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Abstract:

The modification of micfometeorological parameters by full-awned, half-awned and nonawned
isogenic lines of barley was studied, Aero-dynamics of full-awned and nonawned Atlas barley
indicated that awns increased the roughness parameter and elastic properties of a barley canopy. As a
result, the sensible heat flux to the atmosphere was considerably higher op the full-awned plot.

After awn emergence, net radiation was 100 ly/day higher over the full-awned as compared to the other
isogenic lines. Latent and air-sensible heat accounted for 20 and 80% of the increased net radiation,
respectively. The increased dissipation of solar energy by the awned plants resulted in higher air and
lower canopy temperatures on full-awned as compared to nonawned barley plots.

Net photosynthesis was 3.4 mg CO2/hr/ear for full-awned ears as compared to 0.46 mg CO2/hr/ear for
nonawned ears.

No significant differences (P = .05) in grain yield, water use efficiency, and total evapotranspiration
were found between the isogenic lines of barley. Kernel plumpness and test weight were higher for the
awned lines, whereas percent crude protein varied among the isogenic cultivars tested.
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ABSTRAGT‘

The modification of m1cr0meteor010g1ca1 parameters by full-awned
half-awred, and nonawned isogenic 11nes of barley was studied, Aero-
dynamlqs of .full-awned and nonawned Atlas barley rndlcated that awngs
‘1ncreased the roughness parameter and ‘elastic properties of a barley
canopy. As a result, the sensible heat flux to the atmosphere 'was con-
31derably higher on the full-aWned plot.

' After awn emergence, net radlatlon was 100 1y/day ‘higher over the
full-awned as compared to the other isogenic lines. Latent and air-
sen31b1e heat accounted for 20 and 807 of the increased net radiation,
" .respectively. The increased dissipation of solar energy by the awned

plants resulted in higher air and lower canopy temperatures on full-
awned as compared to nonawned barley p10ts,

' Net photosynthesrs was 3.4 mg. COz/hr/ear for full-awned ears as
c0mpared to 0.46 mg COz/hr/ear for nonawned ears,

No significant.differences.(P = ,05) in grain yield, water use
effidiency, and total evapotranspiration were found between the isogenic
lines of barley. Kernel plumpness and test weight were higher for the
-awned lines, whereas percent crude protein varled among the 1sogen1c
cultlvars tested




INTRODUCTION

Knowledge obtalned through research and development of new isogenic
.cultlvars with dlfferent morphologlcal characterlstlcs 1s.1mprov1ng the
proshect of attarnlng the rdeal plant for a glven climate, Possibilities
exist for crop rarietal-selection for‘improved'water use efficiehci?
evaporaticn and transpiration cchtrol, and energy consumption in phcto—
,sjrnthesisq A convenlent means of evaluatlng the responses of morpholog-
1ca11y dlfferent plants is to examine the absorptlon and disposition of
.energy,by'them (10). '

My overrall objectives were tc idvestigate'the influence of harley'.
ears on the turbu}ent characteristics of the lower athospheric boundary.
and oh the partitioning of net radiaticn. Altering the energy absorp=-
tron.and_dispcsitiOn proéertfes of a canopy should have a bearing on
evapotranspiration and'the“heating cf the hlants and adjacent air layers,
:Previoﬁslwork done by personnel at the Plant and Soils Department of
Montana State Unlver31ty indicated that awns 1nf1uence albedo, head
temperatures,.and transplratlon. Isolatlon of various awn lengths was
accomplished through use of isoéenic lines of barley made available by
Mr. Robert Eslick.

" The specific objectives of this'study'were:

1, To determine the partitioning of net radiation by full-"
awhed,l half;awned,vand nonawned isogenrc lines of barlef,

2. To compare aerodynamic characteristics of full-awned and




.
nonawned Atlas barley.

To compare net COp assimilation of full-awned and nonawned
igogenic Atlas and Betzes barley ears in the laboratory.
To éompgre kernel plumpness, protein, test weight, and

yield of awned and nonawned isogenes.




'LITERATURE REVIEW

Awn Characterlstlc 1n Influenclng Grain_ Y1e1d Kernel Welght, and Water
Use

The,eﬁfeet of awns on.productiﬁity and quality pf cereals has chal-
lenged agrqnomists for many decades (43). Various techniques have been
-employed to demonstrate the role of the awn. Examples include shading,

:cllpplng, 01402 uptake, and comparlson of isogenic lines differing in

: Iawn 1ength. Isogenlc 11nes provlde the best material for study (50).

‘Grain development after ovule fertlllzatlon in wheat and barley mayv
‘ be serlously impeded if ”optlmum” conditions do not preva11 in the photo-
synthetlcally actlve plant parts (52) The most critical part of the
jcereal‘plantpaffectlng'productlon of " grain’appears to be the spike (6,
61, 49). 'Saghir, Khan, and Worzella (52) found. that clippihg awns at
"anthesis teduced gfain yield by ZOLS% aﬁd-grain weight by 13.4%. They
'also deanstfated‘that'shading the spike affected‘grain yield and‘kernel
'weight.mere critiball& than did shading other organs of the plant.
Awned lines of wheaf have been shown to produee higher yieids, heavier
.kernels} and higher test'weights-than nonawned lines (37, 3).‘ On the
othet-hand; there.have been cases'ﬁhere hd signifieant difference in
- grain yield'bétween‘awned and penawned'lines were found (29, 215;

Awns alse function ip transpiratioh as found by Pool and Patterson
(48). add;Mcﬁoﬁodgh and Gauch (36), -They-conciuded that awns on.wheat

spikes have a. twofold function: -(a) increasing moisture uptake in the




-
absorption phase_(after a rain or dew) and (b) increasing moisture loss
in the drying phase.

Photqsynthesis

Most of the dry matter in the grain of barley is produced from car-
bohydrate assimilated by leaves, stems, and 'ears after ear emergence
(1, 49, 61, 62). Porter, Pal, and Mértin (49) suggested that 257 of the
final ear weight is present at ear emergence, 30% is contribute& by ear
photosynthesis,.and the remaining 457 is supblied by the other organs of
the plant. Thorne (61) found that photosynthesis in barley ears -
accounted for 407 of the carbohydrate in the grain. Experiments with
ears.of barley and wheat exposed to radioactive carbon have illustrated
a movement of the radioactive carbon towards fhe grain and little towards
the shoots (6, 34, 36), Carr and Wardlaw (7) showgd that 49% of the
garbon assimilated by the flag leaf blade and up to 80% assimilated by
the glumes moved to the grain. Shading experiments by Watson, Thorne,
and French (69) indicated that shoots contribute about 15% to grain dry
weight.

Porter, et al. (49) demonstrated that the COy assimilation rate by
barley ears remained practically constant at 1.45 mg/hr for about 18
days after ear emergence and then fell to zero toward maturity. Carr
and Wardlaw (7) showed that phétosynthesis by the ears of wheat contin-
ued to increase. for 15 days after anthesis while photosynthesis by

leaves declined after anthesis. They also showed that photosynthesis by
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wheat ears was equivalent to that of the upper two leaf blades fof two
nonawped cultivars and considerably higher than that of the upper two
leaves for an awned ocultivar. Grundbacher (21) concluded that awns con-
tain chlorophyll and have stomata.

Thorné (62) suggesfed that barley ears photosynthesize more than
wheat ears because of their greater surface area. Simpsop (53) studied
one hﬁndred and twenty varieties- of wheat and found alhigh positive
correlation between grain Weight‘and the components of photosynthetic
area above the flag leaf node. Nosberger and Thorne (41) suggested that
the ?ate of photosynthesis was affected little by number of flerets and
that removing florets resulted in a higher photosynthetic rate by other
plant parts.

Evapotranspiration

Evapotranspiration (ET) is the flux of water from the earth's sur-
face to the atmosphere by the combined processeé'of evaporation of water
from the soil and transpiration by plants. Evapetranspiration, there=
fore, is a function of soil, plant, and meteorelegical factors.

Penman (44) defined potential evapotranspiration as the amount of
water transpired by a short green crep of uniform height that completely
shades the ground and is never short of water. Undef‘these conditions,
transpiration is regulated primarily by meteorological rather than
physiological factors (44, 42, 51, 64, 65, 67). In semiarid areas where

water is a limiting factor for piant growth, transpiratien and plant
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production are also functions of water availability (22, 46, 12, 60).

The rate of evapotranspiration depends én temperature, wind, and
humidity gradients ag well as plant charactefistics‘Which infiuence
transpiration. Transpiration is important in decreasiné the thermal
stress on plants by dissipating a portion of the heat load as latent
heat. Gates (19) showed that transpiration can cause plant temperatures
to be lowered by 5 C in still air, by 4 C in win& at 1 mile/hr, and
2.5 C at 5 miles/hr. Ferguson, Eslick, and Aase (14) showed in a lab-
orator§ study thét the transpiration rate of nonawned was less than
-halffawned'which‘was less than full-awned isogenic barley ears. They
also notgd.thgt full-awned ears were cooler tﬂan nonawned ears.

Transpiration and dry matter production are directly rélatgd (22,
2, 12). De Wit (12) demonstrated that the regression equation between
traﬁspiration and dry matter produétion varies with the climatic con-
ditions if water évailability and fertility levels are not extreme.
Fritschen and Shaw (17) showed that transpiration is alseo related to the
energy intercepted by the plant canopy. This has led to some contro-
vefsy as to whether transéiration_énd dry matter production are a cause
and effect reiatiorrship° Monteitﬂ (38) explained that net radiation
largely determines transpiration and solatr radiation largely deterimines
photosynthesis. He therefore concluded that since net raéiation and

solar radiation are linearly related one would expect a linear relation-

ship between transpiration and dry matter production.
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Soil water tensions also influence evapotranspiration, Veihmeyer
qu Hend;igkson (66) contend that_evépotranspiratibn proceeds at a poten-
. tial rate up.to the'Wiiting point and falls sharply thereafter. On ' the
other hand, Thérnthwaite and Mather (63) proposed a linear decline of
evapotfanspiration“with increasing soil water tension. Pierce (47) and
others propose a compromise of the two viewé (8)., Denmead and Shaw (11)
found'tﬂat fﬁe tfansﬁiration rate of corn.decreased at 0.3 bar soil
water ténéion gnder a high transpirational démand, whereas no decrease
.occurred #ntil 12 bars under a low transpirational-demand} Bruce and
‘Romken (5) illustrated that the ﬁlant growth of cotton was reduced c¢on-
giderably'When thé'sdiliwater tension was greater than 0.3 bar,

Major differeﬁcés iﬁ‘water loss by flant species through transpi-
ration afe, théféfore,.a fﬁnctioﬁ of changing characteristics of fhe
plant sqrface during the growing season, availabiiity of water, and
differences in éﬁeréy'absorption characteristics (17).

Net Radiation

Net radiation is defined as the difference between the incoming and
outgoing radiation., It is therefore a measure of the enérgy retained
at the earth's surface, This energy is dissipated as soil heat flux,
air-sensible heat flux, 1ateht heat flux, and photosynthesis (16). In
equation form:

[l Rp=E+m+s+P
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where

= net radiation at the earth's surface

latent heat flux

air-sensible heat flux

sensible soil heat flux

= energy stored or utilized in photosynthesis

"dmmrd:?q
]

All energy entering or residing in the system is positive and all
energy leaving the system is negative. |

Radiation exchange w}thin plant communities is a function of plagt
surface geometry éndlof.plaht reflective and transmiésive properties
(32). Decker (9) showed that a tall crop (cbrn) retains a greater por-
tion of thé.nét‘fadiation than a short crop (bluegrass). The rpughﬁess
of a material alsg determines itS'heating‘coefficient (39). Thus, a
rougﬁ surface - should have a greater heat absorption capacity than a
smooth surface and consequently a higher net radiation. Waggoner, Pack,
and Reifsnyder (68) found that shading-tobacCo plénts reduced net radi-
ation whicﬁ led to lower values of evaporation and a moderation of max-
imum air temperature. Therefore, a modification of the-net radiant
energy flux leads to a change in the algebraic sum of evaporation, heat
transfer to.the air-crop-soil volume and net photosynthesis (35).

Wind'Characteristiés

Wind data provide a measurement of momentum flux and are necessary
in déécribing the boundary layer of a crop.
Horizontai.wind'velocity is zero at or near the ground and increases

with height abbve the-surface. The vertical gradient of windspeed can

Il




be expressed as (31):

\ [2] du/dz = (1/x) (fro/@)%(l/Z)
Intégraﬁing Equation [2] giveé the logarithmic law (31):
: [:3] u, = (1/k) (’T’o/é)% In(z + z5/2,)
;where '
To = éheariﬁg stress

f = density of air

Zo, = roughness length

k = von Karmans constant = 0.4
u, = wind speed at height z
z = height of anemometers measured from the soil .surface

Equatibn [b] applies for rélatiVely smooth surfaces. As the crop
height increasgs, thé turbulent boundary layer is raised causing the
reference plané to be displaced upward. To account for this raising of
_the boundary layert, én effective displacement te¥m is introduced into
Equation [ﬁ]. Rewriéing Equation [?1'we get:

(4] v = (L/0) (To/p) n(z + D/zo)

where
D =124 +d = effective displacément
z; = the nominal heights of the anemometers
a4 = zero-plane displacement

A typical wind profile for wheat or barley and the aerodynamic

parameters z,, d, and D are illustrated in Figure 1. The effective
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Schematic of wind profile indicating the aerodynamic

Figure 1.
parameters z,, D, and d.
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displacement, D, is equal to the algebraic sum of z, and d where d is
assigned a negatiﬁe and z, a positive value. Chang (8) defines the
roughness length as a measure of the roughness of a surface over which a
fluid flows and the zero-plané displacement as the order of the depth of
the layer of air frapped among the plants. A number of conditions are
necessary for the successful use of Equation B{h
1. The shearing stress must be constant with height up to épproxi-
mateiy 30 meters.
2. Neutral conditions must be present.
3. The.highest anemometer must not be too high and lowest anemo-
meter not too low.
Tanner (59) concluded that with a zero temperature gradient above
the surface and if sufficient fetch exists, then the shearing stress is
constant with height above the canopy. In determining the height.of the

highest anemometer, Elliott (13) has defined the height of the boundary

layer by:
[5] b = (0.75) (x)0-8
where
h = the height of the boundary layer
X = the distance from the leading edge of the surface or

canopy 1in Question
Lemon, Stoller, and Shinn (33) stated that the zero-plane displace-

ment is a statistical reference plane where turbulent activity appears
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to commence. Therefore, for a given velocity the roughness or potential
turbulence above the canopy becomes greater with decreasing zero-plane
Aisplacement. Inoue (25) obsefvéd that the zero-plane displacement for
9Q cm high rice varied from 35 to 90 cm and the roughness length 7 to

18 cm with va?ying‘windspeeds. Similar results have been found with
corn (58) and wheat (45). Lemon, Shinn, and Stoller (33) concluded from
a corn study that the foughness length and zero-piane displacement are
not only a function of windspeed but also of the elasticity of the
planté.

The degree qf roughﬁess of a plant surface which is related to the
turbulent activity within and above the canopy becomes important in
influencing heat,rwatér vapor, and carbon dioxide fluxes (20). Gaastra
(18) and Moss, Musgrave, and Lemon (40) demonstrated that an enriched
carbon dioxide énvironmént.increased net assimilation even.though sto-
matal opening and transpiration decreased. Thérefore, increasing the
supply of éarbon dioxide to plants by increasing turbulence may increase
the net assimilation even though stomatal opening and transpiration
decrease. Denmead (10) and iemon (30) concluded that turbulent mixing
may be:a-"factoriin supplying carbon dioxide to an actively grpwing crop on.
sunny days.

Once the wind pa?ameters have been interpreted, the determination
of air-sensible heat flux by the aerodynamic method can be employed. In

equation form, air sensible heat flux is described by:




where

u

1l

1

L}

1l

~13~
[6] = = E’.kaz (ug = uy) (Ty - T2)

(1, ((zg +D)/(zq + D)))?

air-sensible heat flux in cal/cm?/sec
density. of ai;-= 0.00110 é/cm3

specific heat of air = 0.24 cal/g/deg
air temperature (C) at heights zq and z,
effective displacement (cm)

0.4 (von Karmans constant)
heightsAmeasured from the soil surface

wind velocity at heights zy and z, (cm/sec)

In dryland areas where water is limiting, the partitiening of net

radiation appears largely as sensible heat loss or gain to the atmos-

phere (22). Hanks, Gardner, and Florian (22) showed that for a 20-day

period, one-third of the energy used for evapotranspiration was advec-

tive energy. Skidmore, Jacobs, and Powers (55) found that on represen-

tative and consecutive non-windy (.88 m/sec) and windy (2.26 m/sec) days

the amount of potential evaperation due to the wind was 33 and 113% as

much as that coritributed by radiation, respectively. Bierhuizen and

Slatyer (4) found that when boeth windspeed and carbon dioxide concen-

tration decreased the ratio of grams water transpired to grams carbo-

hydrate produced'decreased,




MATERTIALS AND METHODS
Field Study

Experimental Site

The study was conducted on a 4.l-hectare dryland site approximately
6.4 kilometers north-west of Sidney, Montana. The soil is Sprole loam
and is classified as fine loamy, mixed, frigid family of Typic Agriu-
stolls. The average yearly precipitation is 34.3 cm and the average
frost-free season. is 120 days.
Planting

Full-awned, half-awned, and nonawned isogenic lines of Atlas and

Betzes barley (Hordeum wvulgare L.) were planted on 50 x 50 meter plots

in two replications. The barley was planted uﬁiformly at 22.7 kg/acre
in rows 18 cm apért oriented in a north=-south direction on May 26 and

21, 1970, Nine isogenic lines, listed in Table 7, were planted in the
. éouth-east cormner of the site. These plots were 3 x 3 meters and the

rows were 30.5 cm apart. All plots received 16-48-0 fertilizer brt_).ad‘--=
cast at seeaing at a rate of 68.1 kg per acre.

Soil Water and Evapotranspiration Measurements

Hydraulic lysimeters of the type described by Hénks and Shawcroft
(23)'were i0cated in the center of each 50 x 50 meter plot. . The lysi-
meters were read weekly until the appearance of awns and then daily,
except on weekends, until maturity.

Four neutron access tubes were located in each plot; one in the
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center of the lysimeter and the remaining three adjacent to the lysi-
meter. Soil water measurements with the neutron scattering technique
were taken at the 15 and 30 cm depths and then at 30 cm increments to a
depth of 180 cm.~ These measurements were made on May 24, June 18;and
24, July 1, 8, 15, 22, and 29, and August 13, 1970,

Evapotranspiration was then calculated from hydraulic lysimeter and
neutron scattering technique data inside and outside the lysimeters.

Plant Factor Measurements

Dry matter production was determined weekly by sampling 10 random
plants from each plot, The roots were cut from the plants, and the
samples were then dried at 60 C for 36 hours prior to weighing.

Grain and straw yields were determined at harvest, August 10, by
taking two subsamples (4 rows 3 meters long) from each plot. The barley
on the lysimeters was also harvested for grain and straw yield at
maturity.

Percent plump kernels was. determined by taking the ratio of the
weight of the kernels that did not pass through a 6/64 x 3/4 inch
slotted sieve to the sample weight multiplied by one hundred. The
sieve was held level and moved right to left 25.4 em (10 inches) and
then left to right to complete one cycle. The cycle was repeated 30
times.

Percent nitrogen was measured by the Kjeldahl method (26) on a

finely ground 1 gram grain sample. Crude protein was estimated by
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.'multiplying %N by 5,75,

Test”wgights; percent plump kernels, and crude protein was deter-
mihed.using the gréin harvested frdm the 3 x 3 meter plots. Dry matter
-production'was determined from plant samples from the largér 50 x 50
métef plots,
'uemge;ature_Measurements

Temperatufe-mastg similar to those described by Lembﬁ, éhinn, and
Stoller (33) were constructed to obéain air femperaturé profiles within
and above the éaﬁopy. The masts consisted of a series of copper-constan-
tan thérﬁopiles installéd:in a shielded plastic pipe at 10, 20, 40, 60,
180,;120, and 160 cm ﬁeights, A referenée thermocouple was installed in
‘the bottom shield, Vértical temperature differences between the heights
were added to the reference temperature to obtaih absolute temperatures
" at any of the aforemeﬁtioned heights. Air was draﬁn aéréss the iﬁlets
and thfough the centra1~mast by a small fén mounted on top of the mast.

Air temperatures were continually recorded af 15 minute intervals
after the appearance of éwns.

Relative canopy temperatures were obtained with & Barnes IT3 infra=
‘red thermometer when a}l éarS'were extendéd from the sheath. Since only
canopy . temperature differences were of interest in this study, calibra-
ﬁion for absolute accuracy'with the Barnes IT3 was not made.

Net‘Radiation and Albedo

After the appearance of awns, net radiometers of the type described
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'.5y'Ffitschén.(16)fﬁere placed 100‘cmlabove the'canopy.'ATwé net radio-

_ meters were altérnateé over the plots froﬁ july 13-to Jply 27, 1970,
‘The fﬁlieawned Qariéty wés used'as a chéck fgr‘cdmparisonrwith the half-
awﬁgd and~ﬁqgéwnngVarietié$. |

Albedb'measuréméntg'wefé tékeﬁ on July 21 with two MoiifGorczynski
type' solarimeters.. Thégé solafiﬁetexs have a wavelength response between
6,28 and 2.5 mictons. " | ' -
.fwiﬁﬁlpafg_

Heaﬁ:transport;éﬁemométefs-of the tyﬁg_describéd by Kénémasu and
,Tannerz(g7)'and”Bgckman.éhd-Whitiey cup éneﬁqmeters,were‘used tp obtain
wind velocity profilesu The heat transport anemometer consisted of a’
.'high‘resiétancejwi:e and,tWO.phromet-constdntan junqtions”which were
fémperatUre éompeﬁsated b&-referencing tﬁe cgld'jgnction to the'aﬁbient
aif stfeam._ Tﬁe nv butput prodﬁced dug.to the diffefénce in temperature
between the heated:énd aﬁbieht or cold jﬁnction is .a function of wind
:velbcity. The ﬁv output, E, from the héat transport anemometers was
. ﬁredicted‘using the»eQuafion; '

[7:] gl = A + BVZ |

‘Whére

LN

v the windspeed normal to the heated wire

constants determined from calibration

B

A &'B
TWenty heat tranéporf anemometers were constructed and then cali-~

brated ‘in a wind tunmel. 1In the field,‘meén'wind velocities with the
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heat traﬁspd;f.anémomete;é'Wére obtained by ‘averaging 10 .point readings
, takén'at i,44 minute -intervals. Theée anemoﬁeters were 189ated 10”20,‘40,
A6Q,'and.80-cﬁ ffom the.3011 surface. - | |
With the cup anémomefers, mean wind velocities wére‘obtained over
15 minute periods gat heighfé of 60; 80; 120, and 200 cm from the ground.:
.Windgpeed éﬁd-diréction'ﬁas ﬁecbrded routiﬁely“on a strip chart

fecbrdgr'at 1.5 meters from ‘the ground.

Déta Colle;t;ng'

':An instfument trailer ldpated 6n_the,eas£ side of the site housed
‘thé féco;ding equipﬁent; The data were recorded on é teletype'whiéh
prbvided'Bptﬁ'a printed copy aﬁd a computer éqﬁpatible.paper.tépe. -Tﬂis
_ sysfem'proﬁided a,cémplétely'automatic:recdrding of records under the
. céntrél-ofia digital clock. Nef fadiation;‘wiﬁdépeed (heat Eranspoff .
- anemémeters),aﬁd aif ﬁemperatﬁfe prdfiieS'ﬁére thus recbrded by Ehe data

acquisition system.

Laboratory Study

Carbon Dioxide Aséiyilation

Full-awned.and_nqnawned isogenic lines of-Atlas and ﬁetzeé bérley
were planted in the gréenhouse on March 29, 1970. At anthesis the ears
 wé£e,cﬁt ffom the plants gnd'placed into fest tubes filléd'with'water.
"After four hours, the indivi&ual ears‘%ere-élaced in an assimilatioﬁ |
chamber and carbon dio#ide assimilafion rates were determined.

‘The assimilatioh chamber, constructed from-pléxiglass, consisted of ‘
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an.innér chamber and aﬁ outer chamber. The inner chamber contained the
éar and éllowed for circulation of air. The outer chamber served the
purpose of a water jacket to maintain a constant temperature of 22.5 C
'within the inner chamber. The experiment'wag conducted in a constant
temperature room set at.22.5 C, |

The ear was held in the chamﬁer by placiné the portion of the stem
directly.bélow the ear into'-a split rubber stopper and then éealing the
stéppér'with béeS'wai. Compressed air of known COyp concentration was '
passed through a drying tube (magnesium perchlorate), iﬁto the chamber;
and then through:a flow meter before entering the carbon dioxide infra-
red analyzér. The fldw of air through the chamber was regulated at
0.5 1/min.

‘A light intensity of 5.43 x 1073 cal sec™! em~2 was obtained by
using a fresnel lens above ‘and mirrors on eithef side of the ear chamber;
thus,:conqentratiﬁg the iight from the Lucalox lamp toward the ear. A
pold'water bath was placed between the 1ight source and the ear chamber
and removed a large part of the infrared light energy.

The difference in the COp concentration (ppm) of the air entering

and leaving the ear chamber was recorded for each ear. The number of

awns and kernels per ear were counted  and recorded.




RESULTS AND DISCUSSIONS

In general, the 1970'crop season was charécterized by considerable
variation in monthiy precipitation and temperatures. The early stages
of the crop season (April and May) were characterized by low temperatures
and above average ﬁrécipitation. Folldwing seeding the weather changed
abruptly marking Ehe beginning of a hot and extremely dry period. As a
"result, grain yields fell siightly below normal; however, due to pre-
cibitaﬁion in early Juiy, kefnel development and test weights were above
~average. Lack of tilleriné appeared to be the main facto; contributing
to the low grain yields observed in 1970.

During the flowering stage of plént development, Atlés, a six-row
cultiﬁar, became seriously infected with ergot. .Betzes, a two-row cul-
-tivar, showed less éevere signs of ergot disease possibly because its
development wds one week behirid that of Atlas. No other plaﬁt diseases
were observed in 1970,

Aerodynamic‘Characteristics of Full-Awned and Nonawned Atlag

A knowledge of wind Vélocity gradients in and above a plant canopy
are neceséary in determining the fluxes of heat, water vapor, and carbon
dioxide by the aerodynamic approach. 1In this study wind velbcity grad-
ients were used to graphically determine the aerodynamic paraméters
(roﬁghness length, zero-plane_displaceﬁent, and effective displacement)
in full-awned and nonawned Atlgé.

Typical wind prefiles in and abeve full-awned and nonawned Atlas
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canopies are illustrated for July 8 and 20, 1970, in Figures 2 and 3,
respectively. At this time the barley was in the flowéring stage and
had reéched'ﬁéximum plant height; both the nonawned and full-awned Atlas
were 56 cm high to the t0p-of the heads, and the awns accounted for an
.additional 9 cm on the full-awned canopy for a total height of 65 cm.
On July 8, the mean wind velocity at 200 cm was 349 cm/sec and on July
20, 536 cm/sec, A comparison of the horizontal wind velocities indi-
cated that the full-awned canopy acted as a greater sink for the hori-
zontal wind momentum than the nonawned canopy (Figures 2 and 3).
Dﬁncan's multiple‘range test showed this to be significant (¢ = .05) at
the 60, 80, and 120 cm heights on July 8 and at the 40, 60, and 120 cm
heights on July 20. The wind velocity at heights 10, 20, and 200 cm
for the respective canopies were not éignificantly different .(P = .05).
Apparen;ly the awns, because of their large surface area, created a
resistance to the horizontal momentum of the wind explaining the above
phenomenon,

From graphical techniques explainéd in detail by Lemon (31), the
wind profiles were analyzed for the functional relationships of rough-
ness length, zero-plane displacement, and effective displacement.
'Roughness lerigth is a funct;op”of plant héight, surface geometry, plant
density, and plant elasticity. Plant dens{ty'was assumed to be similar,
and variation in roughness length between full-awned and nonawned Atlas

was attributed to one or all of the other factors. On July 8 and
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Figure 2. Wind velocity distribution, u, with height, z, above
the ground for full-awned and nonawned Atlas (1345 MST,
July 8, 1970.). Differences are statistically significant
(P=.05) at the 60, 80, and 120 cm heights.
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Figure 3. Wind velocity distribution, u, with height, z, above

the ground for full-awned and nonawned Atlas (1010 MST,
July 20, 1970). Differences are statistically significant
(P=.05) at the 40, 60, and 120 cm heights.
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July 20, the roughness length was significantly greater (P = ..05) for
full-awned as compared to nonawned Atlas (Table 1). The higher wind-
spéed on July 20 compared to July 8 caused an increase in roughness
length and a decrease in zero-plane displacement and effective displace-
ment (Table 1), Similar results indicafing an increasing and decreasing
relationship in the roughness length and zero-plane displacement,
respectively, with increasing windspeed have been found in mature wheat
by Penman and Long (45), in maturé rice by'Tani and Inoue (57), and in
corn by Lemon, Shinn, and Stoller (33). - With the higher windspeed of
July 20'as compared to July 8, the- change in roughness length for the
full-awned canopy was 7 cm as compared to 4 cm for the nonawned canopy
(Table 1). This suggests that the wind velocity on Jﬁly 20 was not
éreat enough to cause streamlining but did cause head and leaf flutter-
ing whicﬁ subsequently increased the roughness length. Also, the full-
gwned canopy appeared to have a higher vibrating action than did the
nonawned canopy which may explain the larger increase in roughness
1ength; |

The vibrating or waving action of the two canopies may be better
understood by comparing their elastic properties. This can be accom-
plished by examining the respective changes in zero-plane displacement
with increased windspeed. The mean zero-plane displacement decreased
13 cm in the nonawnéd Atlas and 6 cm in the full-awned Atlas with

increased'windspged (Table 1), Evidently with the higher windspeed on
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"Table 1.--Summary of Zya Dy and dl/ for full-awned and nonawned Atlas as
determined graphically. The beginning times for the respec-~
tive 15 minutg time trials are indicated in the Table

Time " Nonawned Atlas . Full-Awned Atlas
MST u oz, D T a u Zg D d
 cm/sec ———cm cm/sec ———cm
July 8 ' ‘
1304 . 330 8 ~38 46 334 9 -38 = =47
. 1321 337 3 -48 r51 338 11 =32 ~43
1338 396 3 =42 =45 370 13 -25 -38
1355 349 3 =43 -46 325 12 =27 -39
1412 355 5 -38 =43 339 12 -28 -40
' Mean ) 4 42 -46 ' - 11 =30 -41
July 20 . : K . ‘ . .
0935 560 8 -26 =32 550 19 -18 -37
- 0950 - 594 7 -27 =34 569 16 =17 =33
1010 570 11 -22 -33 567 18 -18 -36
1235 539 8 -25 -33 536 16 -18 =34
1255 532 8 -25 -33 535 24 -10. -34
1310 493 7 27 -34 466 20 ~15 -35
1325 - 526 10 =22 -32 517 17 ~19 -36
1345 537 8 -25 =33 518 17 -17 -34
1400 527 8 =29 -37 497 17 -18 -35
Mean ‘ 8  -25. ~33. o 18 -17 -35
1/ wind veéloéity (emfsec) at 200 cm

effective displacement (cm) =z, +d
zero-plane displacement (¢m)

roughness length (cm)

(¢}

N AT e
m 1 n 1
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Juiy 20, the full-awned canopy bent over resultingiin a smaller change in
the zero-plane displacement as compared to the nonawned canopy. Futrther-
more, the decrease in zero-plane displacement'witﬁ increased'windsﬁeed
_implies that the logarithmic wind prbfi;e extended further into thé two
canopies., As a result the wind encountered a greater canopy surface
resistance which acted as a momentum sink causing the increase in rough-
ness length.

By use of the aerodyﬁamic method (Equation 6) air-sensible heat
flux between heights Zy = 40 cm and zg = 120 cm was determined (Appendix
Table 11). Ignoring the known values of e, Cp, and k in Equation 6, the
proportionality factors in the relationship are a function of windspeed,
surface roughness, and theymal instability. As illustrated in Table 2,
full-awned Atlas had a considerably higher sensible heat exchange with
the . atmosphere than the nonawned canopy. For example, at 1310 MST‘én
additional 0.2 ly/min were dissipated by the full-awned as compared to
the nonawned canopy. As previously shown, the fuilwawned canopy was
characterized as a rough and elastic éanopy, Therefore, one might expect
that awns decrease the external resistance to heat flow and increase the
sensible heat flux to the atmosphere. Wolpert (70) has shown that heat
loss per unit area from leaves is inversely proportional to the "char-
acteristic” leaf size. Awns, because of their small mass and size,.
should therefore be effective devices in dissipating a portion of the

heat load of plants.
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Table 2. - -Air-sensible heat exchange in nonawned a?d full-awned Atlas
as determined by the aerodynamic methodl

Time Air-Sensible Heat Flux

MST Nonawned Atlas Full-Awned Atlas
July 20

0935 ,312 450

1010 | 491 514

1310 .366 .568

1400 ' .276 .558

1/ Data was collected on July 20, 1970. Positive values represent
an exchange of energy from the canopy to the atmosphere. The gradients
were obtained from the heights zy = 40 cm and z) = 120 cm.
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Evapotranspiration

Evapotranspiration, ET, as determined by the neutron scatter tech-
nique and lysimetry is illustrated in Table 3. ET represents the quan-
tity of water depleted from a volume of soil plus the precipitation.
Precipitation for the growing season, May 22 to August 10, was 11.9 cm
with the greatest amount falling in mid-June and July.

Soil water determinations at time of planting indicated a highef
water content inside as compared to outside the lysimeters. No drainége
was provided for in the lysimeters, thereby preventing deep percolation.
Becéuse of a functional problem with lysimeters, ET data for the full-
awned Atlas are missing and consequently, no statistical analysis was
attempted for this isogenic line. No significant differences (® = .05)
in total ET were found among isogenic lines of Betzes (Table 3), Since
water is limiting in this area, it may be possible that the isogenic
lines used all the seasonally available water; however, one isogenic
line used water at a higher ?ate than another for a period of time
(Figure 4).

ET rates obtained with lysimetry after the appearance of awns,

July 9, for'fultwawned and nonawned Betzes are illustrated in Figure 4,
For a 13-day period following ear emergence the mean daily ET rate for
full-awned Betzes was significantly higher (P”= .05) than nonawned
Retzes. During this period, the mean difference in ET between the full-

awned and nonawned canopy was 0.36 mm/day. Since about 59 calories are




Table 3. A comparison of total evapotranspiration from May 22 to August 10, 1970, for
isogenic lines of Atlas and Betzes as determined by three methods

Isogenic Evapotranspiration 7
Line Lysimetry Neutron (in)l/ Neutron (out)g/ _ . Mean
cm

Full-Awned Betzes 26.5 . 26.4 23.3 - 25.4
Half-Awned Betzes 26.1 25.8 ‘ 22.7 ' 24.8
Nonawned Betzes 3/ 26,3 7 28.3 23,1 25.9
Mean (LSD.O5 = NS)z2. 26.3 - 26.8 23.0 LSD.O5 = NS
Full-Awned Atlas -- 25.3 23.1 . -
Half-Awned Atlas 29.8 28.4 23,7 27.3
Nonawned Atlas 24,8 2 25.9 ’ 22.9 e 24,6
Mean ' - 26.5 23.2

1/ cCalculated from neutron measurements inside lysimeter.
g/ Calculated from neutron measurements outside lysimeter.

3/ Statistical tests applied only to isogenic lines of Betzes = NS implies 'not
significant. :

-6Z-
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Figure 4. Evapotranspiration rate, mm/day, of full-awned and
nonawned Betzes from June 1 to maturity obtained with
lysimetry. Differences are statistically significant
(P=.05) from July 9 to July 22, 1970.
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. required to evaporate .1 mm of water, the full-awned canopy utilized an
additional 21 ly/day over the nonawned canopy in evapotranspiration.
This increase in energy use can be attributed to transpiration by the
awns.,

. Net Radiation

The partitioning of net radiation, Ry, into its various energy
components can be expressed by the- energy balance Eﬂuation.ﬁl For a
cereal crop covering the soil, both soil heat flux and energy er photo-
synthesis are relatively small in magnitude compared to latent heat
flux and air-sensible heat flux. Also, when comparing net radiation
over the full-awned and nonawned canopy it was felt that the components
S and P would be nearly similar and consequently, they have been ignored
in the discussion that follows. Therefore, the energy balance equation
has been simplified to R, =E + H.

Typical net radiation curves over isogenic lines of Betzes are
illustrated in Figure 5 and 6. Net radiation over Atlas was very simi-
lar to that of Betzes isogenic lines (Appendix Table 13). The data show
that the full-awned canopy absorbed more solar energy than either the
half-awned or nonawned canopies. Greatest differences (.2 ly/min)
between the full-awned and nonawned canopies'occurred at 1200 MST
(Figure 5 and 6)q’ Nonawned and half-awned barley had similar net radi-
ation curves. The nocturnal net radiation flux was directed towards~the

atmosphere and was slightly greater for the full-awned than either the
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Figure 5. Net radiation at 100 cm above full-awned and half-awned

Betzes on July 22, 1970. Positive values indicate a
downward flux, negative values an upward flux.
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Figure 6. Net radiation at 100 cm above full-awned and nonawned
Betzes on July 26, 1970. Positive values indicate a
downward flux, negative values an upward flux.
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half-awned or nonawned canopy.

Since the awns increased the surface area of the canopy, it seems
probable to expéct that the higher net radiation of the full-awned can-
opy resulted from a smaller reflection of short-wave radiation (0.28 to
2.8 microﬁs)o However, on the morning of July 21 the fqll~awned canopy
reflected approximately 257 of the short-wave radiation as compéred to
23% by the nonawned canopy. Therefore, it apﬁears that the variation
in net radiation between the canopies consisted primarily in long=-wave
radiation; \

A gummary of the energy balance for the isogenic lines.of Betzes
is presented in Table 4. A comparison of the latent heat flux for the
observation perioa, July 9 to July 22, indicated that the full-awned
Betzes utilized 21 ly/day more than the nonawned Betzes. During.July
24 to 26, the mean daily difference in net radiation and air-sensible
heat (H = Rn - E) between the full=-awned and nonawned Betzes canopies
was 102 ly/day and 81 ly/day, respectively. The values of air-sensible
heat estimated by H.= Ry, = E are in agreement with the aerodynamié
method (Table 2). Therefore, the differences in net radiation between
the isogenic linpes appéars to be primarily a function of the air=-sensible
heat flux,

Air and Canopy Temperatures

The surface temperature of a canopy is a function of the rate at

which the absorbed radiant heat load is dissipated by the sum of the




Table 4. -A two-day summary of the solar radiation, Rs’ net radiation,
R, evaporative flux, E, and air-sensible heat flux, H, on

full-awned, half-dwned, and nonawned Betzes plots

Betzes

Date _ _
Full-Awned Half-Awned Nonawned
. ly/day-
July 22, 1970
R 442 442
R, <420 341
-E 256 248
-H 164 93
July 26, 1970
Rg 529 529
R, 459 360
-E 248 248
-H 211 112
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temperature depehdent processes- (28). The major temperature exchanée
processes include reradiation,.R, convection, €, and iatent heat exchange;
E. Plant temperatures are usually higher than air.temperatures on sunn&
days because the absorbed radiant heat load is higher than plants can
dissipate by reradiation, convection, and latent heat exchange.

Air temperature'prqfiles'within and above the full-awned and non-
awned Atlas canopies'are ﬁresented for July 20, 1970, in Figure 7. Air
temperature profiles obtained on July 13, 15, 17, and 22 were very simi-~
lar to those obtained on July 20, (Appenhdix Table 12). Maximum air tem-~
peratures were consistently higher on all déys for full-awned as compared
to nonawned Atlas. As previously shown, the full-awned canopy absorbed
approximately 100 1y/day more energy than the nonawned canopy. This
additionally absorbed énergy was primarily‘dissipated by convective heat
loss to the atmosphere surrounding the plants (Tables 2 and 4) explain=-
ing the highe; air temperature for the full-awned canopy. However, the
minimum air_temperatUre on the full=-awned plots was consistently lower
than on the nonawned plots, Thellower nighttime air temperatures on the
full-awned plots may be attributed to the rougher surface which dissi-
pated heat at a higher rate. This was similar to the daytime rate of
heat dissipation, but at night the thermal daytime stress is removed
causing’the lower air temperatures on the full-awned plots.

Canopy temperatures of full-awned Atlas were 1.2 C lower than non-

awned Atlas on the morning of July 21, Ferguson, Eslick, and Aase (14)
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and nonawned Atlas for July 20,
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found that canopy temperatures of nonawned isogenic lines were signifi-
cantly higher (P = .05) than full-awned isogénic iines. Full -awned
canopies are abparently cooler than nonawned canopies because of their
ability to better dissipate heat through convection, conduction, and
transpiration. Also, the full-awned canopies reflected a greater por-
tion of the shorédwave radiation,

Influence of Awns on Water Use Efficiency, Yield, Test Weights, and
~Kernel Plumpness and Protein '

Water use efficiency, W.U.E., in terms of graiﬁ yvield (kg/hectare)
per cm of‘Water.use is presented in Table 5. WNo significant differences
(® = .10) in W,U.E. were found among isogenic lines of Betzes.

No significaﬁt differences (P = .05) in grain yield were observed
among either the iSogenic 1£nes of Betzes or Atlas (Table 6). Since
water may haVe_been limiting éf%er ear emergence, photosynthesis by the
awns tmay have beeﬁ reduced and respiration incregsed. This plus error
in seeding rate due to variation-in kernel plﬁmpness may explain the
nonsignificant differences in grain yield between the isogenic lines.,

An analysié of kernel characteristics indicated that - full-awned liﬁes
had higher test‘weighfs and percent plump kernels than the half-awned or
nonawned lines (Table 7). Atkins and Norris (3) and Miller, Gauch, and
Gries (37) obser&ed that awned lines of wheat had significantly higher
test wéights and heavier kernels than nonawned lines. The fact that the

nonawned kernels are less plump than full-awned kernels may have intro=-

duced a possible error in comparing grain yields between the isogenic




Table 5. A comparison of the water use efficiencyl/ between the isogenic lines of Atlas
and Betzes as determined from water use data

W.U.E.

_6€_

Isogenic Cultivar 3 —

’ Lysimeterg/ Neutron (in)—{ Neutron (out)i/ Mean

kg/hect wat ' :
g/hectare/cm water ISD 1gais
Full-Awned Betzes 101 102 g 1116 . " 107
. Half~-Aymed Betzes : 78 80 110 920
Nonawned Betzes 127 117 118 121
Mean (LSD g = NS) -0 102 102 115 R
Full-Awned Atlas - 90 ' 93 . -
Half-Awned Atlas " 108 112 . 90 103
Nonawned Atlas 98 _ 94 103 98
Mean -= 99 95
1/ Water use efficiency based on grain yield-- W.U.E.

I~
~

W.U.E, determined from lysimeter ET data.

juo
~

W.U.E. determined from neutron data inside the lysimeter.

W.U,E determined from neutron data outside the lysimeter.

=~
=
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Table 6. ~Grain yields of isogenic lines of Atlas and Betzes

Isogenic Cultivar Grain Yield LSD g5 = nsl/
kg/hectar
Full~-Awned Betzes ‘2696
Half-Awned Betzes 2506
Nonawned Betzes 2732
Full-Awned Atlas 2141
Half-Awned Atlas 2143
Nonawyned Atlas 2370

1/ NS == Not significant.
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Table 7,---Kernel percent plumpness, protein, and test weight of nine
isogenic lines of barley
Cultivar Isoagenic Plumpness Protein Test Weight
Line ’
% Kg/hl
Betzes full-awned 77 11.5 64.4
half-~awned 67 11,5 58.7
nonawned 57 11.7 58,4
Atlas full-awned 92 12.2 57.1
half-awned 67 11.3 55.2
nonawned 84 11.5 57.6
Compana full-awned 96 11.8 65.7
half-awned 64 11.6 65.5
nonawned 84 12.3 64.1
Glacier full ~awned 86 9.5 --
half-awned 71 10.6 56,6
Titan-~6r full-awned 91 12.1 65,7
: half=awned 67 10.4 62,8
Titan-2r full-awned 91 13.5 68.6
half-awned 94 11.7 59,8
Vantage full-awned 85 11.6 64.6
half-awned 79 10.9 59,8
" Ingrid full-awned 85 9.2 66.3
nonawned 70 11.1 62.8
Dekap ' full-awned 97 12,3 66.0
nonawned 60 11.9 62.0
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lines. Since equal seeding rates were used for all the isogenic lines,
one might have‘suspectéd a higher seed population and thus a higher |
grain yield on the nonawned plots. Percent crude protein was found to
depend on the isogenic line and cultivar tested as indicated in Table 7.
Dry matter production for the growing season was significantly higher
for the full-aﬁned Atlas than for the other isogenic lines tested
(Table 8).

Net Carbon Dioxide Assimilation

The net exchange of carbon dioxide by ears of cereals has been used
as an indicétion of the importance of ears in providing dry matter for
developing gréin (7), Porter, Pal, and Martin (49) have shown that net
assimilation of batrley gérs can supply all the dry mattef-necessary for
ear development. Considerable evidence substantiates the view that dry
matter production in the grain of barley is directly related to carbo-
hydrate assimilation after ear emergence (22, 56, 61, and 62). There-
fore, increasing the photosynthetically active area on ears of barley
should increase grain yield assuming that water, carbon aioxide, and
light are not limiting.

Net carbon dioxide uptake was considerably higher for full-awned
compared to nonawned Aflas and Betzes ears (Figure 8 and 9). The,4&C92
(ppm) remained fairly comstant with kernels/ear suggesting that kernels/
ear may be a poor estimate of the actual surface area of the ear.

Thorne (61) suggested that increasing the spikelets/ear may increase the
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Table 8. - -Mean dry matter production of Atlas and Betzes determined from
emergence to maturity by sampling 10 random plants at weekly

intervals
Isogenic Line Mean Dry Matter Production
g/10 plants
Betzes full-awned 26,7 abcl/
half-awned 28.8 a
nonawned 28.7 ab
Atlas full-awned 32.6 d
half~awned 25.5 ¢
nonawned ' 26,2 abce

l/ Means accompanied by the. same letter or letters are not
significantly different at the 5% level.
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Figure 8. Net carbon dioxide exchange by full-awned and
nonawned Atlas ears in a controlled atmosphere as
a function of kernels/ear.
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Figure 9. Net carbon dioxide exchange by full-awned and

nonawned Betzes ears in a controlled atmosphere as
a function of kernels/ear.
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combabtneés of the spikelets thus decreasing the photosynthetic rate.
~Mean net phofoéynthetic rates of the ears were calculated using the
équation: |
i\lAR —kF A oy (273/T)
where |

NAR = net assimilation (mg COy/ear/hr)

k = 1785.7 (conversion for liters coé to mg COz) i
F' = liters of air flowing through chamber/hr
4(C0y = change in thé‘COZ concentration of the air passing

through' the .chambexr (ppm)
T = air temperature

The mean net assimilation rates thus calculated were:

1. Nonawned Betzes =~ =~ - 0.33 mg COy/ear/hr
Fuilwawned Betées -< 3,53 mg CQz/ear/hr
2. Nonawmned Atias .- ‘0,39 mg COZ/ear/hr
‘Fﬁliwawned Atlas - 3.28 mg COz/qar/h;

Awns are obviously important in increasing net assimilation of o,
by barley ears, Grundbacher (21) has shown that awns ‘contain chloro-
phyll and have stométa, .Carr and Wardlaw (7) have shown that 15 days
after antﬁesis, eax photosynthesis was greater than respiration for an
awned wheat cultivar (Dural) whereas respiration was greater than photo~
sygthesis for a nonawned wheat cultivar (Sabre) of wheat. GCarr and

Wardlaw (7) also showed that awns contributed to approximately half of
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the total gar photosyntheéis.‘ Othefs have shown that.the photos&nthetic
area above the flag leaf in wheat and barley is,directly correlated with
dry matter production (49, 53, 61, and 62). Assuming that thé leaves
pf,the'full-awneq and nonawned plants had equal assimilation rates, it
'wouid seemllogical'to expect higher grain yields in fullnawneé as com-
~pared to nonawned bafley.' Although there:were no significant differences
in grain yield among the isogenic lines, full-awned ears appeared to have
heavier anduplumpe? kérnelg and higher test weights than nonawned ears.

The surface area of the awns was estimated by assuming the awns to
beltriangular in shaﬁe, It'ﬁas found that an ear with 49 awns had an
" additiongl area of'64 cm.2 as coﬁbgred to a similar sized nonawned ear.

This additional area appears to influence the carbon dioxide uptake and

also the energy budget and aerodynamic characteristics of the full-awned

canopy.




S MRY AND CONCLUSION
The aerodynamic technique in conjﬁction with the energy balance
method were used to characterize thg diurnal microclﬁnatébof full-awned,
half-aﬁned; gnd nonawned barley, Net radiation and latent and air-
sensible heat flux data illustrated the coupling between. meteorological
and physioldgical functions of the awn.

Results obtained by the aetrodynamic approach illustrated that awns
iﬁcreased‘thé surface resistance for the horizontal wind momentum and
subsequently increased the roughness 1ength‘and turbulent activity above
the canopy. .Consequently,,airwsensible heat'flﬁX'was increased consid-
erabiy on the full-awned plot. As suspected, awns, because of their
small mass and size, are very'ﬁell coupléd'with their surroundings.

Diurnal net ¥adiation was greater.for the full~awned than for the
other two isogenic lines. At 1200 MST Ehis difference amounted to
0.2 ly/min. During the 13-day period after heading, latent heat flux
was significantly higher (P = .05) for full-awned than for nonawned
égnopies. For the observation period, latent and air~sensible heat
accounted for 20 and 807 of the increased net radiationm, respectively.

Maximum air ﬁeﬁperatures;were consistently higher on the full-awned
as compared to nonawned plots. On the other hand, relative canopy
temperatures of full-awned were 1,2 C lower than nonawned barley. Con-
vectivé cooling by the awns dissiﬁated heat that, were it to remain in

thé canopy, could only be dissipated by reradiation and latent heat




 ~49-
exchange.. Apparently reradlatlon and latent heat exchange on the non=
awned plots was not sufflclent to 1ower canopy temperatures to that of
the full- -awned canopy.
| Net carbon.d10x1de upfake'Was considerably higher for the full-awned
as.cnmnared'to.nenawned barley ears. .Mean net asaimilanion rate of the
.: ﬁuli'awned.eafe'Was.5.4'mg CQZ/hr/eaf as compafed to‘0.46 mg COZ/hr/ear
for nonawned ears. Th1s hlgher photosynthetlc actlvlty may explaln the
:plumper kernels and hlgher test'Welghts of the awned as compared to non-

avned lines.
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Appendix Table 9.-

Wind velocity profiles on full-awned and nonawned Atlas barley plots

~..on.July 8,.1970

) Windspeed
Isogenic Line . Beginning Time of 15 Minute Time Trials (MST)
: Z 1304 1321 ' 1338 1355 -1412
cm ' cm/sec
Nonawned Atlas 40 58.6 66.6 63.9 61.2 60.4
' 60 115.3 129.2 175.2 159.1 154.7
80 185.1 ©200.2 251.7 219.5 208.8
120 253.9 273.2 337.9 294,1 283.4
200 330.3 337.5 396.5 349.1 354.9
. L
Full-Awned Atlas 40 62.1 71.5 72.4 57,2 . 58.6 =
60 101.9 116.7 142.,6 124.3- 131.9 !
80 178.8 177.9 201.6 - 173.4 176.1
-120 253.5 256.6 284,7 - 247.6 257.0

200 333.9 338.8 369.7 328.4 339.3°




Appendix Table 10, Wind velocity profiles for full-awned and nonawned Atlas barley plots
on July 20, 1970 )

‘ _ Windspeed
Isogenic Line Béginning Time of 15 Minute Time Trials (MST)
Z 0935 0950 1010 1235 1255 1310 ' 1325 1345 1400

cm cm/sec

Nonawned Atlas 40 97.5 107.3 101.0 105.9 - 90.3 93.9 '102.8 102.4 93.9
60 277.6 307.5 267.7 267.3 252,1 263.3 -267.3 1287.0 263.3

80 346.4 346.4 340.6 333.9 331.2 309.3 325.7 317.8 328.6

120  447.9 473.8 455.1 428.2 424.2 395.2 414.4 430.0 422.2

200 559.6 594.1 570.4 536.0 531.5 493.5 525.7 537.3 526.6

Full-Awned Atlas 40 45.2 103.7 67.5 62.6 56.8 47.8 54.5 62.1 47,4
60 200.3 216.8 218.1 185.0 176.1 -154.7 175.2 186.4 155,6

80 323.2 333.9 341.5 319.2 316.9 274.9 309.8 316.9 295.5

120  405.4 419.7° 426.0 401.9 396.9 346.4 386.7- 389.8 373.3

200 550.3 569.9 567.2 535.6 537.7 465.8 517.3 516.7 497.1

-Zg-




Appendix Table 11. Effective displacement, wind velocity, and temperature profiles in

calculating air-sensible heat flux for July 20, 1970

Isogenic Line

Time Trial (MST)

0935

1010 1310 1400
Nonawned Atlas Uy (cm/ sec)l7 448 455 395 422
Uy (cm/sec) 97 101 94 94
T1 {C) 21.52 23.31 26.95 . 27.49
T2 (C) 22.79 24,88 28.81 28,97
D {cm) -26 =22 C =27 =29
Full-Awned Atlas U 405 . 426 346 373
U, © 45 67 48 47
T 21,55 24,02 27,30 27.46
Ty 22,71 25,35 .28.85 29.05:
D ~-18 ~18 -15 =18

ZZ = 40 cm.

it el




Appendix Table 12,

Air temperature profiles-6n~fu11-awned and nonawned Atlas barley:

plots at 3:36 PM (MST) on four days in 1970

Isogenic Line

Air-Temperature (C)

" July 22

Z July 15 July 17 “July 20
cm
Nonawned - 10 30.97 C 3147 30.47 31,22 -
: 20 31.79 32.08 . ©30.34 " 31.17
40. 32.61 33.06 30.21 31,19
60 31.26 32,29 29,47 31.27
80 31.3% -32.40 29.47 - 31.33
120. 29.99 - 31.35 28,59 30.26
150 30.25 31.57 . 28.27 30.42
Full-Awned " 10 - 29.85 - -31.%7 31.85 32,34
' .20 32.55 33.91 . 32.40 33.45
40 - 32.87 " 34.33° 31.53- 32,63 .
60 32.13 33.56 . 30,28 31.52.
80 31,207, 33;35. 29.59 "31.73 .
120 31.15 33.17 29.69 31.52 -~
31.28 33.17

160

29.44

31.57 .




Appendix Table 13,

A compara.son of net radlatlon for full-awned, half- awned and
nonawned isogenic lines of Atlas and Betzes ’oarley

Cultivar and '

Time (MST)

Full-Awned Betzes

.58 -

Isogénic Line 0700 0900 1100 1300 1500 1700 1900 ~ 2100 - Date
Ty /ain
Nonawned Atlas .25 .64 .80 - .87 .63 = -- -- -~ July 12
) ;_Full-Awned Atlas .28 74 .95 .96 72 - -- - .
Half-Awned Atlas -- .58 .82 .85 .69 .39 . .03  -.09 ' July 15
Full-Awned Atlas -- .61 .89 9 .79 .45 .06 -.09
- Half-Awned Betzes 21 .46 .69 T4 257 -- -- -- - July 21
~ Full-Awned Betzes .23 .60 .86 91 .72 -- - --
Nonawned Betzes 15 .42 .66 .81 .66 = .26 .15 = -.06. July 24
.18 .87 .9 .76 .27 .13  -.06 :

-gCe
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