C3EnmWL  CRADT
=452 =125
wRD APALT
~682.84 s.r2
CSENHL CRADTY
5,95 *1065
HRD ARADY
298,81 =02
CsENML CRADY
=7:61 =2«c1
8RO ARADT
9409418 =.02
CSenml  CPaDY
=901 =2e41
BRD ARADY
415480 *s02
CopNmL CRADY
=10e26 276
BRD ARADY
LT *0?
CsENuL CRADT
=11+61 “8e1c
BRD ARADY
397443 =er2
CggNWl  CRADT
=129} 4okl
BRD ARADY
LI LTI “sc2
Cgpnml CRaANY
~14,15 ~h,7p
HROD ARADTY
360411 =e02
CSENKL CRany
=15¢50 =514
HRD ARADT
29559 -e02
CSENML  CPRADY
16472 “Dekb
BRD ARADY
469,43 =er2
CSENHL CRADTY
17484 Bk
BRO ARADT
60804 .02
CsENHL CRADTY
“18+93 =632
BRO ARADT
18217 =02
CspNmL CRADY
=19.9y “bhed?




Appendix
TiMg (Al
.lou 02
T Cgrro
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1120 178
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T4y 17460
(3149 ARADND
*ey3 92
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CETPL  CRADND
w2700 7743
(3448 ARADND
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“B7+90 117%49
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‘ol 93
CgrPL CraADND
“27+79  136°46
0L ARADND
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TPl ARADND
*e02 87
CeTPL  CRADND
2793 17202
(3445 ARADND
"o b 76
CerPL CRADND
*29:06 187+
(314" ARADND
.01 *al
CerPL CrADOND
2932 196:89
(3 440 ARADND
*i02 AL}
CETPL  CRADND
29:71 208404
Erel ARADND
0! 9
CeTPL CRADND
*29+58  211'9)
ETPL ARADND
*00 27
CerPL CRADND
29«7 237434
ETPL ARADND
‘00 ‘20
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"
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CganL
230

A IML
s

CgarmL
309

ASBIHL
L L

CgorML
3009
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CBENNMD
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CSENMD
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BRO ARADT
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RO ARADY
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ETPL ARADND
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Appendix Table 2. Energy balance values for Compana -
Golden Compana. July 14,1976. Cont,

960 «00 “s0% 75 23 '73 e 08 0 12409 =216.08 147
TIME CETHD CeTpL CRAUND CRADRD CRADNL CRADRL CgaInD CgaImL CSENMD CSENHL CRADT
96¢ 87 “3+86 21088 S56+82 19%5°+38 63048 16494 Beya 194048 183+36 306+R9
TIME ETPL ETPL ARADND ARADRD ARADNL ARADRL AS® IHD ASBIHIL RRL BRD ARADT
98g¢ 00 00 69 22 68 29 06 *03 =292.03 =151.35 1+10
TIME CeTFn LgTPL CRADND  CRADRD  CRADNL  CR.DRL  CsgoIWD  CgdIML  CSENHD  CspnWl  CRaDY
98q+ A% 3481 224°59 6119 2p8+88 684a9 1808 BeR3 207+15% 19624 32892
TiMg gTPL ETPL ARADND  ARADRD  ARADNL ARADRL ASBIHD  ASBIML BRL BRC ARADY
1c00* 01 01 "6 .25 *63 29 «0% *03  *61:5% =100+51 104
TiMg CeT¥D CeTPL CRADND CRADRD CR,DNL CRADRL CgoIHD Cga ML CSENKD CsENmL CRALT
1000°* 77 *3e62 237°79 6629  221°39 The28 19411 9ea8 218495  208:29  349.79
TIME ETPL ETPL ARANND ARADRD ARADNL ARADRL ASH IHD ASH [ HL RRL BRD ARADT
106p* 00 01 r4b 19 48 22 «03 2 *5142% “140-11 B3
TiM CeTPn CeTPL CRADND CRADRD CRADNL CR, DAL Cgo;nn Cga ML CSENHD CSENML CRADY
1020. «83 *3e45 246448 70+0% 230°33 78.66 19.79 9.06 22745 2169 366092
TIME ETPU eTPL ARADND ARADRD ARAONL ARADRL ASOIHD ASAIHL RRL BRD ARADT
1080 *v03 =s02 *39 7 *39 20 *03 02 22463 10+09 .75
TiME CerPn CpTPL CRADND CRADRD CR,DNL CR,DRL Cso1MD Cga ML CSENHD Cspnml CRADY
1080° "7 ®3:76  254°3) 73e48 23805 B2.72 20°38 10°41  234+1¢  223+88  381.32
TIME ETPY ETPL ARADND  ARADRD  ARADNL  AWADRL  ASBIHD  ASAIWL  RRL BRD ARADY
1120 *e01 e 27 s .26 1?7 *01 2 =7.79 24+99 LT
TIMe CerPn CpTPL CRADND CRAORD CRADNL CHADRL Cgo 1m0 CgaHL C8ENKD Cgenml CRADY
1125° *ip2 *3e0h 259+75 76446 243023 86417 20066 1075 239%.97 229+:43 392405
riMg ETPL ETPL ARADND ARADRD ARLONL ARADRL ASHIHD ASB I RRL BRD APADY
118q¢ "+ 00 *+00 ‘o7 °11 *08 a2 *00 *01 16420 31498 +32
TIME Cer®n CgTPL CRADND CRADRD CR,LDNL CRLDRL Cgn M0 CgamL CSENHD Cgensbl CRADY
118p¢ .07 3412 261415 78.73 244078 8.6 20+67 10+18 28042 230+75 ELLETY
TIME ETPU ETPL ARADND ARADRD ARADNL AKADRL ASB KD ASH IHL ARL BRD ARADT
1240¢ +00 =01 *eql +0% =07 «0% =01 *00 =636 36451 «08
TIME CeTHD CeTPL CRADND CRADRD CRADNL CRADRL CspInD Cen ML CSENKD CSgNML CRADT
1240 "2 “3+a0 259°03 79+69  243°32 29.59 20048 109 238453  229.c1 AonecA
1IME ETPV ETPL ARADND ARADRD ARADNL ARADRL ASH WD ASH ML PRL BRD ARADT
1260+ +00Q =00 ®e 11 03 w09 «03 =01 +00  =34.92 39.81 02

TIME CeTPn CeTPL CRAOND  CRADRD  CRADNL  CRaDRL  CgpIWD  CgalHL CSENKD  CSENWL  CRAOY
1260+ 01 3048 2562, Rpe30  241°%3 90014 20428 10092 236+5%  227.17  &0Ce%3




Appendix

TIMg FYPU
76,0 02
TiMe Ceyrn
7640 “u4p
TIME gTPY
%00° Sec2
TIMe Cerhr
S0n* .79
TiMg gTPUL
1c2p° St
TiME Cgrrn
1023 1.6
Timg gTPV
icéo* “e01
TIME CeyP~
1060 =123
Time gTPL
118, ®et
TiMg CerPn
114ge *1e43
TIME grPY
1169¢ “e33

TiMg CeT™
1165 W AT
TiME ETPY
12800 *.y?
1M Cerkn
12%4* “4.45
TiME ETPL
1260° “e00

TiMC Cerrn
1260° AETXL]

Table 2.

(448
“ipe

CeroL
.73

eTPL
46

CegrPL
*3.87

eTPL

CeTPL
*3.72

LTPL
o0t

Cpr1PL
*3+86

eTPL
03

CerPL
o8

eTPL
cepy

CeTPL
“R.58

eTPL

CprPL
“8.%3

ETPL

CgTPL
*8.83

ARALND
8y

CRADND
1622

ARALND
98

CRADND
357

ARADND
72

CrabND
50417

ARADND
*67

CRAOND
6353

ARADND
at
CRADND
7N
ARAUND
*35
CRADND
78466
ARADND
08
CRADND
8pr2%
ARADND
‘02
CRADND
8,57
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ARADRD
2
CRADRD
Ll
ARADRD
.27
CrRADRD
1021
ARADRD
"2
CrRADRD
15+07
ARADRD
v22

CRADRD
19+53

ARADRD
7
CRaDRD
22+9%
ARADRD
s
CRADRD
2600
ARADRD
o8
CRADRD
27.87
ARADRD
a°6

CRADRD
2892

ARAPNL
(R4
CRAONL
14079
ARADNL
8
CRAPNL
11°%3
ARADNL
69
CRANNL
45032
ARADNL
58

CRADNL
56+93

ARAONL
*38
CR4DNL
64°00
ARADNL
23
CRANNL
LT
ARADNL
0?7
CHyDNL
7913
ARAPNL
‘03
CRADNL
7082

ARADRL
27

CwaDaL
Se43

AW ADRL
.29

CwaDRL
1127

AR DAL
.27

CRaDaL
16,69

AR ADRL
25

CHADRL
2166

ANADRL
20
CRADRL
25459
ARADRL
R
CRADRL
29415
ANADaL
09
[<POLTR
Y03
ARLDRL
w0?
CRADRL
3240

A88 140
«0%

Csand
1+07

A8 IHD
0?7

Cga WD
2ea9

AS81HD
«06

Cga(MD
378

AS81HD
.05

Csa 10
L)

AS8 KD
*03

Cga WD
L LT

AS8 IWD
.03
Csatnd
6011
ASBIND
*01
CeaH0
6.26
ASH IH0
*00

Cga1HD
6.35

ASO KL
“n2

CgmpmL
*33

ASHIHI
S

Cgarm
102%

ASBIHL
“oa

CsalnL
208

AS8 ™
ne

Comm
2+

ASB M
n3

ng[“l
338

ASATHI
oo)

CsaImL
389

ASBIHL
02

CenHL
8oy

ASEIHL
08

CoarmL
LI

July 15,1976,

ARL
18.78

CSENKD
14e75

RAL
begh
CYENMD
32446
RRL
“B7.45

CSENKD
#5.33

RRL
Y665

CSENMD
5744

RRL
8.61

CSENMD
b4e78

anrL
*0C
CSENKD
Tpe5e

RRL
“9.26

CssNNO
0+5

BRL
=40Q+89

CSENKD
70477

Cont.
CEL ARADY
37426 1471
Copnml CAnY
13+73 28013
Brb ARADT
bhea® 1095
Cgpnnl CRaDY
2644y 5102y
BRD ARADT
49. 36 1016
Copnml CRADY
39.52 Thei?
EL L) ARADY
7087 1505
Cgpnml CRADY
Spec2 5e46
HRD AQADY
35+43 *75
CgENmL CRADTY
LTI 110°36
8R0 ARADT
9,90 ke
CSgNMlk  CPADT
S6:08 12356
BRN ARPADY
00 30
Cgpnml CRaADY
57.8q 129+6p
8RN ARADY
62+11 22
CgenKlL CRADTY
57.83 133+91




TIME
1280+

TIME
128,

TIME
1300+

riMe
130n*

| TiME

1349

TIME
13440

Time
1360+

Tike
136q¢

TiMg
13804

M
HA T
TiMg
1400

TiMe
14cp*

TiMe
18240

TiMe
1420

Time
14800

TIME
14840

Appendix

gTPU
*20

CetPn
RETYYY

FTPL
CETHn
~4043

FTPV

CrrTer
342

L
Ceren
REREY
ETPY
Cerrr
e L1 T}

L

o § (0
A DL

r,DU
Cgrer
RETTYY
FTPU
*enc

Cerrr
“drvhy

Table 2.

ETPL
~e01
CeTPL
RLEY T
ETPL
-.O]
CegrPL
“9449

LTPL

ARAUND
CERTS

CRADND
79474

ARADND
.09

CRADND
77+86

ARADND

07
CRADND
76446
ARADND
0?7
CRADND
73403
ARADND
107
cn;DND
3'6g
ARAOND
=07
CRADND
72:23
ARADND
a7
CRaDND
70489
ARADND
.07

CRADND
694239
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ARADRD
0s

CRADRD
2974

ARADRD
"0?

CRADRD
30413

ARADARD

.00
CRADRD
30°11
ARADRD
“*00
CRADRD
30°0%
ARADRD
00
CRADRD
30°0%
ARADRD
‘00
CRADRD
kLT
ARADRD
‘00
CrADRD
30409
ARADSD
*0cC

CRADRD
30417

ARADNL
01

CRADNL
70487

ARADNL
.06

CRADNL
69048

ARAPNL

.06

CRLONL
4822

AW ADNL
.eg?
CRADNL
66489
ARADNL
“eg?
CRLNNL
CLAL 1)
ARAPNL
ek
CRADNL
6403y
ARLONL
06
CRANNL
62407
ARAONL
=007
CRADNL
61473

AMADRL
0%

CRLDRL
1329

ARADRL
02

CR,DRL
33.72

ARADRL

*+00

CHADRL
33468

ANADRL
*:0C
CHaDRL
3362
ANADRL
“.00
CRADRL
33:59
ARADRL
0ocC
CR,DRL
33.60
ARADRL
“v00
CR,0RL
23.5%
ARADRL
01

CHaADRL
23470

ASH WD
+00

Cgalmn
6438

AS81IMD
=e00

Cen KD
6438

ASO1HD

=01

Csa1HD
6oy

AS81KD
=01

Csa1mD
5¢94
ASBIMD
=02
TIC
Se6g
AS8 KO
~.02
Cso110
B.28
A§01+D
“v02

Cg81HD
448y

ASAIKD
“.02

Cga KD
4033

ASAIHL
o1

CsarmL
aep?

ASHIH
‘o0l

L LILTS
aeng

ASHIHL

00

Cga ML
492
ASHIHL
.00
CoBIHL
498
ASOIHL
loo
CsaHL
49
ASATHL
“00
CgamL
ac8p
IYLICT
~p1
CgapHL
4?9
ASAHI
-no]

Cgo1HL
a8

July 15,1976,

BRL
*5.23

CBENHD
69,92

RRL
*3.33

CSENHD
68409

ARL

3.28

CSENWD
66486

ARL
Fuus

CSENKD
65.467

BRL
4,65

CBgNKD
i..sl

LS
1488

CSENKD
63.587

PRL
3498

CgENKD
62467

ARL
3478

CSEND
61066

Cont.
rD ARADY
T2u82 13
CgENMHL CRADT
&7.27 13660
BRC ARADY
278.33 06
CeeNHL CRADTY
5%.4p 13709
#RD ARADT
195.28 .2
[ TIN CRaLY
Base2 137449
HRD ARADY
25R43 e02
Cgenwl CRADY
53419 137+03
BRD ARADY
13%.02 .02
C!‘NHL CRADY
1992 13652
HRD ARALY
268.05% *s02
Cepnwl CRADY
ABBS 364y,
HRD ARAUY
665.86 ®e02
Cspnml  CRADT
47+ 36 1397y
HRN ARADY
"792.84 .02
CggNHL CRaADT
A6e80 13503y




Appendix Table

Ting
640

TiMg
6400
Timg
669
TiMg
66p¢
TiMg
700*
TiMg
700*
TiMg
AT
TiMe
7690
TIME
820*

TiMe
820¢

TIME
8600
TIME
88qe
TIME
885,
TINE
88y+
TiMg
900+
TN
900*
TIME
9240
TiMg
920¢
TiMg
94ge
TN
94ge
TiMg
98,
TiMe
95,0
TiNg
1000*
TiMg
1000
TimE
1020
TiMe
1020°
TiME
1o%o*

L

ARADND
(2

CRADND
14048

ARADND
73

CRADND
28486

ARADND
83

CRADND
LA

ARADND
9

CraDND
63%69

ARADND
9

CRADND
LI LFL)
ARADND
*90
CRADND
100°12

ARADND
s

CRADND
11693

ARADND
T

CRADND
133°34

ARADND
77

CRADND
148448

ARADND
72

CRADND
163°4y
ARADND
Y]
CRADND
178087
ARADND
56
CRADND
186+ 69

ARADND
+8p

CRADND
196+63

ARADND
g

ARADRD
o

CRADRD
431
ARADRD
23
CRADRD
8:9)
ARADRD
Ly 1)
CRADRD
138
ARADRD
U 1]
CRADRD
1888
ARADRD
c.'
CRADRD
23493
ARADRD
28
CRADRD
28.98
ARADRD
‘s

CRADRD

339
ARADRD
(3 L3

CRADRD
308.88

ARADRD
U
CRADRD
apral
ARADRD
(1)
CRADRD
4749
ARADRD
22
CRADRD
Bye89
ARADRD
21
CRADRD
579

ARADRD
20

CRADRD
59.8p

ARADRD
"8

ARADNL  ARDRL |
[

_AMADNL  AR,ORL
"3
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ARADNL  ARADRL

72 «23
CRADNL  CRaDmlL
1440 486
ARADNL  ARADRL
| o2é
CR,ADNL CRADRL
26°13 SN
ARADNL ANADRL
%7 o’

CR.ONL  CRLODmL
398 1809

ARADNL AR, DAL
) on?

CRAONL  CR,DWL
LLNE 3 20082

ot
CRAONL  CRADAL
6980 26.03

ARADNL ARADRL
78 o’

CRADNL CRADRL
Barhs 3137

ARADNL  amaDRL
o7 o7

CRADNL . CRADRL
L 1 3681

ARADNL  ARpDRL
70 27
CRADNL  CR,DmL
11302 apey?
ARAONL_ AR,DRL
1) 27

CRADNL  CRADAL
198°97 4788

CRADNL  CRaDRL

1afeés Spe8s

ARADNL AR, DAL
0.1 28
CRLDONL CRADRL
109547 5.0
ARADNL  ARADRL
*80 o2
CRADNL  CR,DAL
1890y 42,48
ARADNL  ARADAL
(L} ] 23
CR,DNL CR,ADRL
xZI-QQ 67.23
ARADNL AR DRL
38 o2

Vngluo

July 28,1976,

ASBIHD
*0

Cee IND
52

ABSIND
*03

CgoInD
1018
AB81HD
*08

Cgo 1m0
227
ABO IND
v07

Cgo 110
388

AS81HD
w8

Ceo 1m0
LIFL)

A0 IHD
07

Cao M0
6e8Q

AS01MD
0?7
Ca8 1m0
79y

ASOIHD
06

Cao1HD
2

ASOIND
00?

C381HD
10+86

ARBIND
'y

Cgo110
11009

_ABOIHD
b

Cgo W0
13¢06

. ASBIND

08

08
A88IHD

+08
Csa1nD

1498

ASO1HD
s

ASBINL
0l

CeornL
.8

ASSIHL
*o01

CgoImL
39

AgoINL
‘o2

CgarmL
.88

ASOIML
)

CgoML
1°7

ASOIHL
)

Cgarmt
286

ASOIHL
b

CgormL
407

ASOINL
06

CgolIHL
8e37

ASBIHL
w07

CsarML
6e48

ASOIHL
0?7
CgoIHL
7099
AgOIML
0b
CgamL
LOgI
ASOIHL
"8
CgaIML
10°28
AgOIHL
. 'O.
Cga ML
11+43

ASSIHL
o

CgorHL
11496

ASOIHL
0t

BRL
296,84

CBENKD
1358

BRL
*323.38

CSENKD
2787

BRL

*238.79

CSENMD
4pe98

BRL

3235.61

CEENHD
59490

BRL
26ea7

CSENMD
76477

BRL
180.78

CSENMD
93.2%

BRL

“347.58

CRENMD
108.69

BRL
102+.42

CSENKHD
12367

LLIN
S2e22

CRENHD
13728

BRL
30487

CSENHD
1850+31
BRL
286427
CSENND
161043
BRL
132.1%
C|suu0
171009
aRL
(LI L]

CSENHD
18054

BRL
1107+33

Energy balance values for Compana -

Cont.

L 1)
186084

CgenmL
14417

L1
aey.02

CopNML
2874
BRO
180+10

Cognml
3872

CggNmL
53089

CgENML
66016
8RO
465.9%

CSENML
79.82

B8R0
22679
Ctsm&
338

8RD
112486

CsENML
108+%0
BRD
36+07
CSENKL
117014
BRD
191486
CBENKL
12815
BRD
156+08
Csgnml
138406
8RD
20226

CSENKL
147.08

BRD
116438

CggNul
154.9¢

BRD
126489

ARADY
51

CRADY
10-27
ARADT
113
CRALT
328
ARADT
1424
CRADY
5754
ARAOY
1432
CRADY
83:99
ARADY
1*33
CRADY
110+63
ARADY
131
CRADY
13679

ARADY
1+29

CRADT
162+53

ARAOT
1+25

CRADTY
18788
ARADTY
120
CRADTY
211+62
ARADT
1016
CRADY
23885
ARADY
1°04
CRADY
255463
ARALTY
*98
CRADT
275447

ARADTY
*90C

CRADY
2932y

ARADY
83




Appendix Table 2.

TiME
10%0¢

TiMe
108p¢

TIME
1080

TiMg
1200°

ik
1200

Tikg
122¢¢

TiMg
122¢p°

TiMg
12%g*

TN
12%°

TIME
126p+

TIME
126g¢

TIME
1280

TIM
12%0*

TiME
1300+

TimE
1300+

TIME
1320

TiMe
132p*
TiMg
134p0
TiMg
13490
TiMe
1369+
TiMg
1360

TIME
1380
TIMg
138g¢
TiMe
1409
TiMe
1400*

TiME
14200

TIME
14290

TIME
1a8g.

TiNe
1844

cerko
107

£TPD
[

CeTPD
"1ea8

ETPO
*.01

CgrPo
“1.66

gTPo
*00

CerPp
*1+63

gTPO
*00

CeTPD
159

TP
“+00

Cer¥o
"1061

ETPO

CerPo
16y

ETPV
*00

CETPD
“1.60

ETPO

cer®o
1460

gTPL

cerPo
“1.99

gTPY

CerP0
1459

ETPO
*00

cgrPo
=189

ETPO
*00

CETPD
w1+58

(TPD

CETPp
*1.58

ETPD
+00

tgreo
“1.87

CeTPL
123
ETPL
*00
CeTPL
*1°28
ErPL
“*00
CerPL
LS L)
ETPL
*v00
CevpL
Lt
crPL
"oz
CgTPL
17
ETPL
-°°
CeTPL
1089
ETPL
00
CeTPL
“1e78
ETPL
oR
CereL
E'].Q’
ETPL
01
CerPL
t'l'!’
erPL
‘00
CgrPL
*1*20
erPL
“e01
CegrrL
“1+93
ETPL
“*00
CerPL
*y039
£TPL
*e01

CerpL
.88

ETPL
“:01

CETPL
1066

ETPL
=00
CerpL
17

CRADND
203°10

ARADND
*30

CRADND
21108

ARADND
23

CRADND
218479
ARADND
"?
CRADND
219014
ARADND
°33
CRADND
221°38
ARADND
lo‘
CRADND
Wk I
ARADND
**00

CRADND
2222

ARADND
v 0b

CraADND
w1
ARADND

"10
CRADND
21920
ARADND

Lg b
CRADND
21702
ARADND

.9
CRADND
218414
ARADND

.09
CRADND
213°30
ARADND

*v09
CRADND
211049
ARADND

.08

CRADND
20987

ARADND
“s08

CRAOND
20822
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CRADRD
63+81

ARADRD
s

CRADRD
66084

ARADRD
e

CRADRD
932

ARADRD
e

CRADRD
7173

ARADRD
‘10

CRAD®D
7348y

ARADRD
08

CRADRD
78049

ARADRD
)

CRAORD
7676

ARADRD
06
CRADRD
77:5%8
ARADRD
01
CRADRD
7782
ARADRD
“*00

CRADRD
77:79

ARADRD
“*00
CRADRD
77478
ARADRD
=00
CRADRD
7788
ARADRD
**00
CRADRD
77060

ARADRD
*s00

CrADRD
77463

ARADRD
*:00

CRADRD
7787

CRADNL
17878
ARADNL
28
CRADNL
181428
ARADNL
21
CR,ONL
185047
ARAONL
s
CRLONL
18887
ARADNL
‘10
CR,ONL
190°48
ARADNL
06
CR,LDNL
191426
ARADNL
.01
CRADNL
19114

"ARADNL

=08

CRADNL
19007

ARADNL
08

CRADNL

491407

ARADNL
=09

CRLADNL
189419

ARLDNL

.09

CRLONL
187447

ARLONL
w9

CRADNL

L ARS8

ARLONL
ve08

CRLONL
1839

ARLONL
“s08

CRADNL
182239

ARADNL
*s08

CRADNL
18074

CrADRL
71.81

ARADRL
s

CRADRL
7803

ARADRL
.6

CR,OnL
78.p4

ANADaL
s
CR DAl
8097
ARADRL
"z
CR,DRL
83.30
ARADRL
09
CRADRL
LLTPL ]
ARLDRL
0?7
Crabat
86.88
ARADRL

04

CRrADRL
87:43

ARADRL
03

CRruDRL
87.98

ARADRL
-2»00

CRuDRL
87.90

ARADRL
*s01

CRADRL
87.78

ARADRL

*100

CRADRL

. W2s70

ARADRL
®+00

CR,DRL
87448

ARADRL

CRrADRL
17,68

ARADRL
00

CRADRL
87.69

July 28,1976,

C80 1D
19.79

AS0 1HD
03

Ca8 WD
1639

AS0 1HD
«03

Cga1nd
16093

AS81HD
02

Cao 1D
1733

AS8IMD
*01

Cga1n0
17+89

Ag81WD
*01

Ceo 10
17078

ASBIHD
*00

CgoInD
17084

ASOIMHD
+00

Cgo;ub
1784

AS81HD
+01

Cgand
18+00

AS0 1HD
=e01
Clo;uo
1788
ASBIND
“.01
Cgo M0
17463
ABBIND
=01
Cgo 1HD
1734
ASBIND
~.02
Cen1HD
1698

AS0IHD
.02

Caa 1D
1658

Ag8 IHD
.02

Csaind
16+11

CgalnL
18+7)

ASOIHL
03

CgaImL
13+39

ASBIHL
03

CgarmL
14+03

ASOIML
w0l

CgoML
jheny

ASOIHL
0P

Cgarm
15403

ASOIML
02

Cgolm
18%a)

ASBIML
02

CgorHL
18°7)

ASH INL
*01

CaImL
15+93
ASOIHL
*e08
CgolML
18*00
ASBIML
loo
CgoML
1840
ASBINL
*00
Cea1ML
1543
ASBIHL
..oo
Cgo ML
1841
ASOINL
**00
CgaML
1502
ASOIHL
=s01

CganL
14+90

AgOIHL
0l

Cga ML
1473

CSENHD
188414

PRL
318,38

CSENKD
19320

BRL
37.33

CSENHD
197412

RRL
51,92

CSENHD
200018

BRL
3:6)

CSENHD
202017

RRL
*35.27

C8ENHD
20298

BRL
6407

CSENHD
202.88

BRL
3.2%

CBENKD
201¢67

BRL
*11.67

CSsNND
199.61

RARL
2051

CBENKD
197.57

BRL
*13.71
CSENHD
195,93
RRL
=32408
CBENHD
194037
BRL
*11+20
CSENMD
19293
ARL
15,23

CgENHD
19178

BRL
25,29

CSENKD
190454

Cont,
Csenml CRADLY
161+80 30%+74
BRD ARACY
16.29 65
CSEnmL  CRADY
166462 32200y
BRD ARADY
22+3 27
C.;NML CRaADY
170°11 338094
8RO ARAUY
*129.01 LLL)
Cggnml  CRADY
17248y 3837
BRD ARADY
*51.02 .29
Csgnmbk  CRaLY
173:78 351457
BRD ARADY
81.00 30
CsgnWl  CRaADY
174016 35789
BROD ARADT
7498 22
Cepnml CRADY
173066 361490
YRD ARADY
152.96 13
CI;NNL CRADY
172466 36445
BRD ARADY
4366484 *e10
CgsnuL CRADY
174+79 36752
BRD ARADY
367.82 *00
Csgnul  CRADY
172490 36255
8RD ARADY
496409 “.02
CggnMb  CRADY
171001 362439
8RD ARADT
698489 ©03
Csenmt  CRADY
169415 36158
BRD ARADT
500+79 *e02
Csenwl.  CRANY
167«0g 361413
BRD ARADY
15373 02
CgEnmk.  CRADT
165.78 360466
HRD ARADT
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Appendix Table 2. Energy balance values for Compana -
Golden Compana. Aug. 5,1976. Cont,
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Energy balance values for Compana -

Golden Compana.
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Aug. 5,1976.
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Energy balance values for Liberty - Golden
June 24,1977,

This table will
through August 2,1977.
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June 27,1977.
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CRADRL
«00

ARABRL
+00

CRABRL
«00

ASB IHD
“olh

Cso1HD
407

ASBIHD
el
Cse 1D
wBeis

ASBIHD
.eqd

CsaI=D
1221

ASe =D
“elh

Cse 1D
e16e28

AS8 1HD
.ryd

Cso M0
«2003%

AS8IHD
~elh

CsaIHD
24042

Cont.

ASOIHL
*e13

CsoIHL
“he02

ASOTHL
.13

CsOIHL
«8.04

ASOIHL
.13

CSOIHL
«12e06

ASBIHL
13

CSOTHL
16009

ASBIHL
*e13

CSOIHL
=20+11

ASOIHL
*s13

CsOIHL
24013

ASENNHD
+00

CSENKD

.
ASENND

CSENKHD
«00

ASENHD
«00

CSENHD
+00

ASENHD
a1l

CSENKD
*3.26

ASENHD
.09

CSENND
=5,92

ASENKD
=.09

CSENKD
v8,63

Energy balance values for Liberty - Golden

ASENHLARADT
23 141

CSENKL  CREOTY
703 $2.29

ASENHLARADT

17 186
CSENHL  CRXDTY

12+18 B86.02

ASENHLARADT
«00 1e42

CSENHL CRADT
12+18 188467

ASENHLARADY
+09 1443

CSENKL CREDT
14098 171069

ASENHLARADY
«00 1.18

CSENHL  CRADTY
14498 207.11

ASENHLARADY
e 14 1430

CSENHL  CRADY
1074 246014
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Appendix Table 3. Energy balance values for Liberty - Golden
Liberty. June 30,1977. Cont,

TIME gTen ETPL ARADND ARADRD ARADNL ARABRL ASHIND ASOIHL ASENHD ASENHLARADY

720 LT *ea9 90 26 73 3! 04 *03 236 22 135
TIME CETRD CerPy CRADND  CPADRD  CRADNL CRABRL CspI®D CgBIHL CSENWD CSENWL  CRADY

720¢ “14e99  «14.%9 2708 V.79 22:02 9,32 1026 88 10088 658 §0048
TIME ETP™ ETPL ARADND ARADRI ARADNL ARADRL  ASOIMD  ASOIHL  ASENMD  ASENHLARADY

7500 eebb g4 e R 78 »32 *08 «03 e 27 1081
TIME CETPD CETPL CRADND CRADRD CRADNL CRABRL CsolHD CSOInL CSENMD CSENML CRADY

750e  *2%+65  «29.06 $%5.30 1586 45048 19,08 273 1089 23,92 14453 82.77
TIME ETPR ETPL ARADND  ARADRD  ARAONL  ARABRL  ASOIND  ASOINML  ABENMD  ASENHLARADY

780, bl L | PR TN ) - S +81 34 08 *03 «33 25 1e87

TIME CeveD CerPL CRADND  CRADRD CRAORL CRaABmL CseiMD CgOIHL CSENWD  CSgNWL  CRADY
780s  *hAeBA o475 88.1y 20980  49+81 %36 4031 29 33,96 22°13 106487

TIME gTen ETPL ARADND  ARADRD  4R,DNL  ARABRL  ASOIMD  ASOIHL  ASENMD  ASENMLARADY
810 .79 LT 9 28 *80 38 08 *03 Y 28 1046

TIME CETeD CETPL CRADND  CRADRD  CRADNL  CRABRL Cgo&ﬂo C:o;uL CSENMD  CSENHL  CRADY
B10s  *Tne62  «89.22  113:98  33:04 9378 3%.61 8086 .98 37.%50 30°%54  170s60

TIME ETp" erel ARADND ARADRD ARADNL ARABRL AS81HD ASOIHL ASENHD ASENHLARADY
Bag. w73 “8% 99 28 79 33 08 03 oi2 o2y $e02

TIME Ceyn0 CeTPL CRADND  CRADRD  cR,DNL  CRADRL CsoIMD  Cg8IML  CSENWD  CSENHL  CRADY
Bage 95048 «75.83  140+88 41039 11760 49,60 7028 4099 41018 3678 213.25

TIME gyen ETPL ARADND  ARADRD  ARpDNL  ARADRL  ASAIWD  ASBINL  ASENHD  ASENHLARADY
R70e .82 .57 o8¢ 28 77 33 04 03 «00 017 1039

TIME Cered CeTPL CRADND CRADRD CRADNL CRADRL Csal™D Ceo ML CSENMD CSENHL CRADY
87gs 116497 «92.98 166458 49468 140477 59,80 843 5e9q 41415 4{+88 28s.82

TIME gTPn ETPL ARADND  ARADRD  ARADNL  ARABRL  ASOIMD  ASBINL  ASENMD  ASENMLARADY
930. 88 a9 (d) 27 67 31 06 03 o15 *15 1+28

TIME cEyoD CgTPL CRADND CPADRD  CRADNL CRABRL Cso;no CsBIHL  CSENHD  CSENML  CRADY
93gs  *137+6C *107+60 188:8s 8768 160477 68.82 *53 6:76 48,72 46081 293413

TIME gTen ETPL ARADND ARADRD  ARADNL ARPADRL ASOIMD  ASBIM ASENMD  ASENHLARADY
960, «t58 “edS 1) 26 61 «30 03 03 «08 12 1419

TInE CETrD CETPL CRADND  ¢3ADRD  eRAONL  CRADRL  €S8IMD  CSOIML  ¢SENKD  CSENWL  CRADY
960+ *=185~e03 =121.23 208+%9 65236 178494 77.7% 10°54 7.8

6 48,01 5015 328.92




Appendix Table 3.

TIME
600+

TIYE
600+

TIME
630+

TIME
630

TIME
660+

TIME
660

TIME
6%0.

TIME
590-

TIME
720¢

TIME
720

TIME
750¢

TIME
750+

TIME
780,

TIME
780

TIME
810

b ¢ Ls 3
B1Q-

TIVE
8%0.

TINME
RAQ.

TIME
870

TIME
870,

gTen
«s5C

CereD
*1%10
AL0
we2b

CEToD
-2%.8]

ETP"
.e38

CeveD
*37.3¢C
gTen
wshS

CcErep
“%neB4

gren
.e8h

CEYeD
“67+06

gTon
XL 1

CETPD
81334

gTen
«e51

Cerel
*9n.49

gTen
«s5C

CeveD

*112:74

gTe™
ee31

Ceven
©122.%6

gren
«e55

CETeD
«139:.3%

ETPL
.03

CeTPL
-.82

ETPL
“ah

CETPL
*13.96

ETPL
.38

CeTPL
525036

ETPL
..36

CETPL

“3645%

ETPL
a9

CeTPL
«50.86

ETPL
“aal
CETPL
“63.74

ETPL
"3

CerPL
“T6s64

ETPL
*+50
CeTPL
«91.82
(3449
v.49

CETOL
*106.30

FrPL
“+50

CegTel

*121.3%

ARADND
73

CRADND
2144

ARADND
68

CRADND
4176

ARADND

1)

CRAOND
59.18

ARADND
.1

CRADND
7533

ARADND
73

CRADND

97 q8"

ARADND
."

“CRADND

12329

ARADND

83

CRADND
14821

ARADND
1+00

CRADND
178.3;

ARADND
57

CRADND
195.33

ARADND

L} ]

CRADND
222+13

ARADRD
28

CRADRD
7+07

ARADRD
23

CPADRD
1386

ARADRD
.19

CRADRD
195,

ARADRD
ol

_CRADRD

24496

ARADRD
23

CRADRD
3196

ARADRD
27

" cRapRp

40°11

ARADRD
26

CRADRD
47493

ARADRD
31

CrADRD
57.2%

ARADRD
.29

CPADRD
65+86

ABADRD
28

CPADRD
Tae21
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July 1,1977.
ARADNL  ARADRL  AsBIMD
58 27 *03
CR,DNL CRADRL Csa1mD
17+%0 8.00 .85
ARADNL  ARABRL  AgBIMD
*Ss 26 *01
CRADNL CRADRY, Cgo IND
3378 19.7% 130
ARADNL  ARADRL  ASB!IMD
a6 .22 02
CRADRL  CRADR[  CgolIND
a%e60 20.29 1499
ARADNL  ARABR,  ASBIND
b W21 *03
CRADNL ~ CRADmL  CS8IWD
6067 28.%0 2088
ARADNL ARABRL ASHIMD
*61 27 *03
CRADNL CRABRL Cso1mD
789, 38.80 379
ARADNL  ARABRL  AsBIMD
71 «32 04
CRADNL  cRapR_  CcselHp
10029 6.1 4088
ARADNL  ARABRL  ASBIMD
*69 31 04
CRADNL CRABRL Csa XD
120+87 58.29 619
ARADNL ARADRL ASBIHD
83 036 06
CRADNL  CRaABR_  CsaI™D
14577 68,21 Teay
ARADNL  ARADRL  As8IMD
77 34 04
CRADNL  CRADRL  CsS@8IWD
168475 78.36 8455
ARADNL  ARABRL  AsBIMD
75 «33 ‘04
CRADNL CRABRL Cse 1m0
19115 86.29 973

Cont,

ASOIHL
*03

CsoIHL
92

ASOIHL
*01

CgaIuy
1033

ASOIH,
*02

Csolm,
1°93

ASOIHL
*02

C8O1IML
2e61

ASBIHL
*02

CeOIHL
3038

ASOIHL
«03

CSOIH
se10

ASOTHL
*03

CsOIML
4095

ASBIHL
*03

CsolHL
5479

ASOIHL
«03

CsSOIML
6ebb

ASOTHL
*03

CseIHL
7.%2

ASENMD
018

CSENHD
Se49

ASENKD
o

CSENKD
14,64

ASENMD
17

CSENKD
19.86

ASENNHD
«06

CSENKD
21464

ASENHOD
16

CSENKD
26430

ASBENKHD
29

CSENHD
35,07

ASENNKD
28

CSENKD
43.33

ASENKD

b

CSENHD
57.16

ASENMD
22

CSENWD
63.82

ASENHD
o

CSENKD
73.06

Energy balance values for Liberty - Golden
Liberty.

ASENMLARADY
53 1.08

CSENHL  CRADY
1575 3253

ASENHLARADT
*09  106.02

CSENHL  CRADY
1886 3213.28%

ASENHLARADY
+06 91.57

CSENHL  CRADY
2031 598024

ASENHLARADY
«05 86.7%

CSENHL  CRADY
21+91 852466

ASENKLARADY
009  j18ea6

CSENHL  CRADY
2078 gubsuen

ASENHLARADY
26 1325
CSENHL CRADY
3244 galsner

ASENHLARADY
23 12412

CSENHL  CRADT
3927 gadswen

ASENHLARADY
*30 14.52

CSENWL  CRADY
48:36 saBteny

ASENHLARADT
25 13,34

CSENHL  CRADT
55:81  sedeene

ASENHLARADT
222 13.31

CSENHL  CRADY
62428  wunanny
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Tive
660,

TIrE
660,

TIrE
690,

TInE
690,

TIrE
T20.

TIRE
120,

TInE
750.

TIRE
750.

TINE
180,

TIRE
780,

TIPE
810.

TIRE
flu.

TIrE
960,

TInE
960.

TIRE
990.

TIrE
990.

TIME
1050,

TInE
1050,

TIVvE
1080,

TIRE
1080,

TInE
1100,

TIrE
1100,

TINe
1130.

TINE
1130.

TIRE
1160,

TIrE
1160,

TIvE
1190,

TIrE
1190,

F1POD
“o b7

ceren
=141

(TPD
-59

CETPOD
=31.81

E1PD
-5

CETPD
-47.55%

ETPD
~.59

CETPL
-65.19

FIPD
=15

CETPD
-87.83

ETPD
-uT6

CFTPD
“110.59

ETPD
~ab4

CETPD

=129.78

ETPD
=60

CETPD
-147.67

LTPD
~e36

CETPD
=-158.58

ETPOD
~e35

CETPD
=169410

ETPD
«01

CETPD
~168.84

ETPO
=« 01

CETPD
~169.05

ETPD
=ell

CETPD
=172.44

FTPD
«01

CETPD
=172424

ETPL
-.b2

CETPL
=133.34

FTeL
ECL R

CETPL
~146.11

ETPL
a3l

CETPL
~155.55

creu
=31

CETPL
“164.86

£TPL
«01

CETPL
~164.%9

£reL
-0l

CETPL
“164.77

ETPL
=10

CFIPL
-167.70

creL
«00

CFTPL
~16Te66

Liberty.
ARADND ARADRD
o1 ih
CRADND  CRADRD
21425 1.1
ARADND ARAORD
. .23
CRADND  CRADRD
45.14 14,04
ARADND  ARADRD
.85 024
CHADND CRADRD
10.7¢  21.11
ARADND  ARADRD
.94 .
CRADND  CRADRD
98,09  28.21
ARADND  ARADRD
. .22
CRADND CRADRD
124,42 34.09
ARADND ARADRD
.88 )
CRADND  CRADRD
150475 4164
ARAOND  ARADRD
.82 o
CRADND  CRADRD
175.30 49.14
ARADND  ARADRD
.62 .
CRADND  CRADRD
193.92  54.89
ARADND  ARADRD
Y .16
CRADND  CRADRD
207,08  59.68
ARAOND  ARADRD
ohs .
CRADND  CRADRD
220434 65407
ARADND ARADRD
.01 .01
CRADND  CRADRD
220472 65450
ARADND  ARADRD
«0¢ .02
CRADND
221438
ARADND  ARADRD
o3 a1
CRADND  CRADRD
225,42 69.2%
ARADND  ARADRD
00 w03
CRADND  CRADRD
2¢5.42 10025
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July 5,1977.

ARADNL

CRADNL
20.10

ARADNL
79

CRADNL
43.65

ARADNL
83

CRADNL
68.56

ARADNL

CRADNL
9%.7

ARADNL

CRADNL
119.23

ARADNL

CRADNL
142,60

ARADNL
o T4

CRADNL
164,71

ARADNL

o4

CRADNL
179.52

AR ADNL

CRADNL
190.67

ARADNL

o368

CRANNL
201435

ARADNL
«01

CRADNL
201 .54

ARADNL
02

CRADNL
202.12

ARADNL

CRADNL
206,15

ARADNL
«00

CRADNL
206425

ARADRL
.26

CRADRL
Te68

ARADRL
.26

CRADRL
15.50

ARADRL

27

CRADRL
23.71

ARADRL

CRADRL
2.

ARADRL

CRADRL
40.50

ARADRL

27

CRADRL
48.08

ARADRL
«30

CRADRL
57.61

ARADRL
<33

CRADRL
64,36

ARADRL

CRADRL
69.89

ARADRL

CRADRL
T6.07

ARADRL
«02

CRADRL
T6.57

ARADRL
«02

CRADRL
17.11

ARADRL

CRADRL
80.54

ARADRL
«03

CRACRL
81.50

ASOTHD
=e01

CsSoInD
~elb

ASOIND

«02

CSOTHO
57

ASOTHD
03

CSOIND

ASOTIHD

«05

CSOIND
3.05

ASOIHD

csSnYHo
4.60

ASOIND

5

CS0IMD
6407

ASOIND
02

CSO1HD
676

ASOIND
«02

CSOIND
T49

ASOINHD

CSOIND
8.14

ASOTHO
02

CSOTIHD
8.75

ASDIND
«02

CSOTHD

ASOIND
')

CSOIHD
9.81

ASDIHD
«01

CSOIHD
10.09

ASOINHD
«01

CSOIHD
10,30

ASOINL
-a09

csnim
~el2

ASOTHL

CSNIHL
«52

ASOTML
«03

CSOIML

ASOIWL
« 04

csormL
244%

ASOIML

«04

CSoIwL
3.70

ASOINL
«J4

cscim
5404

ASOIWL
02

CSOIHL
5.67

ASDINL
02

CSOInL
627

ASNIML

CSOINL
6.80

ASOTHL

«01

CSOTHL
V.24

ASOIML
«01

CSOIML
Te6R

ASOIHL
«01

CSOINL
B.04

ASOINML
«01

CSOIHL
B8.28

ASOIHL
«01

(14 1N
LIL L

ASFNHD
24

CSENND
T.27

ASENKD
.18

CSENMD
12.76

ASENHD
29

CSENMD
21.58

ASENHD
«28

CSENMD
£9.85

ASENHD
«07

CSENKD
31.99

ASENHD

«07

CSENND
34,10

ASENHD
o6

CSENHD
3876

ASENKD

CSENHD
ELPY [

ASENHD

CSENHD
40,36

ASENHD

CSENHD
42.49

ASENHD

CSENHD
42.52

ASENHD
«00

CSENKD
42.52

ASENHD
«01

CSENMHD
4289

ASENHD
Uy

CSLNn
4c.89

Energy balance values for Liberty - Golden
Cont.

ASENHLARACT
ol leld

CSENHL CRADY
3.76 33.2%

ASENHLARADY
11 1.19

CSENML CRADY
.56 69,04

ASFNHL ARAD Y
o2t 1.2%

CSENHL CRANT
14.10 106.62

ASTNHLARADY
a7 1.2%

CSENML Crany
19.21 14711

ASENHLARADT
« 08 1.29

CSENML crant
20.62 165.7¢

ASENMLARADT
«07 l1e24

CSCNHL CRADT
22.713 223401

ASENHLARADY
«10 1.78
CSENHL crany
25.70 261432

ASENMLARADT

«05 (% 1

CSENHL CrRADT
21.11 289,08

ASENHLARADY
«04 oTE

CSENHL CRADT
28,33 312465

ASENHLARADY
U3 «8]

CSENHL CRADY
29.25 337.59

FSENHLARADY
«00 .12

CSENHL CPanY
29.27 341.20

ASENHLARADT
«00 ol

CSFENHL ckaor
29.30 344,40

ASENHLAKADY
«03 4]

CSENNML CRADT
0.7 5747

ASFNHLARADY
=00 elt

CSENNL Ceany
30.14 sulali
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TIME
600«

TIME
600+

TIME
630+

TINE
630+

TIvE
750

TIME
750

TIME
780+

TivE
780,

TiME
810

TIME
810¢

TIvE
B4p.

TIME
B4g.

gren
e2t

CFYan
-®,93
gTen
ws 35

CETOD
*1he31

ETPY
w56

CereDl
3321
ETPR
-e5y

CEYPD
“40.57

gren
wehl

CETol
62+9%

ETPR
=30

cETrD
*74085

ETPL
“.39

CETPL
1156
ETPL
Y

CeTPL
26410

ETPL
v.48

CereL
CLTY +-

FrPL
Tegh

CerPL
=53.52

ETPL
o2

CereL
66416

EYPL
LYY

CeTPL
«78.%0

Liberty.
ARADND  ARADRD
61 20
CRADND  C®ADRD
1834 be1y
ARADND ARADRD
*73 22
CRADMD  CRADRD
3959 12+7y
ARADND  ARADRD
* 95 26
CRAOND  CrRADRD
68.09 20+5s
ARADND  ARADRD
92 [¥.11
CRADND  CRADRD
95,55 28407
ARADRD  ARADRD
*9%0 25
CRADND ~ CrADRD
122+63 38.68
ARADND  ARADRD
.79 23
CRADND CraDRD
146424 A2e44
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July 6,1977,

ARADNL
(3-1)

CRADNL
16415

ARADNL
65

CRADNL
3967

ARADNL
88

CRAONL
6202

ARADNL
85

CRADNL
87+50

ARADNL
84

CRADNL
112469

ARADNL
73

CRADNL
13462

ARADRL

CRADRL
8.93

ARADRL
.25

CRABRL
14.50

ARABRL
.32

CRABRL
24.11

ARABRL
31

CRABRL
3%.43

ARADR
31

CRABRL
2.8

ARABRL
.28

CRADRL
51.04

AS81HD
*01

Cse1HD
*16

ASe1MD
*o01

Cse1HD
*61

ASOIHD
06

Csp 140
1095

ASOIHD
04

Csaho
3+48

Age1HD
04

Csa1+0
LALY)

AS81MD
06

Cse 14D
570

Cont,
ASOIHL  ASENWD
01 L}
CSOIHL  CSENWD
16 12.2%
ASOIMHL ASENKD
02 «35
CsotML CSENWD
L 1) 22467
ASOIML ASENNKD
*03 034
CSOIHL  CSENHD
187 32.93
ASOIHL ASENHD
*03 036
CSOIHL  CSENMD
2045 43.80
ASOIHL ASENMD
03 38
CSOIHL cs§~uo
3+34 5.25
ASBIHL  ASENWD
03 a5
CsolML CSENKD
408 68,69

Energy balance values for Liberty - Golden

ASENHLARADY
*15 94

CSENHL  CRADY
4043 28.19
ASENHLARADT
*15 1.08
CSENHL CRADY
8+93 §0.72
ASENMLARADY
*3 1044

CSENML  CRADY
20000 103+01

ASENHLARADY
*38 136

CSENHL CRADY
3152 143.86

ASENHLARADT
39 135

CRADY
184434

CSENML
4320

ASENHLARADY
29 1019

CRADY
28012

CSENHL
5109
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b6 s &
660+

TInE
660+

TIME
.90-

TIME
690+

TIME
720

TIME
720

TIME
750

e
750+

TIME
780

TIME
780

gTen
«+33

CEYeD
PLIL L

gTer
.e3?

CereD

“21400

ET"
wshd

CET®D
*3sc02

AL
wed?

Cered
-.--1§

gren
.39

+ CETeD
LT

ETPL
*e37

CeTeL
“11+19

ETPL
T L]

CeTPL
“24449

ETRL
hLL)

CeTPL
«37.46

ETPL

hALL T

CeTPL
«50+82

ETPL
“oaS

CeTPL
*bhey6

Liberty.
ARADND  ARADRD
7 24
CRADND  CPADRD
2323 7e14
ARADND™  ARADRD
82 25
CRADND  CPADPD
47.77 14+5%
ARADND  ARADRD
8 o2
CRADND  CRADRD
73454 22018
ARADND ARADRD
] L2
CRADND  CRADRD
100+63 KRR ¥
ARADND ARADRD
(ko 27
CRADND  CRADRD
129412 381y

138

July 7,1977.

ARADNL
062

CRADNL
18468

ARADNL
+70

CRADNL

39+52

ARADNL
7?7

CRADNL
6250

ARADNL
_ 80

CRADNL
86488

ARADNL
83

CRADNL
111044

ARADRL
28

CRABRL
8,39

ARABR(
30

CRADRL
12428
ARADRL

231

CRABRL
28,46

ARABRL

CRABRL
36.21

ARADRL
«33

CRABRL
LY

As@ KD
02
Csa1kD
68
AgelkD
03

Csa kD
159
AS81HD
ot SO
Cse1M0
.. B8y
AS8IMD

08 __

Csp1HD

AL v

ASBIHD
06

Cga M0
5e9a

Cont.

ASOTHL
02

CsoIML
'60

ASOIHL
03

< TILN
1041
ASOIHL
20200
CsolML
20
ASOIHL
*03

Cso ML

i Lk L

ASOIHL
03

Ceo ML
ho3s

ASENMD
b2

CSENND
12.70

ASENNHD
o2

CBENKD

25,19
ASENHD
38

CSENMD
36474

ASENWD
—1 1
CSENMD

S1.20

ASENKD
+50

CSENKD
6643}

Energy balance values for Liberty - Golden

ASENMLARADY
23 1.23

CSENHL  CRADY
6+86 36487

ASENHLARADY
23 1430

CSENHL CRADY

13+62 25490

ASENHLARADY
*30 1237

CSENML  CRADY
2251 117.11

ASENHLARADY
38 142

CSENMHL CRADY
32068 199.76

ASENHLARADY
36 1045

CSENHL  CRADY
4294 203+13
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TivE
6600

TIME
660+

TIME
690+

TInE
49

TIME
72¢¢

TIVE
720+

TIME
750

TI™E
750

TIvE
770

TME
Mg

TIME
240,

TImE
LIr

TIvE
270

TI1vE
270+

TIME
9C0

TIME
900+

0 b
930

TIME
230

TN
960

TImE
960

4 gy
89y,
TN
a9
L4 b
1020
TIME
1029
TIME
10%0-
TIME
105¢°
TIME
10%0¢
TImE
1080+

ETPA
.e3?

Cernd
"11e2h

grer
weh b

Crenh
“a4e49
(ALl
=e3C

CeveD
“39e51%

ETPN
we?S
CErel
chnel?

ETDF
wed]

CeEyon
ELETEL]
gTR"
-e38

CET=D
“baen3

gEYeR
wek9

crrel
70,59

gTen
weh?

CFyel
“91.71

grer
“e®?

Ceven
“109:26

gren
. RE

CEYel

*124+53

gTen
el

CeyeD
*13%e63

ETDF
YL

CEreC
“14ne89

grer
ws?h

CeveD
149499

gyae
-l

CeyeD
*154467

ETPL
Lk L

CegTPL

“1C+21

ETPL
“eiS

CeToL
23462

£TeL
.39

CeTPL
=3%.42
ET°L
.38

CeTPL
48,92

ETPL
"ot
CeTPL
66429
FrPL
=70
CeTpL
E!?-g!
€YPL
“e51
CeTPL
*102046

ETPL
.52

CeTeL
“118.08

ETPL
LY 1

CpTPL

"13{ .64

ETPL
.5?

CeToL
188,73

ETPL
“s23

CerPL

*18%5.77

ETPL
*.19
CeTPL
*161.51
ETPL
.29
CeTPL
=170+32
ETPL
.23

CeTeL
17748

ARADND
70

CRADND
21007

ARADND
79

CRADND
448087

ARADND
57

CRADND
6179

ARADND
e

CRAOND
75464

ARADND
93

CRADND
103:5

ARADND
1.22

CRADND
180+13

ARADND
94

CRADND
167+30

ARADND
83

CRADND
19232

ARADND
7

CRADND
21453

ARADND
73

CRAOND
23633

ARADND
37

CRADND
247443

ARADND
19

CRADNA
253+26

ARADND
29

CRADND
262401

ARADND
23

CRADND
268478

ARADRD
21

CRADRD
ey

ARADRD
23

CRADRD
1307

APADRD
*16

CRADRD

18+00

ARADRD
16

CRADRD
22429

ARADRD
.28

CRADRD
2982

ARADRD
3

CPADRD
39407

ARADRD
25

CRADRD
LY 1Y 13

ARADRD
oBa

CrADRD
53.86

ARADRD
23

CFADRD
T 6078

ARADRD
3

CRADRD
7.9y

APADRD
(38 )
CrADRD
T2+28

A9ADRD
«08

CRADRD
The7y

ARADRD
s

CraD®D
78.82

ARADRD
12

CRADRD
82.39
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July 11,1977,

ARADNL
86

CRADNL
1673

ARADNL
63

CRAONL
3588

ARADNL
e

CRADNL
4923

ARADNL
38

CRAONI
ooohl

ARADNL
78

CRAONL
8388

ARADNL
103

CRADNL
118062

ARADNL
78

CRADNL
13798

ARADNL
69

CRADNL
188445

ARADNL
62

CRAONL
17742

ARADNL
60

C:;ONL

8e10 -

ARADNL
*31

CRADNL
204042

ARADNL
*16

CRADNL
209+33

ARADNL
28

CRADNL
21654

ARADNL -
19

CRADNL
22224

ARADRL

CRaPRL
Y.2

ARADRL
2?7

CRADRL
l!v"

ARADRL
-g’

CRADRL
2141

ARADRL
.17

CRADRL
28.46

ARADRL
+30

CRABRL
"..5

ARABRL
7

cRr
o

ARABRL
+30

CRADRL
55,40

ARADRL
29

CRABRL
65.21

ARAD
"5

CRABRL
7'.2’

ARABRY
.!.

CRABRL
B84.44

ARABRL
o6

CRABRL
8.5

ARABRL
09

cRabni
88,32

ARABaL
o5

CRAPRL
98,09

ARABRL
.13

CRaAPRL
96.86

AS81M0
201

Cga1MD
"y

AS81MD

o2

Cso1v0
1006

ASO ™D
03

Cso1™0
1°98

Ago N0
*03

Cgo1™0
2+93

ASOIMHD
*03

Cso1MD
387

AS01MD
07

Cse M0
602

ASOI%D
L1 1)

Csa1HD
Te20

ASBIND
0s

Cgo1MD
839
ASOIND
08
Cgo1HD
L 1Y )
AS8IND
*03

[STILN
10°80

ASOIMD
02

€go1MD
1118

AS81MD
02

€sa1MD
1172

ASa1HD
*01

Cgo1M0
12447

Ase1HD
*01

Cg81M0
1254

Cont.

ASOINL
*01

CgoihL
Yy

ASOIHL
02

S LILTS
109

ASOIHL
oo,

CsoIML
189

ASOIHL
*03

CgoML
273

ABOIML
*03

Csoim,
380

ASOTHL
"08

CaolML
°11

ASOIN,
*03

CeaML
8.99

ASOIHL
*03

CsatHL
6e92

ASOIHL
'03

Cso ML
Ly 1)

ASOTHL
«03

CIG‘?s’

ASOIHL
00s

CsolML
1021

ASOIHL
02

CsoIML
10074

ASOINL
*01

CgolML
11048

ASOINL
01

CsaIHL
11088

ASENHD
31

CSENMD
.02

ASENND
32

SENMO
19.12

ASENND
20

CSENMD
26.32

ASENND
o108

i 1o

ASENND
9

CSENND
46,39

ABENKD
76

CSgNMD
69.27

ASENND
37

CSENND
80.51

ASENMD
32

CSENKD
90.22

ASENND
18

CSENHD
5.77

ABENHD
oi2

CBENMD
30

ASENHD
04

CSENKD
100+64

ASENND
«00

CBENND
100064

ASENND
+00

CBENND
100464

ASENKHD
03

CSENMD
101.57

Energy balance values for Liberty - Golden
Liberty.

ASENMLARADY
20 1:06

CSENML  CRADY
6+08 31481
ASENHLARADT
o6 1016

CSENML  CRADY
1087 66.51

ABENHLARADY
04 86

CSENHL  CRADY
1192 92.17

ASENMLARADY
«00 73

CSENML  CRADY
11092 118.22

ASENHLARADY
07 128

CSENHL  CRaADY
1606 1847
ASENHLARADY
27 167

CSENHL  CRADY
2027 200094

ASENHLARADY
24 1436

CSENHL  CRADY
29.83  24%5.06

ASENMLARADY
014 1e26

CSENHL  CRADY
366 282.29
ASENHLARADY
13 116

CSENHL  CRADY
3764 316499

ASENHLARADY
«00 118

CSENHL  CRADY
3764 382043

ASENHLARADY
*03 67
CSENWL  CRADY
3844 372468

ASENHLARADY
e 08 40

CSENHL  CRADY
37:08  384.58

ASENMLARADY
«e07 60

CSENML  CRADY
35008 402068

ASENHLARADY
0S5 52

CSENML  CRADY
33048 418419
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Appendix Table 3. Energy balance values for Liberty - Golden
Liberty. July 12,1977. Cont.

TIME ETPD ETPL ARADND  ARADRD  ARADRL  ARADRL  ASOIMD  ASBIML  ABENND  ASENHLARADY

4500 =10 *e01 13 08 (314 04 01 01 02 «10 18
TIME CETPD CeTPL CRADND CRADRD CRADNL CRABRL CgoIND  CgOlIML CSENKHD CSENHL CRADY

450 «3.09 .39 3e86 1048 3668 %29 24 .36 52 290 B.42
TIME ETPD ETPL ARADND  ARADRD  ARADRL  ARABRL  ASOIMD  ASOINML  ASENHMD  ASENMLARADY

LI 08 11 oi2 «08 *10 «08 *01 ®e00 -1 «00 20
TIME CEYPD CeTPL CRADND  CRADRD  CRADRL  CRAPRL CgBIMD  CgOIM, CBENMD  CSENML  CRaADY

480. LY ] “3+58% 7038 2ebs 673 293 08 28 1.83 2% 1187
TIME ETPD ETPL ARADND ~ ARADRD  ARADRL  ARAPRL,  ASOIMD  ASOIML  ASENHD  ABENHLARADY

510 =e12 *eyb 18 08 18 09 ©e00 =000 07 ©e0} o34
TIME CETPD CeTPL CRADND CRADRD CR,ONL CRaPR|, CgpIMD CgOIWL CSENMD  CggNHL  CRADY

810 «B8:96 “8.42 12079 8.07 11238 §.87 o0 o2 3,87 269 21069
TIME ETPD ETPL ARADND  ARADRD  ARADRL  ARABRL  ASBIHD  ASOIML  ASENMD  ASENHLARADY

LT . ph *e13 (XY 18 38 20 **00 00 «23 25 77
TIME CETPD CgTPL CRADND  CRADRD  CRADRL CRAPRL Cs@IWD CgBIML CSENWD  CSgNHL  CRADY

S40e  *16009 1231 26:80 10+87 22069 13064 =08 °32 10479 10006 44.82
TIME ETPD ETPL ARADND  ARADRD  AR,DRL ARADRL ASBIND  ASBINL ASENHD  ASENHLARADY

570¢ “s 28 “s39 [1.1] 20 48 22 00 000 32 08 92
TIME CETPD CgrpL CRADND  CRADRD  CRADAL CRADRL, CsBIMD CgOIWL CSENWD CSgNHL  CRADY

570¢ *23¢30 “24.08 43:73 16:8s 36006 18.36 LX) 44 20647 1154 2229
TIME ETPD ETPL ARADND  ARADRD  ARADAL  ARAPRL  ASOIMD  ABOIML  ABENHD  ASENHLARADY

600 ©e26 * 26 063 20 0.1/] 23 01 001 35 23 98

TIME CETPD CeTPL CRADND  CRADRD  CRADRAL  CRABRL CgBIND  Cg8IML CSENND CSENHL  CRUDY
600¢  "31+21 *31.88 62463 22068 81406 28.36 *33 +80 31010 18437  101.57

TIME ETPD ETPL ARADND ARADRD ARADNL ARADRL ASBIHD ABOIHL ASENND ASENHLARADT
2 o138

6300 28 .37 71 22 87 28 s02 02 bl 1.07

TIME  CETYPD  CpTPL  CRADND  CRADRD  CR,DNL  CRAPRL  Cs@(HO c"{“ks CSENHD  CgENHL  CRYDY
.

6300 *39:56  <42.98 83098 29+28% 68017 3P.89 102 43040 2374  133.73
TIME £TPD ETPL ARADND  ARADRD  ARADRL  ARABRL  ASBIHD  ASOIHL  ASENWD  ASENHLARADY
660+ 39 .36 77 23 68 27 03 03 «38 25 142

TIME CETPD CeTPL CRADND  CRADRD CRADRL  CRAPRL  CgBIMD  CgBIH_  CSENMD_ CSENWL  CRADY
66ge 51028 Eg;.,o 10724 36044 8734 40409 199 2028 83.97 3135 1§7.38

™ 0 ETPL ARADND  ARADRD  ARADRL  ARABRL  ASBIMD  ASOIHL  ASENHD  ASENHLARADY
; aso. £ s .83 '8 28 °69 28 104 *03 .23 13 1e26
CETPD CetpL CRADND  CRADRD  CRADRL  CRABRL Cs8IMD  Cg@IML  CSBENWD  CSENWL  CRADY
0. CSiBe1a  ce3.a8 132032 a3e32  107+38  A%.32 3018 3es2  61.08 38028 204058
TIME ETPD £TPL ARADND  ARADRD  ARADRL  ARABRL  ASBIND  ASOIML  ASENMD  ASENHLARADT
7200 *a67? =e33 89 28 78 29 ‘08 "0 018 *37 1433

M CETPD CeTPL CRADND CRADRD CRADNL CRADRL CgalHD CgIHL CSENHD CSENHL CRADY
717500 E;!lzb E?’-Q7 189+03 50+79 130°10 S8.46 4036 4030 66,43 l"!z 284038




Appendix Table

TiME
570.

TIME
870

TIME
600

TIME
600

TIME
630

TIME
630.

TIME
660

TIME
660

TIME
690

TIME
690.

TIME
720

TIME
7200

TIME
750

TIME
750+

TIME
780

TIME
78q¢

TIME
810.

TIME
810+

TIME
840

TIME
LY

TIME

870

TIME
879

TIME
900

TIME
900+

TIME
960

TIME
LT

TIME
990

TIME
990

ETRD
2%

CETPD
e7:49

ETPD
LY L]

CeTPD
14,59

ETPD
39

CETPD
“26028

ETPD
e

CETPO
2797

ETPD
+06

CETPD
26011

ETPD
=32

CEYPD
“35:77

ETPD
=51

CETRD
*51.03

ETPD
“esS

CETPD
“64062

gTPD
=92

cETPD
*92.08

ETPD
*e91

CEYPD
©119024

ETPD

CETPD
*145061

ETRD
=88

CETPD
*170+99

ETPD
28

CETPD
*179443

£TPO
vs2?

CETPD
187042

ETPL
.37

CETPL
10099

erel
*e31

CegrPL
w2022

ETPL
“ey3

CeTPL
°244y7

ETPL
.37

CerPL
©38:16

ETPL
“shl

CeTPL
*AT.00

ETPL
v 85

CeTPL
©63.92

ETPL
a9

CeTpL
«78.82

ETPL
*036

CETPL
«89.42

EYPL
“ob?

CETPL
*103.86

ETPL
049

CeTPL
*118+38

erPL

=60

CeTpL
*138.39

ETPL
7

CeTPL
“150049

Pl
*:36

CETPL
“161e42

ETPL
36

CeTPL
#4709
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3. Energy balance values for Liberty
Cont,

Liberty.

ARADND
0

CRADND
14020

ARADND
58

CRADND
31489

ARADND
87

CRADND
81063

ARADND
o 78

CRADND
73+82

ARADND
o8

CRADND
98.09

ARADND
87

CRADND
128423

ARADND
92

CRADND
151069

ARADND
98

CRADND
180028

ARADND
97

caAgNo
20928

ARADND
95

CRADND
237084

ARADND

CRADND
2068447

ARADND
89

CRADND
292448

ARADND
)

CRADND
31166

ARADND
1.1

CRADND
3277

ARADRD
18

CRADRD
8.32

ARADRD
«20

CRADRD
1123

ARADRD
21

CRADRD
17064

APADRD
22

CRADRD
24032

ARADRD
2%

CRADRD
3139

ARADRD
25

CRADRD
38.78

ARADRD
28

CRADRD
46032

ARADRD
26

CRADRD
54000

ARADRD
u!‘

CRADR
‘tng’

ARADRD
26

CrADRD
6980

ARADRD

CRADRD
T7e4n

ARADRD
25

CRADRD
84078

ARADRD
22

CrADRD
91446

ARADRD
20

CRADRD
976y

ARADRL
*36

CRADNL
10:87

ARADRL
obé

CRADRL
26652

ARADRL
0.1

CRADNL
2088

ARADRL
60

CRADRL
5856

ARADRL
(134

CRADNL
7878

ARADAL
73

CRADRL
10077

ARAORL
77
CRADNL
1239
ARADRL
«80
CRADRL
148408

ARADRL
o84

anoﬂs
17234

ARADNL
81

CRADAL
196+63

ARADRL

CRADRL
290058

ARADRL
274

CRADRL
242079

ARADNL
1]

CRADNL
28888

ARADAL
a7

CRADRL
272488

ARABRL

CRADRL
§.00

ARABRL
o2

CRABRL
1078

ARAPRL
Y 1

CRADRL
20.00

ARADRL
26

CRADRL
27.78

ARADRL
27

CRADRL
38.96

ARADRL
c!’

CRABRL
44.87

ARAPRL
*30

CRABRL
53.%0

ARADRL
*30

CRABRL
62.61

ARABRL
3

CRABRL
7%.86

ARADRL
o3

CRAPRL
8%.07

ARABRL

«30

CRADRL
98018

ARADRL
30

CRABRL
99,41

ARABRL
.26

R

ARAPRL
¥ 1

CRAPRL

113.89

July 14,1977.

ASB1MD

*e01

Cgo1HD
24

AS01MD
‘00

Cgd1HD
co24

Ago | HD
‘01

Csd 1D
*08

AS8 1D
ro2

(YIC)
fre}

ASOIND
103

Cselk0
189

AB81HD
04

Cso1MD
2073
A8 IMD
*08
Csp1MD
8015
As81M0
08
Cgel™D
Se¢78
ASBIMD
+08

(£ L3CT)
7429
ASBIHD
08
CgpiHD
LI

ASB1IMD

08

Cgd 1D
1018

Ag81MD
108

Cga1HD
1160

ASOIHD
04

Cs8lInp
12°70

ASBIHD
‘03

Cgo1M0
13068

ASOIHL
®s00

CgorHL

eey2

ASEINL
*00

CaoIHL
°+00

ASOIHL
*01

CgoIHL
36

ABOIHL
02

CgolHL
97
ASOIML

*03

< LILIN
1+81

ASBIHL
°03

CgoIML
286

ASOTHL
06

CeoINL
deg2

ASOIHL
0b

CeoIHL
S.23

ASOIHL
004

Cs01n
61%3
ASOIHL
04
CsolHL
768
ASBIHL

04
CeBIHL
8.93
ASOIHL
o 0b
CgolHL
10+13
ASOTHL
«03
[«-{3{"TH
11048

ASOTHL
03

CgotHL
12044

ASENKD
23

CSENKD
T 6495

ASENHD
034

CSENHD
17.20

ASENNHD
27

CSENHD
28.27

ASENKHD
066

C8ENNHD
45016

ASENHD
86

C8EgNKD
70439

ASENHD
51

CBENND
85,73

ASENKD
36

CSENHD
96,54

ASENKD
oS

CSENKD
{09.88

ASENKD
200

cSENND
109,88

ASENHD
+00

CSENMD
109.88

ASENMD

«00

CBENKD
109.88

ASENHD
«00

CSENND
{09.88
ASENHD
3

CSENGD
gngsa

ASENWD
24

CSENNHD
126068

- Golden

ASENHLARADTY
«00 82

CgeEnHl.  CRRADY
*00 B4.58

ASENHLARADY
ol 094

CSENHL  CRADY
&4¢30 $2.77

ASENHLARADY
39 1.07

CSENHL  CRADY
16004 84094

ASENHLARADY
°21 1016

CsenHl  CRaDY
22043 11928

ASENHLARADY
24 1423

CSENHL  CRADT
2950 196414

ASENHLARADY
*15 1031

CsgNHL  CRaDY
33:99 195.5s

ASENHLARADY
25 136

CSENHL  CRpOY
41940 296.39

ASENHLARADY
*40 104}

CSENHL  CRADY
$3043 278.67

ASENHLARADY
30 1e02

CSENML  CRADY
62031 371.32

ASENHLARADY
28 104}

CSENHL  CRADY
70060 383+61%

ASENHLARADY

16 1.39

CSENHL  CRADY
78e26 4518

ASENHLARADY
.23 1435

CSENNL  CRXDY
82016  445.66

ASENKLARADY
o1b 1.10

CSENML  CRXDTY
86024  478.85

ASENHLARADY
*08 1400

CSENHL  CRXDY
8465  5pB.ss




Appendix Table 3.

TIME
6600

TIME
660+

TIME
490.

TIME
690+

TIME
720

TIME
729

TIME
7500

TIME
750

TIME
780

TIME
780+

TIME
810

TIME
810

TIME
840

TIME
LI

ETPD
.s20

CETPD
«5.87

ETeD
1)

CETPD
*13:54

ETPD
.28

CETPD
c21014
ETPD
29

CETPD
“29.84

ETPD
*e31

CETPD
*39:00

ETPD
38

CEYPD
49,18

ETPD
=38

CETPD
*60060

ETPL
.35

CETPL
*10044

Evel
“. 16

CeTPL
«15.23

ETPL
"7

CeTrL
*29.30
ETPL
LT}

CeTPL
hie62

ETPL
b3

CETPL
«54.58

ETPL
=38

CeTPL
«685,92

ETPL
bl

CeTpL
«78.28

ARADND
"73

CRADND
22+01

ARADND
o84

CRADND
46018

ARADND
9

CRADND
7338

ARADND
*9%

CRADND
101047

ARADND
98

CRADND
12997

ARADND
3 1)

CRADND
188.09

ARADND
89

CRADND
18470

ARADRD
23

CRADRD
6082

ARADRD
24

CRADRD
14000

ARADRD
28

CRADRD
2164

ARADRD
26

CRADRD
29.39

ARADRD
26

CRADRD
3721

ARADRD
26

CRADRD
48.00

ARADRD
26

CRADRD
5278
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July 15,1977.

ARADRL
89

CRADRL
17069

ARADRL
*68

CRADNL
3721

ARADRL
78

CRADRL
89+62

ARADRL
78
CRADRL
82:88
ARADAL
79
CRADRL
106008

ARADAL
79

CRADRL
13000

ARADRL
77

CRADNL
182+98

ARABRL
.26

CRABRL
779

LA
28

cﬂn‘nL

18:00

ARABRL
«30

CRADRL
24,96

ARABRL
+30

CRABRL
34.07

ARADR|,
3 1}

CRABRL
4329

ARADRL
31

CRABRL
52.80

ARABRL
30

CRAPRL
63064

ASOIMD
*02

Cgo 14D
68
AS@IMD
‘03
Cs81HD
1+59
AseIHD
104
Cgo1M0
293
ASBIMD
04
Csa1MD
4019
ASSIND
s o
Cw
(31}

ASBIHD
*08

4 LI
7004
ASOIHD
08

Cep1HD
858

Cont.

ASQIHL
02

CoarmL
064

ASOINL
*03

LIS
1049
ASOIHL
06
CsolnL
e 6y
ASOIHL
06
CeolHL
386
ASOIHL

08

CgalML
LIFE ]

ASBIHL
08

CeOIHL
6+851

ASOIHL
0

CsoIHL
7:8%

ASENHD
52
CSENKD
18,49
ASENHD
52
CSENND
31.08

ASENKD
61

COENHD

49,28
ASENKD
L

CBENKD
67.44

ASENHD
60

CSENHD
85,43

ASENHD
55

CSENHD
101.86

ASENHD
46

CSENKHD
115.56

Energy balance values for Liberty - Golden
Liberty.

ASENHLARADY
22 111

CgEnWL  CrADT
6061 23.2%

ASENHLARADY
46 1019

CSENML  CRXDY
0049 §9+04

ASENHLARADY
o2 135

CSENHL  CRADY
2770 10982
ASENHLARADY
32 1439

CSERML  CRADY
7e41 181408

ASERHLARADY
31 1e4}

CSENML  CRADY
4672 193037

ASENMLARADY
036 1040

CSENHL  CRADY
8787  235.30

ASENHLARADY
31 1437

CSENHL  CRXDY
66088 276451
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TINE
5700

TIME
570

TIME
600»

TIME
600+

TIME
660+

TIME
6600

TIME
690+

TIME
690

TIME
7200

TiME
720+

TiME
750

TIiME
750+

ETPD
w12

CETPD
=361

ETPD
.17

CETPD
*8.70

ETPD
w18

CEYPD

*18016

ETPD
"1l

CETPD
'17059

ETPD
Y

CETPD
'25-69

gTPO
028

CETerD
3212

ETPL
)

CeETPL
“§e65

ETPL
*¢30

CeTeL
*13.66

ETPL
.06

CeTPL
“15.36

(3448
" 19

CETPL
*24+00

ETPL
v16

CgrPL
*18:26

ETPL
“epb

CeTeL
w2821

Liberty.

ARADND
(L3

CRADND
12044

ARADND
S0

CRADND
2758

ARADND
68

CRADND
4796

ARADND
74

CRADND
7028

ARADND
80

CRADND
L LTTTY

ARADND
3.1

CRADND
11928

ARADRD
18

CRADRD
§e29

ARADRD
*20

CRADRD
11014

ARADRD
23

CRADRD
1796

ARADRD
24

CRADRD
28e11

ARADRD
24

CRADRD
32+43

ARADRD
28

CRADRD
39.93
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ARADRL
°39

CRADRL
1173

ARADRL
w7

CRADRL
25+87

ARADRL
032

CRADRL
3548

ARADRL
(24

CRADRL
86463

ARADNL
76

CRADRL
79+33

ARADRL
«80

CRADRL
10327

ARABRL
19

CRABRL
.68

ARABRL
21

CRAPRL
12.00

ARABRY
.25

CRABRL,
1%.68

ARABRL
'!,

CRAPRL
22,78

ARADRL
28

CRABRL
k.11

ARABRL
.29

CRAPRL
44,75

ASBIMD
=00

Cso1HD
vey2

ASBIND
*00

Cse 14D
'!0'

ASOIMD
o2

Ce81HD
283

AS8IHD
02

Cgol¥D
1000

AS0 IMD
03

Cso1HD
179

ASBIND
*03

Cso1HD
2:73

Cont,

ASOIHL
000

CsolHL
e 0b

ASBIHL
*00

CsOIHL
08

ASOIHL
02

CsolHL
.6

ASOIHL
03

CgoIHL
1048

ASOIHL
03

CgolHL
237

ASOIHL
0b

CgolNL
LNy

ASENHD
«30

CSENHD
8.92

ASENHD

CSENHD
18,9

ASENKD

.
CSENND
33.40
ASENWD
o6l

CSENHD
8173

ASENKHD
53

CSENWD
67.78

ASENKD
«56

CSENND
84,80

Energy balance values for Liberty - Golden
July 18,1977,

ASENHLARADY
24 *78

CSENHL
7012

ASENHLARADTY
17

CRADY
23449
*89

CSENHL
12+12

ASENHLARADY
24

CRADY
§o.24
112

CRADY
$3.86

CSENHL
1944

ASENHLARADY

49 120

CRADY
180¢00

ASERHLARADY
+88

CSENHL
3419

CRYDY
19833

ASENHLARADY
S0

CSENHL
6069
133

CRADY
198.07

CSENHL
7%:69
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TIME
Alge

TIME
48p0

TIME
S4pe

TiMg
L LT

TiMe
570*
TiMe
57g¢
TIME
63p¢
TiMe
63g¢

TiMe
66g¢

TIME
6600

TIME
69g*
TIME
69p¢
TiME
84ge
TiME
Bape

TIME
99q¢

TIM
99y
TiMg
1020

TIME
102p*

TIME
108p¢

TIM
loso'

TIME
111p0°*

TIME
111p0*

TIME
1140

TiMg
11%0*

ETPL
o1

CeTPL
“3e42
ETPL
*ey?
CeTPL
"8e56
ETPL
LL
CgTPL
'l“O’
ETPL
®e33
CerPL
24403
ETPL
“e25
CeTPL
31039
ETPL
Lr
CeTPL
~38.7y

ETPL
*e0?

CeTPL
4094
ETPL
*430
CerPL
*50°03
ETPL
eyt
CeTPL
*55.53

ETPL
0

CeTPL
“59.84
ETPL
Iol
CeTPL
5937
eTPL
02

CeTPL
“58.64

Liberty.
ARADND ARADRD
14 12
CRACND CRADRD
he33 346
ARADND ARADRD
*38 *16
CRADND CRADRD
14°86 839
ARADND ARADRD
‘a6 18
CRAUND CRADRD
28+78 13+82
ARAOND  ARADRD
LL}) 22
CRADND CRADRD
4702 20°39
ARAOND ARADRD
72 23
CRADND CRADRD
6856 27432
ARAOND ARADRD
79 -1
CRAUND CRADRD
924385 3405
ARADND ARADRD
*9% 26
CRADND CRADRD
11928 4229
ARADND ARADRD
62 *23
CRADND  CRADRD
137496 914
ARADND  ARADRD
*8s 22
CRADND CRADRD
156714 55474
ARADND  ARADRD
.28 b
CRADND  CRADRD
162°5y 59.79
ARADND ARADRD
33 *61
CRAOND  CRADRD
165°7 78400
ARADND ARADRD
*01 *20
CRADND CRADRD
165A9 LIYT Y
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July 20,1977.

ARADNL
17

CRADNL
Se10

ARADNL
*33

CRADNL
1510

ARLDNL
g

CRADNL
27°%0

ARADNL
57

CR,ONL
4452

ARAONL
o9

CRADNL
62°2)

ARADNL
66

CRADNL
ay+92

ARADNL
75

CRADNL
10452

ARADNL
60

CRADNL
122°60

ARAPONL
*53

CRADNL
138437

ARADNL
27

CRADNL
146088
ARAPNL
*10
CRADNL
149+33
ARADNL
*00
CRADNL
14933

AXADRL
11

CRADRL
3.39

ARADRL
1?7
CR,LDRL
Bea3
ANADRL
9
CH,LDRL
18016
ARADRL
24
CHADRL
21+29

ARADRL
25

CHaDRL
28.82

ANADRL
2?7

CWADRL
36479

ARADRL
29

CRADRL
LT L

ARADRL
25

CRADRL
83011

ARADRL
20

CRADRL
60029

ARADRL
s

CRADRL
LI 1}

ARADRL
b

CRADRL
4839

ARADRL
02

CRADRL
A700h

A8 IHD
*.01

CspInD
LTLTY

ASH WD
".01

Cse1nD
“véy

AS81KD
**00

Cganl
.69

ASBIKD
«01

Cgaub
=33

ASOIND
02

Csa1mD
P8

ASHIHD
02

CgaImD
98

ASHIND
0%

Csp KD
2416

ASBIWD
b

Cso1HD
3+30

ASBIWD
06
LT )
Asap

ASBHIHD
03

Cso1KD
S+33

ASOIHD
*03

Csa1mn
6423

ASOIHD
+02

CgpImD
6.96

Cont,
ASBIHL ARL
eopl 1187
CsAIHL CSENKD
e 32 2.57
AS9IHL RRL
*enl 19.8¢0
Cenpmt CSENKN
oyt 958
ASAIHL aRL
*00  24e%e
CeaHL CSeNmD
“saf8 18413
ASBINML.  BRL
01 14.02
CsarMl CSENMD
R L] 33.01
ASHIHL 3RL
“o? 26+90
Conrmt CSENKWD
*40 48458
ASOIHL BRL
*03 32426
CsalHL CSENKD
1497 65.69
ASAIHL  BRL
04 173.31
CgalmL CSENKD
2°45 65.69
ASAIHL  BRL
L1} 17049
CgerHt CSENKD
3°42 78413
ASBIHL RrRL
pe 33.9
Cgaimi CSENHD
407y 91417
AgATHI RRL
03 13062
CgaIHL CSENKD
5e43 97.78
ASATHL RRL
*n3 =115:580
Cga1Hl CSENHO
6043 102049
ASAIHL RRL
or? «0C
CgalHl CSENKD
Tegb 10264

BRD
24413
CgENuL
2+00
BRD
38.16
Cgp kL
7.02
BRD
Jgenn
Cggpnul
13+79

BRO
100484

CgENuL
20+65

B8R0
65.40

CsEnmL
3042

BRD
53405

CsEnmL
42005

BRD
00

CsEnkL
61412

BRD
49.97

Cgpnml
6R.I5

8RD
130+%5

CSENKL
7813

BRD
16188

CopnmL
81200

BRD
«39.74

CspnHL
R3+53

BRD
w402

CgENHL
B3.93

Energy balance values for Liberty - Golden

ARADT
kb
CRADY
1337
ARADT
71
CRaDY
34+70
ARADT
153
CRaY
59¢u

ARADY
1+05

CRANY
9108

APADY
1513
CRADY
1250k
ARADT
1027
CRADY
16157

APADT
1¢37

CRADTY
20277

ARADT
1015
CRADY
23747
ARADY
1406
CRADY
269+28

ARADY
65

CRADY
2RR.79

ARADT
*33

CRaLY
FELELL

ARADY
6

CRADT
0325
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TiME
LAY

TiMg
LA

TiME
S1p*

TiMe
S1p*

TinE
54p¢

TIME
Seqe

TIMg
570

ity
4

TiMg
600°*

TN
600"

TiME
63p°

TN
63g¢

TiME
660°

TiME
66q+

TIRE
890+

TIME
690

TIME

930

TiME
93p¢

TiME
96p°
TiME
964
TIM
950
TiM
9540
TiME
108p*
TIME
1080
TIME
1110
TIME
1110°
TIME
11%0°
TIME
11%g°
TIME
117¢9*

TiMg
117g¢

~e086
CeTrD
*22+93
ETPV
“+06
CeTFD
ALY
EVPU
“.08
Cerke
*27448
ETPL
Se02
CeTrD
2749
gTPL
*.0b
CeTPn
“2%.83
ETPL
"i0h
CetPn
*3142
ETPL
"9

(< 3 g
*34492

ETPL
“s01

CerPL
“ey9

eTPL
=eg2

CprPL
=77

ETPL
.16

CeTPL
“5ep7

eTPL
19
CeTPL
*11+52
ETPL
“.pb

CeTPL
*19:23%

ETPL
.'2.
CerPL
“26061
ETPL
"7
CgTPL
=31477
ETPL
.25
CeTPL
*39419

ETPL

.27

CgTpL
8707
ETPL
®*10
CetPL
*50+21
ETPL
09
CgTPL
“53¢03
ETPL
“ey9
CgTPL
58481
ETPL
“q8
CeTPL
=63+90
ETPL
“uy8
CgTPL
“69+41
ETPL
=07

CgTPL
“71+39
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3. Energy balance values for Liberty - Golden
Liberty. July 27,1977. Cont.

ARADND  ARADRD  ARADNL  aRADAL  ASBIWD  AgAIML  ARL 4RO AZADY
‘18 11 18 10 =+01 cery 49243 61013 oy
CRADND CraDRD CR,PNL CN,DRL Cganh CgmrHL FEENKD CopnmL CralY
b ) 328 Avh2 300 k5 wsap 3465 4063 11493
ARADND  ARADRD  ARANNL  AWADRL  ASBIMM  AghIML  ARL HRO ARADY
‘3 19 *29 *13 w1 tnE P64s97  K3pe2R ot
CRADND CRADRD CRANNL CHADRL CsoInl CgnImL CRENKD CSENmL CRAlY
1373 7e68 13+08 .06 .12 och 12+36 1227 2o 19
ARADND APADRD ARADNL AMADRL ASH WD ASA TN aRL HRN ARADT
*40 1?7 *34 16 «C1 1 19468 22:49 73
CRADND CRADRD CRADNL CRaDRL Cga1MD CgA1mL CSENHD Cgpnml Char
2577 1286 2717 11461 04 52 18.60 16498 8004
ARADND ARADRD ARADNL ANADRL ASH IHD ASO ML ARL BRD ARALY
*43 *20 *40 8 01 ory 20038 159.74 any

CRADND  CRADRD  CR,DNL CRADRL CgaIuD  Cgapml [T L D) Cspnnl CRADY
40°34 18:78 %9 17041 28 s9p 31+32 2284 Thokb

ARADND  ARAD®D  ARLONL  ARADAL  ASHIWD  ag@IML  PRRL B8RO A9ANY
.6 21 “w? 21 01 01 15.62 3288 p9
CRADND  CRADRD  CR,NNL  C®,DAL  CgaInD  CgaimL CSENMD  Cgpnwb  CRADY
87448 28041 a9ca2 2329 (L3 1°99 Apea? 28479 10120
ARADND  ARADRD  ARAONL  aWADRL  ASBIHD  AgaIWL  BRL BRD ARADT
63 23 0.0 22 02 o? 23:21 103+%n 1060
CRADND  CRADRD  CR,ONL  CW,DRL CgoImD CgAIWL  CSgNMD  Cgpnul  CRaADY
76408 31493 6%0a8 30+00 1014 1077 56483 37+10 13150
ARADND  ARADRD  ARADNL  ARADRL  ASBIHMEC  AgolHl.  ®RL HRD ARADT
w9 26 62 o2h 02 on? 500 1M 107067 1en7
CRADND CRADRD CRADNL Cra0RL CgaIuD Cgh ML CSENKD Csenmb CRACDY
96+77 39448 Rasps 37010 1:87 2045 73462 49.82 164437
ARADND  ARADRD  ARANNL  ARADRL  ASBIMD  AgAIWML  RARL 8RD ARADT
*75 2% v67 2% «03 03 31+83 wunwasw 1019
CRADND CRAPNL  CRaDRL  CsBImMD  CsolML CSENHD  CSpENML  CRaANTY
119°34 104704 aee68 2068 3038 95.52 61447 19916
ARADND  ARADRD  ARAPNL  ARADRL  ASBIHD  AgaIMI ARL BRN ARADT
87 21 (L} +20 o och 1554  165.29 98
CRADND CRADRD CRADNL CHADRL Cga M CgaML CSENKD CSENML CRADY
136°36 53048 11942 80+ 79 370 CRLT) 10973 67465 228+a3
ARADND ARADRD ARADNL ARADRL ASA KD AgS ML RARL BRD ARADY
20 9 8 L 03 03 9.68 3292 LLY]
CRADND  CRADRD  CR,DNL  CHADRL  CseIWC  CgalML CBENMD  CspNmk  CRaNT
184229 55+75 1348y 5329 4068 Sem8 112477 6905  Payep8
ARAUND  ARADRD  ARADNL  ARADRL  ASOIWD  AgBIML RRL 8RO ARANTY
23 *10 22 10 *03 *n3 20.72 32¢61 oKy
CRADND  CRADRD  CRADNL  CHADAL CgaIHD  CgmpHL CSENMD  CgpNmWL  CRADT
14925 58.86  131°4s 86eq Se%e 6047 116453 71493 %6404
ARAOND  ARADRD  ARADNL  AKADRL ASBIND  AgaIM RAL 8RD ARADT
*32 18 29 0?7 02 "33 912 224077 75
CRADND CRADRD CR,LDNL CRADRL Cgo 0 CgaHL CSENKD CgpNmb CRAUY
15878 64032 18029 ALe2? 6e23 Teps 12406 Taoay P7Rek7
ARADND ARADRD ARLDNL ARADRL ASBIHD ASOIHL ARL BRO ARADY
*18 *18 *20 .13 02 *03 WU 33037 58
CRADND  CRADRD CR,ONL  CRADAL CgaIHMD  CgAIWL  CSENWD  CspnWl  CRaDY
164429 68¢68 146035 #8029 6.88 Begp 127459 Tasan  29epp
ARADND ARADRD ARADNL AMADRL ASO IHD ASHIHL PRL BRD ARADY
‘10 13 12 11 +02 o2 *9.38 18415 48
CRADND  CRADRD  CR,LDNL CNLADRL CgatHD  CgpML CSENKD Cgpnml.  CRADT
167+30 Taeaé 1%0°00 s8.606 Teab 8049 12847 71+9n EFGERY )
ARADND ARADRD  AR,DNL ARLDRL ASBIND  AgAIHL arL BRD ARADY
03 ot 08 07 02 n2 =1032 1771 .33

CRAUND CRADRD CRADNL CRADRL CsalmHD CgalHL CSENKD CSENHL CRabY
168445 74093 181458 70479 7494 9425 126429 7090 A2uszé
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Appendix Table 3. Energy balance values for Liberty - Golden
Liberty. ' July: 29,1977 % - Conts

TIME gTPD ETPL ARADND  ARADRD  ARADRL  ARADRL  ASSIWD  ASOIML  ASENMD  ASENHLARADY
600+ bl YY) oy 23 49 021 *01 *01 ' 09 *00 92
TIME CETPD CgvelL CRADND  CPADRD  CRADRL  CRaBml  CgoIWD  CgeIML  CSENWMD  CSgNHL  CRADY
‘ 600+ =12+71 14047 1533 679 1474 $.18 28 1) 273 00 2787
TIME ETPD (2448 ARADND  ARADRD  AR\DRL  ARADRL  ASBIND  ASBIHL  ASENMD  ASENHLARADY
630¢ =08 1% 59 .24 55 . o2 .01 52 «39 1.02

‘ TiME CETPD CegTPL CRADND CRADRD CRADWL CRADRL CBIMD CseiH  CSENWD  CSgNML  CRADT
630¢ 1387 «18.98 3292 1407 3128 18.9%6 77 68 18.27 11+58 $8439

TIME gTPD ETPL ARADND  ARADRD  AR,DRL ARADRL ASOIMD  ASOIHL  ASENMD ASENHLARADY
660, .1d T ] °68 26 o61 .24 02 «02 +50 s 3e12
TInE cETPp CETPL CRADND C'Aplg C"S"g CRABR,  CS8IMp  CSOIM, CSENMD  CSENW.  CRADT
6bpe  "17:75  e2p.98 82.29 2178 4932 26.18 138 137 33,15 25017 21081
‘ Timg ETPD ETPL ARADND  ARADRD  ARADAL  ARABRL  ASOIND  ASBIML  ASENMD  ASENHLARADY
720 .71 c.ph 78 2?7 69 o6 03 03 00 oby  1e28

TIME CETPD  CEtPL  CRADND  CWADRD  CRAONL  CRABRL  Cs01WD  CgelML  CSENMD  CSENML  CRADY
‘ 720+ *3%9:0C *30+13 74039 29:9% 70°10 2804 2024 24y 33438 37+55 1§90

TIME ETPD ETPL ARADND  ARADRD  ARADRL  ARABRL  ASBIMD  ASOIHL  ASENWD  ASENMLARADT
810 =22 *e15 .82 29 o78 «28 *04 08 56 *58 1436
‘ TIME cETPp CETP CRADND CRADRD CRADNL CRABrL CSOImwp  Cs8! CBEnMD  CBEnWL  CRADT
819¢ “a5:52 34487 9%.03 387y 93+46 3§.%0 382 382 50.09 §%5:07 130024
TIME ETPD ETPL ARADND  ARADRD  ARADNL  ARABRL  ASOIMD  ASOINL  ABENMD  ASENWLARADY
‘ 8ag. =0t *ey? CLL 21 52 «20 04 08 42 _e30 3 1}
TIME CETPD CerPL CRADND  CRADRD  CRADNL  CRABRL  CgoIMD CgelW. CSENWD  CSENHL  CRADY
LT ~48+03 «39.65 11530 44089 10894 aR.39 LAY 1) Sep3 62463 64007 198+43
TIME gTPD ETPL ARADND  ARADRD  ARADNL ARABRL ASBIND  AGOIML  ASENMD  ASENHLARADY
870 .29 «01 o7 .27 «70 26 *08 "0 038 67 1420

CRADT.
73,98 Bar02 234058

TIME cErPD CETPL CRADND  CRADRD  CRADRL  CRADRL c,gguo C.elnL CSENMD  CSENHL
B70s 56478  +39.23 136.5% 53:00 12981 5011 a2 85




Appendix Table 3.

TIME
580,

TIME
540

TINE
570«

TIME
570

TiME
600+

TInE
600+

TIME
630+

TIME
630
TIME
6600
TIME
660
TIME
690¢
TIME
690

TIME
7200

TIME
720

TIME
810+

TIME
810+

TINE
840

TIME
LLTT

ETPD
-s0?

CETPD
e2e24

£TPD
28

CETPD
*9.88

gTRD
1%

CETPD
“14:51

ETPD
.0

CETPD
“ 15044

ETPD
celd

CETPD
“20069

ETPD
T oee2f

CETPD
*26487

ETPD
=21

CeYpD
*33.09

ETPO
01

CerPD
3279

ETPD
=03

CETPD
“33476

ETPL
.38

CETPL
w1127

ETPL
)

CETPL
«15.52

ETPL
*e10

CeTel
*18.58

ETPL
“s0?

CETPL
1+31

ETPL
09

CeTpL
«23.98

£TPL

b 3
CeTPL
*30+35

ETPL
“ey8

CETRL
©3%5.43

ETPL
.03

CerPL
=36.58

ETPL
.19

CeTeL
-42439

ARADND
he

CRADND
13:73

ARADND
55

CRADND
3009

ARADND
61

CRADND
48,53

ARADND
67

CRADND
T 8868

ARADND
Ty

CRAOND
90+47

ARADND
) 44

CRADND
11379

ARADND
11

CRADND
138.24

ARADND
o83

CRADND
162454

ARADND
78

CRADND
18508
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Energy balance values for Liberty - Golden
Liberty. August 1,1977. Cont.

APADRD ARADRL ARADRL ASO [HD ASBIHL ASENHD ASENMLARADY
23 «38 20 00 *00 38 *00

CRADRD CRADNL CRABRY, CgoIMD Cgo ML CSENHD CSENML CRAOT
08 *00

0y 1]

682 11438 $.07 08 11044 *30
ARADRD ARADNL ARABRL AS8 IHD ASOTHL ASENND ASENWLARADT
25 48 23 01 “01 . 29 95

CRADRD  CR,DNL  CRADRL  CspIWD  CgolH, CSENMD  CSENWL  CRADY
16432 24971 18.86 49 a0 19.72 8+79 3086

ARADRD  ARADRL  ARAPRL  ASGIND  ABIHL  ASENMD  ABENMLARADY
27 +80 25 02 02 oah 3 1

CRADRD  CRADAL  CRABRL  CSOIND CsBIH,  C!
22436 3962 26,21 1014 97

06

CSENML_ CREDY
-

SgNKHD %
32.08 86

ARADRD  ARADRL  ARAPR{,  AS8IMD  ASOIHL  ASENMO  ASENHLARADY
2 86 26 02 03 58 X1} 1046

CRADRD  CR,DN CRABR CeOIND_  CgolM 8 CSENHL  CRYD:
o PR T PR T TR S S s T
ARADRD  ARADAL  ARAPRL  ASOIMD  ASOINL  ASENMD  ASENWLARADY
in L a1) 27 '03 03 v58 L] 1e23
CRADRD  CR,DAL  CRAPR Ceo]HD CgojH,  COgNWD  CSENML  CRADY
T T B R e e W PO L i 7 i (1 1)

ARADRD RADAL  ARADRL  ASOIHO  ASOIML  ABENMO  ARENWLARADY
e R it R ook 85 A R T
CRADRD  CWADAL ~ CRABRL  CseIMD  CgolM,  CSENNO  CRgNML CREOY
487y 9337 s4e01 378 b2 83.08 8899  (98.99
ARADRD ~ ARAONL — ARADRL  AS8IMD  AgOINL  ASENWMD  ABENMLARADY
o3 ohé 04 08 87 L1} 133

CRADRD ~  CRADRL €88 1H0 c.o‘uL CBENMD CBgNML  CRJDT
58.08 11327 4088 +35 100,27 289 23566

ARADRD  AR_DBRL ASBIMD  ASBIML  ASENMD  ASENHLARADY
08 78 3

32 71 e 1033
CrADRD  Cm,DAL cooxno Cnolut CSENHD cn;uut CRADY
678 13452 6028 48 84 123.87 1910 275+82
ARADRD  ARADNL  ARADRL  ASOIMD  AgBIML  ASENMD  ASENHLARADY
31 69 29 0 08 1) L1 130

CRADRD  CRAONL  CRABRL  CgoIMD  CgBlHL CSENMD  CSENML  CRADY
7686 185419 7%.07 Teay Bep8 183091 10481 374006
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Appendix Table 3. Energy balance values for Liberty - Golden
Liberty. August 2,1977. Cont.

TImME ETPY ETPL ARADND ARADRD ARADNL ANADRL ASH IHD ASH ML eRL HAr ARADT
600+ *.20 =28 *43 “24 a2 .21 +00 +n0 10.03 23410 o7
TIiME CeETPFN CgTPL CRADND CRADRD CRADNL CHaDRL CsaInb Cga ML CSENMD CSENWL CRAUT
600" 5,93 “Beags 1279 Te21 1269 6437 12 s be7h 4e17 26eC2
TiMg ETPUL ETPL ARADND ARADRD ARADNL A®ADRL ASH WD ASA ML ARL BRO ARADT
630 "e56 *e 20 52 26 *50 23 «C1 01 29.33 *1e99 *98
TiMe CeTPn CerPL CRAOND CRADRD CRLAONL CHADRL Csa WD CgnHL CSENKWD Cgenml CRADY
63g° *22+68 ~1asao 283 15¢00 27469 13.29 «53 “a0 5.10 12479 585430
rimMg ETPL ETPL ARADND ARADRD ARADONL ANADRL ASH (WD ASIIHL RRL HaD ARADY
LI *.28 .25 59 28 57 2% 02 n2 258+32 19.99 1408
TiMg Cerrn CerPL CRADND CRADRND CRLDNL CR,ADRL Cga KD CeapmL CSENHD CgenmL CRaADY
66y *31+24 21492 4589 23436 ahe7y 2082 1+22 1°n1 13046 21+79 87.r3
TiMg ETPV ETPL ARADND APADRD ARADNL ANADRL ASH WD ASHIHL RRL BRD ARADY
69 ST “e29 %5 29 6s 27 03 03 22408 2057 1017
TiMg CerPn CerPL CRADND  CRADRD  CR,DNL CRADRL CgoIMD  CgapML CSENWD  Cggnml  CRADY
69p¢  *40e82  =30e48 6545 32046 63485 28.86 2+04 1088 22+9% 31032 122489
TiME gTPO ETPL ARADND ARADSD ARAONL ARADRL ASOIHD ASOTHL BRL BRD ARADY
720 Te3s =38 it | - 69 28 *03 *ot 17.28 2022 1°2%
ik CerPn CerPL CRADND  CRADRD  CR,ONL CH,ADRL Cgolnd  CgarML CSENMD  Cgpnml  CRaDY
720* “SyeTs “aje32 8647y LSRR T Racsp 37429 2489 249 33+08 4036 16048
TikMg ETPO ETPL ARADND ARADRD ARLDNL AMADRL ASOIHD ASHIML BRL BRD ARADY
81p¢ *.62 “.58 66 3 24 63 25 06 08 *00 00 1016
TIME Cer¥n CerPL CRADND  CRADRD  CR,DNL CRADRL  CgaIMD  CgAIML  CSENMD  CggnMlL  CRAOT
81p° “6Y.27 “58.72 10646 %08 103%46 4“9 heq1 438 33.08 40036 194er2
TIME ETPV ETPL ARAOND ARADRD ARADNL ARADRL ASOIHD ASAIHL BRL B8R0 ARADTY
900* *e04 ~ey? 73 32 72 «30 06 08 58.87 303+%2 1+30
TiMg CeTrn CeTPL CRADND CRADRD CRLADNL CHADRL CsoImD CgnrML CBENMD CSENML CRADY
900+ *70.87 «63.93 12846 58.93 12519 53.96 537 5479 52.52 55.47 233.86
TIME ETPL ETPL ARADND ARADRD ARADNL ARADRL ASB 1D ASATINL BRL BRD ARADT
93g¢ “.0% .12 57 26 55 25 04 oS 65,43 203.%0 1.08
TiMg CETPD CeTPL CRADND  CRADRD  CRADNL CHADRL CeaInd  CsoImL CSENWD  Cgenwl  CRADY
939+ *7¢+no0 =67+53 185749 66086 141483 A1+50 beba 7+20 66488 67.12 266429
TiMe ETPL ETPL ARADND ARADRD ARADNL ARADRL ASHIND ASOINL BRL BRrD ARADY
96q¢ “en1 *ey2 hs 22 cay 21 06 ne 4423 1150+0% 90

TiMe CETPd CegTPL CRADND CRADRD CRAPNL CRADRL CspIwD Cgami CSENKD CspnwmL CRALT
964+ *Tev29 71423 18856 73+%0 1549 67475 7e86 8.53 78450 75415 293+49
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Appendix Table 4, Reflected radiation / total radiation for Compaha
- Golden Compana. 1976.

Time July 2 July 3 July 4 July 5 July 6 July 7 July 8

c. G.C. C.. G.C. C. G.C. C. G.C. c. 6,C. ~ C, 6.C, C. G.C.
360 : .40 .40
380 .25 .25 .40 .40 .
400 .29 .29 .33 .33
420 .30 .30 .30 .30
440 .26 .29 .28 .28 .26 .29 .33 .33
460 .28 .31 .25 .27 .25 .27 .35 .25
480 .26 .29 .25 .26 .25 ;27 . .27 .30
500 .25 .27 .25 .28 .23 .25
520 .24 .25 .20 .24 .22 .25 - .17 .25
540 .22 .25 .37 .78 .22 .23 .24 .26
560 .23 .25 .23 .23 .25 .27 .21 .21
580 .22 .24 .35 .31 .22 .25
600 .22 .23
620 .21 .23 .27 .27
640 .21 ,23 .23 .24 ,20 .21 .24 .22
660 .21 .22 .18 .20
680 .20 .21 .20 .22 .19 .21 .20 .21 .
700 .20 .21 .21 .23 .20 .21 - .20 .22 .40 .42
720 .20 .22 .22 .23 © .20 .21 .38 .40
740 JA9 .21 7 (80 L21 .200 .23 19 .21
760 .18 .21 17 .23 .19 .20 - ,38 .39
780 .20 .22 .20 .21 . .19 .20 ) :
800 .19 .20 ' .15 .22 .39. .34
820 .19 .20 L9 .21
840 .19 .21 .19 .20 .20 .21
860 .21 .19 .19 .21 .39 .41
880 .19 .21 .18 .19 19 .21 .19 .20 L A1 .42,
900 .20 .21 .22 .23 .19 .21 200,22 .38 .33 .
9200 .20 .21 ) R ] .41. ,43 .
940 .20 .22 .20 .21 - .21 .19 L2070 .22 .20 .21 .43 .45
960 .21 .22 . .21 .24 .20 .21 .24 .24 )
980 .16 .20 .23 .23 .21 .23 .20 .23 .22 .24 ‘
1000 .20 .23 .22 .23 .25 .25 .21 .23 .22 .25 .47 .43
1020 .23 .25 .21 .23 .21 .23 .25 .25
1040 .22 .24 22 .24 22 .22 :
1060 .21 .24 .24 .19 22 .22 .21. .25
1080 .22 .25 .20 .20 . .23 .26 .24 .28 .22 27
1100 . .23 . .26 .23 .23 ' .25 .25 .22 .26,
1120 .25 .26 .23 .25 - .25 .27 .25 .25 .24 .27
1140 .25 .27 .21 .26 V24 .27 .25 .25 .24 .28
- 1160 .25 .28 .24 .26 .29 .29 .24 .15
11860 .27 .30 .28 .28 .26 .32 .22 ,22 .25 .31
1200 .29 .29 .29 .29 .20 .20 .26 .30
1220 .29 .29 .25 .30 - .33 .33 ) .33 .33
1240 .29 .29 .25 .25
1260
1280
1300

Mean .22 .23 .23 .24 .24 .27 .23 .24 .22 .23 .23 .22 .34 .35
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Appendix Table 4. Reflected radiation /- total radiation for Compana
- Golden Compana. 1976. Cont.

Time July 13 'July 14 July 15 July 20 July 22 July 23 July 25
Cc. G.C, C. G.C. C. 6G.C, C. G.C. C. G.C. C. 6.C. C. G.C.

360

380

400

420

440

460

480

500

520

540

560

580 . . .44 48

600 , .45 .47 .

620 : .40 .43 .57 .54 '
640 .32 .34 .45 .50

660 .36 .40 .40 - .46 .28 .28
680 . .19 .21 . .36 ,40 .34 .43

700 .40 .42 19 .21 . .35 .37 .34 .39

720 .38 .40 .18 .21 .23 .27
740 .19 .20 - .55 .58

760 .38 .39 .19 .20 .20 .22 .47 .50

780 1T .19 '
800 .39 .34 .20 .22 ) .23 .24
820 .18 .19 ’

840 .

860 .39 .41 .19 .20 ‘ 32 .34

880 .41 .42 .18 .20 .46 .49 :

900 .38 .33 .19 .20 .20 .21 .32 .34 ' .22 .24
920 .41 .43 19 .21 .44 .47 .33 .24
940 .43 .45 .53 .55 .39 .41
960 .20 .22 . .36 .37
960 .20 .23

1000 .47 .43 .24 .28 : .33 .40
1020 .21 .23 .31..31
1040 . .

1060 .21 .25 .23 .27 21 .24

1080 .22 .27 .23 .27

1100 .22 .26

1120 .24 .27 .28 .31 .23 .25 . . .27 .32
140 .24 .28 .23 .21 ‘ .29 .33
1160 .25 .15 .23 .27

. 1180 .25 .31 .34 .38 .25 .28 ‘ ) .26 .48
1200 .26 .30 .25 .29 .40 .44 .40 .47
1220 .33 .33 .26 .31 .41 .44

1240 . 27 .30 42 .47

1260 27 .32 .45 .50

1260 .31 .31 .49 .53

1300 .33 .33

Mean .34 .35 .21 .22 .24 .27 .49 .51 39 .43 .41 .46 30 .34

Lt l
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Appendix Table 4. Reflected radiation / total radiation for Compana
- Golden Compana. 1976. Cont.

Time July 28 July 29 Season
c. 6G.C. C. 6.C, C. 6.C.

360
380
- 400
420
440
460
480
500
520
540
560 .24 .27
580 .24 .28
600

640 .44 .45

680 .20 .22

700 .20 .23
720 .20 .21 .22 .23
740

760 .19 .20

780 .20 .22
800 .

820 .19 .21
840 .19 .20

880 .19 .21

1060 .22 .25

1280 .27 .32 .22 .22

Mean .24 .26 .23 .25 .28 .30




Appendix Table 3.
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Reflected radiation / total radiation for Liberty

- Golden Liberty. 1977.

Time June ‘30 July 5 July 6 July 7 July 11 July 12 July 14

L. G.L. L. G.L. L. G.L. L. G.L. L. 6,L, L. G.L. L. G.L.
390 27T .27
420 .26 .30
450 .28 .31 22,22
480 .25 .27 .25 .25
510 - .25 .26 .24 .26
540 .23 .26 .23 .26
570 .22 .25 22 .24 .22 .24
600 .21 .24 21 .24 .20 .23 .21 .23
630 .20 .23 .21 .23 .20 .22
660 .22 .23 .20 ,23 .20 .23 .21 .24 .19 -.23
690 19,22 .19 .23 .20 .23 .19 .23 .20 .22
720 .19 .23 19 .22 .18 ,23 .19 .22 19,22 19,22
750 - 19 .23 .18 .21 .18 .23 .18 .28 .19 .23 .18 .22
780 .20 .23 A7 .21 .18 .23 19 .23 A9 .22 .18 .21
810 19 .23 A9 .22 .19 .23 .18 .22
840 .20 .23 19 .24 19 22 .18 .22
870 .20 .24 19 .24 A9 .22 .18 .22
900 21 .24 .19 .23 .19 .23 19 .22
930 .22 25 .20 .24 .20 .23
960 .20 .23 21,24 .20 .24 .20 .24
990 .20 .24 .21 .23 .21 .24 .20 .24
1020 .21 .21 .20 .23
1050 .21 .24 .23 .25 .23 .25
1080 .22 .25 .24 27 .23 .25
1110 . .25 .27
1140 - .18 .18 27 .28
1170 26 .26 .26 .28
1200 19 .19 27T .27
1230 18 .18
1260 .25 .13
Mean 200 .24 L2000 22 .22 .24 .22 .25 .20 .23 .22 .24 .19 .23

(TR 1
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Appendix Table 5. Reflected radiation / total radiation for Liberty
- Golden Liberty. 1977. Cont,

N

Time July 15 July 18 July 20 July 27 July 29 Aug. "1 Aug, 2
L. G.L. L. G.L. L. G.L. L. G.L. L. G.L. L. 6.L. L. G.L.

390

420

450

480 .27 .24 .28 .25

510 .23 .23 .28 .24

540 .23 .24 .23 .22 27 .24

570 .23 .24 .22 .23 .25 .22 26 .24

600 22 .24 7 24 .24 .25 .23 .25 .24 .28 .24

630 . .21 22 .21 .23 .23 .22 .29 .23 .24 .22 .27 .28

660 .21 .23 .20 .23 .20 .22 .22 .22 .23 .21 .24 .22 .260 .23

690 .20 .24 19 .22 .20 .22 .21 .21 22 .21 23 .22 .25 .23

720 A9 .22 .19 .22 .20 .21 .20 .20 .21 .21 .23 .22 .25 .22

750 .19 7,22 - ' .24 22

780 .18 .22 19 .21 .24 .22

810 19 .22 .21 .21 .22 .21 .24 .23 .24 .22

840 19,22 .19 .21 .23 .22 .24 .22 .23 .22

870 22,22 .23 .22 . .24 .23

900 - .20 .22 .21 .20 ’ .25 .23

930 .21 .20 24 .23

960 .20 .22 .21 .19 .24 .23

990 .21 .23 .20 ,20

1020 C .21 .22

1050 .22 .22 .24 ,23

1080 .24 .23

1110 26,22

1140 .27 .23

1170 . .24 .21

1200

1230

1260

Mean 19 23 A9 .22 .20 .22 .23 .22 .23 .22 .24 .23 .25 .23




154
"Appendix Table 5. Reflected radiation / total radiation for L1berty -
' Golden Liberty. 1977 .Cont.

Time Aug. 5 Season
L. G.L. L. G.L.

390

420

450

480

510

540 :

570 .28 .23
600 .27 .24
630 27T .24
660 .24 .22
690 .20 .24
720 .26 .25
750 .26 .23
780 .25 .23
810 . .24 .23
840 .25 .23
870

900

930

960

990

1020

1050

1080

1110

1140

1170

1200

1230

1260

Mean .26 .23 .22 .23




Appendix Table 6. Linear

ted radiation, 1976,

regression for net radiation vs. reflec- .

155

. Golden

Compana Compana
Date r? a b r a b
Ju1§ 2 92 -.14  3.67 97 -.11 2,92
3 .94 -.06 3.33 95 .07 2.76
4 .96 -.07 3.43 .89  -.03 2.39
5 .86 -.07 3.44 .96  =.10 3.12
6 .98  -.10 3.97 .97 -.03 2.89
7 | .96 -.05 3.63 .97  -.05 2.91
8 .85 -.64 5.90 .98 .47 4.44
13 .é7 -.05 1.96 .96 -.05 1?63
14 .92 -.40 5.18 91 -.32 ° 4,12
15 .96  -.13 . 3.55 94 -.12  2.81
20 94 -2.65 6.69 96  -1.84 4.63
22 .83 -1.29 5,30 .88 -.78 3.34
23 94 -.27 2.54 .98 -.21  1.78
25 .95 -.13 3.34 .88 -.15 2.67
26 .87 -.08 1.45 .90 -.07 1.32
28 .98  -.37 4.86 .95 -.34 3.92
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Appendix Table 6. Linear regression for net radiation vs., reflec-

ted radiation, 1976. 6oﬁt.

Compana Golden  compana
Date r2 a b r2 a b
July 29 .98 -.07 3.36 .97 -.06 2.50

Mean - -.39  3.86

-.28 2,95
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Appendix Table 7. Linear regression for net radiation vs. reflec-

ted radiation, 1977.

Libérty | _Golden 1ibefty

| Date r2 a b < a b
July 1 .98 -.11  3.57 .99  -.11  2.61

| 5 .03 -.12 3.89 92 -.11 3.10
‘ 6 89 -.18 3.8 93  -.13  2.90
7 95 -.20 3.97 97 -.16 2.8l

11 .95 -.24 4.51 97 -.18  3.09

12 .9 -.07  3.58 96  -.04 2.45

14 .97 -.69. 6.35 96 -.49  4.21

15 90 -.73  6.42 .9 -.53 4.29
18 98 -.72  6.21 6l -.42  4.03

2. .93 -.48 5.10 | 97 -.09  2.73
o7 .91 -.27 3.84 .93 -.1T  3.25
29 .82 - .17  3.21 03 -.19 3.3
Aug. 1 97 -.46 4.04 . .98 -.33  3.44

2 87 -.33 3.4 94 -.26 3.36
5 98 -.10 2.76 99 -.04 2,37
Mean | -.32 4.32 -2 3.20

|




Appendix Table 8.

Time

July 4

C.

- 6.C. C.

Evapotranspiration / net radiation for
Golden Compana. 1976, '

July 5

G.C.

158

3]

July 6 July 7 July 8

C. G.C. C. G.C. C.

G.C.

July 13

C.

G.C.

Compana - -

t

~ July 14

C. G.C..

640
660
680
700
720
740
760
780
800
820
840
860
880
900
920
940
960
980
1000
1020
1040
1060
1060
1100
1120
1140
1160
1180
1200
1220
1240

Mean -

.05
.04
.08

.94

.07 .00

.04 .00
.12 .03

.10
.24

.10

.02 .08
.04 .13

.03 .16
01 .02 .25 .08

.01 .95 02 .30
.00 .42 .37 .12

.01 .94 96 .37 .00
.11 .13
.05 .18

.03 .44 .21 .16 .02

.02
.16

.26

.12

.00 .04
02 .12

.02 .02

.00 .02

.08 .05

.04 .15

.02 .06

)
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Appendix Table 8. Evapotranspiration / net radiation for
Compana - Golden Compana.

Time

July 15

C.

G.c.

July 28

C.

G.C.

.

July 29

C.

Aué. 3

G.C. €. 6.C.

1976.

Aug. 5

C.

G.C.

Cont.

Season

C. 6.C.

640
660
680
700
720
740
760
780
800
820
840
860
880
900
920
940
960
980
1000
1020
1040
1060
1080
1100
1120
1140
1160
1180
1200
1220
1240

Mean

.15

.19

14

.20

.00
.01

.00

.03

.00 ,02
.00 .02
02

00 .00 .96 .

.02

.11
.85

.00

.06

07 .18
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Appendix Table 9. Evapotranspiration / net radiation for Liberty -
- Golden Liberty. 1977,

Time June 24 June 27 June 30 July 1 July 5 July 6 July 7

L. G.L. L. G.L. L. G.L. L. G.L. L. G.L. L. G.L. L. G.L.

420 C 2.00 3,00
450 ' : .82 1.18
480 .48 .56
510 1.81 6.33 .28 .36
540 1.61 2.31 .26 .44
570 1.39 1.91 . ‘ .07 1.00
600 1.26 1.08 .70 .05 .33 .12 .3 .78
630 1.45 1.75 .53 .81 .49 .74
660 1.08 1.87 .66 .83 66 .82 ) .43 .60
690 1.37 1.29 .83 .82 .74 .84 .45 .63
720 1,28 -1,07 .56 .67 .74 .80 61 .69 .30 .57
750 1.41 1.22 1.20 .83 .49 .62 .62 .80 .65 .76 .99 .55 .41 .54
760 1.40 1.34 .62 .64 .61 .62 .85 .89 .55 .52 .41 .54
810 1.84 1,74 1.20 .93 .82 .60 .30 .60 .86 .85 .53 .50
840 1.57 1.22 1,20 1,22 .81 .70 .54 .64 .38 .56
870 1,36 1.07 .95 .74 .62 .67 75 .11
900 1.47 1.37 - 91 .71
930 1.43 1,58 .74 .73 714 .31
960 . 83 .74 .78 .84 .70 .48
990 97 .68 .73 .81.
1020 .69 1,21
1050 .82 .84 .77 1,25
1080 .80 .86 .76 .86
1110 ’ 1,00 1.00 .64 .80
1140 .50 .50 .57 .90
1170 .85 .77 .64 1.00
1200 . .60 1,17
1230 ' ) . )
1260 1.25 2.25

Mean 1.46 1,93 1.3L 1.17 .73 .68 .64 66 .78 .81 .68 .81 .94 .85
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Appendix Table 9. Evapotransplratlon / net. radiation for L1berty -
Golden Liberty. 1977. Cont. ’

Time July 11 July 12 July 14 July 15 July 18 July 20 July 27

L. G.L. L. G.L. L. G.L. L. G.L. L. 6G.L. L. G.L. L. G.L.

420

450 © .77 .08 .50 .65

480 .67 1,10 , JAl .46 .27 .07
510 .67 1.07 : .34 .52 .03 .07
540 .51 .34 .39 .44 .98 .47
570 .43 .87 .53 1.03 ‘ .29 .41 .10 .48
600 AL .52 .41 .67 .34 .64 16" .58 .38 .55
630 .39 .65 .58 .24 24 .42 16 .44
660 53 .61 .51 .56 .08 .62 .27 ".59° .26 .19 .27 .3  .l6 .27
690 56 .71 .67 .71 .07 .61 .32 .25 .15 .27 .10 .41 .00 .37
720 .53 .85 .75 .45 .37 .15 .27 .63 .30 .21 .31 .38
75 .54 .92 .55 .64 .31 .53 .30 .33

780 .44 .87 .47 .45 .33 .54 .35 .33

810 .95 .58 .36 .48 .16 .42
840 .31 .68 .9 .60 .43 .53 .96 .09 :
870 .54 .65 _ .96 .64 : .19 .45
900 57 .75 .44 .67 .16 .40
930 .70 .73 .50 .77 23 .45 .11 .53
960 .79 .95 .30 .56
990 .81 .74 : 27 .50 .35 .41
1020 .95 1.19 . : .13 .34 _ :
1050 .97 1.21 : .09 .40 .30 .70
1080 .78 1.21 : JAl .52 .06 .66
1110 : _ 73 .10 .33 .90
1140 .40 1.50
1170 3.00 1,40
1200

1230°

1260

Mean .64 .86 .58 .64 .56 .64 .33 .51 27 .34 31,41 .39 .55
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Appendix Table 9. Evapotranspiration / net radiation for Liberty -
Golden Liberty. 1977. Cont.

Time July 29 Aug. 1 Aug. 2 Aug. 5 Season

L. G.L. L. G.L. L. G.L. L. G.L. L. G.L.

420

450

480

‘510

540 .15 1,00

570 .45 .31 :
600 .80 .98 .25 .20 .47 .67 - 117 .00
630 08 .27 .09 .16 1,08 .40 .24 .25
660 20 .21 .19 .15 .47 .44 .34 .11
690 . .27 .33 .48 .45 .64 .11
720 9% .35 .26 .27 .48 .51 1,74 .25
750 . .31 .22 .18 .09
780 . 49 .25 .59 .07
810 ;27 .19 .01 .04 .94 .92 .98 .17
840 15 .33 .04 .28 .30 .25 .20 .00
870 .41 .01 .04 .16 .63 .05
900 .23 .44 .05 .24 :
930 .09 .22

960 ' .02 .27

990

1020

1050

1080

1110

1140

1170

1200

1230

1260

Mean .30 .35 .19 .30 .40 .38 .67 .10 ' .60 .67




Appendix Table 10. Biweekly soil water use (in) for Compana and Golden Compana Bozeman
' : farm (1975).

June , ] . e ___July
Depth 25° 30 . 3 8 ) 10 14 17 21 2% 78
(4n.) €. 6.C. C. G.C. C. G.C. C. _G.C. C. _G.C. C. G.C. C, G.C. C, G.C. C, G.C. €, ' G.C.

6-12 .06 .07 15 .16 .15 .15 .03 .02 .05. .06 .02 .00 -.01 -.03 -.,02 .0} .06 .05 -.26 -.21
12-18 .07 .05 .09 .07 .26 .19 .06 .08 .10 .13. .00 .03 .03 .01 .00 -.01 .03 .04 .01 .00
18-24 .07 .06 .05 .02 .20 .20 .11 .03 .17 .23 .02 .05 .03 .01 .00 .00 .03 .05 .03 .01
24-30 .03 .06 .04 .01 .09 .05 .10 .08 .19 .17 .09 .06 .04 ' .08 .02 .01 06 .08 .03 .01
30-36 .04 .02 .02 .04 .05 .02 .05 .04 .12. .06 .09 .14 .09 .04 .06 .04 10 .14 .03 .05
36-42 .04 .04 .03 .02 .02 .00 .01 .03 .09 .04 .03 .03 .08 .08 07 .03 17 16 .02 .02
42-48 .03 .05 .01 .01 .~,02. -.01 .06 .04 .02 .00 .03 .03 .05 .04 .02 .02 .12 .09 .06 .04
48-54 .04 .06 .01 .01 -.01 -.03 04 .04 .02 .00 .00 .03 .03 .00 02 .04 .07 .03 .02 .03
54-60 .03 .02 .01 .00 -.02 .02 .05 .00 ~-.01 .02 .01 .00 .01 .00 .02 .03 .04 .01 .03 .05
60-66 .01 ,01 .03 .01 -.02 -.03 .02 .05 .03 .00 -.01 .00, .00 -.02 .04 04 02 .02 .02 .02
66-72 ",05° ,02 .01 .01 .02 -.04 -.03 .04 -.01 .00 .00 .01 .02 .00 .00 .02 .05 . .00 .00 .01
Totgl 46 44 47 48 .66 .53 - .57 .46 .78 .70 .28 .37 .39 .21 .23 .22 .76 .68 .00 .06
RF .56 .56 .00 .00 .00 .00 .00 .00 .06 .06 .37 37 .42 .42 .28 .28 .00 .00 1.39 1.39
Use,, 1.02, 1.00 .47 .38 .66 .53 .57 .46 " .8 .76 .65 74 .81 .63 .51 .50 .76 .68 1.39 1.45
DU .204 ,200 .17 .127 .132 .106 .285 .230° .210 .190 .217 .247 .2025 .1575 .170 .167 .190 .170 .3475- .3625

. - . _August .

L 1 5 7 11 14 . 18 25 -

6-12 .19 .14 .04 .06 .00 .02 .02 .00 .02 .02 -,08 -.05 .03 .03
12-18 .01 .00 .00 .02 -,02 -.02 .02 .01 .01 .03 -.06 -.01 .05 .03
18-24 -.01 .02 .03 .02 -.02 -.02 .02 .02 -.01 .02 -,01 -.01 .00 .01
24-30 -.01 .03 .00 -.02 .01 .01 .01 .02 .00 .02 -,01 -.03 .01 .02
30-36 .00 -.01 .01 .03 .00. .00 .01 .03 .01 .03 -.01 -~.03 .01 .01
36-42 ° .02 .03 .03 .04 .00 .04 .02 .04 .02 .01 -.01 -.02 .00 .01
42-48 .01 .02 .05 ,03° .02 .05 .04 .04 .04 .03 -.01 .00 -.01 -.01
48-54 .03 .03 .04 .03 .03 .02, .06 .03 .03 .05 =-,02 -~,01 .00 - .00
54-60 .02 .01 .04 .03 .01 . .01 .04 .02 .02 .02 .00 -0 .00 .01
60-66 .02 -.01 .03 .03 -.01 .02 .03 .00 .03 .03 .00 .00 .01
66-72 .02 .02 .01 .01 .00 -.01 .03 .01 .02 .00 .01 .02 ~-.01 .01
Total .31 .27 .26 .25 .05 .15 .27 .24 .18 .27 -.19 -.16 .08 .08
RF .00 .00 . .00 .00 .48 .48 .22 .22 .35 .35 .51 .51 .00 .00
Use .31 .27 .26 .25 .53 .63 .49 .46 .53 .62 .32 .35 .08 .08
bU .0775 .0675 .130 .125 .1325 .1575 .163 .153 .1325 .155 .046 .05 .027 .027

. €91
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*pain factor
**Daily use




Appendix Table 1l. Biweekly soil. water use (in) for Compana

- farm (1976).

and Golden Comﬁana. Kamp's

May June July
Depth 27 31 3 . 7 10 21 24 28 . 1 6
(in.) C. G.C. C. G.C. GC. G.C. C. G.C. C. G.C. C. G.C. C. G.C. C. G.C. C. G.C. C. G.C.
6-12 .03 .02 .07 .05 .14 .08 .12 .08 -.22 -.18 -.17 -.11 .13 .12 .20 .21 .19 .18 .09 .09
12-18 .04 .02 .06 .04 .07 .03 .08 .08 -.05 -.06 -.10 -:05 .05 .04 15 .13 .16 .21 .07 .13
18-24 .00 .02 .04 .01 ..03 .06 .02 .05 .07 -,02 .00 ~.06 ~-.03 .01 .09 .13 .12 .19 .11 .14
24-30 -.01 .00 .04 .01 -.04 .02 .04 .04 .07 -.00 -.01 =02 -.02 -.02 .07 .10 .07 .12 .12 .14
30-36 .02 .03 -.001 .00 .01 .02 .00 .00 .02 .01 .02 .00 -.01 ~-.01 .04 .02 .08 .17 .04 .06
36-42 .00 .01 .01 .07 -.03 .01 .02 -.01 .04 .03 .00 -.02 .00 -.02 .01 .04 .03 .03 .05 .09
42-48 -.02 -.00 .00 .01 .01 -.02 -.03 .00 .05 .05 .01 -.01 -.03 -.01 .01 .01 .03 ,02 .01 .02
48-54 -.05 -.05 .04 .02 -.04 -.02 .04 .02 .00 .00 .02° .01 -.05 ~-.03 .06 .01 -.02 .01 .01 .01
54-60 .02 -.03 .02 .00 -.04 .01 .00 -.02 .03 .03 -.03 -.01 .00 -.02 .02 01 .02 .01 .00 -.01
60-66 -.02 -.03 .01 .02 -,04 .00 .05 .05 -.02 .01 .00 .00 -.03 -.01 .02 .03 .01 -.01 .02 -.01
Total .02 -.03 .27 .18 .06 .17 .35 .23 -.,02 -.14 -.24 -.28 .01 .06 .66 .70 .70 .88 .51 .66
RF* .15 .15 === ===+ === =cc === === 1,60 1.60 .85 .85 --= -—- see  mhe eme eme eaa .
Use 17 .12 .27 .18 .06 .17 .35 .23 1.58 1.46 .61 .57 .01 .06 .66 .70 .70 .88 .61 .66
D U** .0425 .030 .09 .06 .015 .0425 .117 .077 .144 .133 .203 .19 .0025 .015 .220 .233 .14 ,176 .17 .22
July August
9 12 15 - 20 23 27 30 2 5 : 9
6-12 .05 .05 .00 .03 -.27 -.21 .16 .14 .1& .10 .07 .05 -.09 ~-.09 00 .02  ,05 .01 .00 .00

12-18 .07 .06 -.01 .02 -.11 -.04 .07 .02 .06 .03 .03 .03 -01 -~-.02 -01 .02 .03 -.01 -.01 .01
1824 .07 .09 .01 .03 -.,07 .01 .05 .01 .10 .01 -.01 .02 .02 .00 .00 .01 .02 ,00 -.02 .01
24-30 .09 ..13 . 00 .03 -.06 .04 .03 .00 .06 .02 .06 .01 .0t .02 .02 .01 .00 -,01 .02 ~-.01
30-36 .09 ' .i3 .03 .04 -.06 .07 .05 .00 .08 .01 .04 .04 - .03 " .02 -.01' -;02 .00 .OL -:01° .00
36-42 .07 .07 .00 .03 -,03 .08 .03 .00 .09 .05 .05 .01 .03 .04 -,02 -,02 .02 .01 .02 -.01
42-48 .03 .04 .00 .00 -.06 ,06 .02 ..01 .05 .04 .02 04 .06 .02 -.02 -.02 .,02 .0t -.01 .01
48-54 .02 .02 -,02 -.91 -,03 .02 .02 .03 .01 .01 .07 .01 -.02 .04 -0 -,01 .03 .00 .00 -.,01
s4-60 .02 .02 -;06 .00 -.01 .02 .02 -.02 .02 .01 .01 .03 .03 .01 .04 .02 -02 .00 .04 -.01
60-66 -.02 .02 -.06 -.02 -.01 .01 .04 -.02 -.06 -.06 .10 .08 ~-.03 .00 .02 .00 -.02 .02 .00 .02
Total .48 .61 -.12 .15 -.67 .05 .49 .17 .52 .23 46 ~ .32 .03 .05 .01 .00 .12 .01 .03 .00
RF 40 40 -e=  -== 1.00 1.00 ~== === === === ce- -=- 1,20 1.20 m—— imme cem cee ael -
Use .88 1.01 -.12 "~ .15 .33 1.05 .49 .17 .52 .23 .46 .32 1.23 " .1.25 .01 .00 .12 .01 .03 .00
DU  .293 .337 -.04 .05 .066 .21 .163 .057 .13 .0575 .153 .107 .4l .417  .0033 --- .03 .0025 .01 .00

*Rain factor

. **Daily use
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Appendix Table 12. Biweekly soil water use (in) for Liberty'and Golden Liberty.' Kamp's

farm (1976).

May June July
Depth 27 31 3 7 .10 21 24 28 1 6 .
{in.) L. c.L. L. G.L. L. G.L. L. _G.L. L. G.L. L, G.L. L. G.L. L. G.L. L. G.L, L. G.L.
6-12 .04 .06 -.03 -.02 .12 .06 .12 .09 =20 =-.15 -.15 =-:10 .16 .09 .17 .16 .20 .23 .12 .11
12-18 .05 .04 .02 .01 .06 .03 .06° ..07 -.05- -.05 -.11 .09 .07 .07 © .19 .05 .17 27 .12 .13
18-24 ..02 .02 .05 .03 ..03. .04 .05 .02 -,01 .00 .01 -,01 .02 -.,01 06 .11 .17 .15 .15 .15
24-30 .01 .04 .05 .01 .03 .02 .03 .01 .00. .01 -.01 .01 -.02 -.04 .06 .08 .00 .12 .25 .07
30-36 .04 .05 ,04 .00 -.02 .00 .03. .01 .05 .00 .01 .02 .00, -.05 .03 .04 .05 .08 .08 .08
36-42 .04 .05 .05 .06 -.01 .00 .00 .01 .01 .03 .02 -.01 -.05 ~-.03 .05 .01 .02 .05 .04 .01
42-48 .14 .05 -.04 .01 .04 .00 -,05 -.01 .05 .03 .03 -.01 -.04. -.03 .02 .03 .00 .01 .08 -.01
48-54 .03 .04 .0} .02 .02 .00 .00 .00 .00 -.01 .03 -.01 -.01 -.06 .01 .03 .00 .03 .02 .01
54-60 .03 " ,04 .04 202 .00 - ,00 -.05 -.022 /03 -.06 .04 .00 -.02 -.03. .00 .00 .00 .05 .04 -.0%
60-66 .04 -.02 -.02° .06 -.03 .01 -.02 .01 .00 .00 .05. 2.03 -.06 ~-.03 .01 .02 -.01 -.03 .03 .03
Total .45 .34 .16 .20 .22 .15 .18 .20 -.24 -.20 -,08 -.24 .07 -.10 .61 .54 .61 .95 .91 .57
R s’ —e= 1,20 1,20 -~ ‘--=  --= --- 1,60 1.60 .85 .85 --- - L e R ———
Use 45 .34 1.36 1.40 .22 .15 .18 .20 1.36 1.40 .77 .61: -,07 -.10 .61. .54 .61 .95 .91 .57
D .150 .113 .453 .467 .055 .0375-.06 .067 .124 127 .257° .203 .0175 .025 .203 .180 .122 .190 .303 .190
. _July . B August :
. -9 12 15 20 23 27 j 30 2 5 9
6-12 .03 .06 .03 .03 -.29 -.24 .18 .18 .12 .09 .04 .06 -.03 -.02 .00 .03 .00 .00 .01 01 o
12-18 .02. .06 .03 .03 -,10 -.07 .05 .04 .04 .06 .05 .04 .02 .01 -.02 .00 .0 .02 .00 -,01 O
18-24 .07 °~ .07. .02 .04 -.09 -.05 .03 .03 .04 .06 .02 .02 .05 .03 -.02 -.06 .01 .04 -,01 02 W
24-30 .09 .15 .02 .06 -.04 -.04 .08 .03 .0t .05 .01 .04 .05 .01 -.01 .00 .00 -,01 -.02 .00
30-36 .100 .09 .04 .03 : .0 -.01 .01 .03- .05 .06 .04 .05 .04 .00 .01 .01 .00 .00 .01 .00
36-42. .02 .07 .03 .00 .06 . .00 - .01 .01 .05 .07 .04 .05 .05 .06 .02 -,03 -.01. .02 -.01. -.01
42-48 .00 .05 -,01 =~-.01. .07.-.01 .03 .02 .01 .06 .14 .05 -.04 .01 .00 .00 .00 .04 .02 .-.01
48-54 .03 .00 .00 - .00 .00 -,03 .04 .03 -.01 " .03 ,03 .04 .01 .02° .03 .02 .02 02 -.04 .00
54-60 .00 .02 -,01 -.00 .01 -.03 .00 .00 -.02 .04 .03 .02 .04 .02 .01 .00 .00 .04 -,02 .00
60-66 .03 .05 .01 -.04 ~-.07 =-.05 =.01 .00 .01 - .02 06 -,02 =202 .06 . .03 .00 "-.03- .01 -.01 .00
Total .40 .64 .16 .12 -.43  -.52 42 .37 .29 ..53 .45 3¢ .16 .20 .05 .00 .02 .18 -.09 .01
RF .40 A0 ees =ee 1,00 1.00 =e= === ==e  ee= --a -e- 1,20 1.20 L L T e, ——-
Use .80 1.04 .16 .12 .57 W48 .42 .37 .29 .53 .45 3% 1,36 1.40 - .05 .00 ..02 .18 =.09 .01 ]
DU .267 .347 .053 .,040 .114 .096 .14 ,123 .0725..1325 .150 .113 .453 .467  .017 .00 .005 .045 -.03 .003 ]
*Rain factor 3
X
**Daily use ]

(=
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Appendix Table 13. Biweekly soil water use '(in) for Liberty and Golden Liberty. Kamp's
farm (1977).

June - July
Depth 4 7 i3 16 20 74 27 30 5 ;
(e L, G.L. L. G.L, L. _G.L, L. _G.L. L. _G.L. L. _G.L. L. G.l. L. _GL. L. G.L. L. G.L.
6-12 .7 .06 - .01 .05 .01 -.02 .11 ..08 .18 .18 .22 .20 .13 .15 .05 .05 .04 .03 .01 .02
12-18 .05 .05 .03 .04 .04 .02 .07 .02 .16 .19 .20 .16 .12 .15 .09 .10 .01 .05 .06 .0l
18-24 .05. .07 .07 .06 .00 .00 .04 .01 .13 .10 .16 .13 .17 .16 .10 .13 .04 .08 .03 .04
24-30 .02 .03 .04 .04 .03 .02 -,03 -.02 .10 .08 .09 .09 .13 .09 .15 .13 .06 .08 .02 .07
30-36 .01 .02 .03 .04 -.01 .01 .04 -.02 .01 .04 .05 .05 .07 .04 .08 .10 .05 .10 .0k .06
36-42 -.01 -.02 .0l .02 .0k .00 ~-.02 ..00 .04 .03 .02 .02 .02 .00 .02 .06 .05 .03 .05 .08
42-48 .02 -.02 .00 .01 -.01 .01 .00~ -.03 .0l .03 .01 .00 -.01 .02 .03 .04 .05 .03 .03 -.02
48-54 -.05 -.02 .04 .02 -.02 -.01 -.01 .00 .02 .01 -.01 .01 .02 -.03 ~-.02 .03 .05 -.01 .02 .0l
s4-60 -.01 -.00 .02 .00 .00 -.01 -.03 -.01 .02 .00 .02 .02 -.03 .00 ~-.01 -.05 .04 ..05 .0l .01
Total .15 .16 .26 .28 .07 .02 .17 .04 .67 .64 .75 .70 .64 .57 .48 .58 .39 .44 .27 .27
RF* .00 .00 .75 .75 .30 .30 .00 .00 .00 .00 .00 .00 .00 .00 .40 .40 .00 .00 .35 .35
Use . .15 .16 1.01 1.03 .37 .32 .17 .04 .67 .64 .75 .70 .64 .57 .88 .98 .39 .44 .62 .62
pu*™ .05 .05 .17 .17 .12 .11 .04- .01 .17 .16 .25 .23 .21 .19 .18 .20 .13 .15 .21 .21
July- August
1 14 18 S 21 25 28 1 4 oy
6-12 .04 .03 .05 .06 .01 .01 .01 .03 .03 .01 .01 .01 .05 .03 ~-.02 .00 .0l .02 > .
12-18 .02 .04 .01 .03 .01 .03 .01 .00 .01 .00 .01 .02 .02 ~-,01 -0l .01 .02 .01
18-24 .04 .02 .01 .05 .02 .02 ,01 .03 -.01 -.03 .02 .02 .01 .00 ~-.01 .00 .03 .01
24-30 .06 .05 .01 .06 .01 .02 .03 .02 .01 .01 .03 .02 .03 -.01 -.01 .00 .00 .01
30-36 - .07 .06 .04 .07 .05 .05 .02 .02 ~-.02 .02 .05 .02 .00 -.02 -.02 .03 .00 .00
36-42 -.05 .06 .03 .07 .00 .09 .06 .03 .02 .04 .01 .01 .04 .01 -.03 .03 .02 .0l
42-48 .02 .09 .01 .00 .01 .03 .02 -.02 .02 .04 .0l .08 .00 -,01 .03 .00 .0l .07
48-54 .01 .06 .00 -.02 .00 .01 .03 .-.001 -.01 -,01 .01 .01 .00 .02 ..02 .05 .02 .00
s4-60 .03 .02 -.03 .01 .02 -.04 -.02 -.01 .01 .03 .00 -.02 .00 .02 .02 .00 .01 .OL
Total .34 .45 .14 .31 .12 .24 .15~ .07 .04 .09 .08 .17 .13 .03 -.04 .12 .11 .13
RF- .00 .00 .00 .00 .00 .00, .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .0OO. .00
Use .34 .45 .14 .31 .12 .24 .15 .07 .04 .09 .08 .17 .13 .03 -.04 .12 .11 .13
pU .11 .15 .04 .08 .01 .03 .02 _.04 .04 .01 -.01 .03 .02 .02

*o .
Rain factor

**Daily use

.04 .02

T =TT
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Appendix Table 14. Cultivar number, name, and number of rows in

head.

Cultivar Name Row
1 _ Marie ' 2
2 . Titan 6
3 Betzes 2
4 Véntage . 6
5 _ - Compana 2.
6 ' Glacier , 6
7 Dekap 2
8 Traill 6
9 o Freja . 2
10 . Trophy 6
11 * Ingrid _ 2
12 Larker 6
13 New Moravian 2
14 Atlas 46 6
15 Piroline ' | 2
16 ', | Harlan 6

17 - Frontier 2
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Appendix Téble 14. Cultivar number, name, and numbér of rows in:
head. cont.
Cultivar ) Name _ _~ | . Row
18 Hiland 6
'19 . Hienes Hanna ) 2 .
20 Otis 6
21 . Horn ' | 2
22 ’ Trebi | 6
23 , 'Haisa i[ 2
24 Gem ' 6
25 4 Haahcﬁen - 2
26 _ Bonneville ' | 6
27.' _ Muns ing ) 2
28 Liberty 6
29 Spartan _ 2
30 Galt 6
31 Firlbecks III 2.
- 32 Steptoe — - ' -
33 S . Vanguard _ 2

34 . Beecher 6




Appendix Table 14.

head. -
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Cultivar number, name, and number of rows in

cont.

Cultivaf Name Row
| 35 Hector - 2
36 Qalifornia Mariout 67 - 6
37 Klages 2
38 Steveland . 6
39 Erbgt‘ . 2
40 Dickson | 6
41 Maris Mink 2
42 . Montdalm | 6
43 Vireo | | _ 2
44 Primﬁs II 6
45 . Zephyr : | 2’
46 Nordic ' 6
47 Georgie | 2
48 Briggé- ‘ 6.
49 Herta 2
50 Unitan 6
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Osmotic potentials (bars) for the morning

‘(A.M.), afternoon (P.M.) and the difference

“(PoMo - AoMo)o 19750
Cultivar July 14 Aug. 12
A.M P.M. P.M.-AM, AM, P.M. P.M.-A.M.
1 - - - - - .
2 -13.8 -18.0 - 4,2 -16.3 -26.3 -10.0
3 -15.0 -16.0 - 1.0 -13.0 -21.0 - 8.0
4 ~13.8 -16.9 - 3.1 -18.0 -19.8 - 1.8
5 -14.0 -21.7 - 1.7 -12.4 -20.1 - 7.7
"6 -12.4 -21.5 -9.1 -15.5 -24.3 - 8.8
7 -13.2 -27.0 -13.8 -14.6 . -19.5 - 4.9
8 -16.2 -19.9 - 3.7 C-12.7 -21.8 - 9.1
9 -12.9 -23.9 ' -11.0 -12.5 211 - 8.6
10 -10.2 =17.2 - 7.0 -14.6 24,7 -10.1
11 -12.5 - -15.8 - 3.3 -14.4 -19.9 - 5.5
12 -16.4 -17.4 - 1.0 -12.1 -24.8 -12.7
13 -12,3 -22.0 - 9,7 -10.8 -17.4 - 6.6
14 -10.5 -23.9 -13.4 -14.9 -23.5 - 8.6
15 -12.4 -22.5 -10.1 -14.0 -25,2 -11.2
16 -12.3 -14.2 - 1.9 -14.4 -24.7 -10.3
17 -11.9 -22.3 -10.4 -10.6 -26.4 -15.8
18 -10.2 -16.9 - 6.7 -13.7 -24.2 -10.5
19 -15.0 -18.9 - 3.9 -15.4 -23.3 - 7.9
20 -16.7 .-19.9 - 3.2 -13.6 -19.7 - 6.1
21 -11.3 -22.8. -11.5 -11.5 -14.7 - 3.2
22 -14.2 -22.3 - 8.1 -16.4 -25.9 - 9.5
23 -11.5 -20.8 - 9.3 -11.3 -14.0 - 2.7
24 -17.9 -20.6 - 2.7 -14.1 -25.2 -10.8
25 -12.5 -19.6 - 7.1 ~-13.4 -17.8 - 4.4
26 -13.3., -17.5 - 4,2 -13.1 -18.8 - 5.7
27 -22.0 -22.8 - 0.8 -12.5 -18.4 - 59
28 -14.,2 -20.4 - 6.2 -15.3 - -23.9 - 8.6
29 -15.6 -19.8 - 4,2 -14.7 -22.4 - 7.7
30 -12.0 -16.0 - 4,0 -15.0 --23.5 - 8.5
31 -14.4 -18.4 - 4.0 -13.6 -23.0 - 9.4
32 -11.9 -18.9 - 7.0 -14.4 -23.9 - 9.5
33 -11.9 -20.6 - 8.7 -12.6 -15.8 - 3.2
34 -17.2 -23.3 -6.1 -16.3 -21.5 - 5.2
35 -13.6 -19.4 - 5.8 " -14.7 -21.2 - 6.5
36 -14.6 -23.0 - 8.4 -14.0 -22.7 - 8.7
37 -18.4 -18.7 - 0.3 -13.3 -19.3 - 6.0
38 -12.0 -14,2 - 2.2 -14.5 -22.4 - - 7.9
.39 -16.0 -18.5 - 2.5 -15.1 -20.2 - 5.1
40 - 9.9 -16.0 - 6.1 -13.1 -17.5 - 4.4
41 -11.2 -21.3 . ~10.1 -11.6 -16.5 - 4.9
42 -12.7 -20.4 - 7.7 -13.7 -19.4 - 5.7
43 -13.7 -15.9 - 2.2 -13.1 -22.3 -9.2
44 -14.0 -18.1 - 4.1 -11.6 -18.3 - 6.7
45 -15.2 -14.2 1.0 -14.5 -21.4 - 6.9
46 - 9,7 -13.9 - 4.2 - 9.4 -19.7 -10.3
47 -16.5 -19.5 - 3.0 -16.4 -21.1 - 4.7
48 - - - - - -
49 -14.5 -24,1 - 9.6 -12.7 -21.2 - 8.5
50 -16.8 -19.7 - 2.9 -14.7  -21.0 - 6.3
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Osmotic potentiél (bar) for the morning

(A.M.), afternoon (P.M.) and the difference

(P.M. - AoMo) 1976
Cultivar July 14 Aug. 10
AM. P.M. P.M.-A.M A.M. . P.M. P.M.-A.M
-1 -10.2 -14.7 -4.5 -17.0 -17.3 -0.3
2 -10.4 -14.7 -4.3 -19.5 -22.7 -3.2
3 -10.7 -15.0 -4.3 . -15.0 -21.8 -6.8
4 -10.4 -12.7 -2.3 -15,6 -20.7 -5.1
5 -11,3 -16.7 -5.4 -19.3 -24.4 -5.1
6 -11.0 -15.6 ~-4.6 -17.5 -19.3 -1.8
7 -12.2 -15.6 -3.4 -18.7 -18.4 0.3
8 -10.2 -14.4 -4.2 -19.3 -24.1 -4.8
9 -11.3 -17.0 -5.7 -15.0 -21.0 -6.0
10 - 9.9 -14.1 -4.2 -17.5 -23.5 -6.0
11 -10.4 -13.9 -3.5 -16.7 -21.0 -4.3
12 - 9.9 -15.6 -5.7 ~-11.9 -23.2 -11.3
13 -11.9 -14.4 -2.5 -16.7 -24.7 -8.0
14 - 9.9 -15.3 -5.4 -15.0 -21.2 -6.2
15 -11.0 -14.7 -3.7 -19.0 -24.9 -5.9
16 -10.2 -16.7 -6.5 -17.3 -23.8 -6.5
17 -12.2 -16.4 -4.2 - -25.5 -
18 - 8.2 -16.1 -7.9 -17.3 -23.8 -6.5
19 -10.4 -15.8 -5.4 -18.7 -23.2 -4.5
20 -11.0 -15.8 -4.8 -18.1 -23.2 -3.1
21 -10.7 -18.4 - -T7.7 ~-20.7 -23.8 -3.1
22 -11.0 -17.3 -6.3 . =16.7 -21.0 -4.3
23 - 9.9 -15.3 -5.4 -15.6 -22.9 -7.3
24 -11.0 -16.4 -5.4 -15.8 -22.1 -6.3
25 -10.4 -13.0 -2.6 -18,1 -20.7 -2.6
26 - 7.9 -17.3 -9.4 -18.7 -16.1 2.6
27 -11.9 -21,2 -9.3 -18.1 -24.1 -6.0
28 - 9.6 -13.9 -4.3 -17.5 -22.7 -5,2
29 -11.3 -18.7 -7.4 -21.0 -26.9 -5.9
30 -9.9 -15.8" -5.9 -17.0 -21.8 -4.8
31 -9.3 -15.3 -6.0 -17.5 -21.5 -4.0
32 -11.0 -16.1 -5.1 -13.3 -23.2 9.9
33 -10.7 -13.9 -3.2 -17.5 -20.1 -2.6
34 -11.3 -16.7 -5.4 -16.4 -13.9 ‘ 2.5
35 -9.3 -14.7 -5.4 -18.4 -22.4 -4,0
36 -11.9 -18.1 -6.2 -22.4 -21.8 0.6
37 -11.0 - -16.4 -5.4 -17.3 -15.8 1.5
33 -10.4 -9.6 0.8 -17.3 -21.0 -3.7
39 - 9.3 -17.3 -8.0 -16.7 -20.7 -4.0
40 - 8.2 -14,7 -6.5 -13.6 -19.5 -5.9
41 -10.4 -13.3 -2.9 -17.5 -19.3 -1.8
42 - 8.7 -15.0 -6.3 -16.4 -24.4 -8.0
43 -12.2 . ~13.9 -1.7 -14.4 -21.8 -7.4
44 -10.7 ~-16.4 -5.7 -16.4 -22.9 -6.5
45 -11.0 -17.0 -6.0 ~-14.4 -22.7 -8.3
46 - 9.6 -13.0 -3.4 -16.1 -23.2 ° -7.1
47 -12.2 ~16.7 -4.5 -19.8 -17.3 2.5
48 -11.0 - =16.4 -5.4 -17.0 -26.4 -9.4
49 - 9,6 ~13.9 -4,3 -16.4 -19.5 ~3.1
50 -11.0 ~-13.9 -2.9 ~-18.7 -21.0 -2.3
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Osmotic potential (bar) for the morning
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Appendix Table 18.. Osmotic - potential (bar) for the morning
(A.M,), afternoon (P.M,) and the difference
(PoM. - AaM.)o July 20’ 19779

. Cultivar Rep. 1 ’ Rep. 2
AM, P.M. P.M.-AM. AM. PN, P.M.-A.M, ~
1 -21.1 -21.5° -0.4 -20.8 - -
2 -18.7 -22.9 -4.2 - =201 - -
3 -22.9 -22.1 0.8 -19.8 - -
4 - -16.7 - ~-20.2 - -
5 -20.7 " -19.5 1.2 -20.2 -25.9 -5.7
6 - - - -21.5 - -
7 -20.4 -20.8 -0.4 -20.1 -16.6 3.5
8 -19.1 - - -20.4 -18.3 2.1
9 - - - -22.5 - -
10 - -23.9 - -18.4 -26.8 -8.4
11 -22.8 - - -18,1 °~ -18.8 -0.7
12 -20.1 - - -22.4 -23.2 -0.8
13 -21.1 -24.1 -3.0 -21.5 . -24.8 -3.3
14 -21.2 -23.4 -2,2 -21.2 - -
15 -20.2 -20.2 0.0 -20.0 . -20.7 -0.7
16 -19.5 -25.6 -6.1 -18.4 - -
17 -25.8 - - -22.9 -17.5 5.4
18 -22.1 - - -23.0 -22.5 0.5
19 -20.1 -20.1 0.0 -19.5 - -
20 - - - -22.9 - . -
21 -25.2 -22.4 2.8 -20.1 - . -
22 . =22.7 -22.9 -0.2 -22.9 -24:1 . -1.2
23 -25.2 -22.4 . 2.8 '-19.4 - ’ -
24 -20.7 - - ' -20.4 - . -
25 : - - . - -19.2 | -20.1 -0.9
26 . -18.4 - - - -18.4 - -
27 -16.4 = - -21.0 - -
28 - -22.1 - -19.3 -22.4 -3.1
29 -22.4 | -22.7 -0.3 -20.1 -22.5 -2.4
30 -19.8 - - -20.1 - -
31 -22.1 -24.5 22.4 ©-20.1 -20.7 -0.6
32 - -18.7 -20.1 -1.4 o -19.0 - -
33 - -17.0 - Y -23.4 -1.9
34 - - -23.2 - -17.5 -20.2 -2.7
35 -18.1 - - -19.5 - ) -
36 - - - -22.7 -25.1 -2.4
37 -20.5 -21,2 . -0.7 -18.8 - -
38 -21.5 - - -20.8 - -
39 -16.4 - ' - -20.1 - -
40 - -22.7 - ' -21.5 -25.1 -3.6
41 -15.0 - - - - -17.8 - ' -
42 - -18.7 - o -19.3 -26.8 -7.5
43 -23.5 -18.5 5.0 .-20.1 - -22.1 -2.0
44 - T .20.4 : - -16,1 -21.5 -5.4
45 -20.1 - - -19.2 -19.8 -0.6
46 - - - -18.4 -23.2 -4.8
a1 -24.2 -21.5 2.7 -19.8 -22.9 -3.1
48 -20.2 -21.0 ~  -0.8 -19.0 - -
49 _ - - -19.1 -21.5 -2.4
50 -22.7 -25.4 -2.7 - -22.5 -
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Appendix Table 19. Soil water content (%) at 6 in intervals for the
drought line, Bozeman farm. 1976,

Cultivar 0-6 6-12 12-18 18-24 24-30 30-36 36-42 42-48 48-54 54-60 60-66 66-72

1 21.5 19.8 12.1 10.1 9.5 9.5 9.4 10.8 12.2 13.1 13.3 15.3
2 22.7 17.8  11.4 9.1 8.5 8.5 9.3 11.3 12.4 13,9 15.1 16.2
3 22.5 17.7  13.3 9.8 8.6 8.4 9.1 9.0 11.0 13.0 15.3 16.6 .
4 22.4 18.3 1l1.6 9.9 9.2 10.8 12.0 13.9 14,1 14.4 14.9 16.2
5 22.9 18.4 9.9 8.4 7.8 8.5 9.0 10,4 11.8 13.0 14,3 14.0
6 22.5 20.0 13.1 10.4 9.3 9.1 9.5 10.3 12.4 12,9 13.3 14.4
7 ‘22.1 18,5 10.5 9.9 8.5 8.7 8.3 9.4 12.4 14.0 15,6 16.5
8 22.5 20.2 11.6 -9.5 9.0 8.5 8.8 9.2 11.3 13.3 14.7 16.5
9 22.9 18,8 12.7 9.6 8.8 8.6 B.8 9.4 11.1 12.1 14.3 17.3
10 22.0 20.0 14.6 10,3 8.5 8.2 9.2 9.2 10.7 12.5 13.8 15.0
11 21.6 18.8 10.8 9.5 7.9 8.2 8.3 9.9 11.9 13.9 14.6 16.5
12 21.7 20.7 12.8 9.6 8.5 8.2 8.9 10,1 12,0 13.1 13.8 15.3
13 21.3 19.5 11.6 9.4 8.2 8.3 8.2 9.6 11.9 13.0 14,1 15.3
14 22.3 17.8  11.3 9.6 9.0 9.5 11,0 12.2 "13.2 13.9 15.0 15.4
15 22.5 18.8 11.2 9.6 9.2 8.5 10.2 11.4 13.1 14.7 15,5 16.6
16 22.1 17.4 12.8 9.8 9.1 8.9 8.8 9.7 12.1 13.4 15,0 15.9
17 22.4 20.6 10.8 9.2 8.2 8.4 8.2 9.2 12.4 13.6 15.2 17.1
18 23.3 20,9 . 11.0 9.5 8.5 8.8 10.0 /0.3 11.9 12.6 14.4 15.8
19 22.9 19.1 11.7 9.7 8.7 6.8 8.3 8.9 11.1 12.6 14,5 16.1
20 23.8 20.0 11.3 10.1 9.2 9.0 8.7 9.4 10,9 13,2 15.8 16.8
21 21.7 19.9 12.5 10.6 9.0 8.7 9.0 9.6 11.6 12.0 14.1 16.4
22 22.4 20.3 12.0 9.3 8.6 8.7 9.0 10.6 12.2 13,2 14.7 16.5
23 22.1 18,9 12.0 10.2 9.0 9.0 9.3 10:6 12.5 13.6 14,6 16.8
24 21.9 8.4 11.0 10.1 9.1 9.0 9.7 11.8° 13.0 14.6 14.6 15.3
25 21.4 18,1 10.8 9.5 8.4 8.5 - 8,4 11.1 13,1 13.6 16.2 15.8
26 22.5 18.4 10.8 9.1 8.0 8.0 8.3 8.7 11.5 12.4 13.5 15.4
27 23.1 20,1 12.2 10.1 8.6 8.3 8.6 9.5 11.4 127 13.9 16.2
28 22.6 19.7 12,6 9.5 8:6 8.6 8.4 9.4 11.5 12.6 13.5 "14.9
29 23.1 17,0 10.4 9.0 8.9 9.0 10.6 13.5 13.0 14.6 16.7 15.7
30 22.9 21.3 '10.8 9.6 8.9 9.6 10,2 11.4 -13.2 12,9 13.5 14.8
31 - 22.6 19,0 10.7 9.8 8.9 8.5 8.7 9.9 12.0 13.5 14.9 16.1
32 23.0 18.6 10.4 9.2 ' 8.6 8.8 9.1 10.2 11.9 13.0 15.6 16.3
33 22.2 19.9 13.7 10.5 8.9 8.9 8.9 9.4 11,5 13.0 14.7 17.2
34 22.7 20.2 11.0 9.8 8.9 8.8 9.3 122.1 13.2 14,0 15.3 16.7
35 22.2 18,9 11.2 10.1 10.2 11.9 12,8 13.6 14.1 14.1 15.4 16.1
36 21.1 19.7 12.0 10.8 9.7 1.4 110.5 11.3 12,7 13.2 14,3 16.1
37 21.6 19.9 10.5 9.2 8.0 8.2 8.0 8.0 9.8 12.1 13.8 15.9
38 22.7 18.5 10.8 9.4 8.5 8.8 9.7 11.3 12.2 13.3 14.1 14.8
39 23.6. 19,7 12.2 9.4 8.3 8.8 9.3 11.4 13.1 14.0 15.6 17.4
40 22.4 19.6 12,5 9.9 9.1 8.3 3.7 9.9 - 12.5 13.5 14.2 15.3
41 23.6 19,1 10.6 9.6 8.5 8.2 8.1 8.2 9.5 11.5 13.5 14.6
42 23.0 21,5 12.5 9.4 8.5 8.2 9.2 11.5 12.9 14,0 15.3 16.5
43 23.0 21,0 16.3 10,3 8.2 8.5 8.8 11.6 14.0 13.7 15,4 16.1
44 23.2 20.4 11.7 9.3 8.8 9.5 11.5 13.4 13.5 13.8 15.7 15.6
45 22.8 21,2 13.4 9.8 8.8 8.6 8.2 8.0 9.1 10.9 13.1 13.2
46 23.9 21.7 13.8 9.2 8.3 8.4 8.6 9.2 11.2 12.4 13.8 15.0
47 22.0 21.2 16.8 10.8 9.2 8.7 8.6 8.8 10.4 11.2 13,9 16.4
43 22.8 21.2  14.9 9.8 8.6 9.0 8.7 8.6 9.3 11.3 13.5 "14.8
49 21.7 21.2 14,1 9.8 8.6 8.5 8.8 9.8 11.3 12.2 14.3 15.06
50 22.6 18.2 10.8 9.4 9.0 9.2 8.4 10.1 11.8 12.4 151 15.8
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Appendix Table 20. Cumulative water use (in) at 6 inch iﬁter&aié
- : " for the drought line.* l

Depth June July : ’ August |
Tnches_ 13 20 27 5 11 18 25 1 8 16
Atlas 46
6 - 12 .09 .19 .64 - .79 .78 .84 .87 .82 .84 .89
12 - 18 12 .15 .54 W72 .72 .79 .78 .76 .75 .76
18 - 24 11 .12 .40 .65 .64 .65 .70 .65 .65 .66
24 - 30 .03 .04 .21 42 .54 .57 .59 .57 .56 .58
30 - 36 .00 -.05 .09 .21 .28 .40 .50 47, .49 .43
36 - 42 -.02 -.02 .05 .08 .12 .20 .22 .26 .22 .22
42 - 48 -.05 .01 .03 .07 .08 .11 .18 .16 .18 .16
48 - 54 .03 -.03 .04 .05 .03 - .12 .20 .12 .15 .20.
Total - - .30 .41 1.99 2,99 3.18 3.67 4.03 3.80 3.83 3.9

. " Beecher )

6 - 12 .05 .15 .54 .67 .70 .79 .77 .78 .81 . .84
12 - 18 .06 - .11 .45 .62 .70 .76 .74 .72 W71 .76
18 - 24 .09 .13 .29 .60 .13 .81 .82 .78 .81 .79,
24 - 30 .04 W11 .23 ¢ 45 .58 .67 .70 .69 .68 .67
30 - 36 04 - 04 .16 .22 41 .56 .62 .59 - .57 .56
36 - 42 .01 .03 04 12 .28 .40 .50 .49 ".52 .50
42 - 48 .00 ~.02 ~.03 .02 .11 14 .26 .27 .30 .34
48 - 54 .00 -.0h .01 -.05 .01 .02 1l - .13 14 .15
54 - 60 .03 -.06 .03 .00 .03 .06 A0 -.02 .05 .05
60 - 66 .02 .00 .02 .00 04 . .02 .02 -.01 .03, .03
Total .33 A4 1,73 2.65  3.58 4,21 ' 4.61  4.40  4.59  4.66

Betzes .

6- 12 .13 .28 .69 .83 .82 .89 .92 .90 .87 .92
12 - 18 .09 .25 .59 74 .75 .80 .80 .77 .75 - .78
18 - 24 .08 .10 .39 .60 .61 .67 .67 .67 .64 .63
24 - 30 .00 . .00 22 .46 .51 .60 .60 .61 .56 .62
30- 36 .01 ~03 .10 - .21 .24 46 .49 W45 .43 43
36- 42 .01 -.06 .11 .15 .17 .26 .29 .29 .32 .36
42 - 48 -.02 .02 .02 .06 .09 .18 .25 .24 .29 .29
48 - 54 .08 -.11 -.07 .01 .01 .14 -,06 .04 .14 .14
Total .39 .52 2,06 3.06 3.21 4.02 4.00 4,01 4.10 4.21

Bonneville :

6- 12 .05 .23 .63 .79 .81 .88 .93 .93 .9 .94
12- 18 .14 .18 .58 .75 .78 .82. .87 .83 .83° .84
18- 24 .11 .14 W41 .65 .71 .71 .74 .77 17 .75
24- 30 .06 .11 .26 .46 .53 .60 .65 .67 .62 .65
30- 36 .01 .04 .08 .29 .34 A .52 .50 .51 .48
36— 42 ~.06 -.03 .00 11 .19 .31 .40 42 .44 47
42 - 48  -.06 -.02 -.03 .02 .09 . .15 .15 .21 .19 .24
48- 54 ~.03 -.02 .01 . .01 .01 .05 .09 .06 .06 ..08
54- 60 .01 ~.03 .04 .03 .03 .02 .06 .03 .03 .05
60~ 66 -.05 -.02 .01 .03 .01 -.02 .01 -.01 .00 .04
Total .17 .56 1.97 3.12 3.47 3,95 4.39 4.36 4,37 4.58

*Thes'e values do not include the addition of the Fain factor.
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Appendix Table 20. Cumulative water use (in) at 6 inch intervals
for the drought line. Cont.

Depth . June _ July August

"Taches ‘13 20 27 5 11 18 25 1 8 16
’ Briggs

6 - 12 .10 .23 .62 .66 .67 .74 .76 .73 .75 .76
12 - 18 10 17 53 67 .67 72 70 67 69 70
18 ~ 24 10 15 52 .66 .68 74 75 68 71 75
24 - 30 06 08 30 .50 58 64 65 64 63 62
30 - 36 01 07 10 .40 53 56 59 55 59 58
36 - 42 -.01 -.01 08 .19 32 40 39 39 42 41
42 - 58 -.04 -.04 01 -,01 10 17 23 25 27 31
48 - 54 03 00 05 .02 04 08 14 11 14 15
54 = 60 -.03 -.03 -.03 -.02 -.02 01 04 -.01 00 00
60 = 66 01 00 05 00 .05 04 03 00 00 00
Total 31 60 2.21 3.05 3.58 4,07  4.27 3.99 4.15 4.24

California Mariout 67

6 - 12 .05 .15 .49 .63 .67 .68 .69 .72 .69 72
12 - 18 .08 .15 .45 .59 .60 .65 .63 .61 .61 .63
18 - 24 .06 .13 41 .61 .64 .65 .65 .65 .64 .66
24, - 30 .03 .05 .28 .48 .54 .61 .62 .57 .56 .58
30 - 36 01 00 02 27 .34 42 43 39 44 45
36 - 42 -.03 -.03 -.03 .05 .19 30 32 35 38 38
42 - 48 -.01 -.06 -.09 -.02 04 14 17 15 21 19
48 - 54 .04 .11 .07 .01 .11 .09 .08 .12 .07 .10
54 = 60 .01 -.02 -,02 .04 -.07 .02 -.02 -.02 -.06. -.02
60 - 66 00 02 02 01 .04 .05 06 02 01 02
Total 23 49 1.61 2.75 3.12 3.63 3.65 3.54 3,56 3.72

Compana , .

6 - 12 .14 .27 .64 .74 .78 .79 .81 .79 .79 .81
12 - 18 .12 .25 .64 .68 .69 .70 .73 .69 .71 . .73
18 - 24 .08 .17 .46 .59 .64 .65 .64 .62 .64 .63
24 - 30 .04 .06 .27 .50 .57 .58 .61 .57 .58 .57
30 - 36 .02 .03 .11 .32 .52 .53 .56 .53 .57 .54
36 - 42 -.03 -.04 .03 14 .33 .34 v 42 .42 .43
42 - 48 .00 -.01 .03 .07 .17 .18 .19 .24 .18 .22
48 - 54 .02 -.04 .03 .03 .07 .08 .10 .09 .03 .07
54 = 60 .00 .02 .01 .05 .08 .09 .08 .05 .05 .07
60 - 66 .02 .01 .03 .04 .04 .05 .01 .02 .05 .05
Total 42 .75 2,27 3.18 3.91 - 4.00 4.18 4.03 4.08 4.15

DeKap

6 - 12 .07 .23 .60 .68 .72 .81 .81 .79 .87 -. 85
12 - 18 .08 .18 .57 .67 .70 .73 g4 0 73 075 .74
18 - 24 .06 .13 .50 .69 .73 .77 .80 .77 .77 .77
24 = 30 .09 .12 .34 .57 .64° .69 .72 .69 .71 .71
30 - 36 .08 .07 .21 .36 49 .55 - .61 .58 ©.58 .58
36 - 46 .02 - .05 .08 .20 .31 .38 43 yn .47 46
42 - 48 -.01 -.02 01 .04 08 19 23 25 29 .29
48 - 54 -.04 -.05 -.02 -.07 .00 .05 .08 .06 .11 .09
54 - 60 .02 .02 .01 .00 .04 04 .03 .02 ©.02 LOQ

Total 135 L7100 2,300 3,12 3,68  4.18  4.37  4.25 4.48  4.43
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Appendix Table 20. Cumulative water use (in) at 6 inch intervals
for the drought line. Cont.

Depth June July August
Tachés 13 20 27 5. 11 18 25 1 8 16
Dickson
6 - 12 .06 .15 .56 .76 74 .82 .83 .85 - .85 .87
12 - 18 .08 .09 .37 .61 .65 .71 74 .73 .72 .73
18 - 24 .07 .11 .25 .53 .61 .67 .72 .69 .69 .73
24 - 30 13 13 19 43 .52 65 68 68 67 67
306 - 36 06 00 10 19 .25 36 44 44 44 47
36 - 42 01 ~-.06 00 .05 .12 18 26 23 32 35
42 - 48 02 -.01 01 07 06 10 14 14 18 19
48 - 54 00 02 04 .05 05 11 13 09 09 08
54 - 60 00 ~-.03 02 03 .02 02 05 01 01 04
60 - 66 -.03 -.07 01 -.01 .01 00 00 -.05 01 -.06
Total 40 36 1.58 2.75 3.09 3.68 4.06 89 4.07 4.11
Erbet
6 - 12 06 15 49 65 .69 74 75 76 75 76
12 - 18 15 15 48 60 .63 69 71 70 69 71
18 - 24 03 08 31 .54 56 63 62 63 65 66
24 - 30 05 10 21 .40 47 55 56 52 57 54
30 - 36 -.02 -.02 05 22 31 41 47 45 44 47
36 - 42 -.02 -.04 01 .09 12 24 28 31 31 31
42 - 48 01 00 02 .05 08 11 15 09 13 13
48 - 54 -.03 -.01 02 -.03 02 06 08 00 05 02
54 - 60 -.01 01 01 02 06 07 06 04 06 05
60 - 66 02 00 01 .02 05 -.01 02 03 02 04
Total 25 42 1.61 2,58 3.02 3.50 3.71 48 3.68 3.70
Firlbecks III
6 - 12 06 19 60 69 .74 79 83 82 85 85
12 - 18 10 20 54 .68 .70 76 79 78 81 79
18 - 24 06 13 33 52 61 67 69 68 66 67
24 - 30 11 12 26 .50 54 61 63 62 61 64
30 - 36 04 04 12 .32 46 53 b3 59 62 67
36 - 42 -.0l 02 06 16 28 43 47 55 57 56
42 - 48 ~.06 01 01 .06 11 19 30 38 39 35
48 - 54 00 -.03 00 .04 07 08 10 14 14 15
54 - 60 -.01 -.04 00 ~-.03 02 03 03 01 04 05
60 - 66 00 -.01 01 ~-.01 ~-.01 02 04 [¢]0] 04 05
Total 29 62 1.92 2.99 3.51 4,11 4,50 4.55 4.72 4,77
Freja
6 - 12 08 22 59 69 .70 79 81 78 80 82
12 - 18 05 14 45 61 .63 65 66 65 69 66
18 - 24 06 09 38 58 60 67 67 65 65 65
24 - 30 09 06 27 .58 64 65 73 69 71 68
30 - 36 -.01 03 14 .35 47 57 62 61 63 58
36 - 42 01 03 10 21 .30 39 47 49 47 49
42 - 48 -.05 -.02 -.03 .03 .05 09 18 21 23 25
48 - 54 -.05 -.02 ~-.05 .01 00 08 07 08 07 08
54 .~ 60 -.03 01 00 02 05 04 08 04, 04 07

03 00 -.06 -.05 -.02 00
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Appendix Table 20. Cumulative water use (iﬁ) at 6 inch intervals
for the drought line. Cont.

Depth June July August

“Inches 13 20 27 5 11 18 25 1 8 16~
' : . Frontier -

6 - 12 .08 .27 .61 .76 .75 .85 .87 .85 .85 .89
12 - 18 .13 .23 .68 .77 .81 .83 .87 .85 .86 .84
18 - 24 .07 .17 .52 .75 .72 .83 .81 .79 .80 .79
24 - 30 .03 .07 .33 .57 .61 .66 .69 .69 .70 .67
30 - 36 .00 .01 .16 .40 46 .60 .61 .58 .61 .59
36 - 42 -.04 .04 .08 .19 .24 .35 .35 .38 42 .43
42 - 48 .01 -.04 .02 .04 .05 .18 7 .19 .22 .25 .26
48 - 54 .03 -,03 .05 .01 .07 .09 .05 .07 .10 .10 .
54 -~ 60 -.03 .02 .02 .00 .01 .00 - ,02 .02 .03 .03
60 - 66 -.03 -.02 .01 .01 .02 -.06 -,02 -09 -.04 -.02
Total .25 .72 2.46  3:51 3.75 4.36 4,41 4.33  4.55 4.56

. * Haisa II .

6 - 12 .11 .39 .66 .71 .79 .80 .82 .87 .87 .88
12 -~ 18 .12 .22 .56 .66 . 66 .68 .72 .70 . .68 .71
18 - 24 .08 .15 .55 .70 7L .72 .74 .73 .73 .75
24 ~ 30 .09 .09 .41 .61 .66 .68 .69 .68 - .66 .68
30 -~ 36 .03 .07 .19 .43 .50 .59 ;61 .58 .59 .60
36 - 42 -.01 ;01 .08 .20 .29 .42 44 .45 44 48
42 - 48 -,04 ~.03 -.02 .04 .13 .25 .26 .28 .37 .34
48 - 54 -,05 -.04  -.02 .02 -.01 .07 .12 .07 .11 .13
54 - 60 ;01 .00 .00 .02 -.01 .02 © .06 .00 -.02 .04
60 ~ 66 ;00 .02 -.05 .01 -.01 -.01 01 -.04  -.01 .01
Total .34 .84 2.35 3.38 3.69 4.21 4.45 4.33 4.41 4.59

: Hannchen i .

6 - 12 .13 .16 .53 .72 .71 .76 . 79 .82 .84 .86
12 ~ 18 .08 .17 46 .68 .70 .78 .79 77 0 .77 0 .79
18 ~ 24 .07 .07 .29 .56 .62 .67 71 .70 .68 .67
24 ~ 30 .08 .10 .22 . 49 .59 .63 .67 .65 .69 .67
30 - 36 .03 .08 ;12 .31 A4 .54 .59 .59 .56 .57
36 - 42 -.03 -.04 .01 .12 .25 41 46 .45 46 .48
42 - 48 ~-,03° -.03 -.02 .04 .07 .13 .23 .27 .28 .31
48 - 54 ~-,03 .01 .02 .02 .03 .05 .08 .05 .09 .10
54 -~ 60 ~.01 .00 =.01 .01 . .03 .03 .05 -.02 .00 .05
60 - 66 ~.03 .00 .00 .02 -,02 -.04 .02 -.05. -.04 -.03
Total .25 32 1,62 2,99 3045 3.99 4.42 4.26 4.36 4.49

. . Harlan .

6 - 12 .12 .27 .71 .78 .85 .91 .89 .90 .90 .93
12 - 18 .13 .20 .54 .72 .70 .77 .78 .76 .75 .82
18 - 24 .02 .10 .29 54 ° .61 - .65 .68 .66 .67 .67
24 - 36 .02, .02 .18 .40 .45 .61 .67 .65 .68 .69
36 - 42 .01 . .03 .10 .21 . .30 .40 &7 47 49 . .48
42 - 48 ~.04 -.10 -.03 .01 .06 ;14 .16 13 .13 7 .16
48 - 54 .02 .00 .07 .11 .08 .13 .13 .09 .13 .18
54 - 60 .05 05 06 10 05 09 .11

Total 28 - .52 1.85 2.80 3.09 3.6 3.86 3.69 3.82 4.02




179

Appendix Table 20. Cumulative water use (in) at 6 inch intervals

for the drought line. Cont.

Depth June July . August .
“Inchas. 13 20 27 5 11 18 25 1 .8 16
Klages
6 - 12 .06 .15 .55 .77 .79 .90 .91 .95 .97 .99
12 - 18 .09 .10 .38 .64 .69 .71 .78 .79 79 .78
18 - 24 .12 .14 .33 .56 .66 .71 .70 .72 76 .75
24 - 30 .04 .06 .15 .33 .40 .55 - .62 .59 .61 .60
30 - 36 .06 .07 .10 .19 .24 .37 .48 .49 .49 .54
36 - 42 00 06 06 07 14 21 30 35 .38 .42
42 - 48 01 -.04 -.03 0l 07 11 14 15 .17 .24
48 - 54 -.03 01 -.02 03 04 06 06 01 .11 .10
54 - 60 -.01 -04 -.02 .04 07 03 04 00 .00 .01
60 - 66 ~-.01 02 .05 .08 10 04 04 01 .06 .08
Total .33 54 1.55 2,72 3.21  3.71 4.09 4.07 4.30 4.50

. Heines Hanna '

6~ 12 .10 .26 .58 .68 .72 .77 .81 .81 .81 .83
12 - 18 .18 .19 .53 .72 .71 .78. .81 .78 .77 .76
18 - 24 .12 .15 .39 .64 .69 .76 - .77 .74 .78 .75
24 - 30 =03 .06 .22 49 .56 .65 .65 .62 .65 .67
30 - 36 .00 .03 .16 .33 45 .53 .62 .59 .61 .64
36 ~ 42 .01 .05 .08 .16 .27 .35 .39 .43 .46 45
42 - 48 .01 .00 .00 .02 -.01 .08 .11 -.09 .10 .17
48 - 54 .00 -.02 -.05 03 -.04 .00 .04 -,01° .02 .01
54 - 60 ~.03 -.06 .00 -.01 -.04  -.07 .00 -.03 -.01 .00
60 - 66 ~.02 -.03 -.01 .00 .02 .00 "-.01 -.02 -.06 .00
Total - .34 .64 1.91° 3.07 3.35 3.87 4.22 4.02 .16 4.29

- Herta )

6 - 12 .12 .18 .54 .73 . .68 .80 .85 .81 .86 .85
12 - 18 .09 14 .40 .60 .66 .71 .69 .71 .71 .70
18 - 24 .05 .09 .22 .48. .49 .59 .64 .62 .60 .64
24 - 30 .03 .00 .11 .33 .36 . .48 .58 .57 .57 .59
30 - 36 .02 -.03 .08 .14 .17 .35 - 45 .51 .57 .60
36 ~ 42 .06 . .09 .10 .12 .16 .31 .38 W41 .48 .52
42 - 48  -,03 .04 .11 .07 .10 .16 .21 .19 .30 .24
48 - 54  -.05 <,02° -.02 ~,01 .01 .05 - .10 .07 1L .15
54 - 60 -.01 .00 .04 .08 .08 .10- .13 .08 .12 .10
60 - 66 .01 -,01 .03 .03 .07 .08 .05 ~.03 .05 .03
Total .30 .55 1.62 2.59 2,80 3.63 4.08 3.92 4.34 4.43

N Hiland

6- 12 .05 -.16 .61 .75 .75 .86 .89 .90 .89 .92
12 - 18 .10 .17 .53 .72 .77 .81 .82 .81 .81 .82,
18 - 24 .04 .07 .40 .61 .68 .72 .73 14 .72 .76
24 - 30 .04 .07 .24 .54 . .61 .70 .71 .68 .69 .67
30 - 36 .03 .06 .16 .39 .50 .58 .60 .58 .58 .60
36 - 42 .01 .01 .03 14 .27 .37 0 .37 .38 .41 .42
42 - 48  -.05 -.01 .01 .03 .06 .18 ° .22 .23 .25 .25
48.- 54 .07 .02 .04 .07 .09 .12 .15 .10 .17 .17
54 - 60 .02 -.02 .01 .00 .01 .03 .03 .00 .04 -.01
60 - 66 .04 .02 01 02 03 05 07 03 .05 .03

4.62 4.64

“Total 36 56 2.06 3.30 3.80 4.44 4.61 4.46
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Appendix Table 20. Cumulative water use (in) at 6 inch intervals
for the drought line. Cont.

Depth June ) July ] August

.Inches 13 20 27 5 11 18 - 25 1 8 16
[ Hector

6 - 12 .04 .17 .51 .63 .66 .68 .67 .67 .69 .71
-12 - 18 .16 .27 .62 .72 .73 74 .76 .72 .73 74
18 - 24 .09 .19 .55 .72 .76 .76 .77. 75 .77 .76
24.- 30 . .04 .09 .34 .56 .63 .65 .68 .65 .66 .65
30 - 36 .06 .07 .19 .43 .50 .58 .58 .58 .59 .59
36 -~ 42 .00 .02 .06 - .18 .28 .36 .40 41 .41 L4
42 - 48 -.06 -.03 -,05 .03 .05 W24 .27 .25 .26 .26
48 - 54 .05 . .02 .05 .08 .07 .08 .15 0 .11 .14 .12
54 - 60 .03 .02 .05 .04 .05 .05 .08 .08 .07 .09
60 - 66 .01 .00 .05 .07 .07 .05 .03 .03 .06 .06
Total .42 .81 2.36 3.44 3,78 .4.17 4.36 4,22 4,36 4.38

Galt .

6 -~ 12 .04 .20 .63 .74 .73 .82 .83 .89. .89 .90
12 - 18 .12 .19 .50 .62 .66 .72 .73 .73 .73 .76
18 - 24 .06 .09 .31 .51 54 .61 .60 .59 .61 .61
24 - 30 -.01 .01 .12 .35 42 .52 .52 .55 .55 .54
30 - 36 .00 -.01 .03 .17 .29 .45 46 48 .50 .52
36 - 42 -.01 -.03 .03 .09 .15 .33 42 49 47 48
42 - 48 .02 ~-.02 -.06 .03 .09 L1500 .21 .29 .27 .30
Total .23 .41 1.58 2.53 2.90 3,62 3,78  4.03 4.02 4.11

Gem

6 - 12 .07 .23 .59 .70 .74 .79 .81 .78 .82 .83
12 - 18 .14 .22 .60 .78 77 .80 .85 .81 .77 .81
18 -~ 24 .13 .21 .48 .70 .75 .77 .78 74 .76 .76
24 - 30 .07 15 .39 .57 .62 .66 .71 .67 .66 .64
30 - 36 -.02 .02 .14 .31 .34 .48 .49 .45 47 .47
36 - 42 .03 .04 .04 .20 .30 .40 .53 .49 .52 .54
42 - 48 .03 .03 .06 .07 .13 .27 .36 .37 .36 .38
48 - 54 - ,02 .02 .03 .09 .10 .13 .21 .18 14 .18
54 - 60 .02 -0l .03 .03 .05 .04 .07 .07 .03 .07
60 -~ 66 -.01 -.02 -.01 .04 ~-.02 .03 -.02 .00 -, 04 .00
Total 48 .90 "2.34  3.49 3.78 4.36 4.77 4.54 4.53 4,71

Geongle

6 - 12 .04 . .17 .58 .67 .68 .76 .78 .80 .79 .78
12 - 18 .07 .18 .54 .66 .73 .72 74 .74 .74 .74
18 - 24 04 0,11 44 .62 .70 71 74 .70 .73 .72
24 - 30 .03 .11 .31 .53 .65 .64 .66 .63 63" .65
30 - 36 .04 .05 .21 .43 .53 .62 .63 .63 .62 .60
36 - 42 .02 .06 .04 .25 .37 .46 .52 51 .50 .49
42 - 48 .00 .00 .00 .03 .10 .15 .20 .25 .28 .24
48 - 54 .02 .00 .06 .02 .08 .07 .06 .08 .11 .11
54 - 60 .01 -.01 .00 .00 .08 .05 .04 .00 .04 .05

60 - 66 -.02 .01 .08 .00 .03 .05 .02 -.01 -.01 .00
Total .26 .70 2,29 3,22 3,90 4.22 4.38  4.32  4.44  4.39
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Cumulative water use (in) at 6 inch intervals

for the drought line. Cont.

Depth . June July August
“THches 13 20 27 5 11 18 25 1 8 16
Liberty
6 - 12 .05 .25 .58 .71 72 .76 .77 79 77 76
12 - 18 .07 .16 .54 .66 .70 71 N 69 .74 73
18 - 24 .10 .17 .45 .70 .69 .77 .76 75 .73 75
24 - 30 .05 .10 .31 .55 .62 .70 .70 68 .68 67
30 - 36 .03 .04 .16 .32 .37 .46 .52 48 .49 50
36 - 42 .05 .00 .02 .11 .17 .27 .34 34 .33 35
42 - 48 -.02 .01 .01 .04 .09 .16 .19 24 .19 24
48 - 54 .02 .03 .05 .02 .08 .08 .09 08 .08 11
54 - 60 .02 -.03 -.05 .00 .02 .02, .00 -.02 -.01 -.01
60 - 66 .00 -.03 .00 .02 .00 .06 .01 00 -.03 ~-.04
Total .38 .71 2.08  3.14 3.45 3.98 4.07 3.98 .92 4,07
Marie
6- 12 .01 14 .69 .64 .66 .73 .75 72 .74 77
12- 18 .08 .19 .49 .67 .76 .80 .79 .76 .81 81
18- 24 .08 11 .31 .64 .71 .80 .82 81 .80 - .78
24 - 30 .01 .07 .21 .50 .60 .67 .70 68 .72 71
30 - 36 .05 .05 .04 .30 44 .52 .58 56 .57 59
36 - 42 .04 .01 .08 .16 .28 .40 .48 48 .50 50
42 - 48 -.04 -.01 -.01 .05 .11 .23 .27 34 .31 32
48 - 54 .01 -.02 .02 .03 .02 .07 .10 07 .11 13
54 - 60 -.01 .01 .05 .03 .01 .04 .06 06 .07 07
60 - 66 -.04 .02 -.02 .03 .02 .01 .00 03 .00 02
Total .19 .53 1.84 3.05 3.61 4,27 &4.53 4.42 4,53 4.67
Horn
6 - 12 .09 .23 .59 .69 .70 77 .78 .83 .80 .84
12.. 18 .10 .14 .50 .63 .66 .69 .69 67 .69. 65
18 - 24 .08 .15 44 .61 .65 .67 .70 71 .72 68
24 - 30 .04 .08 .27 .47 .55 .58 .62 59 .58 57
30 - 36 -.02 .01 .06 .26 .33 .43 .44 46 .43 44
36- 42 -.05 -.03 .02 .13 .27 41 W45 46 .48 49
42 - 48 -.03 -.04 -.01 .01 .10 .22 .27 27 .30 35
48 - 54 -.02 -.02 .03 .05 .05, .07 .10 07 .13 16
54 - 60 -.07 -.06 -.02 -.04 -.04 .01 -.05 -:03 .01 -.04
60 - 66 .00 -.03 .01 .00 .01 .02 .03 -.01 .04 00
Total .13 441,91 2.81  3.28 3.87 "4.03 4.01 4.18 4.14

Ingrid i

6 ~ 12 .04 .13 .45 .66 .65 .78 .79 .78 %78 .80
12 - 18 .09 .16 .45 .63 .64 .69 .71 .73 .73 .72
18 - 24 .01 .01 .16 .36 .48 .54 .58 .58 .56 .57
24 - 30 -.02 -.03 .02 .22 .33 .46 .52 .51 .52 .53
30 - 36 .09 .05 .03 .13 .18 .34 .39 .41 .44 41
36 - 42 -.03 .01 .09 .10 11 .13 .22 .18 .27 .23
42 - 48 .01 .03 .04 .07 .05 .12 .12 .12 .17 .18
48 - 54 .01 .05 .04 04 .06 .06 .10 .10 .13 .15
54 ~ 60 -.02 .00 .02 .04 .06 .05 A1 . .09 .07 .12

.18 .40 1.29° 2.25  2.56  3.17 3.54 3,50 3.68 3:10
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Appendix Table 20. Cumulative water use (in) at 6 inch intervals
for the drought line. Cont.

Depth June July August
Inches 13 20 27 5 11 18 25 1 8 16
Maris Mink
6 - 12 .09 .20 .59 .69 .71 .84 .83 .86 .86 .84
12 - 18 .13 .17 .51 .68 .73 .76 .78 77 77 .78
12 - 24 .10 .12 .38 .60 .67 .71 .70 .69 .68 .72
24 -30 .03 .07 .26 W47 .53 .56 .55 .57 .55 .57
30 - 36 .03 .05 .11 .29 .35 .50 .53 .51 .52 .53
36 -42 - .02 .00 .06 .18 .22 .37 .48 W47 .49 .50
42 - 48 ~.04 -.09 -.06 .03 04 15 22 25 27 27
48 - 54 ~.01 -.03 -.04 -.02 02 08 09 12 07 08
54 - 60 ~.03 00 04 .03 03 07 07 03} 02 10
60 - 66 ~.01 -.01 01 02 .00 00 01 02 03 04
Total 30 49 1,88 3.01 3.35 4.09 4.33 4,34 4.32  4.45

. Montecalm
6 -12 .02 .18 .67 .71 .74 77 .81 .81 . .85 .84
12 - 18 .08 .13 .50 .64 .67 .73 .74 .77 .73 .76
18 - 24 .08 .11 45 .55 .66 .71 .71 .74 .72 .74
24 - 30 .03 .03 .10 .34 .41 .53 .56 .52 .57 .55
30 -36 .03 .03 .10 .24 .34 A .51 .49 .51 .51
36 -42 ~.02 -.02 .03 .05 .10 .22 .24 .30 .31 .30
42 - 48 ~.02 -.05 -.03 .00 .01 .09 .12 .10 .12 .13
48 - 54 .01 . -.02 .01 .03 .01 .02 .07 .05 .04 .05
54 -60 ~.04 -.04 -.03 -.01 .01 .01 -.02° -.01 -.03 .00
Total .17 .36 1.80 2.55 2.96 3.54 3.75 3.76 3.81 3.88

Munsing
6 -12 .02 .20 .59 .71 .72 .80 .83 .79 .79 .84
12 -18 12 16 61 72 .76 77 79 78 77 78
18 - 24 .13 .19 .54 .73 .77 .79 80 .79 .78 .81
24 - 30 .09 .10 .33 .57 .64 .68 .72 .68 .67 .67
30 -36 .05 .07 .18 41 .54 .65 .63 .61 .60 .62
36 -42 .00 .03 .06 .15 .35 .42 .46 .45 44 47
42 -48 .02 -.01 .05 .02 .11 .20 .27 .29 .30 .31
48 - 54 .03 -.03 .00 -.01 .03 .04 .11 .08 .00 .10
54 -60 -.02 -.01 -.04 -.01 .00 .01 .02 .00 -.02 .02
60 -~ 66 -.02 -.03 .01 -.03 .00 ~.01 .00 -.04 -.06 -.02
Total .40 .65 2.30 3.23 3.88 4.30 4.58 4,38 4.35 4.60

. Larker
6 ~12 .06 .22 .62 .69 .69 .78 717 .77 .78 .79
12 -18 .07 .18 .53 .70 .75 .73 .78 .75 .74 .73
18 -24 .08 130 L4 .66 .72 .76 .77 .75 - .76, .78
24 -30 .08 .12 .27 .52 .61 .72 .76 .76 .72 .76
30 -36 .05 .14 .17 .34 b .55 .58 .58 .61 .62
36 -42 .02 .05 .04 .15 .27 .37 42 0 43 44 49
42 - 48 -.03 -.03 .00 .01 .08 .15 .20 .19 .20 .21
48 - 54 -.03 -.03 -.04 .01 -.01 .05 .07 -.01 .00 . .00

54 -60 -.03 -,03 -.02 .02 .01 .01 - )01 =11 -.07  -,01°

60 -66 -.02 -.02 -.02 02 -,01 00 ~. 04 -.03° -,07 -.02

Total .24 .73 1,97 3.11  3.56 4.12 4,30 4,07 4.08 4,33
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Abpendix Table 20, Cumulative water use (in) at 6 inch intervals
for the drought line. Cont,

NDepth : June -~ July August
Taches 13 20 27 5 11 18 25 1 8 16
Traill
6 - 12 .06 .22 .57 .68 .71 .77 .78 .80 .79 .83
12 - 18 .11 .21 .55, .71 .73 .77 .78 .75 .78 .75
18 - 24 .03 .14 .45 .66 .69 74 A .77 .78 .77
24 - 30 .01 .08 .27 .50 .55 .61 .63 .62 .66 .62
30 - 36 .03 .04 .13 .18 .29 41 48 .47 .49 .48
36 - 42 -.01 .00 .02 o] .21 .32 42 .43 .50 42
42 - 48 .04 .00 .01 .02 .08 .19 .22 .28 .28 .31
48 - 54 -.01 -.01. .01 .07 .06 .10 12 .08 .07 . .15
54 - 60 .01 .00 .01 .05 .08 .07 .06 .04 .07 .09
60 - 66 .04 04 -,02 .07 .01 .08 .07 -.02 .02 .05
Total .32 .72 2,00 3.03  3.41 4,06 4.29 4,20 4.41  4.47

. . Trebi . :

6 - 12 .06 .25 .62 .73 .76 .82 .85 .82 .85 .90
12 - 18 L1 .22 .60 .71 .77 .77 .81 .79 .80 .79
18 - 24 .08 .11 A .61 .68 .72 74 .69 .76 74
24 - 30 .05 .07 .31 .48 .55 .60 .63 .60 .61 .58°
30 - 36 .05 .08 .14 .37 .49 .54 .59 .58 .57 .57 -
36 - 42 .01 -.03 .09 .15 .22 .37 .39 407 .43 42
42 - 48 .00 .00 .03 .02 .17 .22 .20 .26 .31 .27
48 - 54 -.02 -.01 -.03 -.05 02 05 06 05 .09 06
54 - 60 -,02 02 -.01 .00 02 03 04 =.02 00 02
60 - 66 -.07 -.03 -.04 -.04 . .01 .00 .03 -,03 -.02 -.04
Total .24 .68 2,15 2.97 3.68  4.12  4.34  4.13  4.39  4.30

Trophy

6 - 12 04 17 56 67 .67 73 74 75 73 78
12 - 18 06 13 55 .69 .69 74 76 73 76 75
18 - 24 12 14 38 .68 74 78 78 76 79 77
24 - 30 06 09 29 .56 65 74 75 77 77 76
30 - 36 04 07 16 .33 .48 57 66 63 67 63
36 - 42 00 01 05 14 .26 40 46 48 48 49
42 - 48 -.03 -.02  -,02 .01 .04 18 25 26 29 29
48 - 54 01 -.01 00 04 03 06 08 10 12 11
54 - 60 -.02 -.06 -.06 ~-,02 .01 01 00 -.04 02 -.01
60 - 66 04 -.02 o1 o1 .05 03 02 02 -.03 . -.05
Total 31 48. 1.90 3.09 3.59 4.23 4.49  4.45 58 52

Steptoe . .

6 =12 .02 .18 . .62 .69° .70 .78 .79 .79 .82 .80
12 - 18 08 14 32 .63 67 71 72 69 68 70
18 - 24 07 13 31 .62 67 74 78 75 75 74
24 - 30 06 07 22 .42 .54 62 69 66 66 68
30 -~ 36 05 07 16 25 41 46 53 53 53 52
36 - 42 02 02 06 .13 .18 27 26 33 33 40
42 - 48 -,02 -.06 -.03 .02 02 10 11 17 12 19
48 - 54 -,01 04 02 .03 04 06 07 10 11 08
54 -60 -,03 00 05 -.03 00 03 04 .03 04 02

01 00 -.04 =-.05 -.02
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Appendix Table 20, Cumulative water use (in) at 6 inch intervals
" for the drought line. Cont.

Depth June . July August
Taches 13 20 27 5 11 _ 18 25 1 8 16
Steveland
6 - 12 .06 14 0 .52 0 .71 74 .80 .84 .81 .81 .82
12 - 18 .10 .17 W41 .68 .74 .80 .79 -.76 .79 .77
18 - 24 .10 .13 - .31 .58 .67 .77 .75 77 .78 .75
24 - 30 .03 .05 .16 .39 .50 .59 .60 .57 .63 .63
30 « 36 -.05 .08 .12 .29 .38 .56 .61 .63 .59 .60
36 -~ 42 -.01 .00 .03 L11 .20 .30 241 .38 .40 0 41
42 - 48 -.03 -.01 -.06 . -.04 .02 .06" .03 .06 .06 .12
48 - 54 -.01 -.02 .00 .01 .01 .02 .04 .01 .02 .00
54 - 60 -.04 .00 -.03 .01 -.01 -.01 -.03 -.01 -.01 ° .00
60 -'66 .03 .06 .03 .07 .05 .06 .08 ..01 .02 -.03
Total .27 .58 1.46 2.78 3,30 3.91 4,09 -3,97 4.09 4.06
Titan
6 - 12 .04 .20 .59 .73 .72 .76 .76 .15 .74 .80
12 - 18 .10 .19 .56 .66 .70 .71 .71 .69 .70 - 71
18 - 24 .03 .13 W42 .61 .61 .70 .70 .66 .70 .70
24 - 30 .05 .12 .26 49 .57 .63 .63 .63 .63 .62
30 - 36 -.02 .00 .07 .24 .32 W42 v 46 .45 a4
36 - 42 .00 -.01- .05 .11 .19 .33 .33 .35 .36 .36
42 - 48 -.04 -.04 -.01 .06 .08 - .15 .19 .17 .16 14
48 - 54 -.03 .06 .05 .06 .05 .05 .04 .04 .04 .10
54 - 60 -.02 .00 -.01 .03 -.02 ~-.02 .01 -.02 .02 .02
60 - 66 .01 .01 .01 .01 .01 .01 .00 .02 _..02 .01
Total .15 .59 1.91 2.98 3.24- 3.76 3.86 3.75 3.79 3.91

Piroline :

6 - 12 .03 .19 .52 .69 .76 .80 .84 .85 .84 .84
12 - 18 J11 .16 .45 .65 .72 74 .78 77 - .75 .77
18- 24 .07 .09 .30 .59 .68 .76 - .75 .77 .73 .70
24 --30 .00 .06 .21 45 .57 .66 .68 .68 .67 .66
30 - 36 .00 .07 .13 .30 .41 .54 .60 .57 .59 - .63 -
36 - 42 .02 .02 .08 .14 .24 .33 .43 .43 A 437
42 - 48 .01 .01 .02 .05 .08 .08 .14 .14 219 - .21
48 - 54 .00 -.03 -.02 -.03 -.02 .03 .01 . .00 .02 - .03
54 - 60 -.02 .00 106 .03 .01 .07 .05 .04 .01 .00
60 - 66 .00 .01 .01 .00 .01 -.01 .02 .01 .03 -.01.

. _Total .23 .59 1.76 2.86 3.43 3.99 4.28 4.25 4.26  4.25
Primis 11T

6 - 12 .13 .27 .66 .79 .80 .87 .66 - .84 .83 - .84
12 - 18 .09 .20 .53 .68 .70 .76 .81 .77 .75 .77
18 - 24 .13 .15 .40 .64 .68 .77 .76 .74 .75 .73
24 - 30 -.01 .02 .14 .34 .45 .51 .51 .54 .53 .52
30 - 36 .04 .03 .09 .26 - .35 44 .51 .48 .49 .50

36 - 42 -.03 -.02 ~.02 .07 .13 .28 .31 .33 .33 .31
42 - 48 .00 -.02 .08 .06 .13 .12 .20 .19 .19 .19
48 - 54 .03 .02 .06 .03 .08 .08 .05 .03 .03 .09
54 - 60 -.02 -.01 .00 -,03 .00 .03  -.01 -.01 -.01 204
60 - 66 -.02 -.02"° .02 06 01 04 .00 - .01 -.01 .00

4.00  3.93 3.93 3.98

‘Total .33 .63 1.9 2.88 3.31 3.88
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Appendix Table 20. Cumulative water use (in) at 6 inch intervals

~

for the drought line. Cont.

_June

July ] - August

Depth )
‘Taches i3 20 . 27 - ¥ 1¥ 825 1 ] 16
:. . Spartan Lo )

6- 12 . .09 .20 .51 .68 .77. .85. .85 .86 .87 .85
12-18 .11 .8 .45 .65, .75 .77 ..18 .78 .80 .79
18 - 24 .10 .10 529 .51 .65 . .68 .7 .73 .70 .70 .73
24 - 30 .04 ,03 .15 .31 7 .41 051 .51 .49 .53 .53
30 - 36 -.02 .03 .03 .15 .26 .39 42 .43 43 44
3 -4 -0 -0 -0 01 .09 .15 .24 .19 .18 .21
42 - 48 .-.00 -.03 "-.06 -04 .01 .06 .09 .05 .08 .06
48 - 54 .00 .00 .00 -0 .00 .05 .08 .06 .00 .02
54 - 60 =.01 .00 .03 -02 -,02 .05 ~.02 -.05 =-.05 .00
60 - 66 -.01 -.02 .01 .00 .01 -0l .03 -.02 ~-.02 ~.04
Total .28 .46 1,40 2,22 2,97 3.49 3.62 3.43 3.49 3,56

New Moravian

6-12 .03 .18 .54 .64 .66 .76 .79 .81 .83 .82
12 - 18 .08 21 .48 67 .66 .74 .78 .74 .74 .74
18 - 24 .04 10 .29 .53 .59 .65 .68 .63 .64 .66
24 -3 .11 .41 .21 .38 .51 .58 .58 .63 .64  .66.
30-3 .02 -0 .,10. .23 .33 .45 .55 .53 .56 .56
3 -42 -,03 -05 .04 .07 .15 .32 .33 .40 .41 .49
42 - 48 .02 .01 .04 .09 .1z .20 .26 .25 .30 .30
48 - 54 -.01 01 -01 .03 .08 .10 .14 .11 .12 .13
5% -60 =-.05 -0 ,01 .02 .06 ..02 .00 .02 .01 .08
60 - 66 - .01 -.04 .02 .04 .00 .06 .10 .04 .04 .04
Total .23 .51 1,73 2,71 3,16 3.88 4.22 4.18 4.31  4.49

' Nordic .

6-12 .06 .21 .57 .68 .71 .76 .84 .77 .79 .80
12 - 18,07 .15 .50 .66 .70 .72 .75 .70 .71 .73
18 ~ 24 .07 .14 .45 .66 .70 72 .76 .73 .73 .72
24 - 30 .04 a1 .21 .47 .54 56,59 .59 .61 .60
30-3 .01 .09 .13 .3 .45 .56 .57 .51 .57 .53
36 - 42 .00 .05 .06 .19 .28 .38 .45 41 A5 47
42-48 00 -01 -0 .02 .07 .12 .14 .18 .14 .20
48 - 54 .02 .02 .03 .07 .07 .07 .07 .05 .08 .03
54 - 60 .01 03 .03 03 ,01 .01 .01 .01 =-:03 -0l
60 - 66 .01 .02 .02 .03 .04 .08 ,05 .03 .00 .06
Total .29 .B1 1,96 3.15 3.55 3,96 4.21 3.97 4.03 4.10

i ' Otis .

6-12 .10 .18 .6t .76 .83 .89 .88 .8 .87 .92
12 - 18,09 .19 .58 .78 .80 .82 .8 .83 .81 .84
18 - 24 ;11 .7 .52 .75 .83 .8 .89 .86 .89 .89
24 - 30 .05 .06 .22 .49 .58 .65 .71 .69 .67 .67
30 - 36 .02 06 .17 .33 .45 48 .55 .54 .83 .50
36 -42 -.00 -02 -02 .09 .16 .20 .25 .26 .27 .27
42 - 48 -.01 -,05 =04 -0 ,05 .03 .08 .05 .09 .09,
48 -5 .02 -0 .02 -0 .01 ,01 .,01- .05 ~-.02 .00
sS4 .6 -0 -0 -06 =-.02 -02- .04 -03 ~-04 =-,00 .01
60 - 66 -.05 ~-,06 =-,10 =-.07 -.05 -.05 ~-02 -,12 -,08 ~-.08
Total, 28 . .45

1.89 3.06 3.63 3.93 4.16 3.87 3.99 4.11
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Appendix Table 20. Cumulative water use (in) at 6 inch intervals
for the drought line. Cont.

Depth June, . July . . August
taches ™ . 13 20 27 5 11 18 25 1 8 16
. Glacier ’ :

6 --12 .04 .18 .58 . .71 .70 .79 .82 .80 .82 .83
12 - 18 .07 .10 .45 .62 .69 .70 .73 .70 72 .71
18 - 24 .05 .10 .37 .63 .73 .76 .77 .74 .78 .77
24 - 30 .05 .10 .26 .50 .68 74 .77 .72 .71 .76
30 - 36 ~-.02 -.01 .12 .23 .42 .51 - .55 .54 .56 .57
36 - 42 -,03 .00 .07 .14 .18 .30 .35 .35 40 .41
42 - 48 -.06 -.11 . -,06 -.05 .04 .09 .11 .16 .21 .21
48 - 54  -,02 -.01 .02 -.04 .03 .06 .03 .00 .08 .06
54 - 60 -.,07 -.07 -.01 -.03 -.03 .00 .02 ~-,07 -.01 .00
60 - 66 -,02 -.01 -.04 =-.01 -.02 .00 .01 -,06 -,05 -.03
Total .05 31 1,79 2,73 3,46 3,99 4,20, 3.90 4.25 4.31

: Unitan :

6 - 12 .08 .25 .63 .81 .81 .92 .91 .91 .90 .93
12 - 18 .10 .22 .56 .70 .76 .82 .80 .77 .80 .78
18 - 24 .10 .12 b .63 .69 .75 .76 .77 74 14
24 - 30 .00 14 . .29 .49 .60 .65 .67 .66 .64 .63
30 - 36 04 .05 .12 .28 .35 46 W47 49 .49 .48
36 - 42 .00 .01 .06 .11 - .18 .33, .39 43 41 42
42 - 48 .04 .04 .08 .10 .13 .20 .26 .26 .28 .31
48 - 54 .06 .01 .03 .05 09,12 .09 .06 .04 .10
54 - 60 .01 .01 .02 .05 © .02 -,02 .04, .01 .01 .01
60 - 66 .06, .02 .06 .08 .06 .07 .04 .02 .05 .03
Total .49 .85 2,28 3,29 3,67 4.29 4.42 4.36 4.33 4.43

i Vantage ’ .

6 - 12 .03 - .13 .57 .68 .67 76 0 .77 .81 .83 .85
12 - 18 .10 .15 .51 .68 .69 - .76 T4 . T4 77 .76
18 =~ 24 .01 . A1 .37 .61 W71 .76 .76 .79 15 - LT77
24 - 30 .09 .15 .34 .54 .63 .75 .76 .73 g1 .1
30 - 36 .07 05 .12 27 - 44 0 52 .58 .55 .61 .61
36 - 42 .03 .04 .07 .11 .25 .36 L339 .39 .39 .40
42 = 48 .00 -.07 -.02 .02 .04 10 .15 17 .18 .19
48 = 54 .00 .04 02 -.05 .00 .03 .05 .04 .05 .04
54 - 60 ~.04 -.02 .00 -.02 -.01 .03 -,02 ..05 -.,02 .03
60 - 66 - -,01 -.06 .03 -,05 ~-,03 .04 .02 -,03 -,02  -.05
Total .28 .52 2,01 .2.79 3.40 4,10 4.19 4,12 4.29  4.35

"Van guard

6 - 12 -.02 .15 .52 .63 . ,65 72 .71 72 .72 .74
12 - 18 .03 .11 47 .62 .64 .68 .69 .68 .68 65
18 - 24 .06 .13 45 .65 .69 .68 .73 .73 .70 .69

[
~
P S R T I
w
o
o
&~
-
o
w
P=t

.10, .55 .59 .67 .68 .67 .70 .70
30 - 36 -.03 -.01 .10, .30 .41 .48 .52, .50 .50 .50
36 * 42 .04 .05 067,19 20,26 .37 .43 43 45 A
42 - 48 ;01 .01 .00 .05 .10 .19 .23 .24 .28 .26
48 = 54 -,03 -.03 02 .00 ~.01 .02 .02 04 .06 .09

54 = 60 .01 .00 .01 .02 .00 .07 .05 -:01 .00 .05
-.02 -.03 -,01 .02 .01 -,02 -0t -.01
“fotal .15 .51 1.04 3.00 3,33 3,93 4:10 4,00 4.11 4.11
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Appendix Table 20. Cumulative water uée (in) at 6 inch intervals
for the drought line. Cont.

Depth June July . August
Inches. = 13 20 .27 S 11 18 25 1 8 16
Virao
6 - 12 .03 .14 .59 .77 .72 .78 .82 .83 .83 .85
12 - 18 .04 .11 .43 .63 .65 .72 .73 .70 .73 .72
18 - 24 .05 .10 .24 45 .54 .58 .61 .61 .64 .60
24 - 30 .05 .03 .07 .20 .31 .42 .50 .46 .46 46
30 - 36 .03 -.02 .03 .14 .11 .21 .30 .32 .33 .31
Total .20 .36 1.36 2,19 2,33 2,71 2.96 2.92 2,98 2.9
Zephyr
6 - 12 .05 .17 .54 .64 .66 74 .77 .77 .76 .79
12 - 18 .00 .09 =37 .60 .61 .70 .70 .70 w73 073
18 - 24 .09 .10 .32 .57 .72 .76 .79 .78 .80 .78
24 - 30 .07 .12 .20 .37 - .54 .64 .70 .69 .71 .69
30 - 36 .04 .05 .11 .17 .34 .45 .55 .56 .60 .58
36 - 42 .05 .07 .07 .11 .20 .33 .40 41 .48 45
42 - 48 -.01 -.04 .03 -.02 .05 .08 127 .10 .10 .15
48 - 54 .01 -.01 .02 -.01 -.01 .05 .04 .02 .04 .05
54 - 60 ~.04 -.07 -.01 -.07 .02 .03 .03 -.02 .01 -.01
60 - 66 04 -.01 -.01 -.04 01 00 05 - -.05 -.02 01

Total 230 .47 1.64 2,32 3.5 3.77 4.3 3.95  4.20 4.21
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'Appendix Table 21. Total soil water use (cm) -at 6 in in-
' tervals for the drought line. Xamp's

farm. 1977. :
18-24  24-30 . 30-36  30-42  42-48  48-54

(=]

1
—
ne
—
oo

1
-
@

Cultivar
1 5.85  6.16 5.86 4,87 3.70  2.93 1.57 0.53°
2 6.09 5.43 5.26 4,63  2.82 2,07  0.86 0.46
3 7.25 6.32 5.06 4.18 2.90 1.90 1.42 0.32
4 6.10 5.90 5.64 5.53 3.82 - 2.41 0.76 0.22
5 6.56 5.94 ' 5.12 4,35 3.73 2,48  1.27  0.48.
6 6.27 5.49 5,70 5,29 3.47 . 2.17  0.54 0.25
7 6.43 5.89 5.99 ° 5.28 4.11 2.84 1.35 0.21
8 6.21 6.14 5.77 4.55 3.00 2.40 1,43  0.64
9 6.28 5.19.  5.00 5.10 3.99 296  0.94  0.27
10 5.84 5.86 . 5.94 5.44 4.24 2,77 1,25 0.54
11 5.86 5.55 3.85 - 3.06 2.47 1.31 0.91 0.74
12 6.17 5,96 5,82 5,32 4.08 2.68  0.08 0.01
13 6.06 5.84 4,81 . 4.4 3.32 2,13 1.59 0.70
14 6.75 6.09 5.23 ° 4,11 2.82 1.33 /0.93 0.9
15 6.36 5.90 5.44 4,64 3.84 .2.56 0.93 -0.01
16 7.26° 6,17 4,89 4.37 - 2.9 0.62 0.94 0.50
17 6.78 6.87 6.25 5.02 4.02 2.44 1.18 0.49
16 6.7 6.36 5.67 4.95 4.08 2.41 1.17 1.00
19 6.37 6.23 5.79 4,54 3.96 2.65 © 0.57 -0,02
20 6.90 6.58  -6.77 4,79 3.63 1.45 0.26 -0.06
21 6,32 5,42 . 5,41 4.35 2,84 2.63 1.44 0.62
22 6.66 6.37 5.57 4.48 3.98 2.45 1.48 o0.22
23 6.90 5.7L 5.86 5.25 4.19 . 2.60 1.58 ° 0.40
24 6.36 6.55 6.08 5.14  3.15 3.09 2.06 -
25 < 6.32 5.99. '5.04 4.79° 3.83. 2.57 1.45 0.46
26 7.13 6.62 5.76 4.61 3.21 2.25 0.94 0.32
27 - 6.29 6.26 6.33 5.15 4.36 2.83 1.56 ~ 0.35
28 6.16 5.71 5.87 5.06 3.37 1.98 1.15  0.64
29 6.53 © 6,06 5.19 . 3.51 ° 2.56 1.03 ° 0.18 0.14
30 6.67 5,76° . 4.53 3.55 2.89 2.42 1.28 1.0
31 6.42 ' 6.15 5,09 4,64 4.02 3.09 - 1.74 0.69
32 6.19. 5,34 5.56 - 4.62 _ 3.51 2.00 0.62 0.54
33 5.54 5.25 5.51 5.01 3.27 - 2,72 1.37 0.18
34 6.10 5,63 5.85, 4.82 3.77 2.89 1.39 0.48
35 5.43  6.19 6.12 4.95 4.17 2.56 1.22 0.87
36 5.49 - 5.00 5.10 4,32 2.77 1.88 0.72- 0.86
37 7.04 5,75 5,4%-  3.95 3.03 1.99 0.82 0.37
38 6.25 6.01 5,61 " 4.15 3.81 2.23 0.21 0.08
39 5.80 5.51 4,71 3.97 2.78° 1.6l 0.77 0.18
40 6.49  5.43 5.07 4,75 2.75 1.46 0.90 0.66
.41 6.51 6.08  5.27 4.16 3.42 2.79 0.94 0.36
42 6.40 5.75 5.47 3.64 3.20 . 1.51 0.47 0.27
43 6.36 5.46 4,42 2.96  1.66 - . -
44 6.89 6,06 - 5,75 3.55 3.19 1.69 1.18 0.45
45 5.89 5.23 5.71 4.73 3.45 2:57  0.56 0.20
46 6.19 5.69 5.68 4,32 3.78 2.74 0.63 0.51
47 6.05 5.86 5.51 4.83 4.36 . 3.22. 1.25 0.61
48 6,02 5,62 .5.74 4.70 3.98 2.58° 1.25 0.76
49 © 6,42 5,41 4,42 . 3.62 2.92 2.63 1.39 0.39
50 7.15 6.31 5,74 4.77 3.23 2.34 1.70 0.65
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Appendix Table 22, Soil water use plotted according to the re-
lationship, w= a + b In t.

Cultivar Parameter 6-12 12-18 18-24 24-30 30-36 36-42 42-48 48-54

1 re .82 .91 .68 .92 .84 .85 .83 .70
a .08 .08 00 -.07  -.08  -.11 -.13 -.03

b .34 .35 .39 .37 .30 .26 .19 .06

2 r2 .86 .84 .90 .91 .90 .86 .84 .40
a .10 .14 .03 01 -.10  -.09 -.08 .00

b .34 .29 .33 .30 .25 .20 .11 .03

3 r2 .88 .85 .85 .89 .85 .87 .84 .15
a .18 .13 .06 -.07 -.08 -.08 -.04 -.04

b .36 .29 .29 .32 .25 .18 .15 .05

4 2 .92 .88 .91 .87 .87 .85 13 17
a .03 09 -,02  -.06 -.06 ~.06 -.09 .00

b .38 .33 .38 .30, .30 .20 .11 .02

‘5 2 .86 .82 .85 .86 .86 .87 .84 .45
a .19 .19 .1 01 - 07 -.14 -.05 -,07

b .31 .27 .21 .20 .29 .26 .12 .04

6 r? .91 .87 .89 .90 .91 .92 77 .22
a .07 .05 .01 -.03 -.13 -11 -.16 -.00L

b .37 ..33 .34 .37 .32 L.o2 .14 ,02

7 r2 93 .87 .88 .90 .89 .90 .81 .66
. a .10 .1 .06 .04 -.00 -,07 -.10 -.09

b .36 .32 .36 .32 .28 .23 .16 .09

8 r2 .92 .87 .92 .92 .89 .83 69 .73
. a, .09 .14 .03  -.03 -.07 -.14 -.07T° -.07

b .35 .32 .36 .32 .24 .25 .14 ,07

9 2 .91 .88 .67 .86 .91 91 .. .78
a 11 .07, .04 .01 -.10 -.09 -.12  -.07

b .34 .30 .31 .33 .33 .25 .14 .07

10 r2 8 .5 .87 .91 .90 .8 _ .76 .75
a .08 .08 07 -.02 -,07 -.12  -.13  -.03

b .34 .34 .35, .38 .33 .27 17 .06

11 r2 .92 .91 .90 .87 .73 .90 .82 .76
a ,02 .08 -.08 -.15 -.05 -.60 -.02  -.0l

b .37 .32 .30 .30 .19 .12 .07 .05

12 re .68 .85 .89 .97 .93 .86 .83 .28
a 11 .10 .05 -.001 -.03 -.09 -.09 -.04

b .33 .33 .35 .36 .29 .24 .13 . .03

13 re .94 .90 .90 .91 .88 .84 .83 .81
a .04 .10 .00 .00 -.12 -6 -.06 -.04

b. .37 .32 .32 .29 .30 .25 .15 .07

14 r2 .87 .84 .83 .88 .86 .88 .93 .63
a .12 .12 09  -.03 -2 -0 -.06 -.04

b .37 .32 .29 .29 .26 .14 .10 .08
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Appendix Table 22, Soil water use plotted according to the re-~
lationship, w = a + b 1n t. Cont.

Cultivar Parameter 6-12 12-1§ 18-24 24-30 30-36 36-42 42-48 48-54

15 r2 .93 .90 .87 .91 .92 .87 18 . .30
a .05 .08 01 -.0T -.10 -.09 -.04 -.03

b .39 .33 .36 .35 .32 23 .09 .01

16 r? .89 .88 .91 .92 97 .18 .75 .50

a 16 13 -0l -.10 © -.09  -.11 00 -.04

b .37 32 .33 .36 .25 12 .06 .06

17 r2 .92 .86 .87 .90 .90 .95 .76 .52

a 12 116 .08  -.01 -.09 -.10 -.08 -.07

b .37 .35 .36 .34 33 .23 .13 .04

18 ? .92 .89 .90 .88 .90 .86 .85 .61

a 05 .10 .00 -.03  -.05 -.09 -.11 .02

b - .4l .36 .36 .35 .30 22 15 .06

19 2 .93 .85 .89 92 -.93 .90 .58 .11

a 13 116 .07 -.08 -.10 -.08 -.04 -.08

b 134 .31 .34 .35 .33 .23 .06 01

20 2 .89 .86 .90 .89 .91 .84 .63 .03

a .10 11 08 -.04 -.04 -.09 -.06 =~ .00

b .39 .36 .39 .34 .27 116 06 -.01

21 2 92 .83 .90 .89 - .89 .88 .80 .84

a .11 11 .07 01 -.10 -.17 -.14  -.05

b 34 .29 31 .28 .25 .29 119 .07

22 r2 92 .87 .89 .89 .89 . .87 .80 .59
a .10 .14 .05 .01  -.03 -.10 -.08 -.05

b .37 .33 .34 29 - .29 .23 115 . .05

23 r2 .94 .85 .85 .85 .90 .91 .83 .80

. a .19 .16 .10 06 -.04 -0 -.14  -.09

b .33 27 - .32 .31 .30 .25 120 .08

24 r2 .01 .84 .87 .89 .91 .85 .78 .78

a 11 17 .13 06 -.08 -.10 -.08 -.02

b .35 132 .31 .30 .26 .27 .19 .08

25 r? .91 .91 .88 .90 .89 85. .80 .87

a 110 .07 .00 00 -.06 -.17  -.13 -.09

b .36 .35 .33 .32 .29 .28 17 .05

26 2 .93 .87 ,93 .93 .89 .88 .87 .83

a .08 13 ‘08 .00 -.08 -.18 ~-.12  -.05

b .42 .29 .42 .31 .27 .27 .14 .05

27 r2 .90 .83 .87 87 .87 .86 .76 43
. a. .07 .13 .13 .04 -.03 -0  -.08 -.03
b .37 .33 .33 .31 .31 .25 6 .04

28 2 .88 .86 .87 .89 .91 .78 .84 .74

a 12 .10 .09 01 -.04 -.06  -.07 .01

b - .33 .31 .33 .33 .25 .17 .13 .04
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Appendix Table 22. Soil water use ﬁlotted according to the re=
lationship, w = a + b 1n t. Cont.

Cultivar Parameter 6-12 12-18 18-24 24-30 30-36 . 36-42 42-48 48-534

29 r2 .93 .91 .90 .90 .85 .75 .55 .16
a .07 .09 01  -.05 -.11 -.08 -.05 -.02
b .38 .34 33 - .27 .24 .12 .05 .02
30 r? .92 .92 .90 .90 .86 - .8L .69 -
a .07 .11 03. -.10 -.14 -.16 .10 -
b .40 .31 .28 .30 .28 .27 15 -
31 r2 .92 .91 .89 .89 .90 .68 .83 .82
a 08 .11 .04 04 -.09 -.15 -.15 -.05
b .37 .34 .31 .28 .33 .30 .21 .08
32 ré .89 .86 .89 91 - .90 .87 .74 .79
a .07 .05 02 -.04 -.04 -.07 -.09 -.0L
b .36 .32 .36 .33 .26 .18 110 .04
33 2 .90 .86 .86 .92 .90 .86 .84 .69
a .03 .05 06 -.01 --.11  -.06  -.06. '-.05
b .35 .31 .32 .34 .29 22, .14- .05
34 r2 92 .88 .89 .91 .86 .84 .74 .56
: a .05 .05 ‘01  -.03., -.08. -.12 -.12 -.07
b .37 .34 .38 .34 .30 .27 17 .08
3 re .88 .82 .85 .89 .89 90 .79 .66
a .08 - .21 .12 02  -.02  -.09 -.14 .02
b .31 .27 .33 .32 .29 .23 .18 .05
36 r2 .89 - .85 .87 .87 .84 .83 .66 .24
a .07 .10 02 -.01 -.09 -.15 -.12 .06
b .32 .26 .29 .29 .24 .22 12 .02
37 r2 .94 .90 .91 .90 .85 81 .70 .60
a .02 .02 05 -.07 -.06 -.09 -.08 -.05
b .45 .36 .33 .31 .24 .19 .11 .05
30 . ox2. .89 .68 .90 .91 .92 .85 .60 .44
a .06 .05 02 -.06 -.13 -.12  -.07 . -.08
39 2 .90 .88 .91 .91 .89 .85 79 .39
a .06 2 -.01 00 -.12  -12  -.02  -.08
b .34 .29 .32 .26 .26 18 .07 .03
40 2 .90 .89 .91 .87 .85 77 77 .73
a .06 .03 -0l ‘01 -.06 -.11 -.04 -.01
b .39 .34 .34 .30 .22 17 .09 .05
a1 r2 .92 .88 .82 .89 .87 .85 .78 .62
a .09 .11 .06 00 -.07 -.11 .16 .00
b 37 .32 .31 .22 .27 .26 17 .00
42 2 es .89 .91 .88 .89 - .84 .74 .53
' .07 .07 04 -.07 -.08 -.11 -.08 -.01

a
b .37 .34 .33 .29 .26 .19 .08 .03
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Appendix Table 22. Soil watéf use plotted according to the re-
lationship, w = a + b In t. Cont.

Cultivar Parameter 6-12 12-18 18-24 24-30 30-36 36-42 42-48 48-54

43 r? .88 .89 .92 .84 .79 - - -
a .05 .03 -.01  -,06 ~-.07 - . -
b .39 .34, .30 .24 .16 - - -
44 o r2 .83 .89 .88 .91 .88 .82 .88 - -
a .18 11 .09 -.08 -.07 -.13 -.03 -
b .34 .33 .32 .39 .35 120 .10 -
a5 r2 .92 .92 .90 .91 .86 .80 .73 .35
a .06 .02 .00 -.04 -0, -.0T -.06 -.01
b .35 .36 .32 .34 .29 .21 .07 02
46 12 .90 .86 82 .91 .89 ' .90 .74 .38
a .09 .09 .07 J01° =05  -.09 .07 .02
b .35 .32 .33 .29 .28 .24 L10 - .02
a7 re .90 .87 .88 .89 .89 .86 .8 .68
a .07 .10 .03 01 -.04 -.08 -.08 .00
b .35 .32 .34 31 .81 .27 .14 .04
48 re .87 .83 .85 .89 - .87 .89 .82 .65
a .15 .13 .11 01 -.06 -.09 -.13 -.02
b .30 .29 .31 .30 .31 23 .17 .06
49 r2 .91 .90 91- .89 .81 17 .86 .80
a .10 07 -.02 -.10 -.13 -,06 -.05 -.08
b 36 .31 .30 30 .28 .21 13 .08
50 2 9 .68 .88 .92 90 . .85 .84 .22
a 11 .13 06 -.01 -.05 -.11  -.03 .03

b .40 .33 .34 132 .24 23 .13 .02
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Appendix Table 23, Total water use (in); yiéld (bu)
and water use efficiency. (bu/in) for .
the drought line. Kamp's farm. 1977.

Cultivar -Water use . Yield Water use
to 54 in efficiency
1 6.42 29.9 4.64
2 5.68 25.1 4.42
3 - 6.01 34.0 5.66
4 6.17 16,3 2.97
o 5,83 33.0 3,60
6 6.14 20,1 - 4,74
7 6.29 27.3 4,34
8 6.13 25,7 4.19
9 6.05 25.6 4,23
10 6.38 20.7 3.24
11 5.36 23.9 4,44
12 6,16 26.1 1,24
13 6.17 30.0 4,86
14 5,70 23.4 4,11
15 6.006 29.5 4.87
16 5.082 24,7 4.24
17 6.35 17.1 2,69
18 6.42 27.3 4,25
19 6.09 25.8 -4,24
20 5.98 29.4 4,92
21 5.98 23.2 3.88
22 6.12 22.9 3.74
23 6.36 26,0 4,18
24 6.44 20.4 4.41
25 6.27 26.0 4,24
26 6.29 20.7 3.29
27 6.40 31.9 4.98
28 5.92 24,7 4,17
29 5.40 22.9 4.24
30 5.91 28.4 4.81
3L 6.47 25,4 "3.93
32 5.93 30.9 5.21
33 5.87 28.0 4.77
34 6.41 22.3 3.48
35 6.03 30.0 4,98
36 5,52 20,1 3.64 !
37 : 6.21 27.1 4.36
38 5.089 22.1 3.75
39 5.41 - ) 28.4 5.25
.40 ) 5.93 20,5 3.46
41 6.11 23.5 3.85
42 5.68 18.0 3.17
43 : 4,74 . 22,5 4,75
44 '5.74 22.9 3.99
45 . 6.01 24.4 4.06
46 5.85 : 25.6 4,38
47 6.14 26,7 4,35
48 6.04 25.08 4.27
49 6.10 26.9 4.41
30 6.19 25,5 4,12
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Appendix Table 24. Water loss (%) for young (not headed) plants
. : of the drought line. 1975.

Cultivar 1 hr 6 hr 12 hr .18 hr 24 hr 48 hr 72 hr 96 hr 240 hr

1 - - - - - - - - -
2 110.5 1684.2 221.0 236.8 257.9 289.5 . 305.3 310.6 336.9
3 100.0 189.7 248.3 275.9 303.5 331.1 344.9 351.8 365.6
4 62.5 137.5 200.0 237.5 275.0 325.0 343.8 350.1 368.9
5 89.3 160.7 214.3 242.9 271.5 310.8 325.1 335.8 360.8
6 65.0 140.0 200.0 245.0 280.0 330.0 350.0 360.0 385.0
7 100.0 150.0 200.0 231.3 262.6 312.6 343.9 356.4 387.7
8 93.3 180.0 220.0 246.7 266.7 286.7 293.4 300.1 326.8
9 104.5 181.8 240.9 268.2 290.9 322.7 331.8 336.3 349.9
10 93.3 186.6 239.9 266.6 293.3 " 326.6 339,9 © 339.9 366.6
11 119.0 219.0 285.7 314.3 342.9 371.5 381.0 381.0 395.3
12 100.0 195.0 250.0 280.0 315.0 355.0 375.0 385.0 410.0
13 108.6 208.6 285.7 322.8 354.2 395.6 397.0 405.6 425.6
14 66.7 144.5 211.2 2519 292.6 348.2 374.1 385.2 414.8
15 100.0 180.0 240,0 270.,0 305,0 345.0 355.0 365.0 380.0
16 64.3 142.9 225.0 262.1 332.1 403.5 435.6 446.3 478.4
17 107.7 223.1 294.9 343.6 387.2 441.0 456.4 461.5 479.4
18 75.0 150.0 , 215.0 255.0 290.0 350.,0 375.0 385,0 410.0
19 103.1 200.0 271.9 309.4 343.8 381.3 396.9 400.0 425.0
20 90.3 158.0 216.1 248.4 277.4 316.1 329.0 335.5 354.8
21 96.4 153.5 203.5 239.2 282.1 357.1 490.0 421.4 482.1
22 ©100.0  200.0 252.6 284.2 305.3 336.9 347.4 352.7 368.5 -
23 120.0 212.0 268.0 300,0 332.0 368.0 384.0 392.0°  416.0
24 53.1 118.7 178.1 221.,9 259.4 314.8 346 .9 359.14 393.8
25 126.0 232.0 288.0 316.0 336.0- 364.0 372.0 376.0 396.0
26 70.8 145.8 212.5 254.2 287.5 337.5 356.3 366.6 391.6
27 100.0 © 177.4 245.1 280.6 .309.6 351.5 354.4 370.9 396.7
28 77.8  144.5 194.5 .222.3 255.6 300.0 327.8 338.9 372.2
29 96.7 158.0 209.6 241.9 274.2 322.6 345.2 358.1 390.4
30 50.1 109.1 159.1 190.9 227.3 _ 286.4 318.2 336.4 377.3
31 2 117.4 208.7 273.9 308.7 343.5 3087.0 400.0 404.3 421.7
32 50.3 125.0 175.0 204.2 229.2 270.9 291.7 304.2 333.4
33 111.8 194.2 247,1 276.5 294.1 - 317.6 329.4 335.3 347.1
34 71.4 153.5 210.6 246.3' 278.4 321.3 335.6 339.2 357.1
35 104.3 182.6 243.5 278.3 308.7 352.2 369.6 378.3 404.4
36 57.1 122.8 182.8 222.8 262.8 317.1 340.0 351.4  380.0
37 112.5 203.1 262.5 293.8 321.9 362,5 375.0 301.3 403.2
38 72.7 159.1 231.8 272.7 309.1 354.6 368.2 372.7 395.4
39 89.3 171.4 235.7 271.4 300.0 332.1 346 .4 3350.0 367.9
40 100.0 192.9 . 235.8 257.2 276.6 307.2 314.3 328.6 330.0
41 105.9 200.1 264,77 305.9 341.2 376.5 394.1 400,0 417.6
42 56.5 121.7 173.9 208.7° 247.8 291.3 308.7 ' 321.7 352.2
43 93.0 187.6 243,9 275.2 306.5 344.0 350.3 356.6 375.4
14 59.1 118.2 172.7 209.1 245.5 304.6 331.9 341.0 368.3
45 82.4 158.9 217.7 253.0 288.3 329.5 341.3 347.2 370.7
46 64.7 152.9 205.8 241.1 264.6 294.0 323.4 329.3. 347.0
47 100.0 163.3 245.8 279.1 308.3 345.8 -302.5 3u6.7 383.4
48 - - - - - - - - -
49 86.7 163.4 220,1 256.8 286.8 330.1 346.8 356.8 -376.8
50 112.0  172.0 212.0 236.0 256.0 288.0 304.0 0

312.0 332
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of the drought line. 1975,
Cultivar 1 hr 6 hr 12 hr 24 hr 48 hr 72 hr 96 hr 240 hr
1 - - - - - ) - - -
2 28.4 102.0 146.0 184.3 207.0 216.7 223.8 242.9
3 38,2 120.7 179.2 224.4 257.9 271..1 -282.6 302.6
4 23.9 87.1 134.1 186.3 223.7 238.8 249.2 272.6
5 44,2 133.0 185.5 223.5 247,1 257.6  267.4 276.8
6 33,1 118.7 172.4 229.2 274.7 2945 304.4 319.1
7 36,0 100.3 146.1 189.8 219,2 230.7 241.2 257.6
8. 3.0 136.8 197.4 240.4 272.,0 288.0 297.4 313.6
9 47.2 135.,2 189.6 217.8 263.1 275.4 286.5 298.8
10 26.0 131.3 194.6 250.6 286.8  302.0 310.5 324.5
11 41,1 132,6 202.9 277.0 318.,8 333.7 344.1 353.6
12 33.4 106.4 153.9 200.8 242,2 261.9 272.8 294,1
13 28.8 113.,8 182.6 258.5 309.8 326.2 338.4 358.1
14 28.3 99.3 143.8 189,2 225,5 240.7 250.5 271.3
15 42,6 127,7 188.5 243.2 276.6 294.5 306.2 324.9
16 23.2 80.5 120.9 168.1 208.0 227.7 240.2 264.7
17 42,8 139.2 193.8 247.9 282.4 296.9 305.1 321.0
18 35.9 135.9 189.4 233.2 .258.4 269.7 276.5 290.7
19 46,5 151.3 203.0 254.6 280.2 293.3 303.6 317.9
20 50,0 122.1 163,7 192.5 214.1. 222.5 229.5 239.3
21 29,7 102.6 160,8 237.3 32i1.6 356.5 374.0 398.1
22 33.0 119.5 161.7 188.5 207.7 218.6 225.9 243.6
23 34,7 120.0 184.0 260.5 318.9 338.1 352.0 371.5
24 ¢ 34.5 113,3 156.1 191,55 217.,2- 231.2 238.5 .249.7
25 34.4 134,0 193,1 237.8 265.1 277.7 286.1 300.4
26 30.8 120.4 179.4 240.9. 275.3. 2867 293.1 307.6
27 53.9 153.1 . 209.9 248,1 266.8 273.9 278.9 285.1
28 28.0 102.6 150.0 195,9 229.9 242,6 250.0 272.0
29 42.8 108.5 143.4 169.3 189.0 197.2 203.2 214.8
30 29.0 103.4 143,0 178.4 202,3 215.7 225.7 253.4
31 35.3 124,0 183.1 230,1 256.7 268.0 277.3 296.3
32 34,0 129.1 178.5 213.5 236.9 248.5 " 254.4 264.7
33 35.6 123,2 182.8 239.7 278.5 294.5 304.1 328.3
34 34.2 107.4 140.6 161.5 177.0 187.0 192.5 207.4
35 34,8 131.5 192,5 257.1 299.4 313,2 323.1 337.2
36 33.8 122.0 152.1 174,1 188.8 198.3 204.7 221..8
37 39.8 134.7 193.9 242,1 273.0 287.1 297.7 315.7
38 33.8 128.8 166.8 198,8 221.7 235.2 244,1 265.4
39 39.8 119.9 153.5 177.7 195.3 203.5 211.3 227.3
40 40.6 156.0 212.5 254,1 278,3 292,0 300.4 320.0
41 41.6  149.8 226.2 294.4 330.5 342.6 350.8 368,2°
42 34.1 128,3 181,5 229.8 260.0 276.0 285.9 - 309.0
43 28,8 106.7 158.4 218.3 265.1 282.0 294.0 31l.,2
44 27.5 112.2 163.0 212.2 247.2 265,0 274.5 295.5
45 34.8 -120.8 180.7 238.8 270.5 286,5 297.1 321.9
46 31.3 109.3 155,0 197.6 226,5 238.5 246.4 264.5
17 47.8 136.2 188,8 236.9 268.8 283.4 293.5 315.3
48 - - - - - - - -
49 24.9 91.4 143,2 211,7 265.3 286.4 299.1 326.0
50 26.9 160.1 198.9 218.8 230.9 239.4 255.2

114.3
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Appendik'Table 26, Wéter‘loss (%) fbr whole
plants of the drought line. 1976,

Cultivar 1% hr 6 hr 12 hr 24 hr 48 hr
1 56.08 159.6 240.7 297.8 339.1
2 85.74 217.7 292.8 350.7 391.2
3 78.65 186.,2 265.7 322.5 359.0
4 70.22 165.6 245.8 321.5 373.1
5 64,56 166,1 262.1 ' 306.7 344,0
6 68.06 169.5 246.1 306.9 358.9
7 68,74 159.3 233.3 284.3 319.6
8- 74.90 199.0 287,10 361.9 400.8
9 76.26 184,1 262,1 318.5 358.6

10 05.30 248.5 329.5 398.5 445.3
11 63.44 184,2 252.0 312.6 350.0
12 69.40 161.1 235,1 318,8 383.6
13 76.26 192.7 286.9 357.7 394.8
14 73.08 184.6 265.7 322,7 374.2
15 84.12 180.9 253,2 321.5 373.8
16 73.57 177.1 248,8 | 324,0 374.7
17 68.04 149.6 206.8 273.3 325.4
18 61,60 138.9 183.3 219.3 255.6
19 75.55 176.1 237.9 262.3 287.,2
20 .75.27  195.5  250.7 307.8 347.2
21 75.66 158;5 222.9 290.8 378.1
22 74,10 176.7 250.0 304.2 346.6
23 106.5 226,5 303.4 353.2 393.1
24 68,92 154.0 225.0 204.0 324.9
25 75.64 183.6 251.3 . 301.9 335,1
26 99,68 277.9 412.0 484,0 523,9
27 63.32 160.3 227.6 280.6 326.1
28 75.76 188,1 273,3 341,1 384,0
29 70.80 152,0 221,77 277,22 330.0
30 75.40 193.9 279.6 340.9 423.7
31 82.76 205.2 280.4 335.6 368.6
32 79,06 174.6 239,5 298,1 348.9
33 72.44 180.0 259.7 330.2 397.3
34 64.35 i61.8 225,3 262.5 287.3
35 85.80 "206.9 292.2 351.4 391.0
36 74,94 194,2 281.,2 336.9 379.5
37 83.80 205.5 282,1 338.5 . 386.6
38 83,70 192.7 263.1 '311.0 349.9
39 66.48 160.4 224,6 276.8 316.6
40 $8.86 216,5 283,7 331.8 370.1
41 82,88 211,9 291,2 342.7 377.1
42 86.17 188,7 257.6 323.3 373.3
43 ~79.76  187.4 259.5 316.8 357.4
44 72.52 165.3 235.3 294,0 335.7
45 - 82,68 180.0 253,1 320.6 < 373.3
46 75.60 172.9 | 246.7 322.2 395.3
47 91,10 210,8 291.7 356,1 403,6
48 79.32  192.7 254.4 291.9 322.6
49 69,76 175.1 253,1 316,3 : 363.5

50 84,72 206,2 259,9 302.1 -339.4
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Appendix Table 27, Water loss (%) for leaves of the
: ' drought line. 1976,

Cultivar "0 - 3 hr . 0 - oven dry

S} 249.1 265.9

2 204.6 277.9

3 186,2 276,3

4 187.1 ©258,5

5 243.3 287.2

6 238.6. 282.5

7 227.0 293.0

8- . 161,8 257.6

9. 214.7 309.2
10 . 193.7 270.0
11 234,7 , 325.4
12 .219.9 ) 268.4
13 ’ 179.4 280.2
14 250.3 299.7
15 167.8 262.4
16 193.8 _ 272.4
17 _237.6 . 303.6
18 182.0 262.0
19 172.1 257.8
20 167.6 272.3
21 161.2 292.4
22 187.8 255.4
23 157.2 - 272.8
24 : : 223.1 261.6
25 , T 202,0 278.6
26 162.4 243.3
27 229.9 ' 313.0
28 177.5 ) 2591
29 178.1 279.0
30 129.7 . 247.2
31 185.1 ’ 299,2
32 181,3 289.1
33 : 190.9 286.9
34 217.5 245.7
35 . 172,7 i 269.5
36 209.6 . 265.0
37 198.9 : 294.8
38 228.7 : 301.1
39 . 209,2 7 . 258.3
40 189.6 267.4
41 193.7 295.7
49 ‘ - 187,1 270.5
43 236.4 - ’ 330.2
44 201.6 265.7
45 182,2 ) 269, 4
46 181.3 286.6
47 182.5 ) 272.0
48 225,1 280.1

49 195.3 - 268,1
50 224,2 269.9
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Appendix Table 28, Water loss (%) for heads of the drought’
. 1ineo 1976 ° R .‘

Cultivar - With Grain Weight Grain Weight Subtracted
1 16.14 . : T00, 208
2 , 23,68 53,08
3 23,80 58.60
4 16,66 42,97
5 18.08 " 43,96

) 120,20 50,84
7 18.36 , 43,52
8 25.68 _ 39.64
9 27.56 . 35.44

10 , 23.90 56.24

11 : 19.52 L 41,60

12 ' 19,98 : . 64,82

13 o 31,14 54.46

14 ) 18.64 . . 59.74

15 32,15 56,60

16 . 21.80 S 75,22

17 ‘ 22,22 ) C 78,10

18 , 22,08 60.94

19 - 28,06 . 48.90

20 ’ L . 32,06 - 90,92

21 26.84 ‘ 75.90

22 . 19.68 . < 66.30

23 . 25,50 ' © 73.98

24 : 14,28 ; ) T 76.54

25 - 126,78 54,98

20 . T26.26 104.9

27 . 13.20 . 51,92

26 " 24,02 - 143.3

29 : 14,52 . 65,00

30 . 24,18 © 95,90

31 . 26,14 81.64 -

32 ' 13.26 o 91,60

33 © 33,56 : © 108.6 .

34 14,52, 84.00

35 22,38 81,50

36 . 16,66 . : _ 73.90

37 38.14 : 86.16

38 26,00 : 55.90

39 o 16,80 . 79.74 -

40 ) 19,12 . 100,7

41 . - 22,66 I _ . 48.34

42, "17.80 ' 113.0

43 . 25.80 66.10

44 : 17.60 ‘ o 89.63

45 29,70 ) . 85,76

46 . " 20,66 84.76

a7 22,54 K 07.14

48 ’ — 19.36° . 85.32

49 - 17,16 . 75.00

50 ' 18,38 : 90,00
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Appendix Table 29. Modulus of elasticity (bar) for
the drought line. 1976 & 1977,

Cultivar 1976 : 1977

1 41

2 178

3 117

4 52

5 159

6 107

7 110°

8 199

9 100°

10 99

11 102

12 227

13 107"

14 113

15 113

16 81

L7 80

18 176

19 ) 193

20 134

21 159

22 ' 145

23 : 64

2 - 102

25 209

26 259

27 . 186 ’ .
28 ' 97
29 . . 160

30 ' , 66
31 - . 92
32 . 166
33 43
34 ’

15 99
36 117
37 214
38 ) ‘ 82
39 . 99
40 . : 82
41 L ' 95,
.42 .- 117
413 107
44 . 102
45 . . 136
46 - 64
47 : 45
48 109
49 79

50 70
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Plant height to the bottom of the head, A
(cm), and top of the awns, B (cm), percent
plump kernels (%), and 100 kernel weights
(gm) for the drought line. 1977,

A B Kernels Wts.

1 39.1 56.7 30.2 3.21
2 49.5 65.2 16.0 2.89
3 48.8 69.3 49,3 3.51
4 54.3 7i.4 18.4 3.01
5 42.4 62.6 64.0 4.60
6 56.0 75.8 61,6 4,10
1 41,0 57.1 16.6 3.53
8 .92.2 68.5 5.6 2.69
9 ‘44,4 64.2 23.1 3.14
10 54.2 72.0 5.1 2,45
11 44.9 65.9 24.0 3.21
12 57.2 74.3 27.4 2.93
13 55.0 73.8 62.4 . 3.80
14 45,7 63.8 64.6 3.92
15 50.6 70.0 30.6 3.13
16 53.9 73.5 58.8 3.92
17 49,5 66,1 9.6 2.89
18 48.8 65.0 51.0 3.71
19 54,1 74.5 26.5 3.37
20 44.3 65.7 49,2 - 3.87
21 57.8 79.1 40,1 3.56
22 51.5 70.6 18,6 3.61
23 51.5 71.2 29,2 3.21
24 53.4 72.9 64.6 © 4,27
25 53.8 73.7 5.5 2.99
26 44,2 60.5 29.5 3.20
27 38.9 57.0 42.8 3.67
28 53.6 - 69.0 11.9 2,83
29 53.6 73.7 74.2 3.82
30 54.0 T T72.7 35.8 3.23
31 46.0 67.2 49,6 3.34
32 48.2 65.5 55.0 3.76
33 49,6 69.8 17.9 . 3.09
34 46.7 66.6 74.8 4,24
35 54,2. 73.6 24,6 3.40
36 34.3 53.5 51,7 3.97
37 44.7 66.2 29,0 3.47
36 33.2 50.1 24,2 3.08
39 45.6 64,3 30,7 3.60
40 58.8 76.0 8.9 2.73
41 37.9 57.8 24.5 3.32
42 60.9 80,1 9.2 2.70
43 37.3 57.6 13.2 3.23
44 51.8 72.4 37.6 2.79
45 42,3 63.8 13.2 3.11
46 61.6 78.4 12.3 2.69
a7 38.4 60.3 23.5 3.13
48 45.3 63.5 47.4 3.80
49 45.0 64.9 37.2 3.23
50 49.6 68,0 12,1 3.20
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APPENDIX TABLE 31

LIST OF SYMBOLS

~ Symbol . Units Definition
A cal-émé2~min'li Sensible heat flux
B cél-cm‘z-min;; Bound water |
Bg calJCh-z-min'l Sfored‘energ§
Cp cal-g'LfC'lt. Specific heat of dry air‘at con=-
stant pressure
e ab 'Vapér pressure
en mb ‘ Modulus of elasticity
E g-cm‘zfﬁin'; Evéporation rate
. Ky cm?-min~l ‘ ~Eddy diffusiﬁ?fy for hgat
Ky cmz;min'l.vlli Eddy Qiffdsiviﬁy for'watgr vapor
L cal-gf'1 Heat 6f vaborizafion of Q;tér.
LE cai-cm‘z-min'1 Evapotranspiration ra£e
M Acal-cm'z-mip'l Méﬁabolic rate
P mb | Abéb}ute pressﬁre~
Pg : cal-cm‘z-min‘i -Phoﬁosynthetié rate
q c§14cm’2-min'l . Water flux.
T ' Fraction reflééted
T, sec-cm-1 Air resistance
-rl séc-cm-l - Leaf resistance
r sec-cm-1

Root resistance
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Appendix Table 31 (Continued)

Symbol Units Definition
Ty sec~cm Stomatal resistance
R Relative water content
RO Relative water content at zero turgor
potential
-2 -
Ry cal-cm “-min Long wave radiation
' : -2 . - s s
R.n ~cal-cm -min Net radiation
-2 . - .
Ré cal-cm -min Short wave radiation
-2 -
S cal-cm -min Soil heat flux
t Fraction transmitted
T °K Absolute temperature
. - -1 _ )
U cal-cm “-min Uptake of water
vV mm Cell volume
V0 mm Cell volume at zero turgor potential
W Ratio of mole weight of water vapor to .
dry air ‘ :
R Bowen ratio
€ Emissivity
-3 . .
z g-cm Air density
Y bar Water potential
Wa bar Air water potential
¥, bar . Leaf water potential
Y bar Matric potential |
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Appendix Table 31 (Continued)

Symbol Units Definition
TO » bar . Osmotic potential
Wp bar . Pressure or turgor potenfial
. . , ; )
Wr “bar ' . Root. water potential
wmt bar ’_ Matric potential at full turgidity
v _ bér . . Osmotic pptentiél at full turgidity
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Appendix Table 32. TFeekes Scale (45)9;

Stage

1 One shbot.(numper of.leaves'c;n benadded5
2 ~Beginning of tillerihg , |
3 . Tillers formed, leaves.oftéﬁ twisted spirally.
4 " Beginning of ﬁhe erection of the pseudo-stem, leaf sheaths
beginning to lengthen -
5 Péeudo-stemu(formed by sheaths of leaves) strongly erected
S 6 - First node of stém viéiblé at base of shoot
7 Second node of stem formed, next-to-last leaf just visible
8 Last 1eaflvisib1é, but 'still rolied up, ear beginning to
swell
9 ‘ ':Ligule.of last leaf just viéible
10 " Sheath. of lastlleafucompletely érown out, ear swollen but.
' not yet visible
10.1 'Fifst ears just visible (awns'juét showing in bariey; ear

escaping through split of sheath in Whegt or oats).
10,2 Quarter of heading process coﬁpieted

10.3 Half of heading process cdﬁpléted

10.4 Threg-quarters of heading process completed.
10.5 All ears out of sheath ' |
10.5.1 Beginning of flowé?ing (Wheaty

10,5.2 Flowering compiete to top of ear
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Appendix Table 32. Feekes Scale (45). Cont,

Stage

11.1
11.2
11.3

11.4

10.5.3 Flowering-over at base of ear

’10.5.4 Flowering over, kernel watery ripe

Milky ripe
Mealy ripe, contents of kernel soft but dry
Kernel hard (difficult to divide by thumb-nail)

Ripe for cutting., Straw dead
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