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INTRODUCTION
Scrghum was domesticated in Africa, but its growth has spread to
India, China, the Middle East, Eurcpe and, more recently, the USA. The
original varietie=z introduced into the United States in about 1890 were
late in maturity and teo tall te be harvested conveniently by hand.
Quinby (1974) reportad that the Standard Yellow Milo, temperate in
adaptation, and the Dwarf Yellow Milo, that is short enough to he headed
conveniently by hand, originated by mutation and selection by Texas
farmers in about 1900. Crosses of Milo and Kafir (about 1928) produced
strains that were shorter than eilther parents. Backerosses of some of
these progenies to Milo gave a few short and early maturing varietles
even before the demand for mechanically combined varieties arcge. These
gelected varieties, however, did not increase yield.
The rapid progress in 1increasing sorghum yield in the last fifty
years centers around--
i, breeding for higher harvest index,
ii. application of commercizlly fixed nutéienta, and

1ii, optimizing plant population to available nputrients and
water. |

Dwarf scorghums, aside from their adaptation to mechanical harvesting, do
not leodge; therefore, they can support heavy application of commerecial
rfertilizers. But even with these advantages ¢f the dwarf over the tall
lines of sorghum, a few gquesticns still remain. First, c¢an the
alteration of the height genes cause any other morpheological or
physiclogical change? Second, if any other changes are affected, how do
these affect sorghum yield? Last, realizing that the largest acreage of
sorghum is in the deve¢leping ocountries where the crops are mainly

hand~harvested and the straw used in building storage barns, what extent

f
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of gain or loss in total grain and dry matter production results from
alterations of the height genes?

Published studies involving sorghum height genes are largely
restricted to comparing phenotypic effects, grain, and dry matter yields
of different height isolines. Most of these experiments were conducted
at low plant density (for example, Freeman, Hadley, and Seif, 1962;
Casady, 1967; Graham and Lessman, 1966). In general, they found that
the taller lines yielded more than the dwarf.

More recently, the emphasis of research in this area has shifted to
looking at a2 "whole~canopy" assessment of the height isolines., Stickler
and Younis (1966) and Shertz (1973) investigated interactions between
sorghum height and row width and stand density.

This experiment is intended to go beyond comparing growth,
development, and yield of three sorghum height isolines, It is, also,
aimed at finding possible explanations for these differences through
measurements of leaf temperature, crop water use and photosynthetic

active radiation (PAR) balance.

Crop Mixtures

In many develcping countries, most crops are grown in mixtures.
This is a concept of raising two or more crops on the same land at the
same time. It is often termed "intercropping.® The arrangement of the
crops varies and four classes can be distinguished as follows:

i. Mixed Intercropping - where there is no distinet row
arrangement;

ii. Row Intercropping - where one or more crcp is planted in
rows;



iii., Strip Intercropping - where each crop is cultivated in
strips wide enough for independent operation but narrow
enough for crops to interact agronomically; and

iv. Relay Intercropping - where two or more crops are grown
simultaneously only during part of the life cycle of
each.

Reasons given for mixing crops include an expleitation eof
environmental factors, reduction of adverse conditions in the ecosystenm,
soil protection, and economic returns (Nerman, 1972).

Theoretically, it appears feasible that mixtures of crops varying
in height, rooting depth, and/or growing cycle could exploit more of the
nutrients, water, and solar radiatien available to the crops and,
therefore, increase their yield relative tc moncecrops coccupying
equivalent land area. The extent of complementation will, however,
depend on the intensity of interaction between the compconent plants of
the mixture. For example, positiconing the photosynthetic canopy (leaves
and/or green stems) of one component at a higher level than those of
ancther allows the taller canopy to intercept greater share of light.
The growth of the taller canopy may, therefore, be promoted at the
expense of the shorter canopy. The total mixture yield is increased
only if the increased growth is more than the reduction in the shorter
canopy.

Plant interactions in mixed crop communities, discussed by Trenbath
(1976), indicate slight differences in height, even early in growth, can
lead to strong competition effects. And while shading by a taller
mixture component generally reduces photosynthesis rates in the lower
canopy, the shaded canopy will grow and adapt to the low light levels

provided the shading is not too intense. Competition for soil factors

is probably more intense in sole crops as depletion zones of roots of



4
different plants interact. Similar spatial distribution may make some
roots redundant for the uptake of mobile nutrients in sole crops, but
this may not be true in intercrops. The response of mixtures to the
above factors has led to the recognition of four
classes--commensalistic, amensalistic, monopolistie, and inhibitory
polycultures, These, respectively, refer to interactions where there is
a net poaitive effect on one species and no observable effect on the
others; a negative effect on one species and no cbservable effect on the
others; a net positive effect on one species and a negative effect on
the others; and where there is a negative effect on all species.

In their article on the radiation and microclimate relationships in
multiple cropping systems, Allen, Sinclair, and Lemon (1976) wrote,
"Research should extend beyond just determining which cropa will work in
a polyculture to the peint of understanding reasons. Plant
interactions, asa a function of season, time of planting, stage of
development, and climate factors need to be determined.”

In this experiment, we study the growth and development of
mixed-intercrop and row-intercrop canopies of £three sorghum isolines
varying only in height. Measurements include photosynthetic active
radiation balance, water use, and flag-leaf temperature of component

plants,



LITERATURE REVIEW

Quinby and Karper (1954) found that height in sorghum is determined
by four independently inherited genes, le, Dwz, Dw3, and Dwu; tallness
is partially dominant, and shortened internocdes were the only apparent
effect of the recessive form of the four genes. They, along with
Freeman, Hadley and Seif (1962), concluded that recessiveness had about
the same effect with each of the four genes. CasLdy (1967) and Schertz
{1973), howaver, found that the Dw3 gene influenced culm diameter of the
third, fourth, and fifth internodes from the top of the plant; peduncle
length; and blade width, length, and area of the third, fourth, and
fifth leaves from the top as well as culm height. But the Dw3 gene did
not affect maturity; and the effect of its Dw3 allele on leaf blade
length and area was influenced by environment aJd variety. Comparisons
of growth rate of the same isolines (Campbell and Casady, 1970) showed
that their culm elongation was slow and similar in the first 33 days
after emergence, but the Dw3 plants had much more rapid and extensive
interncde elongation thereafter. Brooks (1967}, similarly, reported
that the Dw3 allele in M™Wheatland™ sorghum affects variocus internodes
differently, |

Hadley, Freeman, and Javier (1965) reﬁorted that in 8 of 10
comparisons of various height typea of sorghum, the tall genotypes {DwDw
and Dwdw) ylelded 11 to 18% more grain that the dwarf (dwdw). They
argued that their result was not caused by some heterogeneity in genetic
background but acknowledged lack of information on the responze of the
genctypes under a different 1light and water regime. Similar results

were reported by Casady (1965) and Graham and Lessman {1966). Casady

seeded tall (2-dwarf) and short {3-dwarf) plants at a rate of BL6CO



&
|
plants/hectare at two 3ites. Grain yield in 'the tall canopy was

significantly higher than in the short canopy even though there was no
significant difference in fthe number of kernels per head. The tall
plants had more secondary heads and thelr kernels were plumper. Graham
and Lessman (1966) compared light interception in 3-dwarf and 2-dwars
canopies seeded at 34000 plants/hectare and concluded that the taller
plants were wnmore efficlent in light utilizabtion due +to apatial
arrangement of their leaves. Casady (196%), however, found a highly
significant enviromment ¥ height interaction for yield in one of his
varieties, indicating that the tall plants wmight yield less than the
short ones in some environments, |
Plant density X height interaction for grain yield was confirmed by
Stickler and Younis (1966). The shory genotype (dw3) performed baetter
than the tall (D¥3) at a density equal or greater than 129000
plants/hectare while the reverse was true at lower densities,
Eastin, Sullivan, Clegg and Ross (1970) determined the comparative
performance of 2«, 3~, and U-dwarf height isclines at row spacings of
453, 67.5, and 30 cm (equivalent to plant densities of 123500, 247000,
and 370500 plants/hectare, reapectively). While 3- and Y-dyarf grain
ylelds were similar, grain yields were significantly (0.05 level) highep
for the 2-~dwarf. The 2-dwarf plants also produced more dry matter than
either the 3- or 4~dwarf isolines. Influence of population on yield was
significant only between 123500 and 370500 plants/hectare. Grain yields
were 9616 and 8910 kg/ha in the high and low plant densityes,

respectively.

Pepe and Welsh (1979) studied dryland soil water depletion patterns

of closely related height lines of hard red winter wheat cultivaras

over
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two seasons and could not find a close relationship between soill water
depletlion and dwarfing genes, and root development or activity. Their
result is supported by those of Cholich, Welash and Cole {1977), Lipton
and Bingham (1970}, Lipton, Gliver, Ellis, BarnIs, Howse, Welbank, and

Taylor (1974) and Holbrook (1973).

Mixed Crooping

Multiple cropping, mainly in the foerm of intercropping, is the most
widespread croppling system in Africa, Asia, and fropical America where
very small farm holdings, resulting from low level technology, gives
this system a high labor efficlency (Harwood and Price, 1976; Okigbo and
Creenland, 1976; and Norman, 1968). Grain and biomass productivity of
mixtures has attracted numercus studies (see reviews by Donald, 1963;
Trenbath, 1974; and ASA publication #27, 1476) and gave inconsistent
rezults {see Table 1 adapted from Trenbath, 1974). The results have not
ineluded mixtures of leguminous specles. The mid-moncculture yield was
denoted by P. A mixture was said to have "overyielded™ when the mixture
biomass, M, exceeded that of the more productive culture, Py; i.e., when
¥ > Pys The mixture was said to have Punderyielded” when the mixture
bilcmass fell below that of the lesa productive pure culture, Py i.e.,
when M < P,, Both overyielding and underylelding occurred with a
relatively low frequency compared with the cases where P, > M > Pa. The
summary of the studies is descrided by Simmonds (1962) and Donald (1963)

that often M . P, sometimes P1 > M > P, and occasionally M > P1; but

that negative interactions (i.e., M < P) seemed to be rare.

Results of recent papers, not covered by references ¢ited above,



Table 1—The distriburion of biomass yields of varietal or
interspecific mixtures compared with yields of their
components' monocultures based on published data of
344 mixturest (after Treumbath, 1574).

Below Py to ? to Above

Crop Ps i Py Py
Grasses 28 63 87 59
Wheat 2 j 1
Rice 9 12 1 4
Flax and linseed 3 7 - 8 12
Barley 1 5
Rye 4 & 15 7

Total 45 92 124 83 = 344

*Pl and Py are the ylelds of the higher and lower yielding
monocultures, respectively. P {s the mid-menoculture yield.
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8till retain the inconsistency in yields of mixtures relative ¢ their
components' amonocrops—-suggesting the need for more definitive research
into the various factors that contro) or influence crop productivity in
mixtures. For example, Enyi (1972) iantercropped maize and sorghum with
pigeon peas or beans and found a reduction in the leaf area index (LAI),
atraw weight, and grain yield of the cereal cropa. He noted that
whereas intercropping maize decreased total grain (cereal and legume)
per hectare, intereropping sorghum with pigecn peas increased ftotal
grain yield., Comparing sole sorghum and beana with mixtures of the same
crops, Osiru and Willey (1972) reported up to 55% higher grain yield in
the mixtures than could be achieved by growing the crops separately.
Their replacement sariea study of pure maize, two-thirds  maize,
one-third uwmaize, and pure beans {Phageqlus wyulgapris) at four
populations, also gave mixture yields that were 38% higher than that in
pure plots (Willey and Osiru, 1672).

Mixture yields greater than the best of the components' moncecrop
have been explained with one or more of the following reasons:
i. Differing growth stages (Willey and Osiru, 1972);

ii. Mutual avoidance by adjacent root asystems (Raper and
Barber, 1970; and Baldwin and Tinker, 1972):

iii. Nutritional complementation--one ccmponent reguiring an
element of which the other needs little (Kolb, 1962; and
Davies and Snaydon, 1973);

iv. More efflcient light utilization due to contrasting leaf
inclination (Rhodes, 1970; and Trenbath, 1972), different
stem elongation rates (Iwaki, 1959) or different height
{Eagles, 1972; Barla=-3zabo and Hegedus, 1978).

Other reasons proposed include more efficient water use (Baldy, 1963},
allelopathy (Roy, 1960), and greater tolerance of dizease and pest

attack (Leonard, 1969). Very few studlies have, however, related any of
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these factors to yield in the mixed canopy.

Prasad and Reddy (1973) and Sharma (1978) utilized the height
variability in wheat genotypes in creating systematic mixed stands with
prismatic and columhar canopy surfaces. They found that such mixtures
gave higher grain yield than the mean yield in pure stands. The grain
vield in tke mixed stands, however, was about the same as that of the
largest yielding genotype in its pure stand; the tall genotype produced
more grain in the mixture than in pure stand while the dwarf genotype
vielded less.

The objective of this experiment waa to relate plant height and
mixtures of plants differing only in height tc water use, photosynthetic

active radiation (PAR) balance, and grain yield.
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GENERAL CONDITIONS OF THE EXPERIMENT

The experiment was conducted on the Kansas State University Ashland
Agronomy Farm located about 14km southwest of Kansas State University.
The elevation is about 350m above 3sea level. The soil was Muir silty
eclay loam (fine-silty, mixed mesic, Pachic Haplustoll) with a maximum
available water holding capacity of 13.2% by weight.

The layout of the experiment is shown in Figure 1. The cropped
area covered 0.24 ha. This was bordered by corn fields to the north and
south; and grain sorghum and soybean fields to the west and east,
respectively. Soil conditions at the site were homogeneous, so we used
a completely randomized design with five treatments--

i. Double Dwarf (DW),
ii. Dwarf (SD),
113, Tall (TR),

iv. Mixed (MIX), a 33% by weight mixed-irtercrop of the three
isoline seeds, and

v. Alternating Rows (ALT), row intercrops with the height
isolines arranged in repetiticns of a DW-SD-TA-TA-SD-DW
pattern.

Treatments were replicated only three times because of limited seed
supply. The genetic identity of the 3seeds is given in Table 2. The
sorghum [Sorghum bicclor L. Moench) seeds were provided by J. R. Quinby
of Pioneer Hi-Bred International Inc., Flainview, Texas, and F. Miller,
Crops and Soil Department, Texas A & M, College Station, Texas.

The field was fertilized with a preplant application of 108 kg/ha
nitrogen (anhydrous ammwonium nitrate) in the spring of 1978 and 1979.
We planted at a spacing oif 75 cm between rows and 7.62 cm within row,
giving a plant population of about 175,000 plants/ha. The rows were

orientated north to south. Planting date wa= 18 May 1978 and 17 May
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Table 2—Genetic jdenticy of isolines.
Lines Genotype* Heightt
- ==
Tall White Sooner Milo lenszw._,,dwa 195
Dwarf White Sooner Milo dwlDwzle3dw4 150
Double Dwarf White Sconer Milo dwldwznw:;dwa 90

*From Quinby (1974)
tat physiological maturity




14
1979. Plant density samples taken during the growing seasons are
presented in Table 3. It was difficult to separate some of the tillers
from main plants while taking plant counts at the later dates (GS 7).
All  measurements  were taken during the twe growing
seasons--spanning the periods 18 May to 16 August, 1978 and 17 May to 20
Auvgust 1979. All photosynthetic active radilation (PAR) sensors were
scanned every ten minutes an online calculator (Hewlett Packard model
#9820) computed 30 minute averages which were printed by a typewriter
(Teletype Printer ASR 35) housed about 100m east of the experimental
field. Pressure chamber and diffusion porometer {(Delta-T Devices) were
uzed to measure xylem-water potential and stomatal resistance,
respectively. |
Leaf and air temperatures were scanned and printed once every
half-hour on a digital recorder (Campbell CR 5). Water-use masurements
were made gravimetrically to 152 cm deep at planting; neutron preobe
measurements at 15 em increments to the same depth were made weekly
thereafter. A summary of the weather conditions for the two seasons is
given in the appendix., Results of the experiments are presented in the

following two chapters.




Table 3—Mean plant density

in the canoples®.

Treatments
Date DW 5D TA MIX ALT Remarks
e e e (#plants/mz) ———————
7/31/78 21,9 23.6 21.5 21.7 22.4 cs™ 7
7/03/79 18.8 15.2 15.2 14.7 15.9 GS 4
7/19/79 20.1 15.3 15.5 18.7 i cs 6
7/31/79 24.4 23.6 19.6 20.7 20.8 Gs 7

*planting density ¥

TGrowth stage (Vanderlip,

as 17.3 seeds!mz
1972)
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PLANT HEIGHT EFFECT ON THE LIGHT INTERCEPTION AND YIELD
OF GRAIN SORGHUM IN PURE AND MIXED CANOPIES

J. J. Owonubi and E, T, KanemasJ 2/

ABSTRACT

Advantages of dwarf over tall sorghum include resistance to lodging
and adaptatien to mechanical harvesting, Gra;n yield comparison of
sorghum height types are, however, less definita. An experiment was
designed to relate sorghum height to growth and development in pure and
mixed cancpies, Photosynthetic light (PAR) interception, dry watter
accumulation, and grain yleld of three height isolines in pure, mixed
and alternating rows were determined. j

The population of about 175,000 plants/ha, gave LAIL over 3.7 from
half blcom through grain filling. Only the 3~dwarf plots had incomplete
ground cover which allewed significantly higher PAR tranamission than
either the 1+~ or 2-dwarf canoples. PAR interception in the 3I-dwarf
¢canopy was, consequently, lower than in other treatments, Fewer tillers
and loose arrangement of leavez on the 1-dwarf plants allowed higher PAR
tranami=zaion and, therefore, lower PAR interception compared to the
2-dwarf canopy though these differences were not statistically
significant. Intercepted PAR in the mixed and alternated rows were
similar to that in 1- cor 2-dwarf plots., Differences in dry matter
accumulation between the treatments were mainly in the stem fraction;

the tall plants producing about the same quantity of dry matter as the

f
1/Contribution 80~309-J, Agronomy Dept., Evapotranspiration Laboratory,
Kanaas Agric. Expt. Sta., Kansas State Univeraity,

Z/Graduate Research Assistant and mieroclimateiogist, Dept. of Agronomy,
Ransas State University, Manhattan, Kansas 66506.
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mixed and alternated plots. The 2-dwarf, with its lower dry matter,
produced the moat grain in both seasons. Tall plants yielded more grain
in the mixed, than in either pure cr alternated canopies. The short,
3=dwarf, plants in the mixed plots were, however, shaded and, therefore,

yielded considerably low dry matter and grain,
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INTRCDUCTION

Quinby and Karper (1954} found that height in sorghum is determined
by four independently inherited geneas, DwT, Dwz, Dw3, and Dwy; tallness
is partially dominant, and shortened internodea wers the only apparent
effects of the recessaive form of the genes. They, along with Freeman,
Hadley, and Seif (1962), concluded that recessivensss had about the sane
effect with each of the four genes. Casady (1967) and Shertz (1973),
however, found that the Dw3 gene also influenced culm diameter, and
peduncle length. The effect of the dw3 allele on leaf blade length and
area was influenced by envircnment and varlety.

Yield compariscns of sorghum height isolines in low stand densities
(Freeman, et al., 1962; Graham and Lessman, 1966; Casady, 1967)
generally found that the taller lines yielded more than the dwarf. But
Pwhole canopy® assessments of the height types reveal that the short
genotypes perform better than the tall at high populations (Stickler and
Younis, 1966; Eastin, 3Sullivan, Clegg and Reoss, 1870)}.

Crain and biomass productivity of crop mixtures had attracted
numerous studies and given very inconsistent results {see reviews by
Donald, 1963: Trenbath, 1974; and ASA publication #27, 1976). Mixture
ylelds greater than the best monocrop have been explained by cne or more
of the following reasons: a) differing érowth atages, b) mputual
avoidance by adjacent root systems, ¢) nutritional complementation, and
d) more efficient light utilization due to contrasting leaf inclination.
Prassad and Reddy (1973} and Sharma (1978) wutilized the height
variability in wheat genctypes in creating systematic mixed stands with
prismatic and columnar canopy surfaces. They Ffound that such mixtures

gave higher grain yleld than the mean yield in pure stands.
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We designed an experinent tc relate sorghum height to the
interception of photosynthetically active radiation, water use, and
grain yield in pure, mixed, and alternating row3. This paper discusses
the photosynthetic active radiation balance, dry natter accumulation,

yield and yield components.
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MATERIALS AND METHQDS

The experiment was oonducted at Kansas State University Agronomy
farm, Manhattan, Kansas. The genetie identity of the three height
iselines of sorghum {(Seprghum bicolor L. Moench) and their height at
maturity are given in Table 1.1, J

We used 3 completely randomized design with five CLreatmenta:
j=dwarf (Ta), 2-dwarf (SD), 3-dwarf (DW), 33% seed-weight mixture of the
three fsolines (MIX), and alternating rows of the isclines in
repetitions of a DW=S8D=-TA-TA-SD-DW pattern (ALT). Limited seed supply
permitted only three replicationa of =ach treatment. The § x 15 m plecis
were sown with 75 ¢m between N-3 rows and 7.62 cm within rows on 13 May,
1978 and 17 May 1979.

Lealf area and dry welght estimates were made from weekly samples of
three representative plants per plot in the 1978 season. In 1979,
samples were <taken on a unit ground area btaziz to reduce errors
introduced by tillers. Pheotosynthetic active radiation of the Incoming
(PAR}, crop-reflected (RPAR}, @soil-reflected (RSPAR), and transmitted
(TPAR) radiation in one of the three plots per treatment were determined
with quantum sensors {(Lambda LI-190S}. The sensors were zet up as
described by Hodges, Kanemasu and Teare (1979) except an additional set
of five sensors were added in the MIX and ALT canopies; three pointing
upwards measured incoming PAR (PARQ) and the other two, facing down,
measured crop-reflected PAR (RPAR,} at the height of double dwarf
plants. This allowed estimation of interc¢epted PAR up to the height of
double dwarf plants (IPAR,) in the MIX and ALT canopies as:

IPAR, = PAR, - RPAR, -~ TPAR + RSPAR 1]

Whole canopy PAR interception (IPAR) was calculated as:



Table 1l.1—Genetic¢c identity of 1solines.

Lines GenotypeX Height?t
| -~ cm -~
Tall White Sooner Milo leDWZDWSdWA 195
Dwarf White Sooner Milo dWlDVZDWBdw& 150
Double Dwarf White Socner Milo dwldeDdew4 90

*From Quinby (1974)
tAt physiological maturity
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IPAR = PAR - RPAR -~ TPAR + RSPAR {21

All light sensors were scanned every 10 minutés on clear days from

half bloom, in the first season, and growing polint differentiation in
1979, to physiological maturity. Data were averaged every half hour
with an on~1line computer (Hewlett Packard model #9820} and printed on a
teletype (Teletype Printer ASR 35). Daily percent PAR balance was
derived from data averaged from G900 to 1800 hours. The dailly summaries
were pooled from half bloom (LAI 2 3.7) to physiclogical maturity and
gnalyzed by multivariate analysls of varilance to compare treatment means

within and between sesasouns.
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RESULTS AND DISCUSSIONS
Plant development was the 3ame for each of the height iscolines
{Table 1.2). Leaf area indices for the canopiles were similar (Fig.
1.1}, though the DW plot had the highest during half bloom and soft
dough. Despite the high LAI, however, the DW canopy did not completely
shade the ground as was the case in the other plots (see 1979 TPAR
values in Table 1.3). The high LAI of the DW plots was largely due to
greater tillering. f
Photosynthetic active radiation balance for the canopies during
grain filling is presented in Table 1.3. The canopies reflectaed about
equal amount of PAR. TPAR through the DW plot in 1978 was low compared
to that of 1979 presumably due bto sampling error. Sampling bias was
reduced by changing the location of the PAR sensors weekly in 1979. The
incecmplete erop cover in the DW plots caused large variations in TPAR
not only within each season but also between the two seasons. There was
no significant difference in TPAR in the SD and TA plots. TPAR through
the TA canopy was, however, consistently higher than that in the SD
plots in both seasonz, though the difference is not statistically
significant, Fewer tillers and the 1loose arrangement of leaves on the
tall plants allowed deeper penetration of light through the canopy. The
length of the top 5 Ainternodes (excepting the peduncle) averaged 21.0,
13.1, and 6.6 cm for the TA, SD, and DW plants. The next set of five
interncdea averaged only 11.8, 4.7, and 1.2 om in the same order. RSPAR
was less than 1% of incoming PAR in all ploté.
Intercepted PAR was similar in the pure isoline canopies in 1978,
In 1979, however, the large TPAR through the DW canopy caused
significant differences in PAR interception between this plot and the
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Table l.2—Growth stages of three height isolines during the
1978 and 1979 growing seasons at Manhattan, Kansas.

Date |
Gs* 1978 1979 Identifying Characteristic
0 May 24 May 26 Emergence
1 June 4 May 30 3rd leaf fully visible
2 12 June 9 5th leaf fully visible
3 21 18 Growing point differentiation
4 July 3 July 4 Final leaf (1l4rh) visible in whorl
5 8 9 Boot
6 12 14 50% of plants in bloom
7 21 24 Soft dough
8 Aug., 5 Aug. 6 Hard dough ’
9 16 20 Physiological maturity

*Growth stages as classified by Vanderlip (1972)
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Table 1.3—Photosynthetic active radiation balance® of sorghum
height isolines between half bloom to physiological

maturity.
1978 1979
Plot RPAR TPAR IPAR RPAR TPAR IPAR
b4 %
Double Dwarf 4.0 y % 89.4 4,3 19.9 76.3
Dwarf 4.1 9.1 87.8 4,5 7.7 88.8
Tall 4,2 10.8 85.2 4.0 9.7 86.5
Mixed 3.9 7.6 88.7 4,7 8.0 87.6
Alternated 3.8 2.6 93.6 9.0 10.1 85.5

*Simultaneous confidence interval for differences between two
means ranges between * 0.74 to 0.81 for RPAR, + 4.07 to 4.46
for TPAR and + 4.25 to 4.65 for IPAR columns
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other two. This difference is illustrated on a seasonal basis in Figure
1.2 Vegetative cover was sparse in all treatments on dates eaprlier than
26 June, thus giving highly fluctuating TPAR and very low IPAR. Figure
1.3 is typical of diurnal trends of IPAR in the pure canopies in 1979.
All three canopies intercepted similar amcunts of PAR from sunrise until
1000 CDT, and from 1600 CDT to sunset, During peak insclation, the
incomplete cover in DW plots 2zllowed Jlarge amounts of PAR transmission
through the canopy resulting in lowered interception., Conversely, SD
ploets were denser and, therefore, intercepted more FAR than either DW or
TA. Intercepted PAR in the ALT canopy was significantly higher than in
T4, SD, and MIX plots in 1978 but this difference was not confirmed by
1979 data.

Figure 1.4 shows the similarity of IPAR in;the MIX and ALT canopies
in 1979. The lower canopy, consisting of leaves ne higher than the
double dwarf plants, intercepted an average of 26 and 32 percent of
incoming PAR in the MIY and ALT treatments respectively, in 1978. IPAR2
was only 10 and 30 percent of incoming PAR in the MIX and ALT canopies
in 1979 (see diurnal trend of IPAR and IPARz in Fig. 1.5). Double dwarf
plants in the MIX were shaded more than those in the ALT.

Dry matter yields of the isolines in pure, MIX, and ALT canopiles
are presented in Figure 1.6. The difference iﬁ dry matter yield between
the DW, SD, and TA isolines was mainly in the stem fractien. It appears
that DW and 3D isolines were sink limited from emergence to anthesis
and, consequently, produced less vegetative dry matter compared to the
TA in either pure, mixed or alternated cancpies, The ALT canopy had the
highest dry matter in  beth seasons though thia did not vary

significantly from that of the TA or MIX., Tall plants in the MIX canopy
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preduced more dry matter than in pure or ALT canopies. The harvest
indices were 0.50, 0.41, 0.40, 0.33 and 0.30 percent for the DW, 5D,
MIX, ALT and TA canopies in 1978; while in 1979, these were 0.35, 0.33,
0.20, 0,20 and 0.19, resapectively. The higher harvest index in the
shorter (DW and SD) canopies were caused by relatively lower vegetative
dry matter in these canopies compared to the TA, MIX or ALT. The higher
indices in 1978 were apparently due to lower vegetative growth because
of more droughty conditions in 1978 compared to 1979.

Tables 1.4 and 1.5 give the grain yield and yield components of the
main treatments and the separate isolines in the MIX and ALT canopies.
Presumably because of the relatively high seeding rate, TA plants
produced only 0.93 heads per main plant in 1978, The 1979 season had a
uniferm rainfall distribution which accounted for profuse tillering and
generally higher grain yield than 1978. TA plants had greater seed
weight than either the SD or DW; the comparatively low seed weight of
the DW plants in pure, mixed and alternated rows suggest the grains were
source limited. Grain yield of the TA plots was the lowest of all
treatments in both seasona. The 5D plots, in contrast, had the highest
grain yield in both seasons--consistent with its higher IPAR compared to
either the DW or TA. The advantages in IPAR of the MIX, ALT, and TA
cancpies appear Lo favor dry matter production rather than grain yield.
The shading of double dwarf plants in the MIX is reflected in grain
yield, Total grain yield and seed weight of double dwarf plants in the
MIX plots were considerably lower than those of corresponding plants in

the pure and ALT canopies.



Table 1.4—Number of heads per main plant,
of main plots.

geed weight, and
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grain yield

1978 1979
#Heads/ 1000 Grain #Heads/ 1000 Grain
Plots Main Plant Seed wt. Yield* Main Plant  Seed WC. Yield*
(gm) (kg/ha) (gm) (kg/ha)
SD 1.25 34.7 7165 1:319 32.0 8027
DW 1.35 30.9 6397 1.44 27.8 7671
ALT 1.28 35.0 6779 1.37 30.1 6754
MIX 0.99 34.7 f419 Y41 31.8 6749
TA 0.93 18.6 5905 1.23 15.0 6283
LSD, 10 0.12 0.7 573 0.18 3.4 996
LSD 01 0.18 1.1 856 0.26 5.1 1465
*Determined at 12.5% moisture content



Table 1.5—Number of heads, seed weight, and grain yield of component
plants in the mixed and alternated plots.

1978 1979

#tHeads/ 1000 Grain #Heads/ 1000 Grain

Plots Main Plant  Seed Wt. Yield* Main Plant Seed Wt. Yield*
(gm) (kg/ha) {gm) (kg/ha)

MIXED
DW 0.76 28.9 1065 0.76 23.6 Bh5
SD 1.00 35.3 2209 1.25 30.7 1932
TA 1.18 40.1 3145 2.09 200 4152
ALTERNATED
DwW Y.25 29.3 1612 1.29 25,7 1850
SD 1.39 35,0 2417 1.268 33.5 2620
TA 1.15 40.7 2749 1.3% 36.2 2285
LSD.ID 0.19 1.0 431 0.49 5.4 1129
LSD g1 0.28 1.8 640 0.71 7.9 1653

*Determined at 12.5% moisture content
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COECLUSIONS :

Eiant development and LAI were gimilar for the.isélines. Only the

DW had incomplete ground cover tﬁroughout the growing seascn. This was
reflected in significantly higher TPAR and lower IPAR relative to the
other treatments. Fewer tillers and loose arrangement of leaves on TA
plants caused higher TPAR and, hence, lower IPAR than in the 3D canopy
though the differences are statistically insignificant. IPAR in the MIX
and ALT plets were similar to that of the SD, The 8D ploft, however, had
_the higheat grain yield in both seasons, The lowest grain yield was
obtained from the TA. High intercepted PAR in the T4, MIX, and ALT
canopies favored dry matter production. Significantly lower szeed weight
off the DW plants suggests source limitation in purs, mixed and

1]

alternate-row atands.
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SOIL WATER DEPLETION AND WATER USE_OF THREE
HEIGHT ISOLINES OF SORGHU

J.J. OWONUBI AND E.T. KANEMASUH/
ABSTRACT |

Dwarfing of tall sorghums provides lodging resistance and adapts
the crop to mechanical harvesting. Its effect on grain yield is,
however, lnconsistent. To explain yield differences between height '
isolines, we compared proflle water extraction, total water use, and
water-use efficiencies (WUE) of three height isolines of sorghum. Qther
measurements included Jleaf temperature, stematal resistance, and
xylem=-water potential,

The water extraction profiles of the isolines were similar except
the DW plots allowed more surface evaporation because of incomplete
ground cover, T& plants had the lowest xylem-water potential and
highest stomatal resistance; DW plants had the reverse, while SD plants
had intermediate values. The TA canopy had the highest
evapotranspiration in both seasons. TA plants also had the highest WJE
for dry matter but the 3D plants were more efficient with respect to
'grain water~use efficiency. 3D plants had consistently the warmest
canopy temperature of the isolines during peak inselation periods.
Relationship of dry matter rproduction to normalized transpiration gave
slope factor (k) of 0.173, 0.222 and 0.296 mb for the DW, SD, and TA

canopiea.

l/Contribution 80~-347-~d, Agronomy Dept., Evapotranspirstion Laboratory,
Kansas Agrie. Expt. Sta., Kansas State University.

2/Graduate Research Asgistant and microclimatologist, Dept. of 4gronomy,
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INTRODUCTION

B

The affects of height. geneé in .éorghum have nct been fully
understcod. Quinby and Karper {1952} defined true height genes as those
influencing only the length of interncdes. But reports of significantc
grain yleld differences between height isolines (Hadley, Fresman and
Javier, 196%; Stickler and Younis, 19663 Hoshine, Uzibara and Shikata,
1978) emphasizes the need for more detalled research into other
secondary effects of the height genes. Casady (19€7) and Shertz (1973)
found that the Dw3 gene influenced culm diameter of the third, fourth
and fifth internodes from the top of the plant, peduncle length, bhlade
size of the third, fourth and fifth leaves from the top as well as culm
height. Hoshino, et al., (1978} reported that 2-dwarf sorghum had
significantly higher net assimilation rate than the shorter 3-dwarf.
Pepe and Welsh (3979) evaluated the effaects of the dwarfing genas on
root activity of dryland wheat but found no relationship among soil
water depletion, dwarfing genes and root development or activity. Other
environmental studies of height iszolines (Hagen and Skidmore, 1974;
Skidmore and Hagen, 1978) assessed windbreak effects of mixing 2= and
J=dwarf sorghums. Sheltering ULy Z2=dwarf plants reduced turbulent
exchange, increased leaf water potential and lowered stomatal resistance
of the shorter 3-~dwarf plants suggesting an improved water status of the

3=dwarf plants.

Water~use efiiciency 1s generally defined as the ratlo of dry
matter (Y) produced to %he amount of svapotranspiration (ET). Tanner

|
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and Sinelair (1580) differentiated betwéen ﬁranépiration (T)-efficiency,
whieh considers tranapiration only, from ET-efficiency. Investigations
of water use by agricultural plants as early as Briggs and Shantz (191%)
 indicated that relative water requirements (more specifically, relative
transpiration) should be considered because of observed differences in
transpiration (T) depending on atmospheric exposure. Cradmann {1928)
and Van der Honert (1948) expressed this exposure in terms of the vapor
pressure gradient from the leaf te the air. DeWit (1958), Bierhuizen
and Slatyer (1968) and Tanner, et al., (1980), therefore, proposed a
linear relationship between ¥ and T normalized with cumulative water

vapor gradient:

Y = kT/te (1]
where k = crop factor

se = vapor gradient from the leaf to the air (el-e)

e = laafl vapor pressure and

e

rapor pressure of the air. J
The factor, k, enables WUE comparison for a specified erop grown at
different seasons or aites. Theoretical and experimental estimates of k
for sorghum were (0.118 and 0C.138 mb, respectively (Tanner, et al.,
1580).

We designed experiments to compare photosynthetie light balance,
water use, growth, and development of three neight isolines of sorghum
(Sorghum bicolor L. Moench) in pure, nixed, and alternated rows. This

paper diacus3les the spil  water extraction patterns, water-use

efficiencies and leaf teumperatures of the pure isocline canopies,
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MATERIALS AND METHODS

The experiments were conducted at Kansas State University Ashland
Agronomy Farm, Manhattan, Kansas., The s8oil was silty clay loam
(fine-silty, mixed mesic, Pachic Haplustoll) with a maximum available
water holding capacity of 13.2¢9 by weight~-about 30 cm of available
water in a 150 em scil profile (see Jaafar, Kanemasu and Powers, 1978).
Nitrogen was applied at a rate of 108 kg/ha (anhydrous ammonium
nitrate). The double dwarf (dwqdwyDwgdwy), dwarf (dw Dw,Dwadwy) and
tall (Dw1Dw2Dw3dwu) height isolines of White Sccner Milo were planted on
18 May, 1978 and 17 May, 1979. Their approximate heights at maturity
were 90, 150 and 195 cm, respectively.

A completely randomized design was used with three treatments--the
3~dwarf (DW), 2-dwarf (8D), and 1-dwarf (TA). Limited seed supply
permitted only three replications of each treatment each year. The
9 x 15 m plots were planted with 75 cm between N-3S rows and 7.62 cm
within rows (a density of about 175,000 plants/ha). Weekly measurements
included soil water content (gravimetric and neutron probe) at 15 em
increments to 150-cm depth, leaf area and dry weight of plant parts.
Evapotranspiration (ET) in 1979 was separated into evaporation (E) and
transpiration (T) by a mecdel developed by Kanemasu, Stone and Powers
(1976). The model used daily inputs of temperature, vapor pressure,
solar radiation and leaf area index. Water-use efficiency (WUE) of dry
matter and grain yield was esatimated as a ratio of dry matter or grain
yield to total ET at harveat time, respectively.

Daily maximum and minimum air temperature, and relative humidity
were obtained from the Kansaz 3State University weather station. Leaf

vapor pressure was estimated by
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8 = O'Tscegmax ~ eluin) + elpin o  }j 2]

vhere eEmax and egmin represent saturated vapor presaures.aﬁ maximum and
minimum air temperatures, respectively (Tanner, et al., 1980). Both
efyax and efpi, were computed as deseribed by Murray (196T). Air wvapor
pressure {e) was derived from relative humidity data at the time of
maximum air tembebﬁta;é.. The plot of ef ..., etmin' e; and e throughout
1979 growing season is given in Figure 2.1. [

Leaf temperature was measured wlth séts of three parallel
thermocouples (wire guage 38g.) 1in contact with the abaxial side of.
three flag leaves on 20 clear days between growing peint differentiation
and physiological maturity in both years. Alr temperature was wmeasured
on the same days with two shielded thermocouples ventilated at about
3 w/sec. Both alr and leaf thermocouples were scanned every 30 minutes
and the data printed out by digital recorders (Campbell CR5}.

Stomatal resiatance of both adaxial =and abaxial =surfaces on at
leaat three flag leaves per treatment was measured with an automatic
porometer (Delta-T Devicea). The average leaf stomatal resistance (Rs)
was calculated by _ .  -

1Ry = 1/Ryy + /Ry - T
~ where Had and Rab are the resistances of the adaxial and abaxial
surfaces, respectively. Pressure chamber |was used to eatimate
xylem-water potential, y;. The stomatal resistance and xylem-water

potential were measured between 1300 and 1500 CDT on 12 c¢lear days from

T S
[

anthesis to physiclogical maturity.
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RESULTS AND DISCUSSIONS

Soil water depletion patterns of the isolines obtained from neutron
probe measurements during rainiess periods of 19768 and 1979 are
presented in Flgure 2.2 The 3shaded portions represent the volumetrie
water content extracted from the soll at the corresponding depths within
the dry period. Water loss from the s80il surface to about 25 em depth
combines water extraction by roots close to the surface and direet
evaporation, E. If root uptake at this depth i3 assumed similar, then
relative E was of the order DW=-TA-SD from highest to lowest E. The DW
plots allowed higher E because of incomplete ground cover {Owonubl and
Kanemasu, 1980). It appears that the lsolines extracted a small amount
of water below a depth of 150 cm.

Figures 2.3 and 2.4 present the total avallable water depletion
throughout both seasons. The growth stages were as classified by
Vanderlip (1972). Rainfall was relatively evenly distributed in both
seazons and the gsoil profiles were never depleted below 30% of maximum
available water, the  critical soil  moisture level below which
transpiration rates could be expected to decrease (3ee Ritchie, 1973;
Sumayao, Kanemasu and Hodges, 1977). From soil-water measzurementsz, ET
wag estimated as U41.9, 40.9 and 4U4.1 em for the DW, SD and TA plots in
1978. ET, like potential ET, was lower in 1979, amounting te 38.0, 37.2
and 39.3 em for the DW, SD and TA plots, respectively. Potential ET,
estimated by the Priestley-Taylor equation (Prieatley and Taylor, 1972},
during the growing seasons was B55.4 and 51.6 cm for 1978 and 1979,
respectively. The TA plots used mere water than either the DW or SD in
both years though the difference i3 small,

Model predictions of ET and T (using only 1979 data) did not differ
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between treatments. Predicted ET was 38.6, 38.4 and 38.3 cm for the DW,
SD and TA plois while T was 285.5, 25.4 and 25.2 cm in the same order.
The medel closely predicted ET of the isolines although ET, and probably
T of tall plants were underestimated relative to those of DW and SD.
This is presumably because the model eatimates both ET and T mainly as a
funetion of the leaf area 3index with no consideration con canopy
structure. The DW cancpy had a slightly higher leaf area index despite
a lower ground cover compared toc the other isolines (see Owonubi et al.,
1980).

The SD plants were consistently the warmest of the i1solines
especially between 1100 and 1600 CDT when insclation was near maximum
(Fig. 2.5). Leaf temperature differences between the 8D and the other
isolines often reached 3°C. This could result from either lower T or
higher heat load., Our light interception data (Owonubi et al., 1980)
showed diurnal differences in light intercepted by the 1solines but it
is not clear i1f the observed differences could account for the
temperature variation. An inherently warmer temperature in the SD
plants might enable this line to withstand mojisture stress hetter than
either the TA or DW. Canopy temperatures appeared Lo be more sensitive
to desoribing differences in T than was stomatal resistance.

Figure 2.6 shows that all the canopies had very low Ry {£ 2 gec/cm)
in both seasons, indicating the plants did not experience severe water
stress (see Ritehie, 1974). The ¢; was consistently higher in DW
plants, i.e., DW>SD)TA, indicating more favorable water status for the
shorter 1solines.

The relationship of dry matter produced by LCLhe isolines +to

eunulative T and normalized T are presented in Figure 2.7. T/Ae were
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calculated on a dally basis and summed over the same period as the dry
matter, The slcpe of the 1lines in Figure 2,70 provided k values of
0.173, 0,222 and 0.296 mb for the DW, SD and TA plots, respectively.
Our values are hjigher than the 0.130 mb cited by Tanner, et al.,
(1980}. The overestimate and the genotypic differences in 'k' may be
due to dry wmatter yield, (e;~e), T, or the assumptions by Tanner and
Sinelair (1980). i

The dry wmatter ylelds were restricted to above ground organs;
therefore, inelusions of roots would inerease 'k' even more, Tha
estimate of e, from air temperature measurements could overestimate e,.
Measurements indicate leaf temperatures below air temperature {(e.g., 3
to 8°C) and could result in as much as a 100 percent overestimate in
(el—e). Such an overesatimate in e, if typiecal over the growing season,
could lower 'k' to near the theoretical value given by Tanner and
Slnclair, The magnitude of the differencea in leaf temperature among
isolines would not be sufflecient to account for the differences in 'k'.
Because model and observed ET were similar, it is difficult to perceive
& large error in T. However, the more open~canopy structure of the TA
panopy would be more conducive to higher transpiration than the DW
canopy. |

Tanner and Sineclair (198Q) in their theoreftical analysis assume (1)
equal fluxes of carbon dioxide and water vapor, (2) a full canopy {(LAI >
3) with unique relationship of sunlight to shade leaves, {3) maintenance
respiration equal to the photosynthesis of shaded leaves, and (4) a
hexose to blomass convarsion coefficient, The major difference in dry
matter producticn among the isolines was 1in the stem fraction. This

would indicate that the 38D and DW genotypes were sink limjted,
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especially durlng the ﬁre—anthesis period. Therefore, the differences
in k! among the height izclines is probably due to the
inappropriateness of assumption (1). This would not necessarily be
readily observed in other atudies, however., The morphological
differences in canopies among the isolines would contribute to their
differences in 'k' values. Only a alight effect oa 'k' could be
realized from a biochemical analysis of the dry matter; however, the
correction would bring the 'k' vzlues closer to one another,

Water-use efficiency for dry matter and grain are given in Table
2.1. The isolines produced more dry matter per unit water tranapired in
direct relation to their height. TA plots were more efficient with
respect to dry matter yield while 8D plots produced the nmost grain per
unit of water in both seasona. Dry matter yield was lower and ET higher
in 1978 than in 1979 resulting in comparatively higher WUE for both

grain and dry matter in the second szeason.



Table 2.l—Water-use efficiency” for dry matter (DM) and
grain yield in the two growing seasons.

1978 1979
Plot DM Grain DM Grain
Double dwarf 3.2 1.6 6.1 2.0
Dwarf 4.3 1.8 6.8 3.3
Tall 4.% 1.4 8.7 1.6

fWUE expressed in g dry matter or grain yield/kg of
water used

62
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SUMMARY

The zoﬁé of maiimum water extraction for the isolines were similar
but incomplete ground c¢over caused mnmore soil surface evaporation from
the DW canopiea. Rainfall was relatively evenly distributed in 1978 and
1979 s0 none of the isclines depleted available soil water beleow 309 of
maximum. Stomatal resistance of the lsolines were less than 2 sec/cm in
both seasoné, Indicating no =evere moisture stress. The xylem-water
potential was of the order DW>SD2TA I1ndlcating better water status ln
the DW than in other canopies, The SD cancpy had higher temperature
than the other isolines. The difference in T and ET between the
igolines were insignificant. TA plots had the highest WUE for dry
matter but the SD plants produced the most grain per unit amount of

water,
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CLIMATIC DATA OF ASHLAND AGRONOMY FARM

DURING 1978 AND 1979 GROWING SEASONS
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DALE

5/ 1/748
5/ 2/19
5/ 3/18
S/ 4/78
5/ S5/78
5/ /74
5/ T/78
5/ 8/ 7y
5/ 9/78
5/10/78
5/11/78
8712478
5/13/78
5/14/178
5/15/18
5/14/18
5/11/7d
5/14/748
5/19/178
57204786
5721778
5/22/178
54237178

5724/ 78

SR

iLy/Daxd
358.2
587.0
148.0
1i1.0
4T70.4
15.8
151.8
6068
652.4
604.2
368.0
309.8
Ti4.6
706.0
706.8
693.2
6l7.0
341.6
El4. 8
650.0
635.0
256. 6
533 .4

656.0
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TMAX TMIN RAIN
iL} QL {cm)
Lot Dutr 0.03
15.6 3.9 Q.0
12.8 7.2 0.0
12.2 Te2 0 .08
15.6 2.8 0.03
15.0 6.1 0 .20
15.6 T+8 3.56
1.4 1.2 0.20
22.2 8.3 0.0
26.7 8.9 0.0
250 16.1 0«20
22.8 133 0.20
21.7 o 1.19
25.0 6.7 0.0
23.9 Ge. 4 0.0
21.7 d.3 Q.0
23.3 10.6 Q.0
25.0 15.6 0.0
3l.1 17.2 0.0
26.1 15.0 0 .05
239 il.l 0 .0
244 15.0 0.33
31.7 15.6 3.12
32.2 15.4 D506
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SR TMAX TAIN RAIN
___Dafe (LYZDAY) (C) 1C} (cm)
$/25/ 78 5644 32.2 164l 0.0
5/26/ 178 468.4 28.9 16.1 2.54
5727718 429.6 28.3 15.4 0«0
5/28778 65440 27.8 17.8 0.0
5/25/78 362.0 261 15.0 0.0
5430/ 78 69640 31.1 10.9 0.0
5/31/ 78 371.8 30.0 L1546 0.71
6/ 1778 32L.4 20.0 13.3 0.79
&/ 2/78 529+ 6 21.1 12.8 Q.08
6/ 3/18 561 .6 23.9 15.0 0.03
6f 47178 4540 24.4 12.2 0 .0
6/ 5/18 607.4 27.2 13.3 0.0
6/ 6478 302.8 25.0 15.9 0.0
6/ 1/78 725.C 28.3 16.1 Q.15
6/ 8/78 703.6 244 8.9 Q.0
ol S418 72642 30.0 12.3 00
6/10/78 734.8 3lal 18.9 0.0
6/11/18 649.8 34 .4 21.7 0.0
6/12/18 752.4 29.4 10.6 0.0
6/13718 713 .4 29.4 12.8 0.0
a/14/78 703.0 32,2 17.8 2.0
6/15/ 13 668.0 35,0 22.2 0.0
6/16/78 721.0 38.9 294 0.0
6/117/18 725.6 3641 25.6 0.0



SR TMAX TMIN RALN

. DAJE LLY/DAYL (cl (cl {em)
6/18/18 68742 29.4 18.3 0.0
6/19/78 694 o4 32.2 15.9 0.0
6/20/18 5940 4 28.9 18.3 8423
6/21/18 743.2 26.7 13.9 0.0
6722718 64206 31.7 18.3 0.05
6723418 4440 31.1 21.1 0.0
6/244 13 604 .0 34 .4 2343 0.0
6425/ 18 768.2 37.8 25.4 0.0
6726718 55342 315.6 22.3 0.13
6721418 537.8 33.3 2040 0.0
6/28/78 694.0 35.0 2046 2.72
6/29/78 725.8 35.0 23.3 0.0
6730478 674.0 36.1 24e% 0.0
1/ 1/ 78 661a4 .6 26.1 0.03
74 2478 735.4 3444 21.1 0.0
77 3/78 710.4 38.3 21.7 0.0
77 4/78 727.6 37.5 25.0 0.0
7/ 5718 72844 38.3 27.2 0«0
7/ 6/18 5314 35.0 20.90 0.76
7/ 1718 b84.4 31.1 21.1 0.10
77 8/78 669.6 3647 17.8 0.0
74 9/18 19744 3444 22.2 040
1/10/73 409.6 22.8 13.3 3 .05
77114178 194. 4 2742 15.0 0.0
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SR TMAX TMIN RAIN
e _RAlE (LY/DAX) (C) (C1 ()

7/12/18 508.4 37.8 247 0.25
7/13/178 246.0 33.9 23.9 0.0
7/14/18 688.2 35.6 lded 1l .90
1/15/718 T2T7.8 32.8 18.3 0 .0
T7/16/78 585. 8 34.4 18.9 0.0
T/1L7778 657 4 3647 25.J 0.0
7/18/178 603.6 35.6 223 Q.50
/13778 596.2 3.0 2% 4 0.20
7/20/78 18l.6 32.8 22.2 Q.30
7/21/7173 562.0 6.l 24.% 04l
1/22/ 18 383.4 3l.7 20.6 0.28
7/28718 677.0 25.0 15.6 0.0
7/24/ 178 710.0 3l.1l La.4% 0.0
1/25/ 78 TL1.6 37.2 23.3 0.0
7/26/178 70442 34.4 25.6 0.3
7/21/718 106.2 32.8 l6.1 0.0
7/28¢4 178 638.8 37.2 L94% 0.0
1/29/18 6d6.8 32.2 2l.1 0.0
1/30/ 76 503.2 28.3 la.9 0.0
T/34/18 652.8 33.9 167 2.0
a/ L/ 1s 353.8 28.9 lde 3 1.50
ars 2/13 478.6 30.6 20.0 0 .30
af 3/178 40746 25.0 ISP § Je0
a8/ 4/l 1s 65T.2 25.0 12.2 J 0



SR

____DAIE . ALYZDAY]
87 5/178 6144
8/ o/178 634.8
8/ T/78 63l.6
8/ 8/178 649.8
8/ 9/178 383.0
8/10/13 540.8
8/11/178 535.8
a/12/ 70 629 .6
8/13/18 629.0
8/14/78 562.0
8/15/78 £42.0
8/16/1738 643.0
a/17/178 623.8
8/18/178 606.4
8/19/73 607.8
8/20/178 6l5.8
8/21/13 532.0
a/f22/148 5160
8/23/18 593.8
8/24/138 582.4
a/25/18 500.8
3/26/18 38l.2
8/21/18 Sdl.6
84/28/178 428. 4

7

A

TMAX TMIN RAIN
(L1 (L) {cm)
27.8 12.2 0 .0
3l.1 17.2 0.0
33.3 lde3 0.0
35.0 2l.l 0.0
33.3 20.6 0.0
30.6 19.4 0.10
3l1.7 18.9 0.05
38.3 18.9 0.0
40.0 23.3 0.0
37.8 26a.1 0.0
35.0 21.7 0 .69
36.1 13.9 0.0
38.9 2l.7 O.l0
37.2 20.l Q.0
27.8 15.6 J.0
32.8 13.9 0.0
A2 23.3 0.0
37.2 25.0 0«9
38.3 2% J .0
38.9 26.7 Q.0
38.3 23.9 Q.0
37.2 20e 7 Q.0
4.4 2ie1 J.338
30.0 2Jde0 2.0



72

SR TMAX TMIN R AIN

-;;.HAI.E;.;-.,._._U.J:LD.AYI (L) {C) (cm)
5/ L/719 498.8 23.9 6al 045
5/ 2779 8l.4 18.3 10.0 0 +69
5/ 34719 297.2 1.6 5o 0469
5/ 4719 634.2 18.3 5.0 3.0
5/ 5/79 648.8 22.8 6.7 0.0
5/ &/79 637.0 29.4 13.9 0.0
5/ 1479 575.4 27.2 16.7 0.0
5/ 8/79 47246 294 18+9 0.0
5¢ 9779 26%.8 27.2 20.0 0.0
5/10/ 79 138.0 22.2 T2 0.79
S/LLFTY 691.8 17.2 2.2 1.70
8/12/79 57346 22.2 3.3 0.0
5/13/19 663.8 23.3 7.4 0.03
5714779 54l.8 22.38 8.3 0.58
5/15/79 625. 8 23.9 il.l 0.0
5/16/79 532.4 30.0 13.9 0.0
5/17/79 6446 28.3 13.9 0.0
5418/ 79 327.4 23.9 167 0.23
5/19/79 210.4 22.2 13.3 V.91
5/20/79 503.4 zé.a 4.4 0 .86
5/21/79 668.0 222 10.0 0eu
5022719 681.6 26.1 7.8 0.0
S723/19 552.0 23.9 li.1 Je0
5424779 646 .8 211 540 Q.0



SR
QA LE [T 925773 3 V.
57254179 675.8
5726/ 19 626.8
57217719 713.8
5/28/79 63042
5/29/ 79 61840
5/30/73 404.6
5/31/79 570. 4
6/ 1173 455.6
ol 2419 671.4
6/ 3479 702.0
ol 4179 561.%
6/ 5479 59 Ba &
6/ 6/ 19 395.0
a6t 1/79 462.0
6/ 3/79 209.4
6l W19 124.0
6710719 137.0
6/11779 732.4
6/12779 706.2
6/13/79 712.4
o/lali9 723.2
6/154 79 E4b.6
6/l6l 73 62248
6I17/79 435.6

TMIN

73

R I )
23.9 546 0.0
27.2 Il.1 0.0
27.8 li.1l 0.03
30.6 13.3 Q.0
30.0 16.1 0.0
27.8 l6.1 0.0
22.2 12.4 2.0
22.8 7.8 0.0
27.2 8.3 0.0
28.9 117 0.0
33.9 17.2 J .0
32.2 l6e7 0.0
289 17.2 V.0
2944 19.4 0.0
25.6 13.9 1«04
18.9 13.9 0.25
26.1 8.9 0 .20
28.3 190.40 0.0
3l.1 16.7 g.0
4.4 18.3 0.0
4.4 13.9 0.0
33.9 22.2 0.0
3444 22.2 C.05
30.6 200 0.0
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SR T™AX TMIN RALN
DALE (LEZDAYL L) (L) (emi__
6/18£79 60162 32.2 22.2 0.10
6719479 317.8 28.9 19.4 0.0
5720779 13642 32.2 13.3 0.18
6/21719 702.2 3647 14e% 0.0
6722719 52242 32.2 17.2 2.08
6/23/19 450, 2 2647 18.9 0.74
6/24/19 325.0 23.3 16.7 1.40
6125479 4488 2641 16.1 0.0
6726119 574.4 10.0 17.2 0.05
6727479 513.8 32.8 22.2 0.0
628419 62242 25.4 18.9 1 .65
6729779 720.4 3040 18.3 0.0
6730779 439.6 2843 17.2 )
7/ 1719 226.8 26.7 19.4 0.0
77 2779 467 .4 32.2 20.6 0.0
74 3419 6504 3&.1 24.4 3.0
7/ 4119 6l4e6 33.3 23.3 0.0
77 5719 147.8 23.3 1641 4 .40
17 6719 120.0 18.9 1546 0.30
7/ 1179 214 .6 25.0 17.2 Q.13
1/ 8/719 374.2 2849 17.2 0.0
7/ 9479 593.2 30.0 2040 0.0
1710479 583 .4 32.8 21.1 0 .0
VAN VAL 671.6 33.9 22.2 0.0



TMIN
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SR TMAX RALN
DALE {itsaaxl {64 (Ll (cm) _
6/18/79 601.2 32.2 22.2 0.10
6419/ 79 317.8 28.9 19.4 0.0
6/20779 73642 32.2 13.3 3.18
6/21/ 19 702.2 36,7 la.s 0.0
6722719 522.2 32.2 17.2 2.08
6/23/ 719 45042 28.7 13.9 074
6124/ 19 325.0 23.3 16.7 1.40
&/25/79 448.8 26,1 l6.1 0.0
6/26479 574.4 38.0 17.2 0.05
6727779 513.8 32.8 22.2 0.0
6728713 622.2 2544 18.9 1 .45
6729/ 79 720.4 3C.0 18.3 0.0
6730419 439.6 28.3 17.2 O W0
1/ /19 226.8 26.7 19.4 2.0
ir 27719 467 .4 32.2 2046 0.0
7/ 37719 650. 4 36l 29.4 J W0
74 47179 6l4ab 33.3 23.3 0.0
7/ 5/79 147.8 2343 l16a1 4 .60
17 6/19 120.0 18.9 15.6 0.30
77 1719 2714 .6 25.0 17.2 0.l3
1/ 8779 374.2 2849 17.2 0.0
7/ 9/ 79 593.2 30.0 20.9 0.0
7710779 583 .4 32.3 2l.1 9.0
T/ 79 6T1.6 33.9 22.2 0.0




75

SR THAX TMIN RALN
Ja LE (iY/pari (Cd ) (em)
/12779 648.4 4.4 123.3 0.0
T7/13/779 619.4% 3647 23.9 0.0
/14479 660.8 344 2345 0.0
T/15773 395.6 31.7 18.9 3.10
7/16/79 402.4 27.2 20.6 0 .86
/174719 371.0 25.6 18.3 2.03
7/18/79 525.8 28.3 17.8 0.05
1/19/719 61844 28.3 i6.1 2.0
7720479 534 . % 30.6 17.8 0.0
7721779 547.8 31.1 20.2 @ &0
/224719 503 .4 32.2 21.7 0.0
7723779 109.0 28.3 21i.1 0.0
7724/ 19 548.6 32.2 22.8 2.13
77251719 580.4 30.0 20.6 0.71
7/26/ 19 529.8 31.7 19.4 9«0
7/27479 438.8 32.2 21.1 0.0
7/287719 534 .56 34.4 21.7 0.0
7729719 340.0 33.9 23.3 0.0
1730/ 19 265.8 32.2 23.3 0.13
7/31279 284.6 28.9 r3 0 .05
8/ /19 55246 29.4 1545 0.0
g/ 2779 418.8 31.7 20.6 0«0
4/ 3/79 £41.8 4.4 2040 0.0
86/ &/ 13 £338.0 35.0 23.3 0.0




TMIN
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SR T MAX RAIN
o _DAJE o ALXDAXD (L) 1G) m) .
8/ 5719 63944 36.1 23.9 0.0
8/ 6179 630.8 36a1 25.0 0.0
as 1/79 53642 36.7 25.0 0.0
as 8779 614.0 3546 12349 0.0
8/ 97719 611.0 35.0 124.4 0.0
8/10/ 19 117.0 30.6 19.% 0.0
as/11/7% 646 .4 2546 lald 1.57
8/12/79 63440 2843 15.0 0.0
8/13/19 601.0 33.9 18,3 0.0
8/14/19 60 4 26.1 13.9 Q.0
8715/ 19 190.0 17.8 12.8 2.39
8716419 247.0 26.1 15.6 0.0
a/L1/ 19 59442 3444 2343 0.0
8/13/79 56240 35.0 23.9 0.0
8/19/79 535.0 34.4 22.2 3.0
8720/ 19 527.% 32.2 2i.1 0.05
8/21/179 498.8 30.6 19.4 0 .20
8722/19 577.0 3242 15.4 040
8/23/19 5715.6 28.3 16.7 0 0
8724719 438.2 30.6 13.9 9.0
8725719 458.% 28.9 17.48 e
8/26/79 465.6 27.2 17.2 3.17
827719 28648 26.1 16a1 0.0
al24/ 79 543.0 33.9 1843 0.0



SR TMaxX

OGN < 7y { SN { % § 11 % o W, | 5
8729419 510.4 32.2
8/30/19 £43.4 35.0
a8/31/719 537.0 32.4

TMIN RALN
i) (cm)
18.9 0.03
22.2 0.0
24.4 0.0



EFFECT CF PLANT HEIGHT ON LIGHT INTERCEPTION, WATER
USE AND YIELD OF GRAIN SORGHUM IN PURE AND MIXED CANOPIES

by

JOSEPH JIMCH OWONUBI

B.Se¢., Ahmadu Bello University, 1972

M.S., Kansas State University, 1974

AN ABSTRACT OF A DOCTOR'S DISSERTATION

submitted in partial fulfillment of the

requirements for the degree

DOCTOR OF PHILOSOPHY

Department of Agronomy

KANSAS STATE UNIVERSITY
Manhattan, Kansas
1680



ABSTRACT

Advant ages of short over tall sorghum genotypes include resistance
to lodging and adaptation to mechanical harvesting. Qain yield
conparison of sorghum height types are, however, inconsistent.
Experiments were designed to relate sorghum height to growh and
devel opnent in pure and mxed canopies in the summer of 1978 and 1979.
The treatnents were: the 1-dwarf, 2-dwarf, 3-dwarf, a 33%by wei ght
m xed-intercrop and alternating rows of the height isolines. Wt er - use
efficiency (WJE), photosynthetic light (PAR interception, flag |eaf
tenperatures, stomatal resistance, xylemwater potential, dry matter
accumul ation and grain yield of the height isolines in the pure, mxed

and alternated rows were determ ned.

The plant popul ati on of approximately 175,000 plants/ha, gave |eaf
area indices greater than 3-7 from hal f-bloomthrough grain filling.
Oly the 3-dwarf plots had inconplete ground cover which allowed
significantly higher PAR transmission than either the 1- or 2-dwarf
canopies. Fewer tillers and open arrangerment of |eaves on the tall
1-dwarf plants allowed higher PAR transnission and, therefore, |ower
interception conpared to the 2-dwarf canopy though these differences
were not statistically significant. Intercepted PAR in the nixed and
alternated rows were simlar to that in 1- or 2-dwarf plots.

The water extraction profiles of the pure isolines were simlar
except the 3-dwarf plots allowed nore surface evaporati on because of
i nconpl ete ground cover. Tall plants had the [lowest xylemwater
potential and highest stomatal resistance, 3-dwarf plants had the
reverse while 2-dwarf plants were internediate. The tall canopy had the

hi ghest evapotranspiration in both seasons. The 2-dwarf plants had



consi stently the warmest canopy tenperature of the isolines during peak
i nsol ati on peri ods.

Differences in dry matter of the isolines were mainly in the stem
fraction rather than |l eaves or heads. The tall plants produced about
the sane total dry natter as the mxed and alternated plots.
Rel ati onship of dry natter production to transpiration nornalized with
wat er vapor pressure gave 3lope factor (k) of 0.173, 0,222 and 0.296 nb
for the 3-, 2- and 1-dwarf canopies. Tall plants had the hi ghest WJE
for dry matter but the 2-dwarf plants were nore efficient with respect
to grain water-use efficiency. The 2-dwarf produced the nmost grain in
both seasons. Tall plants yielded nore grain in the mxed than in
either pure or alternated canopies. The 3hort 3-dwarf plants in the

m xed plots were shaded and, therefore, yielded the lowest in dry matter

and grain.



MODEL ET=80.0 .. 1979 JOF'S SORGHUM PLANTED

MAXIMUM AVAILABLE wATER (MM cunssuvssscassas

THETA SUB V (15 BAR) cevesevsasanssnssassnnsasn

THETA INTTIAL IN 5 F1.

PROFILE tMM)sccsvacnsa

THETA SUR 85 (Me LAYERcveeonoasmcsasn

I} M) sscsssanissanssnsassssssnnras

ALPHA IP-Tlassaossannee

“Prﬂlpq. LI L S B R

mEs en B e aE .

TR TR R

LR

R

A-;m.r ﬁtDZﬁ.—-z:q iMM DAY _—.g Iu\N~t..|0!...l..¢.l

X SUD S5 (INIT.WATER LONTENE IN 5 CM. LAYER.WT

FIELD CAPALITY aaceessenssasnsannnssvsacansans

BMTS MULTIPLIER e essesssonssssssssnsnassnanss

THE INITIAL C(AYER VALUES USED ARE .

THE 4aXI¥UM | AYER VALUES USED ARE .

THF MINIAUM LAYER VALUES USED ARE .

THE LATITUDE USED sewe

THE INPUT FLRMAT USFO

IR R T

e E RS

LR e

IR

shesnassan

5711719 ASHLANO OwW
335.0000
0.1300
448.0000
0.3009
10.0039
1.280)
0.,3500
3.5900
0.170)
524.99%48
1.4002
0430+ 0430 0a30s D430 0,30
0.35, 0.35s 0.35, 0.35¢ J.35
0.13y 0.13s Jal13, 013, 0.13
35, 4.

IFbal e2Fua2sF5.2020K, FDL2)



MODFL ET=B0.0 e« 1979 JOE'S SORGHUM PLANTED 5/17/79 ASHLAND W

MAX MIN SOLAR NET LEAF POT . S501L TRAN A TCTAL
47 DAy TEMP TEMP TAU T3I/VPG RAD RAD AREA COVER RAIN EVAP EVAP EVAP EVAP EVAP THETA K5 pATS w0o
(cl ) MM/MA  (LYS? (LYS) (MM) (M) (MM} (MM (4M) {MM) {4M)
5 17 28.3 18.9 1.00 D.n 432.0 263.0 0.0 0.0 287.00 4.421 34454 2.0 0.9 3,454 525.7) 1.9 0.3 2445
5 18 22.8 15.7 1.20 0.0 327.0 186.9 0.0 0.7 523.20 2.900 2. 260 0.0 J.0 2.266 525.00 1.J0 duJ wled
5 19 19.4 13.3 1.09 0.0 210.0 102.1 0.0 0.0 462.30 l.488 l-l63 0.0 0.0 1.163 525.00 1.00 0.0 53.5
5 20 22.8 1l4.4 1.7 0.2 503.8 314.5 0.0 0.7 360.70 4.831 JuT14 0.0 0.0 3,77 525.92 1.00 3.3 650
5 21 22.2 10.0 1.09 0.0 abh.0 434.1 0.0 0.0 203.20 6.483 2. 064 g.0 0.0 5.064 525.00 1.090 0.2 3.4
5 22 ?2é6.1 7.8 1.00 b.0 682.0 &444.2 0.0 0.0 259.10 6.927 5e4l2 0.0 0.0 $.412 52%5.7 1.2} 2.0 G445
5 23 23.3 1li.1 1.07 0.0 562.0 350.0 0.0 0.7 198.10 5.336 4.169 0.0 J.0 4,169 525,00 1.09 C.0 1ul.5
5 26 21.1 5.0 1.90 0.0 647.0 418.8 0.0 0.0 109.20 6.006 web32 0.0 0.0 4,092 525.07 1.00 0.0 117.5
5 25 23.9 5.6 1.9 2.0 676.0 439.9 0.0 0.7 142.20 6.587 5.146 0.0 0.0 S.146 525.00 1.0 0.2 130.2
5 26 27.2 1l1.1 1.20 0.9 627.0 #04.3 0.0 0.9 276.9%0 6.490 5,070 0.9 0.0 5,070 525.00 1.00 0.0 l46.5
5 21 ?27.8 11.1 0.99 0.01 Tl4.0 446T7.4 0.02 0.01 297.20 T.556 5.854 0.067 0.0 5.924 525.09 1.0y 2.2 163.5
5 2B 30.6 13.3 0.99 0.02 &80.0 442.8 0.73 0,971 340.40 1477 5.712 0.100 0.0 £.872 525%.)3 1.0 0.0 184.5
§ 29 30.9 ls.l 0.93 0.00 618.0 357.8 0.05 0.02 375.50 6.748 S5.168 0.150 0.0 5.317 52%.22 1.0) 0.U 20B4)
5 an 27.8 16.1 0,97 0.00 40%5.0 243.4 Q.07 0.02 383.50 4.018 3.053 D.124 0.0 3,177 52%.92 1.0) 0.) £29.5
5 31 22.2 12.8 0.56 0.00 570.0 363.0 0.09 0.03 149.90 5.453 4.140 0.217 0.0 %.358 52%2.99 1.0 0.0 24340
TnTALS 4368.7T9 B82.760 64.199 J.b58 0.0 64.858
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TaTaLs

MAX
TEMP
{c}

272.8
2.7
78.9
33.9
ir.2
28.9
29.4
25.6
18.9
Zhal
8.3
31l.1
3.4
34,4
33.9
34 .%
3d.6
32.2
8.9
Iz.z2
3&.7
32.2
hLT
23.3
26.1
an.La
2.8
29.4%
3N.0
28.3

i3.3

MODEL ET-80.0 aas

TAU

0.96
1.95
0.%5
0.94
0.93
0.93
0.92
.91
0.91
0.99
J.89
2.89
0.88
0.88
g.av
¢.84
0.854
0.85
0.79
0.73
0.68
0.63
.58
0.54
0.%0
D. 406
0.43
0.49Q
.37
d.36

T3SVFPG
MM 4B

G.08
J.0%
D.08
0.09
0.7
0.00
0.-00
0.00
0.00
J.14
D.12
1.45
0.31
G50
Q.00
.00
D.00
0.00
D.00
0.27
Da2é
L.70
3.00
1.00
0.00
J.00
G.00
0. 060
0.00
2.n0

SGLAR
RAT
{iLyYs)

4586.0
612.10
TA2 .0
Salu.d
598.0
344 .0
462.0
209.0
124.0
HETT.0
fiz.0
76,0
TL2.0
723.D
H45.0
621.0
48 6.0
&01.0
313.0
136.0
702.0
KZZ2.0
450.0
125.4
4449.0
575.0
5140
622.0
T20.0
440 .0

NET
RAD
(LYS]

280.4
437.0
458.1
356.5
3H3.3
235.5
284.7
101.4
39.8
440. 6
480. 4%
4b61.6
465.9
473.9
417 4%
400.0
302.1
385.5
1BO. %
4B3.3
458.7
400.7
276.0
185. 4
275.3
36b6.6
322.4%
400. 7
411, 7
268.8

L EAF
ARE A

0.10
f.12
D.14
0.16
Ca17
Q.19
0.21
¢.23
G.24
D.26
0.24
0.30
0.31
0.33
0.35
0.37
0.38
D.490
0.59
g.78
J.97
L.l1é
1.35
1.55
1.74
1.93
2.12
231
2.50
2.5%

COVER

0.03
0.04%
0.35
0.05
G.26
0.06
3.07
.08
0.98
0.09
2.09
Q.19
0.10
D11
Q.12
0.12
G.L3
0.13
d.20
0.26
0.22
0.39
.45
0.52
0.58
0. b4%
0.71
0.17
J.83
U.86

1979 JOE'S SORGHUN PLANTED

RALN
L)

154.90
167.60
195.60
322.60
419. 10
459.70
574.00
424429
525.80
124.50
17%.30
317.50
3BA. &0
415.00
426.70
378.50
492.80
528.30
&45. 20
223.50
325.10
340.40
454.70
36 5. 69
345.40
426. 170
19880
442 .00
Z238.80
348.00

SILT/TS ASHLAND O

Pav.
EVAP
(MM

4.177
£.530)
7.537
L2262
£.692
3.958
4.862
1.412
U.51T
L4304
7.785
7.952
B.405
B.568
T.594
1.327
5.252
6.819
3.0%9
8.327
8.346
7.011
4.557
2.899
G.451
G.247
5.752
6.827
&.073
4,488

01
Evar
{ WM}

3.136
5,162
5.569
4,663
[P TS
2.867
3 o494
iaEa%
Q.409
4,854
9. 443
5.514
3.805
5.870
5.163
34+ 340
3,527
4,583
1.89)
4.T09
4,443
3,452
2 .030
1.222
1.740
2.264%
ie P48
2,127
2,332
1.251

Frerbdk 179,471 106,556

TRAR
EVaAPR
{MM)

0183
0.304%
0. 460
Q.442
J.493
0.324
0.439
0.159
Q.059
J.764
J.924
1.207
1.098
1.186
1.111
1.129
0.829
1.133
3.720
2.500
3.046%
2.916
2.1312
l.501
2.502
3,750
3.713
4.618
5. 741
3.237

48.470

A

M
=
L=
=

fMH)

LI
[
[+

cooo CI? CQoOoLoo
CULSOoLLoOoOOo

o

L~
*
o

TOTAL
EVAP
CHM

3.31%
.52t
&.029
S.14%
5.378
2,191
3.732
1.308
0.469
S5.627
E.064%
&.521
T.060
1.227
6.373
6.231
4.356&
E.T22
2.61%
Ta269
8.564
s 308
Gagll
Z.724
fad42
6,052
5.65%
6. T44%
d.07f3
4.4 88

L.T36 13€.7é2

THETA
MM}

525.00
525.07
525.3%
52%.7)
525.00
525.00
£25.7)
525,00
525.00
525.00
525.00
525.90
525.90
525.00
525427
525.00
525%. 0D
525499
525,040
525,07
525.00
525.00
525499
525.00
E2%. )
525.00
525,040
52537
525.00
525,uD

K

1.03
1.2
L.
[P
.01
1.0
wia.w_
1.00
1.0J
L.C?
1.049
1.37
.01
L0
112
bal]
1.7}
1.0)
1.03
1.07
L.0J
1.00
1.9
1.0
1.01%
1aG3
1.4
1.7
1egd
1.0Y

EMTS

« & 2 4 2 & & & £ @ 2 & ¥V

F 4« ¥ F 8 FF 4+ e 4N

COOOOOROOCLOOULLULToOwRDUOoRo o SO0
L
OO0 OO0 U I D20 00000 D0 D s

GO

254.,5
270.)
2dH.B
F13.3
337.2
360.5
33¢6,5
474.4
415.5
430.0
L44&6.5
4F0.5
+9 6.4
S22 .4
351.2
5g0.4
837,54
EFELT
anZ.0
&B83.9
TJ5.4d
72945
733.2
171.0
191.9
B15.3
B44.5
a7,
B95,5
Gld.a



NDDEL ET-BO.0 ... 1979 JOE'S SORGHUM PLANTED S571T/79 .bmv_-.btﬂ +] )

MAX MIN SULAR NET LEAF POT. solt TRAN A TGTAL
4% DAY TFMP  FEMP TAU T3/¥PG RAD RAd AREA COVER RAIN EVAFP EVAP EvapP EVAP EVAP THETF A KS BMTS 500
il (c}) MMM LLEYS)  LLYSE iMM3 Limi (M#t (HM) {Mid) (MM} (HM}
7 I 26,7 19.4 0,34 2,00 227.0 1l4.4 2.68 0.8% 4624.80 1.889 J.508 I.381 0.0 1.889 525.0) L1.9Y 0.7 Yo la.9
? 2 32,2 2.6 0.33 0.30 4#&67.0 288.4 2.78 0.93 599.40 5.112 1.321 3.791 3.0 5.112 525.97 1.20 4.0 694
7 I 3.1 2404 0432 3.00 650.0 421.0 2.87 D.96 5T1.50 7.925 1.978 5.95T 1,353 G.788 525,00 L.04 0.3 130.4
T 4 33.3 25,3 0.3 0.00 615.0 29%5.6 2.96 0,99 465.50 T.18% 1.728 5. 4506 J.180 Ta36e 525.72 1.00 3.3 LJaGes
T 5 73.3 1%.1 0.131 0.0 148.G -&,9 3.05 1.00 581,70 2.0 JaD J.0 0.0 T.0 525.00 1.0v 9.3 12477
7 & IR.2 1%.46 0.31 0.0 120.0 ~-3C0.4 32.15 1,00 525.B0 g.¢ 0.0 0.0 0.0 _ 0.0 525,00 1.02 0.9 138Q.9
¥ T 259 11,2 8.8 0.30 275.0 99.3 3J.24 1.00 490.20 1.591 G.342 1.249 a.3 1.591 52%.0¢ 1.03 9.0 134880.3
¥ & 28.9 (7.2 0.27 0.00 374,92 k82,7 3.33 1.00 655.20 3.062 J.636 24427 0.0 3.062 525.600 1.233 0.0 LiC4.s
7 9 30.0 20.0 0.26 0.00 5%3.0 365.4 3,42 1.Q0 5£45.20 6.296 l.26l 5.935 0.0 6.296 525.00 1.0 0.7 11:l.4
7 1" 32.8 2Ll.1 0.25 0.00 583.3 357.1 3A.52 1.04 551.20 t.386 1.229 5.157 0.0 6.380 525,03 1.92 0.2 1155.4
¥ 33.9 22.2 0.24 0.00 5$72.3 431.5 3.61 1.C0 500.40 T.B54 l.458 6.395 0. 569 B.423 £25.00 1.00 0.0 1136.4
T 17 34,4 23,3 0,23 0.0G o648.0 411.5 3.70 1.00 569.00 T.570 1.356 6.21% 2.895 B.485 525%.00 1.07 0.3 l2léds
F 13 36,7 22,9 0.22 B.00 675.0 437.4 3.8% 1.00 414.00 8.282 1.35%8 &,.88% 4526 10.803 525,00 1.0 0.7 izab.?
T 14 344 23,9 0.20 G.00 661.0 422.3 5,00 1.00 609.60 T.T87 1.238 6.549 0.943 B.720  52E,00 1.0 J.C 1479.«
7 1% 3.7 18.9 0.19 0.00 23Y¥L.0 200.6 4,15 1.00 4B5.10 3.510 Je525 Z.984 0.0 3510 525.00 1.00 0.7 1335.4
T 16 27.2 20,6 G.i8 0.00 402.0 2035.5 4.30 1.00 520.70 3.433 QasBs 2.949 0.0 3.433  4H525.0C0 1.00 Q.3 133044
T LT 25.6 1R.3 G.17 0.00 371.0 179.7 4.45 1.00 426,70 2.911 0.387 2.52% 0.0 211 525.07 1.0 0.0 1351.9
7 18 28.3% L7.8 Q.16 2.00 526,0 309.4 4.60 1.00 3&£5.80 5.117 J.648 4.529 0.0 SlTT 525.00 [0 0.0 1375.4
7 19 28.3 le.l 0.15% 0.00 £19,0 3B7.2 4,75 1.00 332.70 64435 ¢.759 L c.0 6e435 525,00 1.0G Q.0 1397.%
7T 20 30.6 17.8 0.14 9.00 595,99 3267T.1 4.90 1.00 358.10 H.311 0.701 5.612 0.0 £,311 525.0) 1.03 Q.2 1422.4%4
T 21 3.1 23.0 0.15 0.00 548.0 327.8 5.03 1.00 454.7C 5.722 0. 604 5.118 G.0 8.722 525.C0 1.0} 0.2 14949.4
T 22 32.2 21.7 0.13 0.70 504.0 291.0 5.16 1.00 467.70 5.131 L.519 4,662 J.0 5.181 525.00 1.0 0.0 laili.%
T 71 27.8 21.1 V.13 J.0 10%.9 =~39.6 5.29 1.00 812.80 0.6 0.0 0.0 J.0 Q.0 525.00 le.ud Q.0 [3¢3.9
T 24 32,7 22.8 H.12 .00 549.0 3ZB.6 5.42 1.00 655.30 5.877 0.531 5.346 0.0 5.877 525.70 1.02 0.8 1533.4
T 25 30.0 2%.4 0.11 0.00 581.0 39%5.4 5.55 1.00 574.00 6.13T J.527 5.612 0.0 6,137 525.G2 1.00 0.0 150.9
T 26 31.7 19.4 0.10 0.00 530.0 312.7 5.68 1.3D 467.40 S.484 O.44T 5.027 0.0 S.488 525.00 1.00 D.O 1%87.4
7 27 A2.7 71,1 0.1l0 2.00 48%9.0 278.4 S5.81 1.00 520.70 4.940 B.383 4.56% 0.9 4046 S5Z%,03 1.07 0D.0 1613.4
7 28 34,4 21.1 0.09 0.00 53%.0 316.9 5.94 L.00 543,40 5.780 D«425 54355 0.771 6.551 525.04% 1.0¢ 0.0 16%43.4
7T 029 33,9 23,3 0.09 C.20 342.03 k53.7 6.07 [1.00 751i.80 2.410 G.l96 2.614% G.233 3.043 525.00 1.00 0.0 1673.4
7 O3 32.2 23.3 0.08 2.90 266.0 91.8 &6.2C 1.00 820.40 1.645 0.109 1.338 d.0 1.645 525,00 Ll.C} Q.0 1723.5
7 3t 28.9 21.1 0.09 2.90 285.3 107.7 S.59 1.00 €09.60 1.839 0.132 L. 107 0.0 1.B39 525,00 L1.0u 0.7 1130.4

TOTALS rrkkadr 144,.J46 21.831 122.315 T7.970 152.118



MODFL ET=80.0 ... 1979 JOE'S SORGHUM PLANTED S/1T7/79 ASHLANU Ow

MAX MIN SOLAR NET LEAF POT. SUIL TRAN A TCTAL
M0 DAY TEMP TEMP TAU TA/VPG RLD KAD  AREA COVER RAIN EVAP EvapP EVAP . EVAP £ VAP THET R Ko PMIS I
i ) MM/MBE LLYS)  (LYS) (MM) (MM) (AM) {4M ) (M4} M) (MM)
q 1 29.4 15.6 9.10 0.00 5%3.0 332.0 5.77 1.00 286.10 $.580 0D.43% 5,142 0.0 5.580 S525.00 1.02 0.0 1752.7
a ¢ 31.7 20.6 0O.l1 0-70 419.0 21%9.8 5.56 1.00 475.00 3.872 7.331 3.541 3.9 3,872 525.03 1.07 0.3 1780.+
A 3 34.6 23.0 0.12 0.00 647.0 406.4 5.34 1.00 4LT7.40 1.380 U608  b.652 P TY B.344 525.00 Ll.0) 0.0 1807.4
4 4 35,0 23.3 0.13 N.00 63B.0 403.1 5.13 1.00 497.80 T1.465 0.7517 6.T08 1.342 HeBOT B25.0C0 laND 0.0 [827.4
] 5 Gl 23.9 N.14  0.00 039.0 403.9 4.91 1.00 591.80 7.597 d.841 65.756 2.191 GJhGR 525,02 1.02 0.3 1Er1.9
A 6 36.1 25.0 0.1% 0.00 631.0 397.2 4.70 1.00 459.70 1.504 2.903 6.601 2.053 94557 525.00 1.00 0.0 1899.4
a 7 26.T 25.0 0D.16 0.00 636.0 40l.4 4.57 1.00 505.50 T.634 JL.967 6687 2.44T7 10,081 52%.00 1.07 0.3 16:0.7
A B 35.6 23.9 0.17 0,00 &14.0 383.0 4.44 1.00 515.60 7.156 0.955 6.201 1.588 Bo7bh 52%.00 1.00 0.0 1941.4
[ 9 35,0 24.4 0.18 0.00 6&11.0 380.5 4«31 1.00 469.90 7.078 0.995 6.083 1.217 B.255 525.00 1.00 0.0 1992.4%
A 10 30.6 19.4 0.18 0.0 117.0 =-32.9 4.18 1.07 721.40 0.0 0.0 0.0 0.0 0.0 525,00 1.0) 0.0 2018.9
A Il 2%9.6 14.4 0.20 0.00 646.0 409.B 4.05 1.00 251.50 6.531 1018 5.513 0.0 6,521 525.00 1.00 0.0 203%6.9
8 12 2R.3 15.0 0,21 0.00 &34.0 399.8 3.92 1.00 297.20 6.613 1.086 5.528 0.0 84612 522,00 1.00 0.9 £757.9
A 13 33.9 18.3 0,22 217 £01.0 3T72.1 3.75 1.00 439.40 6.670 1.153 5.517 0.491 T416) 525.00 1.0) 0.2 2382.%
A 14 2&6.1 13.9 0.22 0.0 60.0 =80.6 3.66 1.00 784.90 0.0 0.0 0.0 0.0 0.0 £25.03 1.00 0.0 Zlol.s
4 15 17.8 12.8 0.25% 0.00 1%0.0 28.2 3.52 1.00 355.60 0.400 2.077 0.323 0.0 04 525,00 L.0Y 0,9 :110.9
A 16 26.1 15.6 0.28 0.00 247.0 75.9 3.40 1.00 &17.20 1.224 Da.241 0.977 0.0 1eddéd 525400 1l.00 0O.u 21J0.4%
A LT 34.4 23,3 0.36 D.0C 594.0 380.4 2.55 0.85 414.00 6.959 L.982 5,017 0.722 7.721 525,00 1.00 0.0 2160.4
H 18 35,0 3.9 0.51 0.00 562.0 357.2 1.70 0.57 414.00 6.632 24633 3,667 0.733 7T.034 525,00 1.0 0.2 2190.9
A8 19 24.4 22,2 0.T71 0.00 605%.0 388.4 0.85 0.40 4B2.60 T.114 3,963 2,257 Je33k £.591  525.C0 1.00 0.0 2Z19.5
A 20 32,72 21.1 1.00 0.0 527.0 331.9 0.0 0.40 444.50 £.P%6 @.6086 0.0 0.0 4,606 %25%5.00 1.03 3.0 2247.9

THraLs §591.07 10%.346 23.641 83.231 13.988 120.860



MONTH

MODEL ET-HC0.0 ese

POY . SOIL TRAN
FvaP Fvap VAP

A2.76 64.20 N.66
179.47 106.56 “R.47
164,15 21.83 122.31
109.35 23.64 83.23

$15.72 216.23 254.61

A
EVAP

0.0

1.74

1.917
13.99

23.69

197% JDE'S SORGHUM PLANTED

TLTAL RAIN
FVap L MM)

ot Bl *eesr
156.7T6 sse s w
152.12 **2% %
120.86 see®rn

494, 60080 9% »

RATIO
T/ED

0.11
8.35
24.97
15.62

45.05

S/LT/T19

TRAN TOT.
EVAP(2] EVaAPi2)
D.66 E4.80
50.21 156.7¢
130.28 152.14
97 .22 120.80
278.317 494,060

ASHLAND Uk

RATIO
T3/E012)

0. 11
6.35
26,91
15.62

49.95

RATIG
ET/EOCL)

11.75
ib.lb
29.09
19.52

86.50

RUNCGFF

361%9.02
STT1.93
R TR

BTl4 .40

riAt RN

DR AINAGE

431475
11i%.87
1186.75

110,97

1569.34



MODEL ET=-R0.0 ... 1979 JOE'S SORGHUM PLANTED S5/17/715 ASHLAKD S0

MAX MIN SOLAR NET LEAF PLT . 501L TRAN A 107AL
Ml DAY TFMP TEMP Tau T3/VPG  RAD RAD AREA COVER RAIN EVAFP e VAP EVAP EVAP Evap THET L RS BMTS oo
ic) ) MM/MB  LLYS)  ILYS) (MN) (MM} (MM) (MM (M%) (MM) (MM)
5 17 28.3 18.9 1.0) 2.0 432.0 263.0 0.0 0.0 287.00 4.4021 3,454 0.0 0.0 2456 525.00 1.0) 0.0 ch.h
5 18 22.8 16.7 1.00 0.0 327.0 186.9 0.0 0.0 523.20 72.900 Z.266 0.0 0.0 24266 525,00 1.0 0.2 42.0
5 1§ 19.4 13.3 1.00 0.0 210.0 102.1 0.0 0.0 462.30 1.488 1.163 0.0 0.0 1.1€3 525.00 1.00 C€.9 53.5
5 20 27.8 l4.4 1.00 0.0 503.0 314.5 0.0 0.0 360.70 4.831 3.774 0.0 0.3 3.774 525.00 1.00 0.0 694)
5 21 272.?2 10.0 1.00 0.0 668.0 434.1 0.0 0.0 203.20 ba.4B3 5.064 0.0 0.0 £.064 525.00 1.02 0.0 804)
5 22 26.1 7.8 1.m 0.0 682.0 444.2 0.0 0.0 259.10 6.927 5.412 0.0 0.2 £.412 545.00 l.0uv Q.0 G4
5 23 23.3 11.1 1.00 0.0 %652.0 350.0 0.0 0.0 15&.10 5.336 4,169 0.0 0.0 4«1€9 E25.0C l.00 0.0 177.5
5 24 21.1 5.0 1.00 0.9 647.0 418.8 0.0 0.9 109.20 6.006 4.692 0.0 0.2 4.692 525.00 1.02 0.9 L1 7.5
5 25 23.9 5.6 1.00 2.0 &16.0 4%33.9 0.0 0.0 142.20 6.587 S.146 0.0 0.0 5.14¢6 525.00 1.00 0.0 130.0
S 26 2T7.2 il.1 1.00 G.0 627.0 404.3 0.0 0.2 276.90 £.450 5.070 0.0 0.0 S.0T0 525.00 1.92 1.0 14645
5 27 27.8 11.1 1.00 0.01 714.0 467.4 0.01 0.00 297.20 1.556 5.880 0.034 0.0 5.913 525.09 1.2) (.0 163.5
3 28 30.6 3.3 0.99 0.02 é80.0 442.8 0.03 0D.0] 340.40 T1.477 5.772 0.100 0.0 £.872 525.C0 1.00 0.0 184.5
5 29 30.0 i6.1 D0.98 0.70 &18.0 397.8 0.04 0.01 275.90 &.748 5.188 0.120 0.2 52378 525.C0 1.07 (.3 2JE.)
5 30 27.8 16.1 0.%8 0.00 405.0 243.4 0.05 0.02 383.50 4.018 3.078 0.089 0.0 2.167 525.00 103 0.4 £29.5
5 31 22.7 2.8 0.97 0.00 570.0 363.0 0.07 0.02 149.%90 £.453 4,173 0.170 0.0 4.343 525.00 1.03 0.0 FAERS

TOTALS 4368.79 B2.7¢0 64.301 0.512 0.2 64.813



M DAY

SO NTRAES NN
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INTALS

MA X
TFMP
(ch

22 .8
271.2
33.9
32.2
7B.9
79.6
25.6
18.9
26.1
iR.3
3l.1
ET
£ L
33.9
ER L
30.6
2.2
76.9
2.2
16.7
32.7
26.7
23.3
26.1
30.0
32.8
29.4
30.0
?6.3

MIN
TEMP
{8 ]

17.2

MOOEL FT-80.0 ...

TAU

Y.67
0.96
0.96
0.95
0.%%
N.55%
0.5
0.493
0.53
.92
0.92
0.62
o‘aﬂ
0.91
0.90
a.6an
ND.59
0.89
0.A1

o.wr
De69
.63
D.58
N.53
048
Db
Datl

0.37
N.34
0.33

13/vPG
MN/MB

n.06
0.03
0.0&
0.07
0.13
0.00
N.00
0.00
0.00
0.11
21.09
1.08
0.24
0.3%
0.00
2.00
0.00
0.00
n.n0
D.26
0.23
5
0.00
2.00
0.00
0.00
a.o0
0.00
0.00
0.00

SOULAR
RAD
(LYs)

45640
6772.0
70¢ .0
S56).0
5%8.0
394.0
462 .0
209.0
124.92
L77.0
732.0
106 .0
T1é.0
723.0
645.0
621.0
4db .0
601.0
318.0
I3e.0
762.0
6£22.0
450.0
3725.0
445.0
575.0
514.0
622.0
720.0
440.0

NET
BAD
(LYS)

280.4
%37.0
458.7
356.5
283.13
235.5
286.17
101.4
35.8
44046
480.4
461 .6
465.9
“73.9
“17.4
400.0
302.1
wmm! m
180. 4
463.3
458.7
4007
276.0
185. 4
275.3
uool b
322.4
400.7
471.7
268.8

LEAF
ARFA

0.08
0.0%9
0.10
0.12
0.13
0.14
G.16
G.17
0.18
0.20
0.21
0.22
0.22
0.25%
0.26
0.27
0.29
7.30
J.52
0.74
0.95
1.17
1.39
1.61
1.83
2.05
2.26
2.40
2.70
2.7T7

COVER

0.23
0.03
0.03
0.04
0.04
0.05
.05
0.06
0.06
0.07
0.017
2.07
0.28
0.C8
0,09
0.3%
0.10
0.10
0.17
0.25
0.32
0.35
0.46
0.54
0.61
0.68
0.15
0.83
0.90
Q.92

KATN
(MM

154.50
167.60
165. 60
322.60
419.10
459. 170
£74.00
424 .20
525.80
124.50
175.30
317.50
388.60
4715.00
426.70
278.50
452 .80
528.30
665,20
223.5%0
325.10
24C.40
454,170
365, &0
345.40
426.10
398. 80
442 .00
238.80
348.00

POT &
EVAP
(MM)

4,177
£€.920
T.537
63862
ta652
3.958
44882
1.612
n.si17
€4904
14785
1.952
B8.405
8.5¢8
T7.596
T.327
5.252
£.879
3.05%
8,321
8,366
T.011
4.557
2.899
4,451
6247
5.792
6.827
8.073
4.488

1979 JOE'S SORGHUM PLANTED S5/17/79 ASHLAND

S0IL
Lvae
i MM)

3.161
5.28%
5.659
4.738
$.5064
24925
3. 564
1177
Ja4l9
4581
5459
5.692
5.992
6.060
5.351
5.4l
Je 656
4769
1.943
4o B40
4.478
34438
2067
L.193
l.678
h.PWW
1.64]
1.988
Ze153
1164

aeadar 179,471 107.99%6

56

TRAN
EVAP
{MM)

Caléd
0.274
0.321
d.334
0.380
0.241
0.337
0.119
J.045
0.5%
Q..~°~
0.750
Q.87
0.%13
C.E40
0.840
0.044%
0.871
D.643
2.390
Z+963
LeS%30
Z.178
1.543
24550
3.922
3.865
*. mhm
5.920
da3ib

4t.260

A
EVaAP
( MM}

D
CLOCO0OCCOoUOUOCo
W
L=

LI

«119

P T I
C.O{:0<DQGJQGDgt3G:QG
@*

CO0UVOLCOoOO=~DOULUDUOOoOOLLOLDDCOOCODOO
.
L™
B owy b
el

TOTAL
EVaP
{ MM}

3.328
5.458
5,969
£<102
Hedhb
Z.lvs
3.901
1296
DLbbt
5.575
t.296
6 h4h2
€.939
7104
b.266
6.102
#4320
Set @l
2.587
Te235
B.529
te374
helll
2-T36
4269
&.078
£.700
t.080c
5.0173
& 488

1e564 155.829

THETA
(MM}

5£5.00
225,00
52%5.00
52%.00
52%5.00
£25.00
525.00
$25.0C
525.09
525.00
525.00
525.00
525.N0
525.00
525.00
525.00
525.00
52%5.00
£25.00
52%.00
£25.0)
$25.00
525%5.7)
525.60
525.00
525.00
525.00
525.00
52%.00
525.00

KS

L« Q0
1.02
1.00
1:00
1.Cu
122
1.9
1.00
1.00
1.00
1.00
1.02

.
co
- e

. & & a4
- o =

.
LY S

.
coCcCONLOTOCOIDOC

e

L -

L

.
-

-

B P e e e e o B R B B e P e R e s
.

BATE

0.n
Uaid
0.2

c.o

2

-
20 I w

L T B T
~

a * a

-
CLITDOCwCwLUDIOUC

COOCOLN220NICO0COT OO0 COQCG
.

200

£54.5
210.)
288,5
213,95
ERN I
360.5
386€6,.5
LTS |
415>
4313,
dabey
470.5
k4003
5424)
55149
£80.9
60745
£368.5
662.0
683,
735.)
12942
753.)
1712
191.0
815.5
BhGed
87040
B895.5
GlB.%



a0 DAY

L R=NDIN & o=

e B B e e T T B B e e e e e B e e e e T I
L
o

TOTALS

HMAX
TEMP
i

26.7
32.2
AL
313.3
23.3
18.9
25.0
28.9
30.0
3i2.8
33.49
Ja.4
16.7
E
1.7
21.2
?25.6
2R.3
2B.3
IN.6
.1
32.27
27.8
32.2
30.0
21.7
32.7
4.4
33.%
32.2
28.9

MIN
TEMP
c)

19.4
20.6
244
23.3
-v’ﬂ
15.6
17.2
17.2
20.0
21.1
22.2
23.3
23.9
21.9
18.9
NJ.’
18.3
17.8
16.1
17.8
20.0
2.7
2Lt
27.8
20.6
19.4
21.1
21.1
23.3
23.3
21.1

MUDEL ET~HD.0

TAU

0.32
0.31
a.w-
0. 30
0,30
0,20
°.~q
0.27
0.2%
0.24
D.23
0.22
0.22
Nn.21
0.21
0.20
olnm
0.19
0.18
a.17
Q.17
o.nb
N.14
0.14
.13
0.13
0.12
0.12

TA/VPG
M4/ MB

).00
0.00
2.70
b.00
3.0

0.0

0.00
0.00
0.00
0.00
3.00
D.00
2.170
0.00
000
0.00
0.00
nD.00
D.NO
0.00
N.00
.00
n.on

2.00
0«00
Q.00
Q.00
Q.00
n.00
0«00
Q.00

ees 1579 JOE'S SORGHUM PLANTED

SOLAR
RAD
(Lrs)

22r.0
467.0
6£50.0
61%.0
148.0
120.0
275.0
374.0
533.0
583.0
672.0
648.0
679.0
99-05
3946.0
402.0
311.0
526.0
619.0
595.0
548.0
B04 .0
109.0
549.0
581.0
530.0
485.0
535.0
340.0
2b66.0
“@Wlo

NET
RAD
(Lys)

Ll4.4
2B8. 4
4l
383.9
6.9
~30.4
99.13
162.72
365.4
357.1
431.5
411.5
437.4
422.3
200.6
205.6
179.17
325. 4
3e7.2
367.1
227.8
291.0
~35.6
328.6
355.4
312.7
278.4
316.9
153.7
91.8
107.7

LEAF
AREA

2 .84
2.91
2.78
3.05
3.12
3.18
3.25
3.32
3.39
d.46
3.52
3.60
3.58
3.75
3.82
3.90
3.98
*.Uu
4.13
4.20
4.31
haa?
4.53
habh
415
4.6
4.97
5.08
5.19
5.30
5.29

COVER

0«95
0.91
0.3%
1.00
ﬂooo
1.00
1.00
1.90
-.oo
1.00
1.00
" Ioa
1.0
1.00
1.00
1.00
1.00
1.09
HOUO
1.00
1.00
1.00
1.00
1-00
~'Q°
1.00
1.00
1.00
1.00
1.00
1.n0

RAIN
(MM}

624.8)
599440
mnﬂimu
665450
581.70
525.80
490420
£55.30
£45,20
551.20
50040
569 .00
41 4.00
609.60
485.10
520.70
426.10
365.80
332.70
358.10
454, 70
467.170
812.80
€655. 30
574.00
46 7.40
520. 70
543460
751. 82
820.40
609.060

5/171/79 ASHLAND

POT .
EvAP
fum)

1.889
S5.112
1935
6.970
0.0

n.0

1.591
3,062
&.296
&6.386
dlmw*
7.570
8.282
T.187
3.510
3.433
2.911
5.177
6,435
6.211
5.722
S5.181
0.0

5.8771
6.137
5.484
4.946
5.780
Z.810
1.645
1.43%9

saenen 143,922

SuUlL
EVAP
{4aM)

Q.#ﬂﬂ
1.25%
L.493
1.617
7.0

Ja0

J.341
J.038
1.274&
1L.259
L+506
1.411
1496
1364
0.599
J.568
D 46T
J.807
4972
0.921
2804
0.697
.0

D.T724
JeT24
0.619
0.535
0.598
2,278
o.puo
2.173

so

TRAN
EVAP
(MM )

la4l2
2.858
OlUfN
5.353
2.2

0.0

1.250
Lalelh
5.020
5.127
643448
6.15%
6«7t
6420
2.912
Z.865
2445
4.311
2. 464
5.384
4.918
o4 B9
0.0

5.153
9413
4.864
hah)2
5.182
2532
1449
l.064

Z4.186 L19.741

0.0
0.0¢5

2 +%9D

R ) ? i
SCchyoooOo Qﬁ.UCaQ’OG;Qﬂix =
L=

+ -

3

.o
N
W

UCcCoCcoL0OoUCCeDoLQOLO

TOTAL
EVAP
( M# )

1.889
5.112
Ye8la
Tel4T1
0.0
0.0
1.5%1
082
b.296
£.386
B.4 19
B.457
10.772
Bl.Tl2
3.510
3.43)
2s511
5.117
P EE]
6.311
5722
S5.181
0.n
5.8717
6.137
S «aB4
‘- - *.‘b
6526
3.035
~ .&bm
1.839

71.39% 151.8c6

THETA
(MM

525.00
g825.00
§525.02
525.00
524533
52%.00
525.20
52%.0C
£25.00
52%5:99
52%.00
525.00C
525.00
525.00
$25.00
525.00
525.70
525,00
52%.30
525.00
52%.20
525.C0
525.0)
525.00
525.00
325.00
525.00
52%.02
£25.00
525.00
525,00

KS

L.00
100
l.u?2
1.0
Le
Lavd
1.2?
L.02
1«00
L)
12)
—.Qu
1.2)
1.3
1.0)
1.02
1.02
1.923
100
1.73
1.3)
ledd
122
".o‘v
1.9
1.02
-.D@
F.(’J
1.09
1.00
1.0%

RMTS

0.0

[P all s
..

® & 8 & @
JOuwoOLC O

. o4 s
(=1

.

DOCcooc oo oOoCcc
. .
[ & R = ] o o

oo
.
=

o
-

Crccoo
L= L =

GO0

Fal.q
GE5
100044
1)A0 .4
1047.9
19609
1780.49
A10% .
1131.4%
115%.4
1isB.n
1218.4
1248.5
1279.%
12Y5.9



MODEL FT1~80.0 ... 1979 JOE'S SORGHUM PLANTED 5/17/79 ASHLAND 5D

MA X MIN SO0 AR NET LEAF POT SuUlL TRAN A TCTAL
MO DAY TEMP TEMP TAU TI/VPG  RAD RAD AREA COVER RAIN EVAP EVAP EVAP EvaAP EVaP THETA K5 bBATS Ly
() (e MM/MB  ILYST  (LYS) (MM ) (MM) { MM) (MY) (4] (MM) LMF)
8 1 29.4 15.6 0.12 .00 5%53.0 332.0 5.27 1.00 336.10 5.589 J«535 54045 0.0 5.5d2 525.20 1:0) 2.9 1152.9
A 2 31.7 20.6 0,12 0.00 419.0 219.8 5.26 1.20 475.00 3.872 U.373 3.499 Ueid 3.872 525.00 1.00 0.0 17804
L} 3 34.4 20.0 0.12 0.00 642.0 406.4 5.24 1.00 457.40 71.380 J.116 babod 2.960 B8.340 525.70 1.9) 0.3 1877.4
L 4 35.7 23.3 0.12 9.00 638.0 403.1 5.23 1.00 497.80 T.465 J.728 TR EL] L. 346 8.813 525.30 .00 0.0 1837.+
A 5 36.1 23.9 0.13 D.00 &39.0 403.9 5.21 1.70 551.80 7.597 Q.748 6.851 2.131 G727 525.00 1.00 CQ.U [1807.7
A 6 36.1 25.0 0.13 0.00 &31.0 397.2 5.20 1.00 459.70 7.504 0.740 b.T64 24104 $.628 525,72 1.32 0.C 18999
A 1 36.7T 25.0 0.13 .00 b63&.0 401.4 5.15 1.00 505.50 7.634 O.708 b.860 2.520 10.154 525.00 1.29 9.9 153C.9
L 8 35.6 23.9 0.13 0.00 &614.0 383.0 5.10 1.00 515.60 T.156 D.734 ba42¢ l.o44 8.891 525.2) 1.00 9.7 196l.4
8 9 35.0 24.4 0.13 9.00 611.0 380.5 5.05 1.00 469.50 7.078 DaTal 6.337 L.dol B+345 525.70 1.J0 C.C 16592.%
8 10 30.6 1%9.4 0.13 0.0 117.0 =32.9 5.00 1.00 721.40 0.0 0.0 0.3 0.0 [ 525.C0 Ll.G) ©.) 2018.9
A 11 25.6 1l4.4 0.14 0.00 646.0 409.8 4.95 1.00 251.50 6.531 d.712 5.82) 0.2 64531 525.07 1.0Y 0.0 2936.9
A8 12 2R.3 15.0 O0.l4 0.00 é34.0 399.8 4#.90 1.00 297.20 6.613 3.735 S5.a77 U« 6.613 525.00 1.0) 0.0 2057.7
8 13 33.9 18.3 0.15 2.32 601.0 372.1 4.85 1.00 439.40 6.670 D.T156 5.914 0.526 T«196 525.70 1.00 0.C <ZuB3.e
8 14 26.1 13.9 0.15 0.0 60.0 =-B0.6 4.80 1.00 784.90 0.0 2.0 0.0 Q.0 0.2 525.00 1.0) 0.0 21Jl.4
8 15 17.9 12.8 0.15 0.00 190.0 2d.2 4.75 1.00 355.60 0.400 Q.047 J.353 0.0 0.42) 525.00 1.0) 0.0 2110.9
B 16 26-1 15.6 0.15 0.00 Z4T7.0 75.9 4.70 1.00 &17.20 1.224 D.147 1.9717 2.9 1.224 525.00 1.0) 0.7 Z2131.4
8 17T 34.4 23.3 0.25 0.00 564.0 366.3 3.52 1.00 414.00 £.739 1.297 S.442 0.784 71,522 525.00 1.0) 0.0 <loQ.4
a 18 35.0 23,9 0.39 D.00 562.0 357.2 2.35 0.78 414.00 6.630 2.033 %.532 0. 306 T.4T1 52%8.00 1.00 0C.u 2190.9
B 19 34.4 22.2 0.63 D.00 &05.0 3388.4 1.18 0.40 482.60 Talld 3.475 3.9 0.432 6,937 525.00 1.03 0.2 2215.9
R 20 132, 1.1 1.0 0.0 527.0 331.9 0.0 0.40 444.50 5.896 4.60% 2.0 v.D 4,006 525.00 1.07 0.0 £247.9

TavaLs §9591.07 105.086 13.890 87.200 l4.04l 121.711



MONTH

5
L
T
a

Tor.

MODEL FT-80.0 ... 1979 JUE'S SORGHUM PLANTED 5/17/79 ASHLAND 50

POT. so1L TRAN
EVAP EVAP FVar

82.76 64.30 0.51
179.47 198,00 46.28
143.9% 24,19 119.75
105.05 19.89 87.20

515.25 216,37 253.74

A
EVAF

0.0

1.56

1.89
14,62

24.08

TOTAL HAIN
EVAP (LD

64,81 PeIda N
155.84 sevanse
151.83 weeens
12171 wevued

Wb, [ FEEEE RS

RATIO
T/EQ

0.09
T.99
24.47
16.45

43.00

TR AN
EVAP (2)

0.51
47 .84
127.64
101 .82

277.82

T07T.
EVAPL2)

64.81
155.84
151.83
121.71

494,19

RATIO
T3/E02)

0.09
T.99
24.41
lo.45

49.20

HATID
ET/EQL2)

Il.75
26430
29.08
19.68

boaS1l

HUNCF F

36718.97
773,417
sertae s

8716 .94

ristane

JRAINAGE

421.83
1182434
1187.28

168.73

15T0.19

Ivp

t P s
b 4b
D <0

dald

ted)



40 DAY

17
18
19
29
21
22
23
24
25
26
21
78
23
30
n

SABRADARARDADND N0

INTALS

MAX
TEMP
tch

28.3
Nv "
1944
27.8
2242
26.1
23.3
Z21.1
Z23.9
21.2
27.a
30.6
wa’d
27.8
22.2

MIN
TEMP
tech

18.9
16.7
13.3
14.4
10.0

7.8
11.1

mﬂa

5.6
1.1
i1.1
13.3
16.1
16,1
12.8

MODEL ET-80.0

TAU

1.00
1.00
1.20
1.00
1.00
1.00
1.00
1.00
1.00
1.02
1.00
0.%9
0.98
0.98
0.97

T3/VPG
MM /4B

.
[=E=N-N=-R=j=Ri-Rps ==

-
200
[~ R-N VR

. 2 &

cooopoCwooOpDRoLD

vee l9T9 JOE'S SORGHUM PLANTED

SOLAR
RAD
{LYS)

432.0
327.0
210.0
503.0
608.0
682.0
552.0
647.0
616.0
627.0
714.0
680.0
6la.0
405.0
570.0

NET
RAD
(LY5)

263.0
186.9
102.1
314.5
434.)
bb4h.2
350.0
4l18.8
439.9
404.3
4674
442.8
397.8
243.4
363.0

LEAF
ARFA COVER RAIN
(MM)
0.0 0.0 287.00
0.0 0.0 523.20
Q.0 0.0 462.30
0.0 D.0 360.70
0.0 0.7 203.20
0.0 0.0 259.10
0.0 0.0 198.10
0.0 0.2 10%.20
0.0 0.0 142.20
0.0 0.0 276.90
0.01 0.00 257.20
0.03 D0.01 240.40
0.04 0.01 375.90
0.05 0.02 383.50
0.07 0.92 14%.90
4368.79

5711/19 ASHLANU

POT.
EVAP
{MM)

4.421
2.900
1.488
4.821
€.4E3
6927
5.336
£.006
€.587
€.450
7.556
T.alT
£.T48
4.018
5.493

B2.760

SolL
EVAP
(MM}

3,454
2.266
| 9 )
u.ﬂdt
5.06%
5.412
4169
“oaN
5.146
5.070
5.6880
5.T12
5.188
3.078
4.173

64,301

TA

TRAN
EVAFP
(M)

. @

-

-
cccoooocooO

.

CocuocLoOoOOUoCOoOOO
L

o
o w
4

0.120
0.089
0.170

d.512

A
EVAP
{H4)

LR

oo COoOCoOOUOCLOCOOO
.
oCOoOLUCOUOOCOQOULOCOC

(=]
.
<

TCTAL
EVAP
(MM )

3.454%
2ultd
L.l63
A.7104
5.06%
9412
ba169
4a652
5.146
5.073
5.913
5.872
5.308
3167
4,343

64,813

THETA
(MM

525.00
£25.0%
525.00
525.70
525.00
525.00
52%.C0
525.00
52%.00
525.20
525.00
525.20
525430
§25.00
525.00

hE

1409
1.60
1.00
1.07
1.02
1.00
1.0
1.02
1.0°
1.02
L.00
1.02
1.00
1.Cu
1.0

(L)
Qe

0.0

© 3
.o
o -

.
-

- . 4 8 8

(qli-R-N-N-N-N N-u-N-
-
DOUIC T wea G

24aD
42.)
53.5
LG50
4G.)
J49.0
127.5
111.5
133.0
14£.5
1635
144.5
PV T
22945
243a)



MODEL ET-B0.0 «ue L5979 JOE'S SORGHUM PLANTEQ 5/717/79 ASHLAND TA

MAX MIN SULAR NET LEAF POT < S5UIL TRAN A TOTAL
M0 DAY TEMP  TEMP TAU 13/vFPG  kAD RAD AREA COVER RAIN EVAF Cvap EVAP Evap EVAP THET A KS adTs g
ol i MM/MB (LYS)  LLYS) tMM} MH) (MH) (MM (MM I MM) (M)

b 1 ?2.0 7.8 0.97 0.06 456.0 280.4 0,08 0.03 154.90 4177 3.161 0.147 Je0 34308 525,00 1.0) 9.0 £94.5
] 2 21.2 B.3 0.9%6 2.03 67£.0 437.0 0.09 0D.03 167.60 6.930 5.224 0.2T4 0.0 5.498 £25.00 1.0C 0.0 2133
6 P 28,9 1.7 0N.96 D.0&6 702.0 458B.7 N.10 0.03 195.¢0 7.337 5.659 0.331 2.0 5.89 525.00 1.00 0,C 288,5
6 4 33.9 171.2 0.95 0.07 56l1.0 356.5 0.12 0.04 322.&0 6. 362 “. 138 Je334 0.030 S«102 525.62 1.00 0.0 3130
A 5 32.7 16.7 0.9% 0.13 598.0 383.3 0.13 0.04 419.10 €.692 4.964 0.380 0.0 $.344 52%.00 1.0) ¢ 337
6 6 28.9 17.2 0.95% 0.00 394.0 235.5 0.14 0.05 459.70 3.558 L4925 D.241 0.0 3.166 £25.00 1.09 ¢C.0 260.5
6 T 79.4 19.4 0.9% 0.00 462.0 284.7 0D.1& 0.05 5T7T4.00 4.862 1.564 0.337 O.0 3.901 525.00 1.00 0.0 316.5
& A4 25.4 13.9 0.93 0.00 209.0 101.4 0.17 0.06 424.20 l.o0l2 Lo177 0.119 0.0 1l.256 525.13 1.0C 3.9 alé.)
& 9 18.9 13.9 0.93 0.00 124.0 39.8 0.18 0.06 525.80 C.o17 Q.419 0.045 Je 0 D464 525.00 l.G0 0.4 415.5
6 10 26.1 8.9 0.92 0.11 677.0 &40.6 0.20 0.07 124.50 €.904 4.961 0.55% 0.0 5575 5¢5.00 «22 4. 423.0
6 11 2R.3 0.0 0.92 0.09 732.0 480.4 0.21 92.07 175.30 1.785 5.59% Q.iu2 0.0 €«296 525.77 1.0) 0.2 heELD
6 12 3.1 15.7 0.92 1.08B 706.0 46l.6 0.27 0.07 317.50 1.952 9.692 0.750 U.0 6442 525,00 1.00 .2 470.5
6 13 34.4 18.3 0.9 0.24 T712.0 465.9 0.22 0.08 288.860 B.405 54992 0.d.7 0.119 6.939 £2%5.700 1.C02 a.C 456,
6 14 34.4 18.9 0.91 0.3% 723.0 473.9 0,25 0.08 475.00 B.568 t.060 0.913 Oai3i 7-104 525.00 1.0) 0.0 Su2ed
& 15 33.9 22.2 0.90 0.00 665.0 417.4 0D.2¢6 0.09 426.70 T.596 5.351 0.840 0.075 ta266 525.C0 1.00 0.9 551.4d
& 16 34.b 22.2 0.90 0.00 &621.0 403%.0 0.27 0.99 378.50 7.327 5141 0.840 .12l 6.102 52%.C0C 1.C0 2.0 580.3
& 17 30.6 23.6 0.89 0.00 4&86.0 302.1 0.29 0.10 492.80 5.252 de.056 O.64% Q.0 4300 525.00 1.00 0.0 eilab
& 18 32.7 22.2 0.89 0.00 601.0 385.5 0.30 0.10 528.30 6.879 4169 0.871 0.0 5.640 £25.00 1.00 9.0 6316.5
4 19 28.9 15.4 0.82 D.00 318.0 180.4 0.51 72.17 £45.20 3.059 1.951 D.632 2.0 2+583 525.00 1.02 GC.0 €ed.)
6 20 32.2 13.3 0.75 0.25 T36.0 483.3 0.712 0.24% 223.50 8.327 “. 884 2.334 Je0 T.216 525.00 1.00 G.0 ed3.)
6 21 36,7 14.4 0.69 2.23 702.0 458.7 0.93 0.21 325.10 B.306 4.514 2.912 l.06Y% B.494 525,00 1.00 C.2 135.)
& 272 32.2 17.2 0.64 1.67 £22.0 400.7 1.14 0.38 340.40 7.011 3e419 2.8171 0.0 6.356 525.00 1.00 0.9 129.5
6 23 26.T7T 1%.4 D.5R 0.00 450.,0 276.0 1.35 0.45 454.70 4.55T 2.080 20121 0.9 4.211 525.27 1.0 Q.0 133.%
& 24 23.3 16.7 D.54 0.00 325.0 185.4 1.55 0.52 365.80 2.899 l.222 1.501 Q.0 2.724 52%.07 1.99 @€.2 itl.u
6 25 26.1 15.1 0.50 0.00 449.0 275.3 1.76 0.59 345.40 4.451 1.726 24222 0.0 “e2%8 525,00 1.00 0.0 191.9
6 26 0.0 17.2 D.46 0.00 575.0 366.6 1.97 D0.b66 426,10 6.247 2.228 3.819 0.0 G047 £2%.0) 1.70 0.0 815,
b 27 32.8 22.2 0.42 D.00 514.0 322.4 2.18 0.73 358.80 £.752 1.500 3.71% uU.0 S.680 525.0¢ 1.20 Q.o E%h .0
& 28 29.4 18.9 0.39 D.00 622.0 400.7 2.39 0.80 442.00 6.827 £.060 4. 714 G.0 6.T14 525.0C 1.00 G.) 810.)
& 29 3A0.0 1R8.2 0.36 D.00 720.0 47T1.7 2,60 9.87 238.80 8.272 2a261 5.832 De2 8.072 525.00 1.90 (.0 855.5
6 30 ?78.3 17.2 0.34 0.00 440.0 268.8 2,72 0.91 348.00 4.4%88 l.ls8 3.300 Uaid 4.488 525%.00 1.00 0.C 918.4

intars seteene 76,471 108.541 45.543 1545 155.£29



Y
=]

nay

O DT NP S

19
1

12
13
14
15
14
17
18
19
20
2

22
23
b
25
26
27
i
79
30
1

e B e i e e R e e i BT R ]

TOTALS

MAX
TEMP
(ci

6.7
32.2
361
33.3
23.3
18.9
Nm.c
28.9
30.0
mu.:
33.9
j,l’
6.7
4.4
AN.7
27.2
25.6
28.3
28.3
30.6
21.1
az.?
27.8
32.2
30.0
.7
32.2
EL
33.6
2.2
?R.%

MIN
TEMP
(ci

19.4
20.6
2 b
23.3
16.1
15.6
17.2
17.2
20.0
21.1
22.2
23.3
23.9
3.9
18.9
20.6
18.3
17.8
16.1
17.8
20.0
2.7
71.1
22.8
20.6
19.4
3.1
1.1
3.3
23.3
V— ‘~

MODEL ET-380.0

TAu

0.32
0.21
0.79
0.28
0.28
0.28
0.24
0.23
0.22
0.21
0.20
alﬂa
0.19
0.18
0.18
.18
0.18
0.18
o.ﬂﬂ
0.1i7
a.17
0.17
0.17
0.i148
0.18
0.18
a.18
D.18
0.18
0.117

T3/VPG
MM /MB

D.00
0.00
0.00
0.00
6.0

D.0

0.00
0.00
0.00
0.00
3.00
0.00
0.9%0
D.00
0.00
D.00
0.00
0.00
0.00
0.00
D.0p
0.00
0.0

0.00
0.00
0.00
0.00
n.on
0.00
0.00
0.00

ee. 1979 JOE'S SORGHUM PLANTED 5/17/77% ASHLAND

SOLAR
RAD
(LYS)

221.0
46T.0
¢5Q.40
G15.0
142.0
120.0
275.0
374.0
593.0
583.0
672.0
48,0
675.0
661.0
396.0
402.0
ir1.0
526.0
6lS.0
595.0
548.0
504.0
i09.0
549.0
531 .0
530.0
469.0
535.0
340.0
2066 .0
285.0

NET
KAD
(LYS)

1lé.4
Z8R. 4
4i3.1
383.9
~5.9
-30.4
99.3
182.2
365.4
357.1
#31.5
411.5
43T+ 4
422.3
200.6
205.6
179.7
309. 4
387.2
36741
327.8
Z91.0
-39.6
328.6
355.4
312.7
2ld.4
31649
153.7
91.8
107.7

LEAF
AFEA

2.85
2.97
3.0%
3.22
3,34
346
3.58
.71
3.53
3.95
4,08
*lwo
4.23
’.Nu
4.2T
4 .30
* lwu
4,35
4.38
'.‘H-
’.Uﬂ‘
4.38
4.37
4.6
“wm
L]
4.33
4.32
4.31
4.30
G .60

COVER

0.95
0.99
1.00
1.00
1.00
1.70
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

RAIN
(MMl

62 4.80
596G .40
571.50
665.50
S61.70
52%. 80
450,20
¢55,30
£45,20
551,20
500.40
569.00
414,00
609,60
485.10
£20.70
426.70
35.80
332.70
358.10
454, 10
467. 70
812.80
€55.30
574 .00
467..40
520.170
541.60
751.80
620.40
£09.60

POT .
EvAP
(MM)

1.889
5.112
TaTul
£.970
0.0

Ca0

1.591
3.062
£.296
b.386
1.854%
1.570
8.282
1.787
3.510
3.433
2.911
5.177
L4335
6.311
5.722
E.18]
0.0

EBTT
6.137
5.484
44946
5.780
24810
1.645
1.838%

eentate (43,784

501U
EVAP
MM}

0.475
1.225%
1.779
1.512
2.0

0.2

0.299
J.547
1.071
1.036
H.Nﬁc
L.112
1.202
1.121
2.501
J.4B4
0.408
0.718
0. 689
0.856
0.719
0.708
o.o

0.810
0. 849
A.Te2
Oabv0
0.829
D395
0.232
0.249

TA

TRAN
EVAP
(R L]

Laal4
3.887
6. JU8
5.458
0.0

0.uU

1.292
2.516
5.225
5.359
Do Drdesy
b,459
7.080
b bbO
3.009
2.549
2504
4.461
3. 556
5.455
ha943
44173
0.0

5.0867
5.2088
4.722
4,257
4.971
2.415
1.413
1.5%0

2:.712 121.01

A
EVAP
(MM )

l.d6Y

a8 * & " 8 8 . % 3 8 @
-
o

SCSLrn~cOQOOOoCLCOCOUOCO

oCco9QcoOecoOCcLOOoCcCCSC O

TOTAL
EVAP
(MM)

i1.889
$e112
9.650
1.150
G.0
0.0
1.591
seU6L
.25
b.3B6
Baa4s
8.520
10.882
B,7a7
3.510
J.433
2.911
5.1177
& 4435
6.311
5.722
5.181
0.0
5.877
6.137
5.084
bS48
b eHGS
3.025
1.645
1.839

8,059 151,843

THETA
(MM}

525.00
52%5.00
525.00
$25.00
£25.00
52%5.C0
£25.,09
525,00
52%5.00
525.63
225.00
£2%.C0
52%.00
525.00
525,00
525.00
52%.00
525.3V
525.00
E2E2.CD
525.00

25.00
52%5.00
525.00
525.00
525.00
525.00
625.90
525.02
5¢5.00
52%.C0

K5

1 .00
1:00
1.00
1.00
1:92
1.09
1.00
1.00
1.00
1.09
1.00
1.0
1.02
10U
1.00
1.0
l.00
1.92
1.00
100D
1,03
1.00
1N
1.00
chc
1.0)
1.00
1.0
1.02
100
1.00

BMIS

oo
.

o000 3C
® % 4 & % 5 % & @
CoQCOUICOC

L B

.
[= X0 I e B - ]

.
=

-
=LA CLaC

CUL0CO0VCONSocLUOoOoVOoODCG Lo
.

.
-~

0.0
0.9

«U0

Gal.y
GaS.h
1000 .+
1030.4
147,59
1060.5
1280.9
1104.4
1131.4
1155.4
1188.%
1218.4
1448.9
1279.4
1305.4
1230.4
1351.9
1375:%
1377.4
1422 .4
L14a9.4
14TT.9
15G3.9
1533.4
1560,.9
1587.%
1615.4
1643,.4
1le72.4
17133.4
173C.4



M0 DAY

o
SODNC PP aN-

TP TIDXIDIIITIVDDIDDIDID

B e e e e et W s e
SLOTNO RS W

Tovars

Ma x
TEMP
(ch

29 .4
1.7
3b.46
315.0
36.1
36.1
6.7
15.6
35.9
30.6
25.6
2R.3
33.9
26.1
17.48
26.1
EL
A5.0
E
32.27

MIN
TEMP
()

15.6
20.6
20.0
23.3
231.9
25.0
25 .0
23.9
24 .4
19.4
14 .4
15.0
18.3
13.9
12.8
15.6
23.3
23.9
22.2
1.1

MOOFL ET-80.0

Tau

0.17
0.l6
0.15
0«15
O.14
0.14
D.14
0.14
a.-m
0.15
D.l6
0.16
0.17
0.17
0.18
0.18
0.28
0.42
0.65
1.00

T3/VPG
MM/ MB

0.00
0.0G0
0.00
0.00
0.00
0.00
0.00
2.00
D.00
0.0

0.00
0.00
N-Nw
G.0

a.ca
a.00
a.00
G.o00
0.00
0.0

eee 1579 JUE'S SORGHUM PLANTED

SOLAR
RaD
(LYS)

553.0
41%.0
tal.0
€3h.0
639.0
uw~‘°
636.0
614.0
611.0
117.0
€460
634 .0
¢01.0

60.0
190.0
Zal.0
594.0
56240
£05.0
521.0

NET
RAD
LLYs)

332.0
219.8
40644
403.1
403. 94
397.2
400 %
283.0
360.5
-32.9
409.8
399.8
at2.1
~80.6
28.2

75.9
366.3
i57.2
388.4
331.9

LEAF
AREA

4.50
4 .60
470
4,80
% .50
5.00
4.93
b.BE
4 .19
5,72
4 .65
4.58
4.51
“uhle
4.37
4.30
3,27
2.15
1.07
0.0

RAIN
(MM}

386.10
415.00
467 .40
457,80
591.8B0
459.170
505.50
515.60
bﬁ-‘a.s
721 .40
<514 50
2917.20
439,40
784.50
355.60
617.20
4]14.00
414.00
4B2.€0
444,50

5/1T/719 ASHLANO

PFOT .
EVAP
tMM)

5.580
3.872
T.380
T1.465
7.597
7.504
T.634
Q‘h mo
7.078
0.0

£.531
6.613
6,670
0.0

0.400
1.224
€.739
6.630
Toll4
5.896

§591.07 105.086

501L
EVAP
I MM)

de.T217
0.485
0.B88
D.863
alw’&
0.801
0.a38
0.808
0,822
0.0

J.802
0,835
D.666
0.0

0.055
0.473
1.401
2.201
3,631
4.606

21.707

TA

TRAN
EVAP
iMn)

’. mmw
3.3817
ba%5g
6.602
0.753
6.703
ba 190
& 3068
b«256
0.0

5.730
5.779
m.ao&
0.0

O« 345
1.082
5.2177
4.289
2-T76
0.0

B85.241

A TCTAL
EVAP EVAP
(L] {MM)
0.2 £.560
Vel 3.872

0.935 8.315
14320 B.T86
24100 5.657
2.085 S.589
Z+49% 10.1.8
Le625 b.782
1.451 8.329
0.0 0.0

0 6.521
] t.613
517 7.188
Q 0.0

0 0.400
0 1.224
0. 760 T.499
0.858 T348
0.400 6.806
0.0 4,606

14.349 121.292

THETA
(M¥)

525.02
525,00
525,00
525,00
525.00
52t.00
£45.00
525.00
525.0u
£25.00
525.00
525.0C
525.00
545.00
£2%.09
52%,00
525.h0
525.%)
525.00
525.00

KS

.00
1.00
noﬁn
1.00
1.00
1.0)
1.00
1.0
.00
1.0)
1.00
1.0
1.09
1.0
1.0)
1.00
1.00
1.0
100
Lalii

BMaiS

0.3
Caid
0.
o.c
0.0
GCa1
0.9
1.0
Qad
JaU
Q.‘U
Neid
H.v._r—

Gup

1782.9
LT80.4
16437.4
1837 .9
166T.7
la%9a%
n.wLQ...m
156144
156 2.4
éTMB.9
2236.7
23517.9
2182.4
2101 .4
cllT.9
21304
Pl B PR
2190.9
22157
224 Tad



MONTH
5
L)
T
A

TNT .

MODEL ET-80.0 ..

POT ., SO TRAN
EVAP EVAP FVAP

B2.76 64.30 0.51
179.47 108.54 45.54
1643. 78 22.T1 121.07
102.09 21.71 B85.2%

515.10 217.26 252.37

A
FVAP

0.0

1.54

A.0b
14.34

23.95

. 1979 JOE*'S SORGHUM PLANTED

ToTAL RAIN
FVAP (M)

bl B s¥eev s
155.63 #¥edex
15144 #dRRe
12129 shade e

493 SRREEE ST ¥

RATIO
170

0.09
T.d6
249.66
16.08

48 .68

TRAN
EVAPL2)

0.51
47.0%
129.13
$9.59

216.32

TOT.
EVAP(2)

€4 .81
155.63
151 .84
121.29

493.58

5/1T/7/7T9 ASHLANG 1A

RATIU
T3/E0t2)

0.29
T.80L
24.6b
16.086

48.08

RATIO
ET/EDL2)

Li.75
£5.96
29.192
19.62

Bo.%3

RUNLCF

3678.917
57T70.25
tete dny

B8T16.37

TITEL T

CRAINAGE

421,82
1182.81
1186.85

169 .49

2570.9¢

ivP

Jeld
“ et
1.0
2.28

G412



MODEL ET=80.0 ... 1979 JUE'S SORGHUM PLANTED 5/17/79 ASHLAND MIX

MA X MIN SOLAR NET L EAF POt . 501IL TRAN A TOTAL
MN DAY TEMP  TEMP  Tal T3/VPLG  KAD RAD ARFA COVER RAIN EVAP EVAP Evap Evap EVAP THETA KS BMTS wdd
(ch ) MM/MB  (LYS)  LLYS) (MM} EMM) { MM) (MM (MM) (MM]) (M¥)
5 17 28.3 1A.9 1.70 0.0 432.0 263.0 0.0 0.) 287.00 hohil 3.454 0.0 dad J434 525,00 1.30 0.0 24.5
5 18 22.8 16.7 1.00 0.0 327.0 186.5% 0.0 0.9 523.20 2.900 2.266 v.0 G. 0 2.266 525,00 1.00 0.0 “d )
5 19 1%.4 13.2 1,00 0.0 Z210.0 102.1 0.0 0.0 462.30 1.488 l.163 0.0 0.0 1163 222.630 1.03 Q.0 53.5
5 27 22.R lé.4 1,00 2.0 503.0 314.5 0.0 0.2 3460.70 4.831 37174 0.0 J.d 3.77% 525,00 1.00 U.0 LS ]
5 21 22.2 10.0 1.00 7.0 66B.0 434.1 0.0 0.9 203.20 £.48) 5.064 0.0 V.u 5.064 525.00 1.00 0.0 8J.2
5 22 26.1 7.2 1.00 0.0 GBZ.0  444.2 0.0 0.2 259.10 6.927 5.412 0.0 0.0 5.41¢ 525,30 L1.33 Qa0 Yhed
5 23 23.3 11.) 1.00 0.0 552.0 350.0 0.0 0.0 198.10 S.336 4,169 0.0 Q.0 4.169 525.00 1.0u 0.0 10T.5
5 24 21.1 5.0 1.00 0.0 64T.0 418.8 0.0 0.0 109.20 6.006 b.692 0.0 0.0 4,692 525,02 1.00 0.2 117.5
5 25 23.9 5.6 1.00 0.0 676.0 439.9 0.0 0.0 142.20 £.587 5.146 0.2 Jed S.14t S525.00 1.00 0.0 130.9
5 26 27.2 11.1 1.00 0.0 627.0 404.3 0.0 0.0 276.50 6.450 5.070 0.0 v.0 5.070 525,00 1.00 0.y 14€.5
S 27 27.8 11.1 1.00 0.01 714.0 467.4 0.01 0.00 297.20 7.556 5.860 0.234 0.0 5.913 52%.09 1.00 0.4 163.5
5 28 30.6 13.3 0.99 2.02 680.0 442.8 0.03 0.01 340,40 T-417 2.1172 0. 100 0.0 5.872 525.00 1.00 U.u ld4.5
5 29 30.0 16.1 0.<8 0.00 61B.0 397.8 0.04 0.01 2375.90 6.T748 5.188 0.120 U0 5.3080 52%5.00 1.00 0.0 218,
5 30 27.8 15.1 0.9%8 0.00 405.0 243.4 0.05 0.02 283.50 4.018 3.078 0.08% 0.0 3167 525,00 1.C9 .l £259.5
5 31 22.2 12.8 0.97 0.00 570.0 363.0 0.07 0.2 149.%90 5.493 “.173 0.1170 0.0 4.343 525.00 l.0u Q.0 243,20
TNniaLs 4268.T9 B2.760 64,301 0.514 0.0 64,613



MODEL ET=80.0 ... 1979 JUE'S SURGHUM PLANTFD S/17/79 ASHLAKD Mix

MAX MIN Sul AR NET L EAF POT . S0IL TRAN A TCTAL
M0 GAY TEMP TEMP  TAU T3/VPG  RAD RAD ARFA COVER RAIN EVAP EVAP EVAP EVAP EVAP THETA KS BMTS wlOu
L} i) M4/MB (LYS) LLYS) (™M) M) L MM} LAY (M) (MM} (MM)

3.328 52%.07 1.20 9. 254.%
5.496 52%.C0 1.00 6.0 2710.0
5.989 525.00 1.0 -3 Z738.5
5.102 52%.97 1.60 0.0 313.9
S«3494 525,00 1.02 0,2 331.)
3.166 525.00 1.00 i 360.5
3.901 52%.20 1.00 0.0 38¢&.5
le2%6 52%5.0v 1.00 0.0 404.)
Q.464 S2%5,00 1.80 €0 415.5
5.575 52%.C0 1.00 Osv 430.0
6.296 525,00 1.00 0.0 4h 6.5
G.442 52%.C) 1.00 0.C 4710.5
6.929 525.00 l+0v 0.J 4956.0

o

o

22.8 T.8 0.97 O.06 456.0 280.4 0.08B 0.03 154.90 41717 3.161 D.147
21.2 8.3 7.96 0.03 672.0 437.0 0.05 0403 167,60 6.930 Saddh Q.274
7B.9 1.7 0D.96 0.06 7T02.0 458.7 0.10 0.03 155.60 1.537 5.659 Veosl
33.9 17.2 0.95 V.07 50lN 356.5 0.12 2.74 222.60 6.362 b.T38 0.354
32.2 16.7 0.95 0.13 5%8.0 383.3 0.13 0.4 415.10 t.b652 4. 964 Jesbu
28.9 17.2 0.95 0.00 394.0 235.5 0.14 0.05 459.70 3.958 2.925 U. 24l
729.4  19.4 0.94 D.00 462.0 284.7 0.16¢ 0.05 574.00 4.862 3.564 0.237
25.6 13.9 0.53 0.00 209.0 10l.4 0.17 0.26 4724.20 l.612 1,177 U.11%
18.9 13.9 0.93 0.00 124.0 39.8 0.18 0.36 525.80 0.5717 7.419 0.045%
26.1 8.9 0.92 D.11 &77.0 440.46 0,20 0.07 124.50 E.904 “.581 0554
24.3  10.0 0.92 0.09 732.0 480.4 0.21 0.07 175.30 7.785 5.594 0.702
31.1 16.7 0.92 1.08 706.0 461.6 0.22 0.07 217.50 1.952 5.692 0.750
34,6 18B.3 0.51 0.24 712.0 46%.9 0.23 0.08 368.60 8.405 5.992 Ceodd
34.4 18.9 0.51 0.3 723.0 473.9 0.2% 0.08B 475.00 8.568 ©.060 0.913
331.9 22.72 0.90 0.00 645.0 417-4 0.26 0.09 426.70 1.596 5.351 0.84)
3a.4 22.2 0.%0 0.00 621.0 400.0 0.27 0.09% 376.50 1.327 5.141 O.840
0.6 20.6 D.A9 0.00 4B6.0 302.1 0.2% 0.10 492,80 5.252 A.656 D.u44
5372.2 22.2 0.8S 0.00 601.0 385.5 0.30 02.10 528.30 5,879 4,769 0.871
728.9 19.4 0.55 0.00 3168.0 180.4 0.40 0.13 645.20 3.059 24038 0.507
22.2 13.3 0.82 0.18 736.0 4B3.3 0.50 0.17 223.50 8.327 5.331 1.690
36T 14.4 0.79 2.16 T702.0 458.7 0.60 0.20 325.10 8.366 5.144 l.99y
37.2 17.2 Q.76 1.12 622.0 400.7 0.70 0.23 340.40 7.011 4.145 1.91e
26.7T 19.4 D.73 2.00 450.0 276.0 0.80 0.27 454.70 4.5517 2.589 1.398
23.3  16.7T 0.70 0.00 325.0 185.4 0.90 0.30 365.80 £.859 L.583 0. 582
26.1 16.1 Q.47 0.00 44%9.0 275.3 1.00 0.33 345.40 4.451 24335 lec44
30.9 17.2 D.¢5 0.00 575%.0 366.56 1.10 2.37 426.70 &.247 3.150 2492
32.8 22.2 0.62 0.00 514,00 322.4 L1.20 0.40 3%6.80 5.792 2.807 2abT4
28.4 18,9 0.81 0.00 622.0 4G0.7 1.30 0.43 442,00 6.8217 3.179 3.102
30.0 18.3 0.57 0.00 720.0 4T1.7 1.40 0.47 238.80 8.0173 J.613 3.8060
W 2R3 17.?2 0.53 0.00 440.0 268.8 1.58 0.53 248.00 4.4E68 L.869 243517

v
(=]

LI

-t
DOV ND P RV
.- " 8
OO LOLCOOLoCOoOL W

-
o0

131 1.104 52%.00 1.07 ad 522.)
} &.266 525,00 1.00 ) 551.0
6.102 525,00 1.69 0.0 580.J
4.300 UMM-G) Ptﬂ.u 0.1 h.u.\IU
5.640 57%.00 1.02 0.0 elb.o
2.545 525.00 1.00 0.0 £62.9
T.022 %25.0C 1.00 Q.3 L EPP]
T.861 52%.00 1.00 0.0 i75.1
6,063 525,00 1.C0 0.2 12%.5
3.56T 52%.02 1.00 GC.¢ 151.)
2.565% 525,00 1.00 G.) 1710
2,979 52¢.7) 1.0) 0.9 1710
5.642 525.00 1.00 0.9 £15.5
5,281 525.00 1.00 0.0 344.5
&.281 52%.00 1.0) 3.9 £76.9
7.4%3 525.00 1.00 0.9 89545
4,226 82%.00 1.0) DJ.0C 51Be4

.
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TOTALS s kaaey 179,471 116.6856 33.632 1210 151.656



aMn DAY

S ~NSNE LN

i e B I R B e B B B e B B B B B A
=
-

TOTALS

MAX
TEMP
(ch

76.T
32.2
W’iﬂ
ud.u
73.3
18.9
25.0
28.9
in.0
32.8
331.9
34.4
36.7
4.4
1.7
21.7
25.6
28.3
2R.3
0.6
31.1
32.2
?27.8
32.2
30.0
3.7
32.2
4.4
33,9
32.7
Va.o

MIN
TEMP
(cl

19.4
27.6
24.4
23.3
L
15.6
17.2
17.2
20.0
21 .1
2242
23.3
23.9
23.9
13.9
2046
18.3
17.8
16.1
17.8
20.0
27
21.1
22.8
2%.6
19.4
21.1
1.1
23.3
23.3
1.1

MODEL ET-80.0

TAU

0.50
[ 2
D.43
0.40
0.38
0.35
0.33
0.30
0.28
0.26
0.25
0.23
0.22
0.22
0.21
0.21
0.20
0.20
0.19
0.19
0.18
0.17
a'_q
0.15
0.14
D.13
0.12
0.12
0.11
0.10
0.11

T3/VPG
MM/ ME

D.00
N.00
0.00
0.0
2.00
0.00
0.00
0.00
0.00
0.00
0.00
D.00
D.00
0.00
0.00
0.00
°.°°
0.70
0.00
0.70
0.00
0..J0
0.0

0.00
0.920
2.00
0.00
0.00
0.0u
0.20
0.00

«eos 1979 JOE?S SORGHUM

SULAR
EAD
(LyYsi

227.0
467.0
6$50.0
615.0
146.0
120.0
275.0
374 .0
593.0
583.0
672.0
648.0
673.0
661.0
39¢.0
402.0
371.90
526.0
619.0
595.2
548.0
504.0
109.0
549.0
581.0
530.0
489.0
535.0
340.0
266.0
285.0

NE1
RAD
(Lys)

114.4
288.4
4721.0
395.6
571.2
36.9
149.2
221.0
365. 4
357.1
431.5
411.5
437.4
422.3
200.6
205.4
179.7
309.4
i87.2
367.1
327.8
291.0
-39.6
128.6
355. 4
3l12.7
278.4
I16.9
153.7
91.8
107.7

L EAF
AREA

1.75
1.93
Z2.11
2.28
T
2abh
2.82
Z2.99
.17
3.35
3.52
3.70
i.7¢
3.82
3.8%
3.95
.’tow
401
\’.pb
4.20
4435
4.50
4.6%
480
4.95
5.10
5.25
5.40
5.55%
5.70
5.5%

COVER

0.58
D.54
Q.70
0.76
0.82
0.88
0. 5%
1.00
1.00
~.0°
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.20
1.00
1.20
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

PLANTED

RAIN
{MM)

&24.80
£595.40
571.50
t65.50
581.70
525.80
490.20
£55.30
645.20
551.20
500. 40
569.00
414.00
609.60
485.10
520.7T0
426.70
365. 80
332.70
358.12
454.70
487.70
£12.80
655.30
574.00
46 7.40
520. 70
£43.¢€0
751.80
620.40
605460

5/11/19

POT .
EVAP
(M)

1.889
S«112
T.935
T-184
0.851
0.539
2.389
3.714
6.296
6.386
7.570
7.787
2.510
5.177
£.435
6.311
£.722
5.181
n.o
5.8717
5.484
5.780
2.810
La6i45
1.839

sshader 157,027

45hL AND

SOIL
EVAP
{ MM)

N.735
1.B53
2.6T17
NINUW
0.262
DVal4T
Q.5608
v.883
1.393
1.315
1.512
L3586
L.449
1330
v.583
0557
D.461
e 8L
Je568
J.527
V792
J.&75
0.9

0.680
N.669
0.563
0.47d
J.5286
0.241
J.133
D.155

MIX

TRAN
EVAP
MM

1.0cs
3,083
5.012
4.bcl
0.626
U.352
l.782
2.832
4,903
5.0171
b.342
baclé
6,833
b.457
24527
2.6876
2450
4. 3176
5,467
5.364%
4.931
4.506
0.0

5,187
5.4¢8
e del
4,468
5.253
2.569
1.512
1.684

2u+591 119.484

A
Evap
(MM)

R
COANLUCOCOUOOCOUOOUOoOCOUODOUIVEWOC

® " ® 8 % & & 4 & & 8 g
Fa WA
o e

CO00UOOCLOoOCOLOClooOCCONULOC O

TCTAL
EVaP
{MM)

1.801
4.926
S.327
T.245
0.8E8
:quo
2.38%
2.714
b.296
t.3B6
B.418
B.465
10.789%9
B.717
3.510
3,423
2.911
5.1177
6.435
o.w_uﬁ
5.722
5.1B1
0.0

5.677
6,137
St
W a946
€.336
2,039
1.645
1.339

7-618 154,08%

THETA
(MM

£2%:65
525.00
£2£.00
52%.00
525.00
525.00D
525.00
525.00
52£.00
525,09
52%5.00
525.00
525.00
528,70
525.00
525.00
5c%.00
52%5.00
§2%.0

52%5.00
52%.00
§25.09
525,09
525%.09
52%5.0C
525.00
525.00
525.00
52%.90
525.00

KS

1.0?
1.00
1.00
1.00
L.0D
1.02
1.00
1.00
1.00
1.00
1.C)
1.00
1.00
1.0
L.07
1.0U
1.00
1.00
1.CJ
1.C0
1.00
1.00
1403
1.09
1.C2
1.0
1.C?
1.00
1.0
L.0%
1.09

BMTS

C.?
0.0
a1}
Q.1
0.0
0.1
d.0
0.0
Dl
Vel
0.7
6.2
Q.U
N.n
0.0
0.0
JeC

wOu

Ghled
369.%
13¥)9%.4
13304
fual.9
1Y67.9
1050.9
1104.4
1131.4
L159.%
1138.%
121E.4
1248.9
12734
1225.4%
1330.4
13% 1.9
12759
1237.4
1422.%
1449 .4
167T.9
1503.9
1533 .4
1563.9
158 7.4
1&15.4
1é43.4
loT3.4
FNC mo.a
1730.4



MODEL ET-4040 ..o 1979 JOE'S SORGHUM PLANTED 5717/79 ASHLAND Alx

MAX MIN S0H AR NET LEAF POT. s0IL TRAN A TOTAL
MO DAY TEMP  TEMP TaAU T3/VPG  RAU RAD AREA COVER RAIN EVap EVAP EVaAP EVAP EVAP THETA KS EM15 6D
(ci (il MM/ME ELYS)  LLYS) (M) MM ) (AM) (M%) (MMl {MM) {MM)
A 1 29.4 15.6 0.11 D.00 533.9 332.0 5.47 1.00 38&4.10 5.589 Ja4594 S.086 0.9 5.580 52%.00 1.00 0.) ift52.v
L 2 31.T 20.6 G.12 0-00 419.0 219.8 5.36 1.00 475.M0 1.872 0.358 3.514 0.2 3.872 52%.00 1.0) 0.7 1718d.4
8 3 3.4 20,0 0.12 0.00 642.0 4086.4 5,24 1.00 467.4%0 {380 J. 714 babbY 0.9&60 8.340 52%.0u 1.0 0.0 1807.4
L 4 35.0 23.31 0.11 0.00 638.0 403.1 5.13 1.00 497.80 T.465 0757 6.708 1.342 8.807 52%5.00 1.C2 0.9 1837.4
A 5 6.1 23.9 0.14 2.00 £39.0 403.9 5.01 1.00 591.8) T.597 Q.4808 E.1E9 cal bl 9,708 525.00 .00 (.7 1E&1.9
A 6 k.l 25,0 0.14 0.00 631.0 397.2 4.50 1.90 459.70 T.504 Jadds b.010 Za004 9578 525.00 102 Q.0 18%5en
a T 36.7 25.0 0.14 0.00 636.0 40l.4 4.88 1.00 505.50 T34 0.855 6.713 2.488 10,122 525.07 1.0% 2.7 15373.9
a A 35.6 23.9 0.4 0.00 614.0 3B3.0 6&.86 1.00 515.60 1.156 J.828 6.348 1.625 8.782 525.02 1l.00 0.0 191.%
a g 35.0 24.4 0.15 0.0 &611.0 3680.5 4.84 1.00 46%.50 T.078 0.8006 b.212 1.254 B.332 525.0C 1.00 G.0 1592.#
A 10 30.6 19.4 0.15 0.0 117.0 =32.9 4.82 1.20 721.4%0 0.0 2.0 0.2 2.9 0.2 52%.00 1,00 0.3 2)1E.9
B 11 25.6 lh.6 0.15 0.00 646.0 409.8 4.B0 1.90 251.50 6.531 V. 155 5.716 J.0 6,531 525.00 1.02 0.0 2036,.9
a 12 28.3% 15.0 0.15% 0.00 634.0 399.8 4.78 1.00 297.20 6.613 J.771 5.843 0.0 6.613 5z%.P0 1.0) C.) 2157.9
8 13 33,9 18.3 0.15 2.31 801.0 372.1 &4.76 1.70 43%9.40 £.67D Je184% S.886 0.524 T.194 52%5.C) 1.0) C.7 2583.%
A 14 26.1 13.% 0.15 0.9 600 =80.6 &.T4 1.00 784.%0 2.0 0.0 Q.0 0.2 0.0 525.0C 1.00 C.0 219l.4
& 15 17.R 17.8 D.15 0.00 1%0.0 2B.2 4,72 1.00 355.60 0.400 7.048 Q.352 0.9 0,400 525.CN 1,77 0.1 2l1d.9
A 1A 26.1 15.6 0.15 0.00 247.0 15.9 4.70 1.00 617.20 1224 J. 142 1.077 J.2 l.224 52%5.00 1.0) 0.0 213049
B 17 34.4 23.3 0.25 D.10 594.0 366.3 3,52 1.00 414.00 6.739 1.297 Saih2 0. 764 T7.522 525.00 1.00 Q.0 2)60.%
A 18 35.0 23.9 0.39 0.00 562.0 357.2 2,35 0.78 414.00 6.630 2.033 4.532 0.3706 7.471 522.00 1.00 0.3 219C.9
8 19 34.4 22.2 0.63 0.00 605.0 388.4 1.18 0440 462.¢0 Tells 3.415 3.000 0. 32 6.907 525.00 1.00 0«0 2219.5
a 2?20 32.2 21.1 1.00 0.9 5§27.0 331.9 D.0 0.40 444.50 5.896 w606 7.1 0.9 4,606 525.0C 1.18 0.0 2247.9

THOTALS $S591«C7 105.086 20.353 66.737 14.500 121.591



MONTH

S~ a

mr.

vQ.- -
FVAFP

R2.706
179.47
14 7. 07
105.09

518.34

MODEL FT1=80.0 =--

SoIL
EVAP

6£4.30
116.86
26.99
20.35

228.50

THAN
VAP

:. w-
33.63
119. 448
A= T4

2402317

A TOTAL RAIN
EVAP FVAP (MM)

0.0 b4 Bl sEERR R
1.21 151.70 R
7.62 154.09 sae et R
14.50 121.59 wheted

23.33 4921900 snaee

1979 JOE'S SORGHUM

RATIO
T/ED

0.09
5.79
25434
16437

47.62

PLANTED 5/17/71% ASHLANO Mix

TRAN
EVAPL2)

0.51
34 . B4
127 .10
101 .24

263.69

TuT.
EVAPL2)

6h.81
151.70
154.09
121.59

4G92.19

RATIUL
13/E002)

0.09
5.79
25. 34
16.37

*d‘ OQ

RATIO
ET/EOL2)

11.75
hwlwﬂ.
30.92
19.67

Bl1.65

RUNCFF

A618.97

YTed .4l
e e L L

8716 .80

TRLA LR

ORAINAGE

431.83
1188-09
1185.94

168.58

£74.84

V.02
3.2
1.00
2.31

t .05



MODEL ET-80.0 ... 1979 JOE'S SORGHUM PLANTED S/17/79 ASHLAND ALT

MAX MIN SOLAR NET LEAF POT . SolL TRAN A TLTAL
MO DAY TFMP  TEMP TAU T3/VPG  RAD RAD AREA COVER RAIN EVAP EVAP EVAP EVAP E VAP THETA KS BMlS GoD
() L] MM/MB  LLYS) LLYS) tMM) (s (MM) (MM} (HM) (MH) (M)
5 17 28.3 1R.9 1.CO0 0.0 432,00 263.0 0.0 0.0 287.00 4.421 3.45% 0.2 0.9 2.454 528.7%Y 1,07 0.7 4.5
5 18 22.3 16,7 1.00 0.0 327.0 186.9 0.0 0.9 523.20 2.59090 24266 0.0 0.0 24266 525.00 1.00 0.0 42.0
5 19 1%.4 13.3 1.00 0.0 210.0 102.1 0.0 0.0 462.30 1.488 l.163 J.0 U0 l.163 525.00 1.02 0.0 53.5
5 2N 22.8 14.4 1.7 0.0 503.0 314.5 0.9 0.0 340.70 4.831 3. 774 0.0 0.0 3.77% 525.00 1.20 0.) 6540
5 21 22.2 10.0 1.00 2.0 anB.D  434.1 0.0 0.0 203.20 b.4B3 5.06% 0.0 J.0 5.06% 525.00 1,09 0.0 4.0
5 22 26.1 7.8 1,00 0.0 08,0 464.2 0.0 0.0 259.10 £.927 5.412 0.0 0.0 S«412 525.70 1.0) GQ.) d4.5
5 23 23.3 11.1 1.00 g.0 55¢.0 350.0 0.0 0.7 198.10 5.336 4a.169 0.0 0.0 4,169 525.03 1.00 0.3 L127.5
5 24 21.1 5,0 1.00 J.0 6ei.0 418.8 0.0 0.0 109.20 €.006 hab52 U.0 3.0 4.692 525,00 1.00 0.2 117.5
5 25 23.9 5.6 1.00 Q.0 676.0 43%.5 0.0 0.0 142.29 6.587 5.14b6 0.0 0.0 5.146 52%.00 1,0 (.0 130.0
5 26 27.2 11.1 1.00 0.0 627.0 404.3 0.0 0.2 276.50 €.450 $.070 0.0 0.0 54070 525.00 1l.uo 0.0 146.5
5 27 27.8 11.1 0.99 V.01 714.0 467.4 0.02 0.01 297.20 T.556 5.856 U.067 0.0 5.924 525.00 1.00 0.0 lod.b
5 28 30.6 13.3 0.98 N.02 680.0 442.8 0.04 0.01 340.40 T.aT7? 5a749 0.133 0.0 5.882 525.00 1.0) C.0 184.5
5 29 130.7 16.)1 0.97 0.00 &18.0 397.8 0.07 0.02 375.90 6.T48 5.127 0.24d9 0.0 54335 3525.70 1.00 09 2080
S5 30 27.8 16.]1 0.56 0.00 405.0 243.4 0.09 0.03 383.50 4.018 3.029 0.159 0.0 3.188 52£2.0) 1.0 0.0 22%.5
5 31 22.? 12.8B D.9% 0.00 570.0 363.0 0.11 0.34 149.50 5.493 4.107 0.26% 0.0 4,372 52%5.00 1.00 C.0 243.0

ToTaLs 4368.79 B82.760 &4.078 0,833 0.0 64.511



MODEL ET=80.0 .. 19¥79 JOE'S SORGHUM PLANTED 5/17/79 ASHLANUD ALT

MAX MIN SULAR NET LEAF POT . SOIL TRAN A TCETAL
MO DAY TEMP TEMP TAU T3/VPG RAD K AD AREA COVER RAIN EVAP L VAR LVAP cvap EVAP THETA KS BMTS GOu
() (i MM/MB ELYS)Y  (LYS) (MN) (M4) (MM (M4) {HH) (M) (AM)

A 1 22.8 7-8 0.95 D.10 456.0 280.4 O0.13 0.04 154.9%0 4,111 3. 099 0.231 0.0 3.336 525.00 1.00 0.0 754.5
& 2 21.2 B.3 0.94 D.00 672.0 437.0 0.15% 0.95 167.060 6,930 5.101 0.452 0.0 5.553 525.00 1.77 0.2 PR P
A 3 23.9 11.7 0.93 D.10 T702.0 458.7 0.17 0.36 195.¢0 T1.537 5.503 0.555 Oeu 605 525.00 1.00 ua)d ZBEWD
6 4 33.9 17.2 0.92 0.11 561.0 356.5 0.20 0.07 322.060 6,362 4.5%0 De 5448 V. 049 5.186 525.00 1.00 G.0 2130
6 § 32.72 1s.7 0.72 D.22 598.0 383.3 0.22 0.17 415.10 6.692 4.790 0.631 0.0 S5.421 525,00 1.03 C.3 237.)
L 6 28.9 17.2 0.91 D.00 354.0 235.5 0.24 0.08 459.70 3,958 Zedll U.4d0 Ua0 3.216 52%5.00 1.09 (0.0 360.5
[ T 29.4 19.4 0. 0.00 462.0 284.T7 0.726 0.99 574.00 4.862 3025 0.530 0.9 3.963 525.929 l.CY 0.) 198.5
H B 25.6 13.9 0.89 7.00 209.0 101.4 0.28 0.139 424.20 l.612 lalde 0.191 0.0 1.318 B525.00 1.0) C.2 414.)
6 9 18.9 13.9 0.89 J.00 124.0 39,8 0.30 0.10 525.E0 c.511 Ja4uo U.0a73 Q.0 0.473 52%5.00 1.07 0.9 41545
6 10 26-1 8.9 0.83 D.18 O6TT7.0 440.6 0433 0.11 124.50 6,904 4730 D.950 U.0 S.686 52%.00 1.00 0.2 432.)
6 Il 2?8.3 13.0 0.87 D.15 T32.0 4B0.4 0,35 0.12 175.30 7.785 5.291 PN L U.0 6.430 3525.00 .00 O.d 44643
64 12 31.1 16.7 0.8a .76 T06.0 46l.6 0.37 0.i2 317.50 7.952 5.362 1.225 0.0 6.587 525.00 l.CJ 0.0 413.5
65 13 34.4 18.3 0,86 D.39 T12.0 4&65.9 0.39 0.13 288.60 3.405 Setrdl L3620 0.196 T«l7d 525.0) 1.00 0.3 496.0
£ 14 34.4 18.6 0.85 Ne6d T23.0 473.9 0.41 0.14 475.00 B.568 S.086 l.a51 0.20% T346 525.0) 1.0) 0.9 522.9
6 15 33.9 22.2 0.84 0.00 645.0 417.4 0.43 0.14 426.70 T.596 5.001 le344 0.120 6.490% 525.0% 1.0) 0.9 55140
6 16 34.4 22.2 0.8) D.00 621.0 400.0 0.46 0.15 378.50 T.327 4. 766 1.379 0.199 b.344 525.00 1.02 0.0 £4049
64 17 30.6 20.6 0.83 D.00 486.0 302.1 0.48 0.16 492.80 5.252 34390 1.027 V.0 4.417 525.00 1.00 0.0 €275
6 1R 32.2 22.2 0.82 N.00 o©01.0 385.5 0.50 0.17 528.30 6.879 b a0l 1.396 0.0 5.8 52%5.M0 1.00 0.0 €3£.5
6 19 28.9 19.4 0.77 000 318.0 180.4 0.66 0.22 645.20 3,059 1.8308 O« 795 Uy 2.633 525.00 1.00 0.0 cE2)
6 20 32.2 13.3 0.712 .28 36,0 4B3.3 0.83 0.2 223.50 8.327 4.6015 2e635 0.0 7-.310 523%.00 1.00 0.0 663.9
6 21 36.T l4.4 0.67 D.24 702.0 458.7 0.9% 0.33 325.10 8.366 4 .408 3.065 1.125 8.598 5z%.00 1.00 0.9 13%2.0
8 22 32.2 17.2 0.6} lob9 622.0 4007 1.15 0.38 340.40 7.011 3. 466 2.8917 U.9 6.362 525.00 1.00 Q.2 72945
& 23 267 19.4 0.959 D.00 450.0 276.0 1.32 0.44 454.70 4.557 2.105 2.095 0.0 4.200 52%5.9% 1.0% 0.7 153,71
6 24 23.3 16.7 0D.55 0.00 32%5.% 185.4 1.48 0,49 355.80 2.89% 1.257 1.452 0.0 2.708 525.00 1.00 0.y 171.0
& 25 26.1 1s8.1 0.52 0.00 44%.0 275.3 1.65 0.55 345.40 4,451 1.803 Z2.411 Qatd 4,214 525.00 1.00 0.0 791.0
& 26 130.0 17.2 0,49 N.00 575.0 366.6 1.81 0.60 426.70 G247 2.375 3.008 0.0 5.983 528.0) 1.00 0.2 ELE£.5
6 2T 32.8 22.2 0.4 0.00 514.0 322.4 1.97 0.66 398.80 5.792 Z.066 3.541 0.0 5.607 525.00 100 Q.4 844.5
6 28 29.4 18.9 0.43 0.00 622.0 400.7 2.14 0.71 442.00 6.827 2.276 4.403 0.0 6.679 52£.70 1.07 C.3 813.9
6 29 30.) 18.3 0.40 9.00 7T20.0 471.7 2,30 0.77 238.80 8.073 24525 5440 0.0 7271 52%.00 1.00 0.2 855.5
6 30 2R.3 17.2 0.38 D.00 440.0 268.8B 2.46 0,82 348.00 4,488 La3li 3.152 Ga0 $.469 525.0C 1.07 0.3 518.%

TOIALS *rrdeer 179.471 105.206 50.408 1.897 157.517



40 DAY

OB YO NS WA

e B I B e B B R A B R R B A T R e ]
-
o

TOTALS

MAX
TEMP
ch

26-7
32.2
ELTY |
23.3
23.3
18.%
25.0
7R.9
30.0
33.9
4.4
W?'g
4.4
3.7
27.2
?5.6
28.3
28.3
30.6
311
32.2
2T.8
32.2
30.0
31.7
32.2
6.4
33.9
2.2
28.9

MIN
TEMp
e

19.4
2N.6
26 .4
23.3
16.1
15.6
1T.2
17.2
No‘o
elsl
22.2
23.3
231.9
”ﬂ.‘
18.9
20.6
18.3
17.8
16.1
17.8
20.0
21.7
21.1
22 .8
20.86
19.4
2l .1
21.1
23.3
23.3
21.1

MODEL

TAU

0.35
0.33
0.31

0.29
0.29
0.29
0.24
D.22
0.21
0.29
0.18
007
a.17
0.16
D.16
0.15
0.15
0.15
Nalh
0.14
D.14
O.l%
Q.14
0.14
0.15
0.15
0.15
0.15
0.15
0.15
N.15

ET=80.0

T3/VPG
MM/ MB

0.00
0.00

0.00

ese 1579 JOE*S SORGHUM PLANTED

SOLAR
RAD
(LYS5)

227.0
467.0
650.0
615.0
148.0
120.0
275.0
374.0
593.0
583.0
672.0
6480
6759.D
661.0
waa.o
402.0
371 .0
5260
615.0
595.0
548.0
504.0
109.0
549.0
581.0
530.0
489.0
535.0
m#o.o
266.0
2d85.0

NET
KAD
(LYS)

114.4
288.4
421.0
383.9

-5.9
-30.4

99.3
182.2
365.4
357.1
431.5
411.5
43T.4
422.3
200.6
205.6
179.7
305.4
387.2
367.1
321.8
291.0
-3%.6
32B.6
355.4
312.17
2T8.%
316.7
153.17

91.8
107.7

L EAF
AREA

2462
2.78
2.95
3.11
3.27
3.43
3.59
3.75
3.92
4.n8
4.24
4.40
4,48
4455
4.62
4.70
4.T8
4.85
4,93
5.00
4.97
4.9%
4.91
4 .88
4 .85
4.82
4.79
4.76
4.75
4.70
4,74

COVER

0.87
0.93
0.98
1.00
1.00
1.00
1.00
1.00
1.00
1.n0
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.70
1.00
1.00
1.00
1.00
1.G0

RAIN
{MM)

624 .80
599.40
571.50
665.50
581.70
525.80
‘oo.g
655,30
645.20
551.20
500.40
569.00
414.00
609.60
485.10
520.70
426.70
365. 80
332.170
358.10
454. 10
487.70
812.80
£55.30
574.00
46 T7.40
520.10
543.60
7151.80
R20.40
606.60

S/17/79 ASHLAND

POT .
EVAP
(MMl

1.889
5.112
1.935
6.970
c.0

D'o

1.591
3,062
£.256
6,386
7.854
7.570
8.282
1.787
3.510
3.433
2.911
5.1717
6.435
6.311
S.722
5.181
O.D

5.677
€.137
S.4E4
4.946
5,780
Z.810
1.645
1.839

shraane 143,932

SulL
EVAP
(MM}

0.520
L-321
l.916
1579
0.0

0.0

0.298
0.538
1.033
D.984
1.135
1.026
l.Gsd
0.3“
D.434
D.al3
0.333
0.587
J.707
D.6T4
J.b18
D367
0.0

Q.058
D.&%0
D0.629
0.517%
D.679
0.33%
0.198
N.218

ALT

TRAN
EVAP
(Mi4)

l.369
3.7%1
be JLY
5391
0.2

0.0

1.293
2.525
5.262
5.402
6.719
G504
T« 194
6.793
3.071%
3.029
2-572
4592
5. 120
5.637
m. Pc‘
dablé
2.0

Secly
54941
4.855
4.372
5.121
2.476
Latta 7
1.621

20,753 123.173

A TCTAL
LVaAP EVAP
(M) (LU}
0.0 1.889
0.0 5.112

l.812 $.807
D.176 T.148

Qa2 0.0
J.9 0.0
0.9 1.591
0.0 3.062
0.0 6.2%96
3.0 6306

D.598 8.452
V.42 8.512
2.640 10.922
0.978 B.7¢5

2.0 3.519
[ EREEE]
0.0 2.911
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J.T34 Ga5ln
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0.0 1.645
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525.09
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525.00
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525.00
525.90
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525.00
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525.02
525.00
825,00
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525.00
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525.20
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1J47.9
1060.9
1683.9
Li%74.4
1131.4
1156.4
1188.4
1218.4
1248.5
12799
12)5,4
1332.4
1351.9
1275.%
1397.4
L4224
1445.4
L4T7.9
15)3,.3
1533.4
1560.9
1587.4
lel5.4
1£43.4
1673.4%
1723.4
1730.4



MODEL ET=80.0 +as 1979 JUE'S SORGHUM PLANTED S/LT/79 ASHLAND ALT

MAX I N SOLAR NET L EAF POT & S0IL TRAN A TOTAL
M0 DAY TEMP  TEMP  Tau T3/vPG  RAD RAD AREA COVER RAIN EVAP EVapP EVAP Evap EVAP THET A KS BHTS GO
(§ ] [ ] MM/MB  ILYS)  (LYS) (MM M) (MM) tMM) (MM) (NM) {MM)
8 1 29.4 15.6 0.15 0.00 553.0 332.0 4.79% 1.00 386.10 5.580 0.648 4.932 0.0 5.98) 52%.00 1.6) 0.7 1722.9
8 2 31.7 20.6 0.15 0.00 419.2 219.8 4.83 1.00 475.C0 2.872 Deb42 3.430 0.0 3.872 525.00 1.0 J.0 1780.%
R 3 34.4 20.0 0.14 0.00 642.0 406.% 4.87 1.00 467.40 7.380 0.820 6.55) 0.945 B.324 52:.00 1.03 C.0 1B17.4
L 4 35.0 23,3 0.l14 0.J0 638.0 433.1 4.51 1.92 4917.80 1465 J.B20 b.639 L.3ds 8.793 525.090 1.00 0.3 loidl.s
f 5 36.1 23.9 0.14 0.00 039.0 403.9 4#.96 1.00 591.80 1.597 0.824 6,113 Z.1006 S.T03 525.00 1.00 G."7 1867.Y
A 6 36.1 25.0 0.14 0.00 631.0 397.2 5.00 1.00 459.70 T.504 2.8 6.703 2.085 9.589 525.00 1.0) 0.) 189S.4
8 T 36.7 25.0 D.14 N.00 636.0 4ul.4 4.96 1.00 505.50 Te634 Jedid 6,812 2.500 10.134 525.00 1.0) 0.3 1930.9
A A 35.6 23.9 0.14% 0.00 614.0 383.0 4.96 1.00 515.60 7156 a.707 6,382 l.633 8,790 52%.92 1.00 0.0 196l.4
L) 9 35.7 24,4 0.14 0.00 611.0 380.5 4.94 1.90 469.50 7.078 0.774 6.304 1.2061 8,339 525.00 1.00 0.0 1592.4
8 10 30.6 19,4 0.14 0.0 117.0 =32.9 4.92 1.00 721.40 c.0 2.0 0.0 0.0 0.0 525.00 (.00 0.6 2018.%
A 11 25.6 1l4.4 0.14 0.00 646.0 409.8 4.90 1.70 251.50 6.531 D.726 5.806 bD.o 6.531 S52%.77 1«00 0.0 2)3C.»
8 12 28.3 15.0 0.14 N.00 6£34.0 13199.8 4.88 1.00 297.20 6.613 Qs T4l 5.d73 U.0 b.613 525.00 1.00 9.3 2057.9
8 13 33.9 18.3 0.14 2.32 b501.0 372.1 4&.86 [1.00 435.40 6.670 0.753 5.917 0.527 7.156 525.0C 1.03 0.1 2733.%
A 14 26.1 13.9 0.14 0.0 60.0 -80.6 4.84 1.00 784.5%0 0.0 2.0 [V 0.0 0.0 525.00 1.00 0.3 2131.%
B 1% 17.8 12.8 0.15 0.00 190.0 28.2 4.82 1.00 355.60 0.400 0.040 U. 354 0.0 0,400 525.00 1.0Y 0.0 <110.9
A 16 ?26.1 15.6 0.15 0.00 247.0 75.9 4.80 1.00 617.20 1.224 9,142 1.083 2.0 1.24% 52%.77 1.0) 0.3 2137%.4
8 17 3s.4 23,3 0.24 0.00 594.0 366.3 3.60 1.00 414.00 £,739 1.250 5.482 J.T89 7.528 525.00 1.0) 0.0 <lad.%
8 18 35,0 23.9 0.38 0.00 562.0 357.2 2.40 0.80 414.00 6,630 1.993 4.589 0.918 7.500 525.00 1.00 0.0 2190.9
8 19 34,4 22,2 0.62 0.00 605.0 388.4 1.20 0.40 482.60 Tell4 3.448 3.039 0.438 6.924 525.00 1.00 2.0 2215.%
8 20 32.2 21.) 1.00 0.0 $27.0 331.9 0.0 D.40 444.50 5.896 4600 0.9 0.0 4,606 525.00 1.00 0.0 224149

TOTALS 9591.07 106.08&6 20.455 86.665 14.527 121.6848



MODEL FT1-80.0 «a. 1979 JOE'S SORGHUM PLANTED S/1T7/79 A SHLAND ALT

POT. SOIL TRAN b TuTaL RALN RATIO TRAN TUT. RATIU RATIO

MONTH FVAP FVAP EVAP EVap EVAP (MM) T/E0 EVAP (2] EVAPL2) T3/EDL2) ET/EUL2) RUNLFF GRAINAGE Tvp
& A2.7¢ b64.08 0.83 0.0 64.G]1 wEReRd 0.15 0.83 04,91 0.15 11.76 2679.248 42l.07 L
6 179.47 105.21 50.41 1.50 157.51 #eewe2 B.61 52.30 157.51 B.617 26425 9773.30 1171.50 Sably
1 143.93 20.76 123.17 B.l6 152.10 *svees 25.05 131.34 152.10 25.05 29.11 »ARERES 1186462 Ja00C
a 109.00 20.46 B6.67 14.53 121.65 sexes 16.36 101.19 121.65 l6.36 19.68 B716.78 168.50 2.32

TOr. 515.2% 710.50 261.08 24,59 496.16%8%%4e% 50.23 285.67 496416 50.¢3 86.80 LA AL Ll EPTE Y de25



