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INTRODUCTION

Crop growth may be considered to be the resulc of an interaction
between the genetically inherited traits of a crop and a variable
environment in which the crop is grown. Milthorpe and Moorby (1874)
point out that while certain aspects of this dynamically interrelated
system are understood in considerable detail, an adequate understanding
of how all the components of this system interact to determine the rate
of change and the ultimate size of the whole is lacking.

The increased use in recent years of plant growth models as research
tools has been noted by Maas and Arkin (1980). Thornley (1976) lists
gseveral potential uses of plant growth models. Those that have particular
relevance to this study are: (1) to provide a unified framework for infor-
mation on different aspects of plant growth, (2) attempts at model building
can help identify areas where data and knowledge are lacking, (3) to provide
a method for interpolation, extrapolation, and prediction.

As pointed out by Jewiss (1966), the main photosynthetic surface of a
grass crop is made up of an ever changing population of leaves on an ever
changing population of tillers. The purpose of this study isrto develcp

for winter wheat (Triticum aestivum L. em. Thell.) a growth model that

would yield daily estimates of leaf area index (LAI). The study was
designed to attain this goal in two steps: (1) develop and test equations
predicting the changes in tiller numbers of a wheat crop on a per plant
basis (chapter 1); (2) develop and test equations predicting the fellowing
remaining components of LAI for wheat: leaves/tiller, leaf area/leaf, and

leaf area/plant (chapter 2).
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LITERATURE REVIEW
LEAF GROWTH

The paucity of information available on cereal leaf growth has been
noted by Gallagher (1979). Other than intercepting radiation and pro-
viding assimilate to the ear during grain growth, little seems to be
known of the factors that influence the size aﬁd numbers of cereal leaves
in the field. Friend et al. (1962) summarizes the total leaf area of a
wheat plant at any one time as depending on the relative rates of (a)
leaf primordia initiatiom, (b) leaf emergence, (c) lamina expansion, (d)}
gain in the number of meristems by branching, (e) leaf senescence, (f)
loas of meristems througﬁ senescence or transformation into floral
primordia.

Five easily recognized stages of growth in wheat leaves and grass
leaves in general are: (i) initiatiom; (ii) pre-appearance; (iii) post-
appearance; (iv) maturity; and (v) senescence (Silsbury, 197C).

Initiation

Langer (1972) points out that, while leaf production on & particular
tiller can be measured as the rate of leaf primordia initiation or the
rate of leaf'appearance, these two rates are not always the same. Leaf
extension usually continues after initiation, but unexpanded primordia may
accumulate on the apex just prior to floral initiatiom (Silsbury, 1970).

Aspinall and Paleg (1963), working with barley (Hordeum vulgare L.), found

that the rate of leaf primordia initiation is greater than the rate of leaf
appearance at high light intemsities.

Bremper (1969), working with winter wheat, notes that because develop-
ing primordia lack complete vascular differentiatiom, carbohydrate flow to
these organs requires movement across undifferentiated parenchyma. A

large concentration gradient is reguired for this even though the demand by



these primordia is small. Therefore Bremner suggests that primordial
leaf or ear growth may possibly be sensitive to the total amount of
carbohydrate in the shoot.

By plotting total primordia number against time, Kirby (1974)
found two constant primordia initiation rates for spring wheat. A
slower first rate for leaves was followed, after formation of the
collar primordia, by a second faster rate for spikelet primordia.
Gallagher (1979) obtained similar results for the mainstem of winter
wheat, by plotting the total number of primordia initiated against a
Celsius growing degree day (°Cd) with a base temperature 0°C.

Pre and Post—appearance

When a leaf primordium is first initiated it is entirely meristematic
and grewth is mainly the result of cell division. After the leaf reaches
a length of one to two cm, two meristematic regions appear. The upper
reglon is associated with the growth of the 1amipa and the lower with that
of the leaf sheath. As a result of cell divisicn and expansion, the leaf
elongates through the sheaths of older leaves. Meristematic activity of
the laminia terminates with the differentiation of the ligule. Growth of
the sheath continues until the liguel is exposed, at which time the leaf
has reached i:ts final size (Sharman, 1942; Begg and Wright, 1962; Silsbury,
1970; Langer, 1972).

The appearance of the leaf tip marks the end of the pre-appearance
stage of growth and the beginning of the post-appearance stage of growth
(Mitchell, 1953a). As the leaf emerges, that part of the exposed leaf
stops growing due to a discontinuance of cell extension (Sharman, 13942).
According to Begg and Wright (1962), the reason for this cessation of
growth is the sudden change in the environment of the leaf as it emerges.

The enclosed leaf tissue receives only far red radiation transmitted



through the sheaths of older leaves. At emergence the leaf receives
much more radiation in the red wavelengths. When the ligule appears the
leaf no longer contains any active meristematic tissue and further growth
is terminated.

Considering leaf growth on a particular tiller, Robsom (1967) found
a close correlation between_the duration of growth of a particular leaf
and the interval between the appearance of successive leaves. One leaf
was found to be actively expanding while the preceding leaf had almost
ceased growing. Silsbury (1970) points out that while the physiological
basis for this synchronized growth pattern is not fully understood,
competition for assimilates may be involved.

Williams (1975) shows that, while at emergence the dry weight of
each successive leaf increases, the relative growth rate of each successive
leaf is elightly slower than that of its predecessor. The dry weight
increase of an emerging leaf follows a typical logistic growth curve, with
the large middle portiom of the graph being essentially linear with time
(Silsburv, 1970). Gallagher (1579) and Williams and Rijven (19653) found
the same general pattern with increasing leaf length in winter wheat.

The relative leaf extension rate increases to a maximum just prior to
the emergence of the leaf, The post-appearance stage of growth is charac-
terized by a gradually declining relative leaf extension rate which accounts
for 80 to 90%Z of the total leaf extension (Gallagher, 1979). This finding
is confirmed by Williams (1964), who shows that the dry weight of a wheat
leaf at appearance is only 10% of its final dry weight at maturity.

It appears that light intensity has little (Aspinall and Paleg, 1964)
or essentially no (Silsbury, 1970) effect on the rate of leaf extensiom.
At increased levels of light intemsity there is an accelerated rate of

leaf primordia initiation, which results in an accumulation of leaves in



the pre-emergence state (Aspinall and Paleg, 1963). Aspinall and Paleg
(1964) suggest that since there is more tiller development at high light
intensities, this extra sink might absorb much of the extra assimilate
produced at these higher light intensities.

Using rule and auxanometer measurements, Gallagher et al. (1979
found that the rate of leaf extension increases linearly with both day
and nighttime air temperétures. They also found that leaf extension
continued slowly throughout the winter and stopped at 0°C. Faster
transpiration, caused by bright sunshine, lowered leaf water pctential
and slowed the rate of leaf extension.

Rate of Leaf Appearance

Under constant conditions of temperature and light, the number of
‘leaves emerged on the mainstem of wheat increases linearly with time,
with the highest rate of leaf appearance occurring at a temperature of
25°C (Friend et al., 1962). Under field conditions with fluctuating
temperatures, Gallagher (1979) found that the rate of leaf appearance is
not linearly related with time and is slowed during the winter. By using
a Celsius growing degree day with a base temperature of 0°C, Gallagher
obtained a linear relationship between thermal time and mainstem leaf
appearance stage of .09 {(+ 0.001) leaves d—l at 10°C.

Langer (1954) and Ryle (1964), working with timothy (Phieum

pratense) and perennial ryegrass (Lolium perenne L.) respectively, also

found that the rate of leaf appearance is slowed during the winter. By
comparing plants grown in heated glass houses to those grown outside,
they concluded that this slow down in the rate of leaf appearance was
due to decreased temperature. Patel and Cooper (1961) alsc reported a
slowing in the rate of leaf appearance during the winter in ryegrass,

timothy, and meadow fescue but attributed this to changes in photoperiod



or total light energy rather than reduced temperatures. Kirby and
Eisenberg (1966) also suggest that the slow down in the rate of leaf
appearance 1s due to reduced photoperiod. Kirby and Faris (1972} found
that with increasing plant density the rate of leaf appearance on the
mainstem of barley becomes slightly slower for later formed leaves. Bean

(1964), working with cocksfoot (Dactvlis glomerata), found that the average

number of leaves/tiller and the rate of leaf production and death are
not affected by changing the light intemsity.

Mitchell (1953a), working with ryegrass, concluded that while the
rate of leaf appearance varies with environment, this rate quickly adjusts
itself to current conditions. The rate of leaf appearance does not change
with the age of the apex or the stage of development and there is no
difference in the rate of leaf appearance between the mainstem and the
tillers (Cooper, 1951; Mitchell, 1953a; Langer, 1963; Robson, 1967).

While selecting for a rapid rate of leaf appearance in ryegrass,
Edwards and Cooper (1963) found this trait to be associated with a
smaller leaf size and vice versa. Ryle (1964) also reported that the
ability to develop larger leaves is associated with a slower rate of leaf
production in several perennial grasses.

Assimilate Partitioning

During the pre-appearance stage, a young growing leaf, enclosed in the
sheaths of older leaves, obtains all the assimilates needed for the growth
of that leaf from the rest of the plant {(Begg and Wright, 1962; Friend et
al., 1962). Even during the post-appearance stage a growing leaf is still
dependent on the rest of the plant for most of the assimilates needed for
its growth. As pointed out by Silsbury (1970), while a portion of the
growing leaf has emerged and can carry on photosynthesis in accordance with

the area of leaf exposed, that amount of leaf area is insufficient to



account for the total growth of the leaf. He shows that in ryegrass,
when leaf five has reached one-half of its ultimate area, the exposed
portion of the leaf is only contributing one-third of the carbohydrates
needed for its growth. Similarly for wheat, Doodson et al. (1964) found
that the importation of assimilates by growing leaves reaches a maximum
when they are one-half tc three-fourths expanded.

Shortly after a leaf is fully expanded, apparent photosynthesis
reaches a maximum and declines as the leaf ages (Jewiss and Woledge,

1967; Doodson et al., 1964; Thorne, 1962). Doodson et al. (1964) shows
that assimilate translocation from a leaf also reaches a maximum at
maturity. During vegetative growth, young, recently expanded leaves
feed preferentially the younger growing leaves while older leaves trans-
locate assimilates to the roots and dependent tillers {(Doodson et al.,
1964; Jewiss and Woledge, 1967; Rawson and Hofstra, 1969).

Rawson and Hofstra (1969) found that the main source of assimilate
for a young, growing leaf is the second youngest fully expanded leaf.
Tanaka (1961) found this to be tfue in rice and identified this leaf as
"active center leaf".

Doﬁald (1961) points out that older leaves contribute less assimilate
to the plant than younger leaves not only because of a decreased pheto-
synthetic capacity but also because they are located towards the bottom
of the canopy and receive less light. Osman and Milthorpe (1971), working
with wheat under different levels of illumination, found the total seasonal
gross photosynthesis of a leaf was the same regardless of the level of light
intensity. This was attributed to the leaves under high light intensity

having a higher photosynthetic capacity, but shorter life span.



Mature Leaf Size

The final size of a particular wheat leaf has been shown to depend
on a number of environmental factors. The experiments conducted in
growth chambers by Friend et al. (1962) show the effects of temperature
and light intensity on the final dimensions of wheat leaves. They found
that the maximum leaf length, width, area, and thickness cccurred at 25°C,
15°C, 20°C, and 10 to 15°C, respectively. The maximum leaf length, width,
and area occurred at 200-250 Fte., 2500 Ftec., and 1750 Ftc. The light
intensity data are difficult to interpret because of the measurement
technique., Leaf thickness was found to increase with increasing light
intensity.

However, Gallagher et al. (1979) conclude that final length in
the field depends on the rate and duration of extension and does not vary
with temperature as demonstrated in growth chambers by Friend et al.
(1962). Gallagher et al. show that, in the absence of others effects, the
reciprocal of duration during the linear phase of leaf extension and the
rate of extension of a leaf are linear with temperature. Further, water
stress can decrease final leaf size by slowing the rate of leaf extension
without affecting the duration of extension.

According to Borril (1959), successive leaves on a particular tiller
inerease in length to a maximum occurring at inflorescence initiation. A
possible explanation for smaller leaves after floral initiation is the
competitive demand for assimilates between the young growing leaves and the
developing inflorescence and elongating stem (Jewiss, 1966). The results
obtained by Gallagher (1979) contrast with Borill's. Gallagher found that

for wheat, successive leaves increase in length up to the penultimate leaf.
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TILLERiNG
The Tillers
. Because auxillary buds are usually formed at the base of each leaf
sheath, prophyll, and coleoptile, the growth of a wheat plant is potenti-
ally unlimited given adequate environmeﬁtal conditions (Friend, 19653).
Since the leaves on the mainstem subtend auxillary buds which can give
rise to tillers, which in turn produce other auxillary buds and more
tillers, a hierarchy of shoots is produced. Tillers formed by the main-
stem are referred to as primary tillers. Shoots produced by the primary
tillers are called secondary tillers which in turn can give rise to
tertiary tillers and so on denoting successive orders of tillers (Langer,
1963).

The order in which tillers are formed on a plant is essentially the
same for wheat (Rawson, 1971) and barley (Thorne, 1962; Cannell, 1969).
For the first few tillers the order as given by Rawson is: the main
shoot (M), Tl (the first primary true leaf tiller}, P (the coleoptile
node tiller), T2 (the second primary true leaf tiller), TiP (the first
secondary prophyll tiller) and T3 (the third primary true leaf tiller).
The average contribution to grain yield by each tiller was 27, 22, 12, 20,
8, and 8% respectively, under a closely spaced planting. The prophyll
tiller (P), emerges just prior to or just after Tl. Thorne (1962), work-
ing with barley, also found that the order of appearance is not the same
as the order of yield.

Rawson (1971) shows that there is a direct'relationship between the
time of appearance of each true leaf tiller, the final weight cf that
tiller, and the amount of grain that tiller yields. He also found that
older true leaf tillers noi only have a greater survival ability, but are

also heavier and yield more grain than younger tillers. This relaticn-
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ship did not extend to prophyll tillers when compared with true leaf
tillers formed at about the same time. For example, in Rawson's
experiments, the coleoptile node tiller was formed at about the same
time as Tl (the first primary true leaf tiller), but never yielded as
much. In fact the ccleoptile node tiller did not yield as much as T2,
which was formed much later. One possible reason for this discrepancy
is that leaves supply assimilate to the tillers in their axis and
prophyll tillers must rely, in part, on their respective prophyll for
assimilate, thus giving true leaf tillers an advantage during early
growth (Rawson, 1971). Because prophyll tillers do not yield as well as
true leaf tillers of a similar age, Rawson suggests that plants producing
only true leaf tillers in rapid succession would be more efficient grain
producers.

Bremner (1969) working with wheat at different plant densities,
found that the mainstems produced at least 70% of the grain yield at
high densities, but less than 50% at low densities. He also found that
the size of the ear was closely related to the leaf arez of its shoot.

Tiller Growth

Usually on the apical meristem of ungerminated seed, buds are visible
in the axil of the coleoptile, and the rirst one to three leaf primordia
(Percival, 1921; Friend et al., 1962; Langer, 1963, 1972). A tiller bud
is usually formed in the axis of a subtending leaf primordia by the time
that leaf has overarched the apex (Jewiss, 1972). Tiller buds are formed
at the same rate as leaf primowdia, but usually two te three plastochrons
later (Langer, 1972). Kirby and Faris (1970) conclude that the initiation
of tiller buds is internally controlied by the plant and is little
affected by differences in environment induced by various planting densities,

Mitchell (1953a) ana Kirby and Faris (1970) found that a tiller bud has the
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ability to develop into a tiller for only a limited amount of‘time after
its initiation. Mitchell (1953a,b) found that an auxillary bud does not
begin to develop until its subtending leaf has finished growing.

In a number of grass species, it has been shown that low temperature
favors tiller production (Mitchell, 1953a; Newell, 1951; Templeton et al.,
1961) especially low nighttime temperatures (Alberda, 1951; Mitchell and
Lucanus, 1960). However, Langer (1963) points out that other environmental
factors, especially light intensity, must be considered in conjunction with
the effects of temperature. He found that the development of tiller buds to
form tillers depends largely on the availébility of carbohydrates, which in
turn depends on the relative rates of respiration and photosynthesis.
According to Langer (1963), if light is limited during short days or by low
intensity, then high temperatures, especially at night, can result in a
carbohydrate balance in the plant that is unfavorable for tillering.
Mitchell (1953b) found that the development of tiller buds could be inhibited
by shading, reduction of the period of illumination, partial defoliation of
the plant, or high temperatures.

Jewiss (1972) and Mitchell (1953b) suggest that tillering might not
depend solely on the level of carbohydrate concentration, but may also
depend on the interaction between carbohydrate and auxin concentration.
They found that apical dominance is increased when plants are grown at low
light intensities. Jewiss (1972) concludes that a rise in the carbohydrate
concentration in the plant increases the level of auxin necessary for the
suppression of lateral bud development.

Before a newly formed tiller has produced its own adventitious roots,
it must rely on the rest of the plant for its supply of minerals (Langer,

1957, 1959, 1963) and carbohydrates {(Doodson et al., 1964; Rawson and
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Horstra, 1969). Tillers are usually considered to be independent units,
but there is no clear evidence to show when or if they ever achieve this
(Jewiss, 1966). Using labeled carbon dioxide, Doodson et al. (1964) and
Rawson and Hofstra (1969) found that the movement of assimilates from

the main stem to the tillers occurred freely. In similar experiments
Quinlan and Sagar (1962) and Lupton (1966) found that tillers become indepen-
dent when the maiﬁstem began to enlongate. In the experiments by Rawson
and Hofstra (1969), the tillers never became completely independent of the
mainstem. They found that the flag leaf and the lower leaves on the main-
stem feed a large portion of their assimilate to the tillers throughout
grain filling. They conclude that the direction of assimilate flow is
governed by the size and proximity of the various sinks and that tiller ears
provide a stronger sink than the mainstem.

Tiller Survival

Generally, during periods of stress, yvoung recently formed tillers are
the first to die (Langer, 1963). Although in some situations tillers that
die are not always the last to be produced (Therme, 1962; Bremner, 1969;
Rawson, 1971). Thornme (1962) found that for each particular growing
condition, the dead tiller number and position was consistent. She is unable
to explain why some tillers of one variety died while comparable tillers of
another variety survived. She suggests that the development and survival
of tillers may be controlled by the apical dominance of the main stem and
older tillers.

Rawson (1971), using different temperature regimes and planting densities,
found a large difference in the total number of tiliers produced by different
varieties, but a much smaller difference in the number of surviving, ear

bearing tillers. The main stem and the first and second true leaf tillers
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survived in all plants while the third true leaf tiller and the first
pfﬁphyll tiller has less success in producing én ear. All remaining
tillers rarely survived. Rawson found that the survival of the coleoptile
node tiller and its reéulting secondary tillers are greatly influenced

by temperature and had higher survival ability at lower than higher
temperatures.

Thorne (1962) also found that the main stem and the first two true
leaf tillers have the greatest ability to survive and contribute the most
tc yvield. In her experiments, the coleoptile node tiller frequently did
not appear and contributed little to yield. She found that most of the
varietal differences in percent shoot survival are accounted for by the
first and second secondary prophyll tillers in plants grown with nitrogen
and by the the third primary true leaf tiller grown without nitrogen.
According to Rawson (1971), the age of a shoot and its point of origin
on the plant, both influence tiller survival. Rawson points out that the
primary true leaf tillers have an advantage over the prophyll tillers in
that they are better positioned on the plant, and, therefore, have a
higher survival potential.

Kirby and faris (1972), working with barley at different plant
densities, found that competition for light often determines whether a
tiller will survive. They found that the length of the leaf sheath of
the first leaf of a tiller increases with incréasing density and order of
tiller. They conclude that newly formed tillers push their leaves into
the upper leaves of the canopy by lengthening their leaf sheaths and
internodes. Later formed tillers that fail to survive are thought to be

shaded out because this morphological response is not strong enough Lo



push their leaves into the upper layers of the canopy. They also found
that tillers from buds that fail to develop into tillers in 50% of the
plants élso fail to survive. They show that with increasing plant
density, the tillers that died are produced at the higher, rather than
lower, nodes. At the highest density (1600 plants mfz), the coleoptile
node tiller died in all plants.

Knight (1961), working with cocksfoot, found that as plant weight
increases the rate of tillering is slowed because of an increased
competition for light. Cooper (1948) reports that perennial ryegrass
stopped tillering earlier in close spacing than wide spacing.

As pointed out by Bunting and Dreman (1966) and Thorme (1962),
surviving tillers recover somewhat from the effects of competition
after unproductive tillers are shed. This happens by removing a source
of competition or by a transfer of materials from the dying shecots.
Lupton (1966), conducting labeled carbon dioxide experiments, found no
translocation from tillers that died without forming an ear. He

concludes that these tillers make no useful contribution to grain yield.

15

In a similar experiment Rawson and Hofstra (1969) conclude that remobili-

zation of assimilates were not a major factor in determining grain yield
Thorne (1962) found that by removing the heads of surviving tillers
while other tillers were dying did not increase the survival of these
dying shoots. But when ears are removed from older tillers before
emergence, auxillary buds that are normally dormant develop into ear
bearing tillers. She found that the nitrogen content of the plants did
not alter during the period when tillers are dying. She concludes that

nitrogen is transferred from the dying shoots to the surviving ones.
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MODELING TILLER PRODUCTION AND SURVIVAL IN WINTER WHEAT

ABSTRACT
Yield models requiring a leaf area index (LAI} term for the
estimation of various quantities such as photosynthesis and evapo-
transpiration are hindered by the fact that methods of estimating LAI
in the field are time consuming and costly. Because the leaves of a
wheat crop grow on tillers, as the first step in ultimately develecping
an LAI model, a plant growth model was developed to predict tiller

production and senescence for winter wheat (Triticum aestivum L. em.

Thell) on a per plant basis as a function of plant population, growth
stage, water, and temperature. The equations used in the model were
developed from easily obtainable meteorological data and data collected
in the field on five cultivars of winter wheat hand planted on two
different planting dates. Using a concept developed by Friend (1965}
from growth chamber experiments, increases in tillers/plant were modeled
as following the Fibomnaceci series during the vegetative phase of growth
until this rate was limited presumably by competition and/or limiting
soil moisture. In order to adapt this coﬁcept to the field environment,
accumulated daily thermal units (ITu where ITu = E(TMAX + TMIN)/2) with
a base temperature of 0°C were substituted for the chronological time

used in Friend's experiments.
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INTRODUCTION

The tillering habit of cereal crops is a topic of interest
primarily because the grain yield of these crops is partly determined
by the number of tillers that survive to produce a head. Tillering is
dependent upon a number of envirommental factors such as water, light,
nutrient supply, and the degree of competition within the crop.

In recent years models of plant growth have become increasingly
popular as research tools (Maas and Arkin, 1980). Thornley (1976)
lists several potential ﬁses of plant growth models. Some of these are:
(1) to provide a method for testing hypotheses of plant growth, (2) to
provide a unified framework for information cn different aspects of
plant growth, and (3) to provide a method for interpolation, extra-
polation, and prediction.

As pointed out by Maas and Arkin (1980), one of the main obstacles
in early modeling efforts with wheat was a lack of quantitative descrip-
tion of tillering. Our objective in this study was to develop and test,

for winter wheat (Triticum aestivum L. em. Thell), a model that would yield

a daily estimate of the number of living tillers/plant as a function of

plant population, growth stage, water, and temperature.
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MATERIALS AND METHODS

Field Experiment

Five cultivars of hard red winter wheat (Triticum aestivum L. em.

Thell) were planted during the first week of September and the second
week of October 1979 at the Evapotranspiration Research site 7 km
southwest of Manhattan, KS. The planting was done by hand with each
seed placéd approximately 3.1 cm apart. Each plot consisted of 10
rows 7.6 m long and 17.8 cm apart. This resulted in an actual seeding
rate of 1,747,700 seeds/ha, The experimental design was a completely
randomized design with planting dates as the main treatments and
cultivars as the subtreatments. Each cultivar was replicated twice

at each planting date. The cultivars planted were 'Bezostaya 1'.
'Centurk', 'Eagle', 'Newton', and 'Tam W-101'.

The soil type was a Eudora silt loam (course-silty, mixed, mesic,
Fluventic Hapludolls). The field was fertilized with approximately 67
kg/ha total N and 26 kg/ha PZOS (44% P) on 23 August 1979. Soil moisture
was measured periodically in each plot to a depth of 150 cm with a
neutron probe and scaler. Soil moisture of the top 15 cm was determined
gravimetrically. The plots were irrigated on the 14 through 17 October
and 5 through 7 May with approximately 7.2 and 7.1 cm of water,
respectively. Because of soil differences in water holding capacity,
plots randomly assigned to the northern end of the field were wetter
throughout the growing season than those located in the southern end of
the field.

Growth Analysis

Components of leaf area index (LAI) were measured by means of destruc-

tive sampling at intervals (see Appendix A) throughout the growing season.
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On each sampling date two samples consisting of 30.5 cm of row were
taken from each plot. The total number of plants in each sample were
counted in the field and the above ground portion of each sample was
then bulked and transported te the laboratory for further analysis.
Total number of living leaves and tillers were counted and laminar
area of the leaves was then measured for each sample, using a leaf
area meter (LI-COR 3100, Lincoln, Nebraska). Living tillers were
defined as those tillers with living leaves or tillers that survived
to produce a head when the leaves became senescent at the end of the
growing season. In the spring living leaves were further separated
into growing and expanded leaves. Total leaf number and exposed
laminar area was then determined for each. Dry weights for each plant
part was obtained after oven drying at 70°C for at least 48 hours. Data
for each plant part were then expressed on a per plant basis for each
sample.

Model Development

A daily estimate of tillers/plant was calculated differently depending
on the stages of development. For fields lacking growth stage data, the
growth stages of emergence, jointing, and boot were estimated using a
biometeorological time scale {BMTS) (Feverherm and Paulsen, 1976). Each
of five growth stages represented-a different subroutine in the modzl.

The growth stages considered were:
EMRG (from seedling emergence (BMIS = 1.00) until the
beginning of tillering),
STG2 (from the beginning of tillering until double ridges),

DRDG (from double ridges (BMIS = 1.83) until jointing,



JNT (from jointing (BMTS = 2.33) until boot stage),
BOOT (from bhoot stage (BMTS = 2.70) until all leaves were
assumed to be dead).

Gallagher (1979) points out that, because of fluctuating temperatures
in the field, the effects of temperature can be separated from those of
ontogeny by using accumulated thermal time rather than chronological time.
In the model, a Celsius degree day (C°d), similar to the one suggested by
Gallagher, was used to drive tiller production per plant. Daily thermal
units (Tu) were calculated from daily maximum (TMAX) and minimum (TMIN)
air temperatures as follows:

Tu = (TMAX + TMIN)/2 if TMAX > 30°C, TMAX = 30°C
if TMIN < 0°C, Tu = Tu/2
if Tu < 0°d, Tu = 0°d.

Daily thermal units were summed to provide accumulated Tu.

Since competiticn among plants especially for light can slow the
rate of tillering, a competition factor (CFACT) was incorporated into the
medel. Based on'an analysis of data from Puckridge and Donald (1976),
Maas and Arkin (1980) concluded that competition did not begin to affect
plant growth until LAT exceeded 1.6. In the model, CFACT limited the
rate of tillering by reducing daily accumulated thermal units. CFACT was

calculated as follows:

CFACT = 7.81 (LAIMX) 002 (LAIMX > 1.6)
CFACT = 1 (LATMX < 1.6)
CFACT = .01 (CFACT < .01)

where LAIMX is the maximum LAI achieved by the crop.
An evapotranspiration model for sorghum and soybeans (Kanemasu, Stone,

and Powers, 197€), adapted to winter wheat, was used to limit the rate of
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tillering by reducing thermal units accumulated while the crop was
considered to be under water stress. The water stress factor (KSWAT)

was calculated as follows:

KSWAT = K_,, + .80 (R 34 < +20)
KSWAT = 1 (Ks30 > ,20)
where KSBO is the ratio of the available water to the maximum available

water in the upper 30 cm profile,

During the stages of STG2 and DRDG the rate of tillering was reduced
on days when values of KSWAT and CFACT were less than one. This was
accomplished by limiting accumulated daily thermal units for tillering
(ZTut):

ZTut = ZTut + (Tu * KSWAT * CFACT).

In order to test the model, data sets from Texas, Arizona, and North
Dakota were obtained. The data sets consisted of: 12 fields from both
Vernon and Bushland, Texas, planted to winter wheat (cultivar: 'Tam W-101")
6 fields planted to each of two spring wheat cultivars ('Anza and Produra'}
from Phoenix, Arizona; and one field planted to spring wheat (cultivar:
'"Waldron') and one field planted to durum wheat (cultivar: 'Cando') from
Mandan, North Dakota. In addition to the climatic data necessary to run
the model, each data set contained estimates of plant population, periodic
measurements of tillers/plant, and observed stage of dates of emergence,

jointing, booting, heading, and ripe.

RESULTS AND DISCUSSION

Plant Density

All plots were planted at approximately 175 seeds/mz, but because of
differences in the seed weight of the seed planted, in some cases there
were rather large differences in the total kg/ha of seed planted (Table 1).

Table 2 lists the final plant density for each plot at harvest which is
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Table 1. Seed weights and seeding rates for each cultivar.

Seed Weight

Seeding Rate

Cultivar (mg/seed) (kg/ha)
Bezostaya 1 43.60 76.20
Centurk’ 28.40 49,63
Eagle 31.70 55.40
Newton 38.70 67.40
Tam W-101 37.90 66.24




1

Table 2. Final plant density and percent emergence for early and
late plantings.

Early Planting Late Planting

Cultivar Rep Plants/m2 #Emergence Plemts/m2 ZEmergence
Bezostaya 1 1 102 58 121 69
2 97 56 122 70
Centurk 1 138 79 151 86
2 132 76 - 1586 89
Eagle 1 140 80 165 94
| 2 145 83 167 96
Newton A 151 86 167 96
2 154 88 170 97
Tam W-101 1 134 77 136 78
2 131 75 154 88
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an average of the number of plants in two 1.08 m2 yield samples. In all
cases the late planted wheat (LFW) had a higher plant density than that of
the early planted wheat (EPW) because of a larger percent emergence, pre-
sumably due to the irrigation shortly after the late planting. These results
indicate that seeding rates, in some cases, may provide a misleading picture
of the actual plant population. Other factors such as seed viability and
seed bed condition can have large effects on the initial plant density.

Tillering

As shown in growth chamber experiments by Friend (1965), if the number
of leaves formed onm a tiller before that tiller produces a daughter tiller
(leaf number interval) is constant, a regular pattern of tillering should
emerge. Friend found that at any particular leaf number interval the total
number of tillers/plant on any given day was the sum of the total number of
tillers/plant of the two previous days, forming a Fibonacci series between
the total number of tillers/plant and time. Friend also notes that if such
a series is continued, it becomes close to exponential and the ratic of
leaves/plant to total number of tillers/plant approaches a constant.

In the present experiment, when tillers/plant were plotted against ITu
it was found that during the early growth of the EPW, a Fibonacci series
did form. An idealized diagram of the patterm of tiller production with ITu
can be found in Fig. 1. The vertical bars represent “independent tillers"
or tillers that have produced encugh leaves to equal or exceed the leaf
number interval necessary to begin forming daughter tillers. These
independent tillers are shown to produce a dependent tiller every 100 Tu.
The horizontal bars represent '"dependent tillers" or daughter tillers.
These tillers are diagramed as having to accumulate 100 Tu in order to
become independent and an additional 100 Tu in order to produce their

first dependent tiller. Also shown in Fig. 1 are the mainstem (M)
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and the first six (T1-T6) primary tillers,

During the early stages of growth the rate of leaf production per
tiller and thus tiller production per tiller is linear. As this rate
continues in all tillers of a plant, the increase in total tiller number
becomes exponential as long as this process remains unrestricted (Pa£el
and Cooper, 1961). Table 3 illustrates how the tillering process may
become restricted by competition or water stress. In the wetter plots
the value of KSWAT never fell below cne, while in the dryer plots KSWAT
was less than one from 1 to 16 October for Bezostaya 1 and less than
one from 27 September to 16 October for Eagle, indicating water stressed
conditions for the plants in these dryer plots. As shown in Table 3, by
the 3 October sampling it becomes apparent that the rate of tillering in
the dryer plots is less than the rate of tillering predicted by the
Fibonacci series with LTu, presumably because of water stress. In the
wetter plots, the observed rate of tillering falls behind the predicted
rate by 17 October for Bezostaya 1 and by 25 October for Eagle. The
observed LAI for these two plots on these two sampling dates was 2.0 and
2.1 respectively. This would appear to support the conclusion of Maas
and Arkin (1980) that competition begins to affect plant growth at LAL
near 1.6.

Tillers/plant (INO) is set to one during the first stage of growth
(EMRG) and on the first day of this stage ETut begins to accumulate Tu.

After the crop has accumulated 230 Tu, the second stage of growth (STG2)

begins. On the first day of STG2, Z‘Tut is reset to 100 and during the first

200 Tu of STG2, tillering proceeds at a linear rate with ETut:
TNO = ITu, /100 (ZTu_ < 300,
After‘ZTut_exceeds 300 the expoenential phase of tillering begins and TNO

is calculated as follows:
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Table 3. Comparison of observed tillers/plant with tillers/plant
predicted by the Fibonacci series with thermal time for
wet and dry plots of early planted Bezostaya 1 and Eagle,

Predicted . Observed Tillers/Plant
Tillers/  Actual Wet Plots Dry Plots
Date ITu Plant LTu Fagle Bezostaval Eagle Bezostayva 1
19 Sept 100. . 1 100.00 1.00 1.09 1.00 1.15
200 2 - - - -
28 Sept. 300 3 287.10 3.34 3.50 2.89 2.86
3 Oct. 400 5 390.20Q 6.81 5.42 4.31 3.81
10 Oct. 500 8 497.10 8.26 8.70 6.50 6.07
17 Oct. 600 13 611.30 13.13 11.25* 9.21 8.43
25 Oct. 700 21 731.80 17.75§ 14.97 13,51 8.39

+Without the wvalues of KSWAT and CFACT multiplied by daily Tu.

*LAI = 2.0

§LAI = 2.1



TNO = .7156 Exp (.0048 * ITu ) (ZTu_ > 300)
which is an exponential curve fit of the Fibonacci series with increments
of 100 Tu from ITu of 300 to 1000,

Tillering ceases at the beginning of stem formation or jointing
(Mitchell, 1953a,b; Jewiss, 1972). At this time in the model (JNT),
the plants are assumed to have reached maximum TNO and also maximum
number of tillers/m2 (MXTNOQ = TNO * plant ﬁopulation). On the first
day of JNT, final number of tillers/m2 (FTNbSM) is calculated from
MXTNO by a method similar to the one used by Maas and Arkin (1980).
Final number of tillers/m2 was regressed against maximum number of
tillers/m2 for both the EPW and LPW as shown in Fig. 2 where

FINOSM = 3.598(MXTNO) * ' 0%

with R2 = ,80. MXTNO and FTNOSM are then expressed on a per plant basis
by dividing by plants population to obtain TNO. TNO is reduced at an
exponential rate with additional accumulated Tu for a period of 640 Tu.

Model Tests

Jointing in the field is often defined as having occurred when a
node is first detectable at the base of the tillers. In order for a
node to become detectable in this way, it was assumed that the actual
beginning of stem extension must have occurred at an earlier date.
Therefore, for all data sets from Texas and Arizona, the observed day
for this critical stage was assigned to the sampling date when most of
the fields in each data set reached a maximum in average number of
tillers/plant.

Shown in Figs. 3 and 4 are the temporal trends in observed and

predicted tillers/plant for winter wheat grown at twe locations in Texas.

In general, the model followed the observed trends quite well for fields
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(TNO) for a winter wheat test field from Bushland, Texas
{1979-80).
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located at Vermon, but tended to overestimate tillers/plant during
March and April for fields located at Bushland.

In Figs. 5 and 6 observed and predicted tillers/plant are plotted
and compared to a 1l:1 line for all 12 fields at both locations. The
slope (SL) of less than one, from the linear regression between observed
and predicted values, indicates a tendency of the model to underestimate
tillers/plant. The low correlation coefficient (r) associated with the
data from Bushlaﬁd was due in part to the sometimes rather large fluctu-
ations in observed tillers/plant as shown in Fig. 4.

Shown in Figs. 7 and 8 are the observed and predicted trends in
tillers/plant for two varieties of irrigated spring wheat grown at
JPhoenix, Arizona. In Figs. 9 and 10 observed and predicted tillers/
plant are plotted and compared to a 1:1 line for all six fields planted
to each variety} In this case, the slopes (S8L) of slightly greater than
one from the linear regression between observed and predicted values,
indicate a tendency of the model to overestimate tillers/plant, especially
during February when maximum tillers/plant was reached.

Shown in Figs. 11 and 12 are the observed and predicted tillers/
plant for a spring and a durum wheat grown at two sites in North Dakota.
The model appears to overestimate final number of tillers/plant for the
spring wheat, but there appears to be a close agreement in final tillers/
plant for the durum wheat.

In Fig, 13 observed and predicted tillers/plant are plotted and
compared to a 1:1 line for all fields used to test the model., In general
the points lie along the 1:1 line.

Table 4 presents a statistical analysis for all data sets used to
test the medel. The observed and predicted values were well correlated

(r > .70) for all data sets except for the data set from Bushland, Texas,
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which had a low correlation of .39. The overall correlation coefficient
for all fields used to test the model was .78.

The mean values for observed and predicted tillers/plant (Table 4)
differed by less than one tiller/plant for all data sets except for the
data set from Phoenix, Arizoma, (cultivar:. Produra), which differed by
slightly over one while the mean overall difference for all fields was

less than one half a tiller/plant.

STMMARY

By subsituting accumulated thermal units for chronological time,
we adapted to the field environment the concept of quantitatively
describing increases in tillers/plant as following the Fibonacci series,
as described by Friend (1965), from experiments conducted on wheat in
growth chambers. This rate was reduced by a water stress factor when
the available so0il moisture in the top 30 cm of s0il was less than 20
percent of the maximum available soil moisture and a competition factor
when LAI (leaf area index) exceeded a value of 1.6. Using a method
similar to the one outlined by Maas and Arkin (1980), final tiller
number/m2 was calculated from maximum tiller number/mz.

The model was tested on data sets from sites in Texas, Arizoma,
and North Dakota. In general, there was good agreement between pre-
dicted values of tillers/plant and observed values for winter, spring,

and durum wheat cultivars,
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MODELING COMPONENTS OF LEAF AREA IN WINTER WHEAT

ABSTRACT

A leaf area index (LAI) term is used by many growth models to
estimate various quantities such as photosynthesis and evapotrans-
piration. Because manual techniques for measuring LAI are extremely
tedious, alternative methods of estimating LAI for these models are
being sought. A model for predicting LAI was developed using the
individual components of LAI: tillers/plant, leaves/tiller, leaf area/
leaf, and leaf area/plant as a function of plant population, growth
stage, water, and temperature. Equations were developed for winter

wheat (Triticum aestivum L. em. Thell.) to provide a daily estimate of

each component from easily obtainable meteorological data and data
collected on plant growth in the field.

The model was tested on independent data sets from Texas, Arizona,
and North Dakota. The model performed best when predicting LAI for
fields in which soil moisture became limiting, but failed to match
higher values of LAI on irrigated fields in which soil moisture did not
become limiting, presumably because of an inability to adequately assess

the effects of water on average leaf size.
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INTRODUCTION

The importance of the leaves of a crop in intercepting light
energy for the fixation of carbom dioxide has long been recognized.
The percentage of incoming light energy intercepted by a crop for this
purpose is often expressed as a function of the ratio of the unit area
of exposed photosynthetic tissue per unit area of ground, called leaf
area index (LAI). An LAI term is used by many plant growth and yield
models to estimate various quantities such as daily photosynthesis,
respiration, and evapotramspiration (Duncan, Loomis, Williams, and
Hanau, 1967; Kansmasu, Stone, and Powers, 1976; Vanderlip and Arkin,
1977).

The increasing popularity of the use of plant growth models as
research tools in recent years has been noted by Maas and Arkin (1980).
Thornley (1976) lists several potential benefits of modeling plant
growth. Those that have particular relevance to this study are: (1)
attempts at model building can help identify areas where data and
knowledge are lacking, (2) constructing models can stimulate new ideas
and gxperimental approaches.

The paucity of information available on cereal leaf growth has been
noted by Gallagher (1979). Other than intercepting radiation and pro-
viding assimilate to the ear during grain growth little seems to be
known of the factors that influence the size and numbers of cereal
leaves in the field. Our objective in this study was te develop for

winter wheat (Triticum aestivum L. em. Thell) a non-specific cultivar

model that would yield a daily estimate of LAI. Utilizing the tiller model
as described in Chapter I, we chose to arrive at a daily estimate of LAI
by modeling the following components of LAI: leaves/tiller, leaf area/leaf
and leaf area/plant, as affected by plant population, growth stage,

temperature, and soll moisture.
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MATERIALS AND METHODS

Field Experiment

Five cultivars of hard red winter wheat (Triticum aestivum L. em.

Thell.) were planted during the first week of September (early planted
wheat, EPW) and the second week of October 1979 (late planted wheat, LPW)
at the Evapotranspiration Research site 7 km southwest of Manhattan, KS.
Each plot consisted of 10 rows 7.6 m long and 17.8 cm apart. Each seed
was placed approximately 3.1 cm apart within the rows. This resulted in
an actual seeding rate of 1,747,000 seeds/ha. The experimental design was
a completely randemized design with planting dates as the main treatments
and cultivars as the subtreatments. The cultivars planted were 'Bezostayal,
"Centurk', 'Eagle', 'Newton', and'Tam W-101'.

The soil type was a Eudora silt loam (course-sily, mixed, mesic,
Fluventic Hapludolls). The field was fertilized with approximately 67 kg/ha

total N and 26 kg/ha P O5 (447 P) on 23 August 1979. Soil moisture was

2
measured periodically in each plot to a depth of 150 cm with a neutron
probe and scaler. Soil moisture of the top 15 cm was determined gravi-
metrically. The plots were irrigated on the 14 through 17 October and

5 through 7 May with approximately 7,2 and 7.1 cm of water, respectively.

Growth Analysis

Components of leaf area index (LAI) were measured by means of
destructive sampling at intervals (see Appendix A) throughout the growing
season. On each sampling date, two samples consisting of 30.5 cm of row
were taken from each plot. Total number of plants in each sample was
determined in the field and the above ground portion of each sample was
then bulked and transported to the laboratory for further analysis, Total

number of living leaves and tillers was counted and laminar area of the



leaves was then measured for each sample, using a leaf area meter
(LI-COR 3100, Lincoln, Nebraska). Living tillers were defined as those
tillers with living leaves or tillers that survived to produce a head
when the leaves became senescent at the end of the growing season. In
the spring living leaves were further separated into growing and
expanded leaves. Total number of leaves and exposed laminar area was
then determined for each. Dry weights for each plant part were obtained
after oven drying at 70°C for at least 48 hours. Data for each plant
part were then expressed on a per plant basis for each sample.

The mainstem tiller of three plants from each of the late planted
plots {October planting) were tagged as they emerged with a small wire
loop attached to a galvanized metal tag. Green laminar length and width

for each leaf produced by these tagged tillers were recorded during the
fall and spring. The product of length and width of lamina harvested
five times during the growing season was regressed against laminar area
of these leaves measured with the leaf area meter. With these simple
linear equations, laminar area per leaf was then estimated for each leaf
recorded from the tagged tillers.

Adverse weather conditions such as snow, rain, and entreme cold,
prevented taking measurements of laminar length and width of leaves omn
tagged tillers during the winter. In March, when the measurements were
resumed, the oldest living leaf was assigned a leaf stage of one.
Successive leaves on each tiller were then Incremented by one leaf stage
each.

Model Development

Components of LAI were calculated differently depending on the

stages of growth. For fields lacking observed growth stage data, the
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growth stages of emergence, jointing,and boot were estimated using a
biometeorological time scale (BMTS) (Feyerherm and Paulsen, 1976). Each
of the five identified growth stages represented different subroutines
in the model. The growth stages considered were:

EMRG (from seedling emergence (BMTS = 1.00) until the

beginning of tillering),

STG2 (from the beginning of tillering until double ridgesj,

DRDG (from double ridges (BMIS = 1.83) until jointing),

JNT (from jointing (BMTS = 2.33) until boot stage),

BOOT (from boot stage (BMTS = 2.70) until all leaves

were assumed to be dead).

RESULTS AND DISCUSSION

Leaves per Tiller

Total number of leaves per plant (LNO) was regressed against total
number of tillers per plant (TNO) for all samples containing living leaves,
throughout the growing season, as shown in Fig. 1 where

LNO = 2.775(TNO) + .159 (1]

with RZ = ,92. This ratio of leaves to tillers depends on the relative
rates of leaf and tiller production and senescence, which may vary with
changes in the environment and ontogeny of the crop. Some of the changes
in this ratio can be seen in Fig. 2 where the residuals of [1] are plotted
against time. Mitchell (1953a,b) defines a minimum of this ratio for
ryegrass (Lolium spp.). He found that under conditioms favoring high
rates of tillering, an auxillary bud would not develop into a visible tiller
until there was at least one mature leaf above it. According to Mitchell,
this results in a tiller becoming visible at 2 to 2.5 leafi-appearance
intervals after the appearance of the subtending leaf. Friend (1965)

found increasing temperature over the range of 10 to 25°C increased
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both the rates of leaf and tiller production, but leaf production was
increased to an even greater extent. This increased apical dominance and
also increased the ratio of leaves to tillers. Conversely, he found that
lower temperatures slowed the rates of leaf and tiller production, but
;etarded the rate of 1leaf production even more than the rate of tillering,
decreasing apical dominance and the ratio of leaves to tillers.

The sample taken during January (Fig. 2) shows all but one
observation being overestimated. This could be due not only to the
relatively higher rates of tiller production as compared to leaf production
during the colder temperatures of the winter, but also possibly due to
the winter kill of some of the leaves. The negative residuals on the last
sampling date are the result of a normal senescence of the leaves at the
end of the growing seasom.

Competition for light has been shown to increase the ratio of leaves
to tillers by increasing apical dominance and decreasing the rate of
tillering. Kirby and Faris (1972) found that competition for light at
higher plant densities resulted in fewer tillers/plant in barley (Hordeum

vulgare L.). Xnight (1969), working with cocksfoot (Dactylis, glomerata L.)

concluded that the rate of tillering decreased as plant weight increased
because of a competition for light.

The residuals of the samples taken during April and May (Fig. 2)
indicate a tendency of [1] to underestimate the ratio of leaves to tillers,
probably due to the warmer temperatures and increased competition for light
at the higher LAI during this period. It was decided that variations in
the ratio of leaves to tillers, throughout most of the growing season,
were sufficiently small enough to permit the use of [1] from STG2 until

BOOT.
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During EMRG, LNO is increased at a linear rate with ZTut (ETut=
ETut + (Tu * KSWAT * CFACT) as defined in Chapter 1) to a maximum of 2.8
at the end of EMRG. From STG2Z until BOOT, LNO is calculated as in [1].
During BOOT, LNO is decreased to 0 at a linear rate with an additional
511 Tu.

In order to obtain a measure of laminar area from the length and
width measurements of leaves of tagged tillers, specific leaves were
harvested five times during the growing season. The product of laminar
length and width (LW) was regressed against measured laminar area (A).
The following regression equation was found

A= .721 (LW) + .058 [2]
with Rz = ,98., On examination of the residuals (Fig. 3) it was found that
this model tends to underestimate the laminar area of leaves from the
first harvest, which consisted of the first leaf produced by the plant,
and overestimated the laminar area of the flag leaves. The probable
reason for this is the difference in the shape of these two leaves.
Percival (1921) points out that the first foliage leaf produced by the
plant has a blunt tip which would cause the shape of this leaf to more
closely approximate the shape of a rectangle than later formed leaves.

The lamina of the flag leaf is usually wider but shorter than that of the
previous leaf, reéulting in a more triangular shaped lamina. For these
reasons, LW of the first and the flag leaves were regressed separately

against their respective areas.

A= .89 (LW) - .14 (first leaf, N = 18, R> = .89) [3a]
A= .77 (LW) - 1.20 (flag leaf, N= 30, R2 = ,97) [3b]
A= .81 (LW) - .33 (all remaining leaves, N = 89, RZ = ,08) [3c]
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Gallagher (1979) found that the mainstem laminar width increased
with successive wheat leaves after spikelet initiation. He also found
that laminar length on the mainstem increased with successive leaves
after spikelet initiation up to and including the penultimate leaf,
with the lamina of the flag leaf being shorter than that of the
penultimate leaf. The same situation was found with leaves of the
tagged tillers of the LPW for both laminar width (Fig. 4) and laminar
length (Fig. 5). The resulting areas of these leaves are shown in Fig. 6.

Under favorable growing conditions as each tiller continues to
produce successively larger leaves, and as older and relatively smaller
leaves become senescent, average laminar area per plant (LAPP) and
laminar area per leaf (LAPL) increases, Observed LAPP was regressed
against observed LNO (Fig. 7) for the EPW over the period from EMRG to
DRDG:

LAPP = 1.0143 (LNo)l-2096 [4]
with R2 = .94, 1In order to make the model more closely simulate the
leaf area of winter wheat cultivars commonly grown in the U. S., the
Russian wheat Bezostaya 1, because of its larger leaf sizes, was

excluded from regressions on data for LAPP and LAPL.

Robson (1967), working with tall fescue (Festuca arundunacea Schreb.),

also found that successive leaves on the mainstem were successively longer
during the fall and spring. During the winter he found that leaves

became shorter in response to cold temperatures. The same situation was
found for both laminar length and area for the wheat leaves of tagged
tillers formed during periods of cold temperatures. Using the cultivars
Newton and Bezostaya 1 as an example, Fig. 8 shows that the lamina of

the first and second leaves formed during the fall (labeled A and B
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respectively) were larger than the later formed lamina of leaf 1, formed
under colder temperature early in the spring.

In an attempt to account for smaller leaves being formed during
periods of cold temperatures and a reduction in average leaf size due
© to winter kill, LAPP, during the period from EMRG to DRDG, and LAPL, from
DRDG to BOOT, are multiplied by a cold temperature factor (TFACT). Small
widely sﬁaced plants are more susceptible to frost damage than canopies
that are more dense and temperatures below -3°C are necessary for
significant frost damage (Maés and Arkin, 1980).

In the model TFACT cumulatively reduces LAPP during STG2 and LAPL
during DRDG by 1% (LAIMX < 1.0) or by 0.5% (LAIMX > 1.0} on days when
TMIN < 3°C. TFACT also begins to repair any damage by 0.5% after each
accumulated 40 Tu.

In the spring it was found that LAPL increased at a faster rate than
in the fall and winter for both EPW and LPW as shown in Figs. 9-13. From

DRDG to BOOT cobserved LAPL was regressed against Tu as shown in Fig. 14

where:

LAPL = .1853(ZTu) 220 (LAIMX > 1.6) (5]
with R2 = .86 for EPW or .

LAPL = .0168(ZTu) " L2 (LAIMK < 1.6) [6]
with R? = .89 for LPW.

Estimates of LAI during EMRG and STGZ2 are originally based on LAPP
as calculated by [4]. During DRDG and JNT, estimates of LAT are calculated
by [5] and [6]. During BOOT, LAPL is decreased to O exponentially with Tu
for 511 Tu.

The LAI model was tested on the same data sets ued to test the tiller

model in Chapter 1. Shown in Fig. 15-20 are the trends in observed and
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predicted LAI for ome field from each data set. In general the model
failed to adequately match the higher observed LAI values after
jointing.

The model did a better job of predicting LAI for fields in which
soil moisture became limiting, especially as LAI was approaching a
maximum. Such was the case in Vernon, Texas (Fig. 15) where Tam W-101
was planted. The model also preformed well in predicting LAI for the
spring wheat grown in North Dakota (Fig. 19), which was grown under
limiting soil moisture throughout the growing season.

The model did poorest In estimating LAT for the irrigated spring
wheats grown at Phoenix, Arizona (Figs. 17-18). The observed average
leaf area/leaf at maximum LAI was in excess of 30 cm2 for both of the
cultivars 'Anza' and 'Produra', which is almost three times as large as
the maximum leaf area/leaf of the cultivars in the data set used to
build the model. These large differences in average leaf area/leaf
are probably due mostly to the fact that the irrigated spring wheats
were grown under higher soil moisture conditicns than those in the data
set used to build the model. Unlike the irrigated spring wheats, the
cultivars in the data sets used to build the model met with limiting
soil moisture later in the growing season as LA was reaching a maximum.

From this it can be seen that the main weakness of the model was
an inability to adequately assess the effects of water and genotype on
average leaf size. 1In order to model average leaf size properly, data
on average leaf size as affected by a wide range of soil moisture
conditions are needed. Differences among cultivars in final leaf size,
as shown in Fig. 6, also indicate a need for a more cultivar-specific

model.
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SUMMARY

Estimates of leaf area index (LAI) were calculated from the daily
estimate of tillers/plant from the tiller model as described in
chapter 1, and by modeling the following remaining components of LAI:
leaves/tiller, leaf area/leaf, and leaf area/plant. The model
performed best when predicting LAI for independent data sets from
fields in which soil moisture became limiting. Suggested improvements
in the model included conducting experiments to assess the effects of

water and genotype on average leaf size.
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LAI AND COMPONENTS OF LAI FOR WINTER WHEAT
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Table Al. Components of LAI and LAI measurements for early planted
Bezostava 1, rep. 1.

Leaf area Leaf area Plant
Tillers Leaves /plant /leaf density
Date /plant /plant (cm“/plant) (cm2/leaf) (plants/m2) LAI
79/09/19 1.15 3.01 4.80 1.59 111 0.06
79/09/28 2.86 8.07 24.60 3.05 111 0.31
79/10/03 3.81 11.64 28.42 2.44 111 0.34
79/10/10 6.07 20.35 52.16 2.54 138 0.78
79/10/17 8.43 25.60 58.19 2.27 129 0.59
79/10/25 32.70 32.70 99.86 3.05 138 1.17
79/11/05 17.50 62.81 326.18 5.19 120 3.36
79/12/06 18.48 57.00 230.10 4,04 92 2,76
80/01/24 28.42 69.91 205,33 2.94 101 2 27
80/03/11 21.40 55.10 124,27 2.26 92 1.15
80/04/01 23.23 66.97 175.41 2.62 92 1.53
80/04/11 34,41 104.37 440,06 4,22 92 34,99
80/04/22 27.18 76.40 516.50 6.51 101 5.24
80/05/05 13.01 39.48 £94.32 12.52 101 5.09
80/05/15 9.88 32.44 460.51 14.20 111 4.83
80/05/23 10.98 3441 443.13 12.88 120 4.90
80/06/03 7.16 13.58 140.86 10.37 111 1.56
80/06/12 10.98 1.35 10.60 7.85 92 0.13
80/06/20 11.41 0.00 0.00 0.00 92 .00
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Table A2. Compoments of LAI and LAI measurements for early planted
Bezostaya 1, rep. 2.
Leaf area Leaf area Plant
Tillers Leaves /plant /leaf density

Date /plant /plant (cm?/plant) (cmZ/leaf) (plants/m?) LAI
79/09/19 1.09 3.25 7.67 2.36 120 0.09
79/09/28 3.50 8.42 22.56 2.68 129 0.25
79/10/03 5.42 15.43 52.00 3.41 129 0.56
79/10/10 8.70 23.03 77.32 3.36 148 1.08
79/10/17 11.25 38.09 152.00 388 101 1.99
79/10/25 14.97 48.46 210.60 4.35 120 2.98
79/11/05 18.24 60.90 306.86 5.04 101 3.69
79/12/06 25.33 89.75 250.58 2.79 120 2.217
80/01/24 27.84 71.20 219.54 3.08 111 2.22
80/03/11 26.33 70.00 149.08 2.13 55 0.83
80/04/01 32.54 102.60 356.77 3.48 74 2.58
80/04/11 27.83 95.50 143.75 1.51 83 1.04
80/04/22 28.03 69.14 510.79 7.39 120 5.86
80/05/05 36.33 110.17 978.57 8.88 65 5.53
80/05/15 20.50 74.25 928.92 12,51 74 6.86
80/05/23 12.63 49.83 721.03 14.60 74 5.33
80/06/03 15.38 42,38 690.96 16.30 714 5.10
80/06/12 15.33 5.25 37.35 7.11 83 0.32
80/06/20 12.80 .00 0.00 0.00 65 0.00

86



87

Table A3. Components of LAT and LAI measurements for early planted
Centurk, rep. 1.
Leaf area Leaf area Plant
Tillers Leaves /plant [/leaf density

Date /plant /plant (cmzfplant) (cm2/leaf) (plants/m2) LAI
79/09/19 1.00 2.50 1.77 0.71 166 0.03
79/09/28 3.40 9.13 15.06 1.s65 166 0.26
79/10/03 4.89 11.72 16.43 1.40 166 0.27
79/10/10 4.55 11.16 15.42 1.38 166 0.26
79/10/17 11.21 26.02 40.26 1.55 120 0.49
79/10/25 13.02 35.84 61.98 1.73 166 1.03
79/11/05 21.78 60.42 201.65 3.34 129 2.60
79/12/06 28.19 66.65 117.28 1.76 120 1.39
80/01/24 37.44 80.06 180.09 2.25 1208 2,22
80/03/11 25.00 68.28 108.19 1.58 138 1.48
80/04/01 2703 108.74 207.26 1.91 111 2.19
80/04/11 29.58 89.42 297.51 3.33 138 4.07
80/04/22 20.19 55.50 303.59 5.47 148 4.48
80/05/05 15.47 48.74 371.44 7.62 138 5.09
80/05/15 10.00 32.88 280.09 8.52 138 3.89
80/05/23 17.48 50.76 368.78 7.27 101 3.50
80/06/03 9.78 20.93 96.57 4.61 129 1.25
80/06/12 9.13 0.00 0.00 0.00 129 0.00
80/06/20 8.79 0.00 ¢.00 0.00 129 0.00



Table A4. Components of LAT and LAI measurements for early planted
Centurk, rep. 2.

Leaf area Leaf area Plant
Tillers Leaves /plant /leaf density

Date /plant /plant  (cm”/plant) (cm”/leaf) (plants/mz} LAI
79/09/19 1.00 2.30 2.00 .87 138 0,03
79/09/28 3.58 10.03 16.15 1.61 166 0.27
79/10/03 6.65 15.65 32.86 2,10 148 0.48
79/10/10 8.72 25.57 39.95 1.56 148 0.56
79/10/17 31.00 53.33 70.41 1:32 166 1.7
79/10/25 20,37 54.74 121..18 221 148 1.85
79/11/05 21.96 64.39 215.61 3.35 157 3.71
79/12/06 24.63 69.38 223.38 322 148 3.30
80/01/24 30.95 72.35 134.79 1.86 138 1.81
80/03/11 27:57 74.89 132.16 1.76 111 1.43
80/04/01 26.12 81.98 202.69 2.47 120 2.43
80/04/11 19.35 75,58 262.27 3.47 111 2.90
80/04/22 21.41 63.76 387.71 6.08 138 5.36
80/05/05 12.98 48.16 385.43 8.00 148 5.77
80/05/15 15.09 45,80 419.22 9.15 101 4.31
80/05/23 9.74 29.05 157.74 5.43 166 2.55
80/06/03 17.68 33.64 73.75 3.93 120 1.10
80/06/12 13.75 0.00 0.00 0.00 111 0.00

80/06/20 10.36 0.00 0.00 0.00 120 0.00



Table A5. Components of LAT and LAI measurements for early planted
Kagle, rep. 1.

Leaf area Leaf area Plant

Tillers Leaves /plant /leaf density

Date /plant /plant (cmzfplant) (cm?/1eaf) (plants/m2) LAI
79/09/19 1.00 2.51 2.86 1.14 175 0.05
79/09/28 3.34 9.08 20.16 2,22 157 0.32
79/10/03 6.81 16.63 45.54 2.74 148 0.67
79/10/10 8.26 23.48 46.54 1.98 157 0.74
79/10/17 13.13 37.58 96.50 2,57 120 1.16
79/10/25 17.75 48.44  144.75 2.99 148 2.14
79/11/05 19.00 53.06  215.75 4.07 148 3.18
80/12/06 25.64 74,71 197.47 2.64 129 2.55
80/01/24 26.90 44,26  137.07 3.10 101 . 1.40
80/03/11 23.86 65.56  116.98 1.76 148 1.82
80/04/01 30.36 91.50 211.11 M 129 2.72
80/04/11 48.48 145.70  460.87 3.16 83 3.76
80/04/22 24.04 59,06  339.98 5.76 120 3.95
80/05/05 15.55 44,58 284,45 6.38 157 4.63
80/05/15 11.83 36.50  302.99 8.30 92 4.05
80/05/23 11.29 29.43  172.72 5,87 129 2.23
80/06/03 8.14 1355 30.49 247 175 053
80/06/12 9.22 0.00 0.00 0.00 157 0.00

80/06/20 11,10 .00 0.00 0.00 185 0.00
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Table A6. Components of LAI and LAI measurements for early planted
‘Eagle, rep. 2.

Leaf area Leaf area Plant
Tillers Leaves /plant /leaf density

Date /plant /plant (cmzlplant) (cm?/leaf) (plants/m2) LAI
79/09/19 1.00 3.05 3.91 1.28 148 0.06
79/09/28 2.89 8.30 35.12 4.23 138 J.50
79/10/03 4.31 11.25 18.10 1.61 148 0.27
79/10/10 6.50 18,11 35.93 1.98 166 0.60
79/10/17 5.21 22.45 32.87 1.46 166 0.53
79/10/25 13.51 21.81 38.07 1.75 138 0.54
79/11/05 23.35 60.28 164.71 2.73 129 2.13
79/12/06 16.05 40.87 100.75 2.47 148 1.49
80/01/24 21.44 51.56 115.43 2.24 148 .70
80/03/11 29.55 76.69 130.15 1.70 157 2.05
80/04/01 32.93 96.33 168.91 1.75 157 2.63
80/04/11 23.34 69.38 204.09 2.94 157 3.10
8G/04/22 24.06 65.99 418.96 6.35 138 5.87
80/05/05 9.49 28.95 191.02 &.60 203 3.90
80/05/15 11.83 36.50 302.99 3.30 138 4.05
80/05/23 14.03 37,70 119.42 3.17 74 0 .86
80/06/03 8§.13 7.51 15.17 2.02 129 0.19
80/06/12 7.94 0.00 0.00 0.00 148 0.00

80/06/20 8.63 0.60 0.00 0.00 129 0.00



Table A7. Components of LAT and LAT measurements for early planted
Newton, rep. 1.

Leaf area Leaf area Plant

Tillers Leaves /plant /leaf density
- Date /plant /plant  (cm2/plant) (cm2/leaf) (plants/m?) LAI
79/09/19 1.06 3.09 5.40 1.75 175 0.09
79/02/28 2.88 8.09 14.80 1.83 175 0.26
79/10/03 4,11 11.22 19.05 1.70 157 0.30
79/10/10 4,78 14.22 23.71 1.67 166 0 .39
79/10/17 7.88 17.97 30.84 1.72 175 0.52
79/10/25 9.49 29.17 67.29 2.31 166 1.12
79/11/05 12.37 35.50 84.98 2.39 157 1.32
79/12/06 17.44 44,75 114.82 2,57 148 1.69
80/01/24 18.77 47.33 111.01 2.35 129 1.47
80/03/11 18.25 51.30 94 .87 1.85 120 1.04
80/04/01 20.61 71.70 168.50 2.35 148 2.39
80/04/11 19,15 56.02 148,53 2.65 138 2.10
80/04/22 13.92 38.85 229.03 5.90 129 2,96
80/05/05 9.48 31.64 181.21 5.73 120 2.10
_ 80/05/15 11.01 30.91 311.69 10.08 148 4,40
80/05/23 7.66 16.09 110.06 6.84 157 1.66
80/06/03 Fudd S.44 65.08 6.89 148 0.96
80/06/12 6.30 0.00 0.00 0.00 157 0.00

80/06/20 6.48 0.00 0.00 0.00 148 0.00



Table A8. Components of LAT and LA measurements for early planted
Newton, rep. 2.

Leaf area Leaf area Plant
Tillers Leaves /plant /leaf density

Date /plant /plant  (cm2/plant) (cm?/leaf) (plants/m2) LAT
79/09/19 1.10 3.00 4.49 1.50 185 0.08
79/09/28 3.43 9.18 17.40 1.90 185 0.32
79/10/03 4.74 13.30 26.15 1.97 175 0.46
79/10/10 5.16 16.00 27 .:37 1:72 166 0.46
79/10/25 10.19 30.17 90.29 2,99 157 1539
79/11/05 12.25 34.94 100.58 2.88 148 1.48
79/12/06 15.51 54.35 132,99 2.45 148 1.82
80/01/24 20.14 51.97 136.63 2.63 138 1.91
80/03/11 15.19 38.86 70.44 1.81 148 1.04
80/04/01 14.38 50.83 118.41 2.33 166 1.96
80/04/11 22.41 74.66 25323 3.39 111 2.80
80/04/22 19.13 56,50 266,17 4,71 129 3.49
80/05/05 13.59 37.54 301.49 §.03 157 4.71
80/05/15 0. 95 32.04 351.40 10.97 148 5.19
80/05/23 9.90 27.90 160.55 5.75 157 2.52
80/06/03 7.33 12.62 81.64 6.47 148 1.15
80/06/12 &.33 0.00 0.00 0.00 157 0.00

80/06/20 9.59 0.00 0.00 ¢.00 157 0.00



Table A9. Components of LATI and TLAI measurements for early planted
Tam W-101, vep. 1.

Leaf area Leaf area Plant

Tillers Leaves /plant /leaf density

Date /plant /plant  (cm2/plant) (cm2/leaf) (plants/m2) LAI
79/09/19 1.06 3.13 4,84 1.55 157 0.07
79/09/28 3.66 10.06 19.62 1.95 157 0.30
79/10/03 6.69 17.82 38.84 2.18 157 0.61
72/10/10 7.28 19.61 34.73 1.77 166 0.58
79/10/17 11.19 35.23 87.41 2.48 138 1.17
79/10/25 15.47 37.15 81.07 2.18 175' 1.44
#9/11}05 22.00 68.73 177.84 2.59 111 1.96
79/12/06 24.07 67.50 249.85 3.70 129 3.23
80/01/24 27.58 61.58 131.30 2.13 111 1.45
80/03/11 25,07 65.20 141.64 2.17 111 1.51
80/04/01 18.39 62.28 196.32 3.15 138 2.68
80/04/11 21.60 ?8.90 371.32 4.71 120 4,20
80/04/22 12.95 52.86 290.08 5.49 120 3.24
80/05/05 10.46 39.00 346.91 8.90 129 4.62
80/05/15 11.00 39.83 386.00 9.65% 110 4.27
80/05/23 8.90 30.52 332.36 10.89 83 2.69
80/06/03 8.22 11.61 77.86 . 6.71 120 1.29
80/06/12 8.99 0.00 0.00 0.00 157 0.00

80/06/20 8.39 0.00 0.00 0.00 166 0.00
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Table Al10. Components of LAT and LAT measurements for early planted
Tam W-101, rep. 2.

Leaf area Leaf area Plant

Tillers Leaves /plant /leaf density

Date /plant /plant (cm?/plant) (cm?/leaf) (plants/m2) LAT
79/09/19 1.00 2.76 2,70 0.98 148 0.04
79/09/28 3.14 8.36 12.90 1.54 129 0.17
79/10/03 6.21 16.77 36,82 2.20 125 0.49
79/10/10 6.08 19.19 41.27 2.15 157 0.65
79/10/17 9.38 28.21 47.94 1.70 138 0.67
79/10/25 14.05 38.02 89.41 2.35 148 1.33
79/11/05 20.87 60.85 221.40 3.64 157 3.49
79/12/06 20.44 43.38 136.61 3.15 129 1,76
80/01/24 35.66 82.91 116.73 1.41 65 0.77
80/03/11 22.31 57.52 99.48 1.73 129 L.x23
80/04/01 25.01 83.10 225.58 2.71 101 2.30
80/04/11 16.46 51.61 221.36 4.29 157 3.46
80/04/22 17.58 52.86 290.08 5.49 129 3.66
80/05/05 8.69 2#.60 251.13 9.10 129 3.32
80/05/15 9.07 30.85 267.71 8.68 129 3.45
80/05/23 9.25 27.45 274.59 10.00 83 2.23
80/06/03 8.38 11.61 77.86 6.71 166 1.29
80/06/12 9,31 0.00 0.00 0.00 111 0.00

80/06/20 7.73 0.00 0.00 0.00 148 0.00



Table All. Components of LAT and LAT measurements for late planted
Bezostaya 1, rep. 1.

Leaf area Leaf area Plant

Tillers Leaves /plant /leaf density

Date /plant /plant (cm2/plant) (cmZ/leaf) (plants/m2) LAI
79/11/12 1.00 2.10 2.90 1.38 120 0.04
79/11/26 1.21 3.39 4,67 1.38 148 0.07 -
79/12/06 1.80 4.46 3.90 0.87 138 0,05
80/03/11 4,57 10.00 5.38 0.54 129 0.07
80/04/01 7.90 21.35 21.42 1.00 111 0.24
80/04/11 12.78 33:57 47.91 1.43 129 0.62
80/04/22 10.30 33.25 106.64 3.21 102 1.06
80/05/05 9.49 32.64 312,60 9.58 138 4,27
80/05/15 5.33 19.41 253.52 13.06 120 3.12
80/05/23 6.19 18,69 299.53 16.03 157 4.56
80/06/03 7.54 21.87 295.00 13.49 65 1.88
80/06/12 4.89 2.78 32.15 11.56 129 0.53

80/06/20 5.00 0.00 0.00 0.00 111 0.00



96

Table Al2. Components of LAI and LAI measurements for late planted
Bezostava 1, rep. 2,

Leaf area Leaf area Plant

Tillers Leaves /plant /leaf density

Date /plant /plant (cmzlplant) (cmzfleaf) (plants/m2) LAT
79/11/12 1.00 2.73 251 0.92 148 0.04
79/11/26 1.35 3.77 4,59 1.22 148 0.07
79/12/06 1.50 4.34 4.29 0.99 129 0.05
80/03/11 2.91 7.16 2.52 0.35 111 0.03
80/04/01 4.14 12.85 12.28 0.96 129 0.16
80/04/11 6.19 19.50 34.65 1.78 111 0.32
80/04/22 7.75 22.16 91.23 4,12 138 1.24
80/05/05 6.67 25.83 209.17 8.10 111 2.32
80/05/15 6.38 22.64 298.84 13.20 111 3.13
80/05/23 4,02 12.34 177.83 14.41 120 252
80/06/03 4.63 12.05 168.45 13.98 102 1,65
80/06/12 3.19 3.11 34.53 11.10 120 0.33

80/06/20 4,32 .00 0.00 0.00 102 0.00



Table Al3. Components of LAI and LAT measurements for late planted
Centurk, rep. 1.

Leaf area Leaf area Plant
Tillers Leaves /plant /leaf density

Date /plant /plant (cmzlplant) (cm?/leaf) (plants/mz) LAT
79/11/12 1.00 2.50 1.12 0,45 185 0.02
79/11/26 1.58 4.31 3.90 0.90 157 0.06
79/12/06 1.14 5.08 2.56 0.50 111 0.03
80/03/11 5.28 12.55 Fe3d: 0.58 166 0.12
80/04/01 12.04 34.79 37,57 1.08 138 0.50
80/04/11 12.93 38.86 67.99 1.75 157 1.11
80/04/22 13.28 30.57 89.05 2.91 157 "1.40
80/05/05 7.82 25,27 138.28 5.47 157 2.12
80/05/15 4,57 14.88 111.50 7.49 157 1.74
80/05/23 5.04 12,13 79.19 6.54 138 1.06
80/06/03 4.43 6.29 30.16 4.79 129 0.39
80/06/12 4.43 0.00 0.00 0.00 120 0.00

80/06/20 4,63 0.00 0.00 0.00 120 0.00
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Table Al4. Components of LAT and LAT measurements for late planted
Centurk, rep. 2.

Leaf area Leaf area Plant

Tillers Leaves /plant /legf density

Date /plant /plant (cmz/plant) (cm“/leaf) (plants/m2) LAI
79/11/12 1.00 5.2 2.50 0.92 166 0.04
79/11/26 1.66 4.27 3.53 0.83 166 0.06
79/12/06 1.55 3:9% 2.43 0.62 148 0 .04
80/03/11 4.28 9.45 3.64 0.39 138 0.05
80/04/01 4.54 16.09 14.79 0.92 175 0.25
80/04/11 8.16 21.76 34,72 1.60 148 0.53
80/04/22 8.53 24,07 61.57 2.56 leo 0.97
80/05/05 10.00 29.43 140.22 4.76 148 1.86
80/05/15 4.20 11.44 70.86 6.18 157 1.09
80/05/23 3.94 §.88 68.67 7.73 166 1.14
80/06/03 3.31 7.51 34.87 4.64 138 0.48

80/06/12 3.34 0.00 0.00 0.00 175 0.00

80/06/20 3.59 0.00 0.00 0.00 148 0.00



Table Al5. Components of LAI and LAI measurements for late planted
Eagle, rep. 1.

Leaf area Leaf area Plant

Tillers Leaves /plant /leaf density

Date /plant /plant  (cm2/plant) (cm?/leaf) (plants/m? LAI
79/11/12 1.00 2.91 2.84 0.98 175 0.05
79/11/26 1.44 4,63 5.44 1.17 157 0.08
79/12/06 1.06 4.69 3.54 0.75 148 0.05
80/03/11 4.89 12,16 6.69 0.55 166 0.11
80/04/01 10.00 29.67 24.48 0.83 166 0.41
80/04/11 8.83 27..55 43.34 1.57 166 0.72
80/04/22 12.19 31.75 94.51 2.98 166 1.60
80/05/05 6.69 15.23 91.25 5.99 166 1.52
80/05/15 3.41 8.04 60.75 7.56 157 0.95
80/05/23 5,83 7522 27.34 3.79 175 0.49
80/06/03 3.59 4,78 17.18 3.59 157 0.28
80/06/12 3.24 0.00 0.00 0.00 166 0.00

80/06/20 3.02 0.00 0.00 0.00 184 0.00
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Table Al6. Components of LAT and LAI measurements for late planted
Eagle, rep. 2.

Leaf area Leaf area  Plant
Tillers Leaves /plant /leaf density

Date /plant /plant (cm”/plant) (cm?/leaf) (plants/m2) LAI
79/11/12 1.00 2,25 2.58 1.15 175 0.05
79/11/26 1,22 3.50 2.95 0.84 166 0.05
79/12/06 i3 4,61 3.12 0.68 166 0.05
80/03/11 3.45 8.90 3.88 0.44 185 0.07
80/04/01 3.40 12.30 9.36 0.76 185 0.17
80/04/11 8.39 22,39 28.93 1.29 166 0.48
80/04/22 7.84 21.02 49,44 2,35 157 0.79
80/05/05 5.79 17.41 73.91 4,25 157 1.15
80/05/15 3.91 14.04 81.97 5.84 175 1.41
80/05/23 2.76 6.63 21.18 3.19 175 0.38
80/06/03 3.64 3.85 24.86 6.46 138 0.34
80/06/12 2.69 0.00 0.00 0.00 175 0.00

80/06/20 3.24 0.00 0.00 0.00 157 0.00



101

Table Al7. Components of LAT and LAI measurements for late planted
Newton, rep. 1.

Leaf area Leaf area Plant

Tillers Leaves /plant /plant density

Date /plant /plant (cm2/plant) (cm2/leaf) (plants/m?) LA
79/11/12 1.15 2.98 3.28 1.10 175 0.06
79/11/26 2.26 6.35 7.25 T 1 166 0.12
79/12/06 3.13 6.94 5.29 0.76 148 0.08
80/03/11 5.55 14.08 8.64 0.61 175 0.15
80/04/01 11.21 38.67 46.21 1.19 175 0.81
80/04/11 16.00 37.53 70.87 1.89 157 1.08
80/04/22 11.47 30.45  146.54 4.81 175 2.59
80/05/05 5,32 18.54 133.53 7.20 203 2.69
80/05/15 7.30 21.70  257.96 11.80 148 3.44
80/05/23 5.40 13.90 - 113.46 8.16 185 0.25
80/06/03 5.07 7.21 64.73 8.98 129 0.83
80/06/12 6.24 0.00 0.00 0.00 157 0.00

80/06/20 4.11 0.00 0.00 0.00 185 0.00
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Table Al8. Components of LAI and T.AT measurements for late planted
Newton, rep. Z.

, Leaf area Leaf area  Plant
Tillers Leaves /plgnt /leaf density

Date /plant /plant (cm”/plant) (cmZ/plant) (plants/mz) LAT
79/11/12 1.00 2:.55 2.52 0 .99 166 0 .04
79/11/26 1.50 3.95 4.41 1.12 185 0.08
79/12/06 1.22 4,84 4.30 0.89 175 0.08
80/03/11 4,49 11.36 7.41 0.65 185 0.14
80/04/01 9.12 24,72 25.43 1.03 157 0 .40
80/04/11 7.48 23.73 37.81 1.59 138 0.53
80/04/22 5.85 15.90 534,71 3.44 185 1.01
80/05/05 5v0% 17.27 87.88 5.09 157 1.38
80/05/15 4.27 12.56 116,12 9.25 166 1,92
80/05/23 4.19 12,03 91.75 7.63 166 1.52
80/06/03 3.50 6.72 44.83 6.67 166 0.74
80/06/12 3.60 0.00 0.00 0.00 157 0.00

80/06/20 2.18 0.00 0.00 0.00 203 0.00
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Table Al9. Components of LAI and LAI measurements for late planted
Tam W-101, rep. 1.

Leaf area Leaf area Plant

Tillers Leaves /plant /leaf density

Date /plant /plant (cm2/plant) (cm2/leaf) (plants/m?) LAI
79/11/12 1.00 2.79 3.37 1.21 138 0.04
79/11/26 1.51 3.89 5.43 1.40 166 0.09
79/12/06 1,93 5.14 5.16 1.00 129 0.07
80/03/11 4,63 10.21 6.69 0.66 138 0.09
80/04/01 941l 30.47 37.81 1.24 138 0.56
80/04/11 8.33 28.03 55.91 1.99 138 0.72
80/04/22 9.08 27.28 89.31 3.27 101 0.93
80/05/05 5.99 15.62 151.32 9.69 157 2.23
80/05/15 6.15 16421 160.60 9.91 129 2,10
80/05/23 5.62 11.31 135.94 12.20 138 1.89
80/06/03 6.45 10.09  95.02 9.42 120 1.07
80/06/12 3.94 0.38 11l 2.97 148 0.01

80/06/20 4.63 0.00 0.00 0.00 129 0.00
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Table A20. Components of LAIL and LAI measurements for late planted
Tam W-101, rep. 2.

Leaf area Leaf area  Plant
Tillers Leaves /plant /leaf density

Date /plant /plant (cmzlplant) (em”/leaf) (plants/m2) LAI
79/11/12 1.00 2.07 24165 1.28 129 0.03
79/11/26 1.00 3.13 4,97 1.59 148 0.07
79/12/06 1.44 4.25 4,04 0.95 138 0.06
80/03/11 3.92 9.13 6.80 0.74 175 0.12
80/04/01 7.28 21.12 18.90 0.89 194 0.37
80/04/11 8.93 24.30 37.24 1.53 157 0.57
80/04/22 12,35 36.53 117.24 3.21 175 1.99
80/05/05 9.28 25.78 199.93 7.76 166 3.32
80/05/15 6.63 15.57 167.75 10.77 148 2.48
80/05/23 7.42 24.07 258.27 10.73 129 3.34
80/06/03 6.48 15.58 165.37 10.61 157 2,53
80/06/12 7.20 O;OO 0.00 0.00 120 0.007

80/06/20 6.39 0.00 0.00 0.00 154 0.00
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APPENDIX B

SOIL MOISTURE DEPLETION PATTERNS

FOR WINTER WHEAT



Fig. 1.
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Fig. 3.
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Fig. 4.
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APPENDIX C
OBSERVED VALUES OF TILLERS/PLANT AND LAI

FOR DATA SETS USED IN MODEL TESTS
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Table C5. Observed values of tillers/plant and LAI for the spring
(variety: Waldron) and durum (variety: Cando) wheat test
fields from Mandan, North Dakeota (1979).

Spring wheat Durum wheat
Date Tillers/plant LAI Date Tillers/plant LAI
06/13/79 1.04 0.18 06/26/79 3.30
06/28/79 2.70 0.68 07/11/79 4.20 0.84
07/10/79 2.50 0.27 07/25/79 2.80 0.48
07/25/79 1.06 0.00 08/08/79 2.70 0.03
08/07/79 1.09 08/22/79 2.60 0.00

08/14/79 1.50 09/05/79 2.90
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APPENDIX D

FORTRAN PROGRAM OF DAILY GROWTH MODEL FOR WINTER WHEAT



OoOoadoa

[

(il

————3 1

COMMON JAREAL/TL, T4y LAMX,PLOEM, TLAST, YLAPL ,MTNOPP, SLUPE ,F TRCFE,

K5Y PHOINSYNTHES]S MCDEL

DECLARATICh OF VAR[ABLES

§ YLNL,YLAPP  USDATELOG)} fTT2,TT7T3,75,78,TFACT

COMMEN /w2VAR/

. CCYT(l2.2)
ReaXTI1d,2}
SOMaxTrilL2,2)
ALPHAR (122}
AMXNFRELEZ,2)
Ax

am

PR

Ix WLCTI12,2)
PALPHAP(L2,2)
PAMINTE12,2)

PCIL242)
(AMAXYI12,2)
PSOMINTILZ2)
rBETARILZ, 2}
H3X 1 Ex
'ON AT

PCCYT2IL242)

{FHOTC)

1BETAPIL2,2]

» AR
g

»SOMAXTIIZ 2

s AMNDFR (12.,2)

$ITING® !
F1=0CU* Gl T L'RI{PE" fat !
5 LA[¥X MTHNOPP

P "HEAD T VING ',
y TCCUBY, "LE RYH'IDGE'/,

£
REAL KSWATE3L)  TNGE3LI,LNCI3LT,LAPLIZL) (LAPPIIL)»JLALLIL),
s TUTTLLI3LS, TULEAREILT, STGAMIZL) /P TMERY  AGENCY, '€
', tBOGT Y VING o '

!

[T e ——

tetuglIngt,
'H'SOFT,

INTEGER CATE.TAFLAG,PCATE(ZD ), USELATJPLTOYLS),NSTGDYIS) ,JuLdyis)

RE AL MOCNT
INYEGER K1 JIRCATE {30
* SMCATE[31)s35HCHK P NOSM

 SMARUN

SHGHTL 203, 14).PRENC2D),MC SUM(9])

PINITOTII), INDATE
JREXTSH

REAL TFEIJ:r Rs K330+TYP, VPG STGIS TGP

INTECER®*2 PARRAY{125,52),5M

!NTEGERQZ 13[9]/'1‘!'2'-‘3‘!'6','5'!’0‘|' b'l_I'!xI/

INTEGER® 4 JIDY(50) ,NSTGOT,.PUNYLD

REAL %4 YY[50!

REAL CUM LY fCL yDLAL OM
*OMTR «ORESP 2T +ETED fFALLART +GRCSPH
*HETX25 JINTL y INVAL (6 )Y, IRRIG v K5 SKYLD '

LA fLATMAXY L LAT '

¥ LAYTC JLATM P MAXT yMFLOCP MINT SMULT TMYXH20
"NCE +HRESP PLAL yPMTEXMR  ,PUNCEX

®RAIMEW pRA(MOL  ,5HvAaLl3L, 50,7 v TACT fTAU P T0AY
BTEC +THETT JTRESP 12 s T2 .

STSUM2,y 1SUML,HSTH

REAL BFrOTL(L4i ATSTLITA L),

* CIEF(&e8),y CROFMT (201,

& FAMI (201,

2 LRR {30),

. KAY {6/ L.0:r2.8+24T02.004.0,5.0/,

= KNALLIIS)/ civaSeub,2%0,37 '

z AVALZIUSH/.05.3%.25,.2/

x LECTHZMAT =¥ 0 2M =3, 1T = rBT =1, tH] =1, 15D =, 1RP=2"/,
L LAY LAL391 . LVALIS)/5D4,250,+2%320.4800.7,

* MENTLIL2,1%), YOARAY(SQ),

* NCARAY (T}, QAFGRT (94, THCMAX(5], THEMINESE,
* THEYALISH, TOTL(9) /9%C, 0/, TMAL (5],

2 UBETY/VEMY (1T BT, VRDP L PSDY, PRPY, 1 1y,

* IVAL{SH/504+25N.,2300.,600./

[NTEGER BMS ,3MT s TYPCR fWETHCX  SLELCHX  , CENCHK
*CLLCK LROP 2 LAY rDAYT P DECK WDISKALN/ 4 DLAILK
eFIELDS  WFLAG PELAGL Y FLCAUK G FOCHK VICOQUNT ¢ 1FLAG
=! FfRACHY 4K JHODECK NUFLDS  (NCSMPL PDAY

]
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®PM0 1PREVK WRFLG 136G54 »3G58 +FEEKCK  yWSIMCK 1
*SPCCHE  ,5TART »3TGLHK  ,STRISP ,YEAR + VR » STRSCK '
«B50TI3) ,E50TI3) ,B8SCATE
*CALI12)/30,2H.31,30,31530,31,3L,3C,31,30,23L/, COI3H/5%0/,

* [CAY{3O1, [MCE30), RERELEN SCLxt ),

L SOATE13) /980 /,304AY1(T], SMC (7). SPOATELG], SYR{7),
* TITLELZO) 1D 2) PSTGYR{A (STGMOTE) ,STGDY(6])

REAL KT CUMKWT CUMKRZ ,CUNKN T, LUMKWG ,CUMKHS
LCGICALL JOINT

C
C-——— > { NODECK [S THE NUMGER OF NIFFEREMT [APD CECKS FHAT ARE )} (emmmeeea-
[==—===—=> { TO A€ AUN THRCUGH THRF MCDEL. ) (e
9
REAC (S5, EQ7) MUDECK, WETHCK
REAQIS,10R) {{COEFfLlsd)rd=leBlalz2leésy
IF {WETHCK .NE. 1) GO TC 4
RESL {5,133) PD
READ 15,135) ALPHAP, BETAP, ALPFSA, BETAR, AMNDFR, AMXDFR
READ 1S5,135) ARMAXY, RMAXT, PMINT, SDMAXY, SIOMAXT, SOMINT,
. CCYT, CCTy CCYT2, AXe BX, CX, AN, BNy CN
WRITE (6,907)
WRITE {6.3101]
WRITE {6,911} PO, ALPHAP, BETAP, ALPHAR, BEFAR, AMNDOFR,
» AMXOFR, RMAXY
PRITE (6,910}
WRITE (6,312) RMAXT, RAMINT, SDMAXY, SOMAXT, SDMINT, CCYT,
" CCT, CC¥T2
WRITE {6,913) AX, AX, CX+ 4N, BA, CN
4 LN 219 DECK=1,MOD0ECK
REWEAD D[Sk
gC 1 1=t,7
1 STATELTY = N0
NSIGUT = 0
CC 2 [=1,6
STEya{l}l = 1
ITCMOLTE = 1)
STEpY LY =2 9
g STGIIY = 2.
REAC(53,107) MOFLDS,FLOPUN,,CELCHK ,CENCHK s SPCCHK « STGLHK y HOTHK
s LINCHK (DLAICK ) PUACHK  TYPCK W3 INCH, PUNYLD ,MMOK
[
C==—mm===> ( [F STAGE CATE3 ARE- KNOWN FCPR PLANTING, EMERGENCE, ] fmemmmm -
C-————=- > JOINTING, QCOTINGy HEADING, SOFTRCUGH, AMD RIPE, P} {mmmm————
C-——==- > | THEM STGChR = 21 ANO THE DATES will A€ READ IN [N ] g
(e ————= > GROEAR, [N THE FGRMAT: YRNMGIY YRMOUY ,(TC. L R
(emmmma=id { DTHERWESE STGOMK = 20 L G it
[

[F {STuCHK ME. 0) REAU 15.128) [SCATE(L},[=1,7"}
NCYYA=285
[FIMOD (kYR , 4} . EQ.U) NOY¥YR=368
IFISTGCHKLER.Q) G2 TO 3
KYR=[NTI{SDATEIL}/10000.1
CC %0 T=1,4
KYR=[NTISCATE({L1/10000,)
MMO= INTOO{SOATELL) /L0000 -KYR)} #1020, }
KOr={NTI{ISNATEL L1 /100~ YR 00, +xMO}I*100.]
KOYy=x)y+]
CALL JULTAMNACAL KYR,KMG,XCY, JULDYILI?
50 CONTINLE
CC 53 I=1,5
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[FLJULCY (T#1ha LT JueaY i) JULCY L[+ 1h=JULDYI [+ 1] +4DYYR
NSTOORY (1) =JULUY( [+ L) - JULEY( )
55 CLNTINUE

c
R > PUNCH THE FIRS¥ 2 CAROS CF THE YIELL DECK OF DATA | €emae——oe
i
3 IF [PUNCHK .NE. 9} WRITE (7,1971 KGELGS.HOCHK,STGCHK w5 IMCK
IF [PUNCHK .NE. O .AND. STGCMK .EG. LI WRITE{7,1251 {SDATE{lt,
* 1=1,7)
READ{S,990) LAFD,LATH,C
LAT = LATO + [LATM/6M)
REAQ [5,100) CROFNT
9 IF {DLAICK .:C. 1) GG TO 11
READ [5,CROFMTI SR,MAXT,M[NT VP, RAIN
G0 10 12
11 AEAG S, CROFMT ) SR MAXT,MINT, fLAL10C1], 1=, NOFLUS) ,DVP  RAIN
C
G > (A BLANK CARD 1S MEEDED 70 SEPERATE THE DATA READ CNTL ) &mm-m=mme---
L-=m=====> | D1SK AND THE CATA REAQ CURING EXECUTIGN P S
c
12 [F ISR LLE. 9.0) GC TC I8
IF IMAXT .GE. MINT) GE 7C 331
TEME = MAXT
NAXT = MINT
MINT = TEMP
i
Cmmmum=—=> { [F THE [EMPERATURES ARE IM CEGREES F, THEN CELCHK 2 | ) Comocw-— -
Cm——=—==> { ANO CONVERSIOM 7O CELSIUS 15 NECESSARY, e
G
331 [F (CELCHK .EQ. Q) GO 71 333
MART=(MAXT=32,0)%5,/9,
MINT={MI[AT=32.0)%5,/5.
C
C-—m—====> | {F THE PRECIPITATION [5 IN INCHES, THEN CENCHK = 0l )} e-mme—m-=-=
(mmmmme——{ AND CONVERSICN FROM [NCHES TC CENTIMETERS I3 MECEISARY J----
c
333 0IF LCEMCER LEC. 1) 2AINM = 341K32,%4
[F{MMCELEQ.L} RAIN=AAIN/LG.
c
C~—=—===> [ THE RAIN YALUE [§ JSEC TC ESTAGLISF THE EMD OF EACH ) C====—=-=
L > { RECURD. I S —
g

1F 1BLAICK .EQ. L) 40 76 12
WRITE (DISK, {06 SR, MAXT,MINT,OVP,RAIN
56 TC 9
13 WRITE (ISR, 106) SR yMALTyPINT LA 001, 01=L,8GTLDS).DVP,RALA
GC 1C 9
13 IF LlwSIMCK LEQC. O} GC 10 19
CALL ERRSET{208,2%.~1,1)
READ (5,136) 8507, ESCT, SR, MAXT, MINT, RAIN

ME = ESUTI2) ¢+ LESDYT(1) — BSCTILl)) & 12

M[ = BSDITL1Z2H

YR = asnrily

GSCATE = ASDICLL) = 10423 + BSOT(2) = 10w + BSOT{3)
ovF = 0.09

{F [CLAICX .EQ. 21 GC 1 15
Cir k4 1 = 1, NCFLDS

14 LagLaeey = 2.

15 MO = ASDTE2Y - 1
CALL THIMEL[T[ME)
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[x = [{1JEH = ITIME} / 21 * 2 + |
[ = BS0T{3)
CALL JUtL[AN {CAL, YR, MI, [, JCATE}
JDATE = JDATE =
IF [JCAYE JEQ. ) JCATE = 36%
AMAMXT = SIN ([JOATE - AX) * 017214 ) * AX + (X
. SDIFFX = AMXMXT = MAXI1
i | = M]. ME
MO = MO + |
I[F (M0 JLE. 121 GO TD 1&
MO0 = MC - 12
YR = YR + |
14 HODAYS = CALI[MO)
IF (MO ,EQ. 2 .AND. MCDIiYR,4) .E4Q. C) MOrars = 29

{F ¢MO JEQ. ESOTI(2) AND. YR .EG. ESOT(L)INOODAYS=ESCTI(T)

oy a |

1F (Mg ,EQ, BASOTI2} .AND. YR JEC. OSOT(L)) IDY = B5D7{3)

DO t3 1 = [0Y, NCRAYS
CALL JULIANICAL, YR, MG, J, JJLOAY)

CALL CLMGNZ[MQ,JJDAY,SRaMAXT MINT RAIN,SOIFFX}

MAXT = [MAXT - 32,01 * Z./S5.
MINT = (M[ANT - 32.0) * 5./9.
RAIN = RA[N = 2,54

IF ICLAICK JEQ. L] WRITE {DISK, 1U&) SR, MaxT,

f ILAELA(R) » XK=+ ACFLOS]OVP,RAIN
18 IF (OLAICK JME. L) WRITE [DISK,106) SR, MAXT,
NyP, RBIN

19 ENCFILE DISK
0Q 219 FIELOS=L,FLCRYUN
AEWERD DISK

{mmmmm———> | INITIALIIE THE VARIAELES.
c

R=,1%
MGChNT=1
G 8 [=i,14

2C 3 J=1,3

3 AONTLZ20.11=2.0

£ 1=0
JOINT = FALSE.
Lal = €.0
val{l) = 5N.C
IvAaLt2) = 250,0
IY8L42) = 300.0
INALLA)Y = 17040
IVALIST = A03.0
XyaL2ii) = .05
KWALZ2(2) = .29
KvarL212) = .25
KvAL2(4) = .23
KVAL21S) = .2
KyvaL i1l = .1
KvaALliZ2) = .5
KVALL(3) = .4
KYALLL4) = N,
KVAL1I5) = N
€avyil) = L.
Kav(z2) = 2.4
XKAY{31 = 2.7
KAY{4a) = 3.

MINT,
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29

21
22

214

41
38

KAY{S) = 4.
KAY(E) = 5.
Lvag il 50 .
LvaL(2} 254d.
LvaL{yl 3.
LvaLta) 320.
LYALTS) = &d0.
CC 29 I=Ll.7
NCARAY (I} = 0.
E0 21 I=1,9
C2HOWTI(I} =
SPCATELL) =
TCYILII) = Q.
LT 22 1=1,14
BTCTLII) = 0.

CQ 22 [=1.5

CC(I}Y = D,

1GEG = 1.0

[i=1

RAACL=0.0

£E5T=0.0

ET=0.0

CCUANT=2.0

CAY!=0Q

TACL=0.0

X o= 1

K&=l.0

KnT=z0,0

CUMKWL=.0
CLMKRZ=0 .0
CLMK®3ad.Q
CUMKWA=0,0
CUNKW5=0.0

AMTa. G

12=0.0

TAL=0.C

cv=1,0

CT=4C.

K§57ix25 = 0.0
RFLG=9

CLLCx=C

ICOUNT =D
ANTEMP=1S,n

0BG 224 i=L.7
SYPLJL=0Q

SHCT U1 =0

sdaveldi=q

SCLE{J =0
SYyM=101(91

CC 238 I=1,125

0C 4l J=1,52
PARRAY([,4)=(BIT)
PARRAY ([,511=i818}
PARRAYEL,51L) =186}
PARRAY (3 ,41)=181 L)
PARRAY (3,31 =[R2}
PARRAY (1,21)=1d13)
PARRAY (3,1L1=1HI%)
PARRAY (3,11=10(3)
PARRLY IS ,521=1B1#A)

u ¥ Uk

0.0
Q0
)
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PARRAY(30,52)=18(1L)
PARRAY (55,52)=([R(2)
PARRAY (80,52) =[B13)
PARRAY (105,52 )=[Bl4}
CCVER=C.,
NO=t
SLCPP=1.
J1GY L) = 400
YYtLi=Cc.
YLAl=0.
PCA=C.
NAzD)
[l=l
FCLAl=C.
YAVE=D.
NOSMPL=1
START=0
TNTL=0.0
GRCSPH=0.0
ORESP=C.Q
NRESP=0.0
TRESP=Q.0
MCF29.C
CMTR=0.0
C¥V=0.0
roM=0.0C
PLA[=0.0
FLAGL=C
LATHAX=1.0N
Fr#in=15.0
0G 273 Jdal.l2
CC 203 l=1l.14
213 MOANTLLJE) =00
CC Z1L J=1,7
oC 211 i=1.19
211 AFSTLLJ,1)=5,.0
L5Th = 1.0
o620 1 = L
SMCATEL(T) g
Cu 209 J = 1.3
201 SMVALLL ,J) = G.00
c NEXTSM = |
CC 669 [=1.6
JSOATE(L1=9999%59
A0 CONTINUE
Ti=3.
TT2=0.
112=0.
T4=0,
T5=0.
T42C.
0C #41 1=1,31
TUTTLL T =0,
JLALIT =0
661 CONTINUE
[LAST=%
LAIMI=D,
ITACT=1.0
T4FLAG=D
NPNEN=]

i3
2
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C3#TS5=C.0
TSUML=C.0
T5ymM2=0.1
DRFLAG=1.0
Crn 59 [=1,9
NCSUMIT)=03.0
39 CUNT INUE

C
(e s > | READ IN EACH FIELDS' PARAMETER CAROS. | (mmmm———
c

REAL {95,100,ENC=1100 ) TITLE

REAGIS,LOQIFRMT

READ [5,102) ®XHZ2C, TV, TIN,TS5,U;ALPHALFALLRT,CNST 45, MULT

AEAQIS,108) THEVAL, TREMAX  THEYIN

TEA0 (S5,107) 40,CAY,YR,PNC,POAY,LMO, INITOT

[NDATE = INTTOR{3) * 17000 « [ANITCTIL) = LOO + INIFOT(2)

CC 208% J = 1,8

205 INVALIJY = THEVALI(JI

INVALYGY = TIN
c
[e——===w==> { JULIAN 1S A SUBRCUTINE THKAT CCNVERTS A NATE [N ) e mmmm————
(erm—m—m— > 1 STAMDARD, MG QY YR , FCRMAT [NT THE SQUIVYALENT JULJAN ) d=-—mmemrae
Ce—===——=> ( CAY. THE JULIAN DAY [$ ARETUANED IN JUDAY. | mmm—————
G

CALL JULIAMICAL,YR,PN],PCAY, JJOAYT

JALIGY (L) =2J04Y

CC 614 (22,5

JPLTDY {1)=2J04Y+([-1)¢10Q

TFUJPLTOYL () «GT.365) JPLTCY( 11=JPLTDY([)-365

[FIJPLTDY( 1 .GT.365) JPLTOY{1)=JPLTOYT1)-3€5
s1a CCNIINLE

NPLTEM=JULDY( L)=-JJOAY

JPLOT=JJCAY

LYCH=YR

REAC(5,132) CROP,FEEXCK, [PRCHI 10y STRSCK ,SMOHKLGACCKJLALCK
3 LSELALCNYLC,LFYLD kYLD

IFILGRCCR.EQ.1) REANIS, 615} PLOEN
515 FCEMATEFLDL2
FCEN{L1)=PLDEN
PCATELL)=10UON*YR+1 00PN IPDAY
r

Lmmmmmm=d | AEAD IN QO8SEAVED HEADWE!GHTS I
(=m===w—=> [ THE MAX[MUMR NUMBER OF HEACW! SAMPLES [5' 3. }ogmmm e
f

{F | RLCEK .NE, 00}
* QA0 15,1300 NOSMPL USPUATELL,C2FCWTITi, [21,NUSHPL) -
[ = NCSMPL

QAHCHW T [1+4)=N3HJATLTY * 10.0
SPOATETLi+1} = SPOATELI]

[ o= 1=

IF ([ .ME. Q) GO TC 5
CBRCWT LY = (.0

SPCATEf1] = 37

[F [CLAICK .EQ. L) GG 10 25
IF {LIMCHKLEQ.D0} GO TD 31

i

¢

(-—==—==> { READ [N THE DBSERVED LAL PCINTS, wHERE; N =
Cmmmmmmaa> [ JIGY : JULTAN CaY, ¥y : LAL VALUE bogm e
[emme—m===3 |  THE MAX[MUM NUMIER CF SCINTS 1§ 46 I -

c
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REACIS,INLINPTS, [JIDYI1) oY 11}y I=LyAFTS])
101 FORAMATHI2, 11X 8014+F6.2),51/48114,FE.2)1)
35 MFLOCP = THEMAX(Ll) * 1500

G = y ! AUTPYT THE READING PAGE. I G

WRITE (6,103 )TITLE
IF [WSIMCK .EG. L) WRITE (6,908} BSCATE
WRITE (6,104 1M4XH2C, TV TIN T54UsALPHA,FALLRT,CNST y25,MFLOCP,MLLT
WRITE [&,1N5) THEVAL ( THCEMAX , THEMIN,LATD  LATM,FRMT
IF (PUNCHK .NE. 7) WRITE (6,128}
IF {STRSCK LEQ. OLl) WRITE (n,134)
IF [wSIMCK JEG« 1} WRITE 1{6,137) B3CT12), B30T(I), ASOT(L]
IF IWETHCX LEQ. 3 AND. WSIMCK JMNE. Q) WRITE {4,138}
[FELIMCHKLEQ L) WRITE(6,802) 1JI0YU [ eTY {1, 12, NPTSI
802 FORMATUIN?  Toa,'LAT! /504 T334 13," & & o ThFe.21)

C
(e > | THE JULIAN CATE 15 CORRECTEC TG DAYS FROM PLANT ING. ] (e mm
C
TECAY=265
YRCH=0.
TEAPCOLL3UQ+LYCH, 4}, EQ.D111DAY=36s
GO L7 I=L,NPTS
IFLJINYCL) LT JPLOTIYRCH=1.
17 JICY 1 1l=J10¥Y{ 1) +YRCH*{IDAY-JPLET
31 NPICAY=J{DYI L)
FTLAI=YY (L}
C
Cmm—m=—===3> { IF THE CARDS ARE N THE WACMG MRDER OR [F THE FILELD } £mmm e
(===—=—===> | DATA STARTING OATE ANO PLANIING CATE ARE REVEARSED UM RGeS e
Cwmmw====> [ THE [NPUT CARDS, TRESE TWC TEST STAfEMENTS 3HOULD } fmmmmmmnae
(mme—====> { PREVENT UNWANTED EXECUTTON AND CUTPUT. ] Cmmmmmme—
C
IF | M¥M2O0 .LT. 1D } GG TC 219
[F ( 1%, GT.7M01 .OH. IMCL.EQ.PMD.AND.DAY.GT.PRDAYY ) 5D TO 219
THETT=TIN
TI=TIN
tEAR zva
LCAY=0AY
[FILMOLLE. MO MO2LMN+12
BNC =M
MMMz M)
ALPRAV=] 44
GC TC (30L,302,303,306),CR0P
102 ALPAHAV=L,T1
G0 0 301
1] ALPRAV=].556
L[v=1.,3°%
0T=189.
GC TG 201
304 ALFHAV=1.74
2p1 [F [CRCP .EQ. 1) READ (S,121) SGSA,5G58
IF[IRRCHK.ER.QO} GO FC 25%
C
Ce==——===3> ( REA} [N THE [RA[GATIUN DATES AND WATER AMAOUNTS, ] Gemmmm— e
c

READ (S 12 L IMODI I}, [BAYCT), IYREL}ZIRRU1D, 2L, RACHK)
DC 350 1 = 1, [RRLFK

357 1PCATE(I) = 1YR{[)=12000 + [MOLLD)*100 + 1CAYI(I)
J=[RPCEK -]



c
T > {  AND THE NUMBER OF DHSERVATIGNS, THE DATE OF THE R
Ce=—m=====> [  (JASERVATICN, ANC THE STAGE NUMBER WILL BE READ [N ) {mmmmm————
L > [ iN THE FORMAT: AD YRMGDY S7G. YAMOOY STG. , ETC. } gmmmmm ——
R > {  GNLY & STAGE NUMEERS MAY 8E READ IN PER DECK. ) Cmmmmm——e—
C-=—=—===> [ IF FEEKES' STAGE MUMBEAS AAE KNOWN, THEN FEEKCK = 01 | ¢m=wmaaea
g
359 IF CFCEKCK .EC. L) READ [5,126) ASTGUT,{STGYRILN,STGHD(L),
* STGDY[ i1, 51GL1},0=]1,NSTGDT
IF [SMCHK (NE. D) REAC (5,129F HUSM,SHRUN, (SHDATELL), [SHVALIT,J),
* J=Le5h, 1=1,AD5H)

FLAC = 1

[F (15.6FE.XS1FLAG=L
¢
Cmmmmm—mn > ¢ CUTFR LGCF 0F FIELD ANALYSIS, } gmmmmmmne
C
c
Cmmmmm e > | IF SUMMARY PAGE CMLY IS WANTED, SPNCHK = 0i [
S > | GNLY THE SUMMARY PAGE WILL BE PRINTED FOR EACH FIELD. | (mmmem=-—oa
¢

IF{IRRCHK,NE.O .OR, LINCFK,EQ.l LCAR. SMCHK.ER.L} WRITE(A,870)
AND  FORMAT('L')
TF{|RRECHK .GT .0) WRITE(A,801) [IMOTLY},L0AYL D) IYRIT)IRRYT},
$ [=21,[RACHK]}
801 FORMAT{'0Q* 4,758, ' [RRIGATICN (CMY' /250 / TSSs2012+% /%1512
H Y. . . YeF5.2))
IFISMCPK SEQeL) aRITE[H,8C03) (SMOATECTILLSMVALIE,J) »Jd=L,5),
1 1a1,NOSH)
B33 FORMAT('7N7, 7159, ' SOIL MOISTURE ,/4500/,T350,18,7 . « . "3F5.2))
[FIUSELALLNE I GO TO 274
08 23L t1=L,NPTS
. YYi{lil=c.d
231 CCMTINUE
20& [F (SPLUHK .ME, 00 GO TC 208
WRITE (A,10%} TITLE
[F (wSIMCK EG. 1) wRITF {A4,9N8) BSCATE
WRITE(&, LID}
MR LIM=CALTMNT]
[FIMMU  ER. 2. AND MODT (YRe L) A FLEQ.NY LiM=27
N0 407 JJJ=LDAY LM
[FIMMOLED. Lo ANDaJJJaEQCLL) YEAR=YEANM ]
CATE = (LUQUUYEAR )+ 1QOd*MMO} +)J)
1F ICATE .NE, [MNDAIE) GC T2 216
06 299.4 = 1.5

N9 THEVALIJY = [NvAL(J}
THETT = Ihvalisl
Ti = [NvaLi6)

216 [F (SWCOHX LEQ. O) GO TC 219
IF (UATE JNE. SMOATEINEXTSM) .CR. AEXTSM .GT. SMRUN) 5O TO 218
CC 217 1 = 145

217 THEVAL(T) = SMVALIMNEXTSM, (1}
MEATSM = MEXTSM + |

C
{-<=======>"1{ DAYLIT CALCULATES THE ODAYLIGHI FOR THE NAY. ] £rmmom————
[

218 CALL DAYLITIMMO,JUJ.LAT,CL])
C
iF JCLAICK .EC. L} 6T 1C 34
AEAL {CISK,FRMT,ERR=20T,FRD=332) SR, MAXT,MINT, OVP, AN
GL TC 4N
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C
C

Aaooan

36 REAC (CISK,FRMT,FRR=20T,END=332]1 SR,MAXT , MIMT,LA[,DVP,RAIN
SYM = [ptag)

—————— > 0 A2 |3 THE BMTS LAl. POA [5 THE A2 OF THE PREVICGUS CAY) (-m————=—=

a0 1F (MMCLCQ.PMILANCLJJJLEQ.PDAY) BMFT=|
IF(CATELGT LHDATE(L) LAND. DATE.LE.SDATELL))
§ OBMIS=CAMTIS+L./NPLIEN
[F{CATE.GT.SUATELL) .AND, DATE.LE.SCATE{2})
SCBMTS=CAMIS+L./MSTGOY (L)
[FIBATE.UT.SDATEL 2] JANO. DATELLE.SCATEIZ))
$ COMIS=CRATS+ . T/NSTGOY(2)
[F{UATE.GT.SDATEI3) JAND. DATEL.LE.SCATE(R))
$ CRMIS=0HMTS+,3/NSTGOYI3 )
TFICATE.GT.50ANTE(4} LAND, DATELLE.SCATEIS])
B QBMTS=0RMTS+1./NSTGOY N
IFICATE.GT.SOATELS) JAND. DATE.LE.SDATEl&))
$ COFPTS=CAMTS+l./NSTGOYL{S5)
IFISTGCHK .EQL.O) OLMTS=TACL
[F{DRFLAG.EMNe{s +LR. OBMTS.LT.1.83) CGC TG 7
ORFLAG=1.0
SYRIT)=YEAR
SHGITY=MMO
ScAY(TI=J)ad
CALL JULTAMICAL,YEAR,M#MO,JJJ P JULCR?
CALL JULIAM(CAL, SYR{1),SMO(L)ENAY(1),JEN)
IF(JEMLGT L JULCRI JULCR=JULDR +NOY YR
SCLEI7)=JULDK=JEM
T CGONTINUE
THE3C=THEVAL([ 11 *SA+THEVAL{2] %25
THEIQ=THE3O-t THEMIN{ L )95Q+THEMINL 2)#250Q)
KSIO=THEID/ LA THEMAX{ 1) $SO+THEMAX(Z) #2503 )= THEMIN (L) «5A+THEM[N(2]*

2500
[F (BMT LNE. L) GO TC 39

PREVK=K
==Y [ CLUKER [S 4 BICMETEURULOGICAL TIME SCALT SUBRUUTINE, | €--m——-m-e
~~~~~~~ > L USEDR ChNLY TT CALCULATE TwE B®T5 TER dRFAT. | ogeimems—an

falLt CUCKER [COEF MINT MaxT,OL,TOAY, K, MULT,TACC,CLOCK MMU,JUd,

. YEAR , SYR,SMC,SDAY ,SCLX, [COUMT,.RFLG,KAY,

- JOINT,SCATE,POA)

THE FULLUWING STATEMENTS [(THRU LABEL AQQ) CALL JEFF'S LAl MCCEL'S
SURRNDUTINES AT THE AFPROPRIATE TIMES NURPING THE GAGKENG SEASUM.
TRESE SUBROUT[MES ARE CALLED CMLY [F LGACLx (LEAF GROW

CrECR]Y [S EQU&L TO L .

[FICATE, LT JUSPATELL) LUR. LGPMACK.EJ.G) 3G TN 440

PREVWTL=T]

IFINATEL.GELJSDATEIL) JAND. T1.LT7,230.) CALL EMRG(MAXT MINT,®K33C,
IRSWAT, TNO LN, LAPP, LAPL, JLAL, TUTILL, TULEAF,J2J)

[FLOPENTL.GEL237. AN, (8MT5.LT.1.31)
4 CALL STG2U{HAXT,MINT,KS3IC,KSwWAT, TNO LMD, LAPP,LAPL ,JLALTUTILL,
$ [ULEAF,JJJ)

[FIOOMISLGE.L .30 LANO. JATELLT,.JSCATE(2))
$ CALL CROGIMAXT,MINT  KSI10,KSWAT, TNU, LNQLAPE , LAPL,JLAL,TUTTILL,
4 OTULEAF,JJ U}

[FICATELGR,JSOATEI2] JANG, DATELLTLJSDATEL )b fALL JHTIMAXT,
& MIMT o KS 30 KAWAT y TRO LN JLAPP  LAPL o JLA Lo TUTILL W TULENF  Ja T
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LFICATE.EQ.USDATELTI) Ta=C,
[FICATE.GE.JSOATE(I} .ANO, T4.LT.511.) CALL BOGT (MAXT, 4INT,
$ X530, KSWAT, TNO, LMD LAPP, LAPL,JLA L, TUTILL, TULEAF 4 JJJ,00MT5)
[F tCLALCK LEC. L) GO TQ 33
609 IF{JLAICK.EY.Q) GO T0 430
LAT=JLT1Jdd) )
TFACATE.GTLUSCATENY) JANG. T4, GEL511.) LAT=U.0%
. IF(CATE.GE.JSOATE(S)} LAI=0.0
TFIAX MELHPTIAY LCR. [Z.GT.NPTS JGR. YY[[Z).EW.3.0 .0R,
3 DATELLT.JSUATELLN]  GT TC 639
1F(CATE.GE.JSDALE(S)} GO TO 630
JLALLI3I =YY (L)
Lal=vy (12}
LE(GEMTS.LT.1.83) PLCEN=JLAL (IS )/ (LAPRLJUII)
IFICBMIS.GE. 1a83) PLOEN=JLALIJJI) /(LAPLIJIIISLNGLLIdS )
APCEN=NPDEN®+]
POEN (NPDENI=PLOEN
PCATEIAPDENI=0ATE
530 A2+TaCC-L
TFUTACC.UE.3.142=9,25-2.¢TACC
{FIAZ.LE.D 1A2=0,
IF(TACC.GT.4.)42=0.
¥LAI=YLA+A2-PCA
ADA=42
EF (NPTCAY.EQ.NXIGD 1O 32

C
[ > | CLAl CALCULATES LA[ VALUES FGR 04YS wiTHOUT ORSERVED
Cowmmmme— [ POINTS,
[
CALL CLAIINPTUAY,YLA[ POLAI,SLCPP.NX+PTLAI,TACC)
~
GC TC 29
32 vyrLal=Pp LA
[Z=52vl
IF(IZ2,LE.MPTSIGE 1€ 34
Yyi{rzi=3, .
JICY (11 = 491
34 PILAl=YY(LZ)
NPTRAY=JIDYLLL)
C
Cowrmmm———> | SLOPP (3 THE SLURE TO THE ARXT CISERVEN PQLMT ON THE
e > | LAl CURYE.
-
SLCPe={YLA[-PTLAI]/FLUATINX-NPIDAY)
SYs=[816]
30 [FIYLALLE (b iYL ALl=n.
PCLA =LA
IFEJLATCKLNEL L) Laf=YLAl
33 Naanasl
COVER = LA[/CDY
c
L > ( YAVFE [5 THE AVERAGE LA[ FUR FQUR DAYS. WHICH [5 (SED
(i = > [ 1IN THF LAl PLCT.
&

YAVE=YAVE+LAL/4
IFI(NG-hE.*IGE TG 37
TR=(YAVE+.DS5 1/ .1
YAVE=U.
1F{IF.CT.301H=57

Cmmmm e

o= e e

§ o ————— ——
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C-—m——— > [ PARRAY [5 THE ARRAY THAT CCATAINS THE PLCT UF THE LA ) €=—=—m=——ux
(== > | CURVE. ) fmmmmm——a
[
PARRAY [NX/4+%4,51~1H)=aSYHM
SyM=[3{9)
NC=0
37 NT=NC#}

19 [F(CCVER.GT.0.0) CAYT=CAYT+L
IFICCYER.GT.L.0) COVER=1.CQ
[F {CAYT .GT. OF JANC. CCVER (LT. .4) CCOVER = .4
{FLAG=0Q
IFIIARRCHK.EQ.N) C0 TQ 341

[-———- > { THIS [F STMNT, CHECKS 10 SEE IF THE CURBEN[ DAY CUR= ) {emmmmo—a-
o > [ REIPONECS TG DNE JF THE CAYS THE FIELD WAS [RPIGATED. ) <=-=-—=-=-

IF (IRCATE(TIIl) .NE. QATE! GO TO 2¢1]
RAIN=RAIA+IRRIIIL}
[FLAG=1
IRRIG=1RRIN1I 210D,
[1=1[+1

161 RAIN=RA[N*LIN.T
RAINEW=RA[IN+RAINCL
RAINCL=RAIN
IF (RAINEW.LT.6.0) GG 1T 211
FLAG=0
EST=N.0
CCLNT=2.73

L1 TMO=(FAMAXT+M[NT) /4.0
SIC=CELTALTMPY}

Lmmicasidy > 1 PUTEVA CALLULATES PATENT [AL EVAPORATICM. ) g
CALL PCTREVAILAL, CRCP AN, SR, ALPHA,33G,EC.CAYTE

TI=T|=-ET+RAIN
[FITI.CE.MFLDNP) Tl=MFLNCP
JAVA[L=FHETT-{TY#13509)
KS=TAVAIL/{FALLRT=RXH2C)
[F [STRSLK EQ. O1) KS = 1.2
IF [K3.uT.1) KS=1.
1F [KS.LT.0.0) K5=0.N
G .
Cm==—===> { [F THE PUTENTTAL FYAPORATICN (S ZERO, ALL EVAPCHATICN | (e========
L====w===> | ShOyLY PE ZERC. | A —————
L
IF TEN.GT.0.0) 66 Tu 3L7
EQ=C.)
£%=0.0
T o2.)
T2=40.1
A=40.0
GC 1C 325
C
Lmmmm———=> [ TRANS CALCULATES TRANSPIRATION. ) {mmmm————
C
31T CALL TRAMSIMXHZN XSy LAl T ALPHALRM,,SED,TAU ALPHAV,
sORY, CROP ,T2,TGDC, TACC,FALLRT)
&
Lomrmmmmm=l | FYAP CALCULATES SCIL SVAPORATINAN. ) rm—emese
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141

el

CALL EVAPIFLAGsLAT RN EST+ES U CNSTyCUUNT  SSD.DRYLCOVER,,NAY T, TAL,
¥ CROPY

=
T > { AUV CALCULATES ACVECTICN, ) gmmmmmm—ae
c

CALL ACV( CROP ,MAXT,K5,T ,A)

IF{MAXT.GE.~-3.71 GG TC 328

£5:9.17
AzG.0
325 [FIKS. LT ladl A=0.0
T2:12¢8
TI=T2%K3
c
R > { THE MEXT STATEMENTS WERE ANOER TC [NCLUDE ) fmmammae
f======-==3 | CAILY FVPICELTA E] VALUES. }oKm
c
TVR=(

YPGESTAR[MAXT ) ~ESTARIMINT)
IF (TVPCK .ME. | .OR. TYPCK .ES. 1 .AND. CATE .GE. 8304TE)
. o TO 330
MPG=Re (ESTARINAXT)~ESTAR(MINTII+ESTERININTI=CVYP
30 IFIVPG.GT,.U1 TuP=T3/VPG
TFITYP.GT, 4] TYP=,.4
Ef=73+€5 .

&

CALL DISTRITA,TVALKYALL,EYALZ2,LAT,JCINT)

AUNCFF=0.0
URAIN=1.D

i

CALL CAYL [THEVAL,IVAL,CRAIN,CC,1RCMAX]

O

[F [RATNLEJL.T.iGT TQ 401
IF ([FLAG .NE. 11 GO TC 2&7
RAIN=AAIN-|RAIG

o

CALL DAYTH THOVAL  RAINLVALAUNCFF QT THEMAX)
CALL CAYZ2LTHEVAL, IRRIGIVAL fRUNDFFLCC, THENAX)

PAIN=REIN+I[RRIG
GL O TC A0l

(]

36T CALL CAYSUITIHEVAL,RAIN, IVAL,AYNOFF, L, THEMAX)

401 CALL MOIST (THEVAL &S TYAL,ZVAL, THEM([ND

)

IF({EC.FrE.TaT) Gu TC 4085
TEG=0.C
ETEC:2.0
GC 7O 404
4ns TEC=T3/EC
ETEC=ET/EQ
34 TRETT=C
OC 221 2=1.5
DL THETT={THEVAL{J)SLYALIJI I +THETT
CC TC 1407.,492,403,2191 .LROP

"



402 CALL JIMILALPLAI,INTL,GRCSPH.TRESP,KCE,DM,CNM, 5R, START,KS)

GG TC 404
403 OLAL=LAT+.025

IF{DLAL.GT.56.62) DULAL=4.63

INTL=5,21#SR*CLAL"%,3298

C
CALL SYED(FLAGUL LAIPLAL X, TACC,GRCSPH, SR, ¥AXT,NRESP,LOM,
SOL«NRFESP ¢ NCESOM, MINT , PTRINLATMAX XS, TLAT,TSTRL,TSTR2,TSTR,SIRESS,
S STGOCFK W SCATE( G ,DATE,
SKWT yCUNKWLE ,CUMKH 2  CUMKHI ,CUMK WS ,CL¥KWS)
C
TRESP=CRESP*NRESP
G TC &4
c
437 CALL SCRGPHIDAYT  MAXT MINT+PTMIN,3G5A,3338,[ATL,SR,L AL, GRASPE,
SCRESPA,CL,COM NLEZNMRESP 0MPLAL,LAIMAX,FLAGL PNTEMP K5}
C
TREIP=CRESP+NRESP
wMld [FITILEQLULDY GG TD 335
LMIR=NNM/13
GC TG 2134
3315 DMTR=1,3
334 PTHIN=NMINT
C
Ge=m=====> { DAILY YALUES ARE PRINTED CUT [N THIS SECTIDM. ] ammmm—m———
c
TEMBL=TACC
{FISTGCHK . MFL.0) TACC=08MTS
{F {SPCCHK .EQ. 00) WRI(TE (&.1111 MMO,
* JAJy SR MAXT (MINT RAIMN, AL, TI.EQC,ET, INTL,
®*GROSPH,URESP ,HAESPTS5TR \NCE,OMTR, IV, COM . TACC , THETT ,K3,KS52D
TACC=TEMP Y
C

IF {MOCNT.GT.l2) GO TC 227
MUNTLINMMG , L =MCNTLIMMC , 11 +#SR
MONTLIMMD, 20 =M T (MM, 2 sRA TN
MCATLANMUC 3 = MCHTLIMMC 3147
MONTLOMMI, 4 ) = POMNTLIMME, 4) +€0)
MCMTLINMO , Sy =MONTLIMMO, 5 4FT
MUNTLIMAD 6 =NCNTL (MMO 6 )+ INTL
ACMTL{MMO, Ti=MOHTLIMNO, T F+GROSPY
MONTLIMMO, A1 sMONTLIMEC,B) +ORESP
MONTLIMYG, ) =MONTL{MMG, 5 ) +HRESP
MOMTLOMHO, 1O =NONTLIMMO, L2+ TRESP
MONTLIMMG, [ 1) =MUNTLEMMD, ] 1) bNCE
ACNTLIMMC, L 1 =2CNTLIMHQ, $ 2 +DNTR
MOMTLESMU L2 = ATLEMNMG L3} +TYP
MOCNTLI¥MC, 19)=C0M
GG 1€ ¢21

220 MONTLZUKI.1)=MONTL2(K[,1)+SR
MONTLZ2 (KT 21=MCHTL2(KT,2) AN
MOANTLZ (KT ,3) =M TL2(KT,31+T3
MONTL2(KT c 4 =MUMTLZ (K1, 6 ) +F0)
MUNTLZ K] s 3)=MCNTL2IKL 8 )+xT
MCNTL2ZAK L A =MONTL2 (K[, 61 1M TL
UONTLZ KL, 2 =RONTLZIK T, 7 ) +GRO5PH
MONTLE KD, 31 =MONTLZIK ], A1 +DRESP
NENTL2 (KT g h=2MONTL2IKT, 2 IR ES?
MONTL2IKL U0 220N TL2UKR L, 100« TAFSP
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YOO &S OO

MONTL2 (KT L1 1=MUOMTL2{K T, 11)+MCE
MUNTL2 (KT W12 =MONTL2(K,12}+0OMTR
MCNTLZ (KT LI)=MONTLZIK 1, L2) ¢ TyP
MCNTLZ (K 4141 =C0M

221 aMs=x
IFtHFLGLEQLL ] BMS=aM54]
BTSTLABMS L) = TSTLINNS, L) +5RGSAH
BTSTLIOMS, 212 3YSTLIUMS,2) 4 TRESP
ATSTLIPMS, 3} =0TSFLIANS, 3 ) sNCE
ATSTLIBMS 41 =HT3TLIHMS 4 spMTR
ETSTLI{OMS,5)=C0"™
DISTLIBYS A =BISTLIANS, 61T
BYSTLLOAS, 7)=dTSTLIBMS, JIsET
ATSTLIAMS,A) =ETSTLIANS 310720
BTSTLIEMS, ) =ATSTLIBMS T +ETED
ATSTLIBMS, [T )=RATSTLIRMS, |0} +KS
ATSTLIRYS, L1)=BFSTLIBNS, 11)wT2
ATSTLICMS, 12 )=8F ST {AMS,12)+5R
ATSTU{BMS +13) =31 STLLAMS, L2} ¢ [NTL
RTSTLLEMS, 14 ) =0TSTL(AMS, L4} Typ

IFICBMISLGE.243 LAND. CAMTS.LT.3.0 JAND, TSTRLLGT.Z25.)

3 TSUML=TSUML+TSTR]L

JEICOMISZGEL2 W) JAND. CAMIS.LT,3,0) TS5UMZ=TS5UM2+TISTRL
[F [HMS LEQ. S) HSIX25 = F3TX25 # (¥AXT - 25}
[F (BMS (EQ. 5 .aMC. MINT LT. 0.) HSTN = HSTIN & MINT

IFIFCOFK CEQL DY GG TO 62
MSMPL=NISHPL + |
CO 39 1=2,H54PL

TFIDATELGELSPDATELN ) JAND. CATELLELJICATCIS})

5 O NCSUMITI=NCSUML [ WRCE
&0 CCNTINLE
22 MCARAY(RMSI=MCARAYIHANMS) = NCE
PLAT =1 AT
237 CONTINLE
132 [FISPOCHK.ED.QANDLHACCNT LELL2IWREITELE,LL2)
S {AONTL (MM, JL )W JL=11,123)
IFASPOCHK . FO . D ANDLHOCNT.LGT . L2)=RITElA, L L)
ANCRTLZ KD dLl) v dl=11, 13

I LGRCCK.NF . L JOR. THFLAG.ME.T] .CR. DATE.L

[MCMTLIMMA, dd v d=1 050,
IRENTL2 KT v d e d=145),

T.JINDATEILL) GO TC 79%

THE FOLLUW{NG STATEMENTS [THRI LABEL 799) PRINT THKE WALUES
COMPUTRED AY JCFF*S LAL MCDEL FCR EACH DAY CF CGVERY MOMIM JF TRE

SEASCN FOR wHICH TRE LA HODEL #4% CALLED.
IF LCRCLX [LEAF GRUW CHECX) IS FQUAL 70 | .

WRITE(&,7TB) AMI3,ATAY,YR

779 FO2MATLY LY, TSA,LA[=TILLER MCHOEL',/,155,'°PL

H 12,077,123, /7,712, "DATE 'y
$ 'TILL/PLaNT LYyS/PLANT
5! Lal TUT iLL TULEAVES
OC 779 [ =LDAY,LLHM
[FITUTTILLI L) LLELD.1 5O 763 770

Cn 715 J=L.7

[=32)=2

[L=3+)

LAJPLANT M2}
CSWAT ' /1

PRIMTING [5 ONLY CLAE

ANTINMG DATED "5 1247/ %,

LA/LEAF(CH®eZ |,

[FISYRIJILEQLYEAR (ANO. SMCIJ)LEQ.MM¥N JANU. SRAY(J).ED.T)

w

WEITFl&,TTH) (STGNMILE,L=0K, (L)
178 FURMATI! ', T57,  ktaew 1,344, ¢ sgbaat)
778 CONTINUE

NRITELOH,TTT) UG, [ rRAR, TMOUT,LNUGE D)L LAPPIT I LAPLOT) v JLAT L),
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177

710

749

[1 TUTILLY{LY »TULEAFIT ), KSWAT(I)

FORMATIEY ' T10,20024' /%), 12,F9.2,Fl4.2,F18.2,F19.2,FL3.2,F5.2,
H Fll.2,F7.2)
TUTILLtT1=0.

CCNTINLE

IFICATE.GEWJSDATE(2) .AND. T4.GT.511.) YAFLAG=L
ML =PMC L

TF MM GTL12) MU =k¥(-12

LCAYsL

IF (MMp, EQ.LMCY GO TC 7999
MCCNT=MOCHNTHL

IF IMUOCHT.GT .12 KI=XT+]
MMNZHMME]

GC TC 2926

9599 WFITE(&,L133) TITLE

[F {wSIMCK WES. L) WRITE (6,338} BSNATE

¢
o mmem e S 1 ¥OHIL 15 CR. PHIL RASMUSSEN'S YIELC EQUATIQH. [T IS } g=m——-m=ms
Cemm=m——=> { BUFACRE. THE .9 CCNVERIS [T FHOM A LOZ MOISTURE BASE, } &mo=m-e=—o
R > ( TC OPY WLCIGHT CN A wET WEIGKT 34S1S. P (mmmm— -
g

21

22
i |

2

]
3

FYOH[L=12.856%0, 3 *RTSTLIZ2,8)1 % [ T2#{B3T5TLI 2, A1+BT1STLI 4,0 ) *>, LL4*
IATSTLIS, B81¢¥.640h

WRITE (65,0371 CNYLO,CFYLD KYLO,YPHIL

ARTTE{6,113)

MM =0

[TERMG = LMD

[F LMC-MC 5T, 121 ITERMC = NG#11

OC 212 MMM=M0, [TERMD

WRITELE,LLa) MMU, FCNTL (MMC, 2] ,MONTLIMMO, SHoMONTLIMMU, 7Y,
eMONTLINMMO, 101, ¥ONTEIMHAG, L1 #GRTLIMMC, L2) MUNTLIMMC, Lo},
BMCATLIMMC, 130

TCTILCLI=TOTLIL) b NOMTL (MM, 2)
TOTLIZ2Y=TNTLI2 ) +HENTL [MMC W31
TCTLII)=TCTLLA +NCNTL (MM ,T)
TOTLAG)aTU L&) »MCATEIMME, LD

TOTLIS ) =TOTLIS I «MCATL MM, L L)

TETLiw 2 TRTLIO)+HONTL{MMC,12)
TOGTL(PI=TATLIT i e MONTL [MMC, 131

MMEMMT +]

[FIHMU . 53T 121 MMC=1

TP (LY{~-mC LLE. 12) Gu TC 213

L=LMC-{MCrLL)

CC 223 Kli=1,L

WRITE(ELLa] MM FONTLZINT 21 g ¥CNTLZ2 IRT, 53, HUNTLZIKT LT,
FMONTLZ K[ 1) g MUMTILZAK T 11D (HONTLZAR T, 120, MOATL2IK T 4151,
FMONTL2 (KT 131

TOTLALi=TOTLI L) +MOMTLZK! (2}
TOTLI2)=TOTLI2 Y +MENTLZIKIL,S)
TCTLI3=I0RLE3Y+NCATLZIKL T

TCTL 4 )=TOTL (4 )+MONTFLZIKT,10]
TETLISI=TOTL (S e MOATLZIRTLL)
TOTLI(&)=TDIL I 6+ MUNTL2{%],12)
TCTLITy=FOTLUTE+#RINILZ2(KL, L3

AT I |

MMC = MO+ )

[F {¥MC GT. LZ2) MMt = |

WA ITEL&, 115) LTRTLISY =1, T)

WF{FELIE.LLE]

0C 214 J=1.1MS
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wR [TE{&LLT] LBCJY,UBLI), {BTSTLLS MY ,M=1,14)
CC 214 M=l.14

214 BYCTL(M)}=BTOTLIMI+BTSTL(J,H)
WRITELE,L1B)IDTNTLIMY  M=1,04) ,{BTOTLI¥) M=6,10])
IF {SCLK{%) .EQ. 007 SCLK(S} = CLCCK
WRITE[&,901L) TSUMZ, HSTN,TSUML HSTX2S

C
Lo m—=> | DO YIELD CALCULATIQONS GNLY FGR WHEAT, ] (masmmme=—
c
[f {CRCP .NE, 3} GG 16 1220
WRITE (6,103) TITLE
[F (WSIMCK .EQ. 11 WRITE {6,90R] BSCATE
WRITE (64133) CHYLD, CFYLE. XKYLD, YPHIL
gC 215 0 = 1, 59
219 YCARAY(L} = 0.00
c
raLL CYRELDCMCARAY ,SCLK (FCOHMK ,SPCATE ,CBFCWT, TDARAY CAL,
SYR ySMGOpSUAY NCEMPL, TSUMZ HSTN,, TSUNL ,HSTX2S,
SBTSTLI& 5) KT CUMKNL (CUNKAZ (CUMKN I, CUMKW 4 4C UMK W5, NCSUM )
c

WRITELE,LL) KAV 1), SCLKU2),5MO0( L) ,50AY01),5YR(1),5CLRITI,
SSMCIT) »SCAYCTY  SYRITH, IKAY (L}, SCLKUTY,SMCET)ASDAYIL),SYR{T) =2,
IF {FEEXCK JEQ. 1) WRITE [6,127) [STGMNC(11,STGCYT () .STGYRIL},
- STCUIY 121 4NSTGCT)
WRITEI €,636) PREN{L),PCATE(L]
6§36  FORMAT('Q','PLANT NENSITY THRUUGH SFASOMIPLANTS/CME*2):',//,

% TOINITIAL ODENSITY ' Fhady! CAT LT NOTE: ¢,
£ ' JATES ARE [N YRMCDY FCRMATT
[FIJLATCKLER.1 .ANC. LINCFKL.EQ.L JANC. USELAT,.EQ.1] WRITE(&,£3%)
% [PUOENII,PCATELL)  1=2,NPOEN)
&35 FCRMATIY ', 'CHANGEL TO ", F3.4,% CUN',[7./440(" CHANGED TO ',

H FBahy !  CN',[7:/1)
[
Co—=-—=——-> [ THESE CARGS ARFE PUMCHEC TO BE AUN THROUGH THE SEPEAATE) (--——==-—s
R > { YIELO GEMERATION MCOEL £GR GETTING STATISTICS QK THE 1 gmmmmmme
Ce=———===> { Y[ELOS THAT ARE CALCULATED. | (mmmmm————
C

ILF (PUNCHK .EQ. Q) o0 70 1329
WRITE {7+102) TITLE
[F {wWSIMCK .EQ. L) WRITE (7,125) BSLATE
WRITE §7,90%1 CMYLD,CFYLL KYLOD,YPHIL, LD
WRI{TE (7,903 [NCARAY{I) 1=1,7)
WRITE[T:304) (SCLEIL), SYROI I, S3NM01T1),3DAYCIY s ]l=L,6l
. WATTELT4505) TSUMZ,HSTNyTSUML ) H3TXZ25,ATSTLILS)
05 FLAMAT {(SF19.10
[S¥PL = ACSMPL + 1
[F [HOCHK NE. Q)
* WRITE (7,17391 {SMPL, ISPOATEIT),CHHOWTL [ [=L,]5M4PL)
1220 YGARAY{L)=(NYLD
YCARAY (2 )=CFYLD
YOARAY {3)=KYLD
YOARAY {41 =YPHIL
ARITE(Ey915] ANCFLDS+FLORUNYCELCHK yCENLHK ¢ SPOCHK STGLHK ¢ HOCHK »
. LIMCHK ,OLAICK, PUNCHK , TYPCK »WSINCK, PUNYLD, CRUP
. FEEKCK, [RRCFKySTRSCK 4 SMCHK s LGREICK , JLAICK , USELAI
G15 FLRRMAT ([ '—=' ,T45," LISTINE QF CHECKS ',//y' NCFLOS =',[3,
+' FLDPRUN =',]3,' CELCKK =',[13,
' CENCHK =4 ,[3," SPCChK =" ,[3," STGOHK =',023,' HOCHK =',[1,
o' LINCHEK =',13," DLAICK =2',[3,? PURCHK =* (3, //,
« 'VTYPCK =27, 13" WS[MCK =¢,[1,' PUNYLD =",13,"' CRNOP =1,13,



' FEEKLK
$' LCGRCCK
IF{PUNYLDLEGa 1) WRITE(T,919) 1D« IYCARAY{I},1=1,50)
G119 FCAMAT (/3 2A4sFOe2,5F 742440/, 14, L0FT. 201
WRITEFE,132L) LIPARRAY LT J )y [=L,128)+d=1,52)
1321 FCHMAT[*1*,521/,' ".12541))
WRITE{€,518) |
918 FOAMAT [0, T4, 123sT2%+03,756,[3,779,13,7L04.03})

219 COAT1
100 FOARMA
102 FQORMS

*

-

[ ]

L |

-

2

*

*

*

*

*  FLG
105 FORMA

¢ 1THE

128 FGRMAT

1312 FCAMA

BV

*ioM

wn?

a0 ¥

E )
Lil FORMA

NUE
T 129

21,1
2, [

A d

3,' [RRUMK =4,[3,' STASCK =',13,' GSMCHK =',[3,
3¢t JLAICK =r,[3,//," USELAL =',13}

JPLICY LI), I=L,451

T {5F10.0,4F5.0,52,F8.0)
103 FORNATIP LY o7/ 420% " MCOEL 3YS,PRATC-21.2 *,2044)
LO4 FURMAT{ "=, 19X, "MAXMUM AVA[LABLE RATER {MM).iicescnavesananasns

)

'
F1lOa9¢/ /920X, "THETA SUB ¥V (15 BAR)4ceoroasvacenarncsnasnaacanal
FLOGAy/ /9 2NXy PTHETA INTTIAL IN 5 FT. PRLFILE MM e svieiowavna!
F1Qa4,//+20X, "THETA SUB 5 CM. LAYER.ceaasasnornscvnsansasnsnnas
FlEud s /712000 (MMl e senenanvsocssssasssresssnsaressasssrssnnna
FlCuty /712040 "ALPHA (P=Tlasneasccsencnsssvorassoranasnssssssas’
FlOaas// 20X " FALLR N sceevsuvnanaascccanncnassanenconnansaasns’
FLf.be /7 20R, " SOIL CONSTANT (MM DAY TG -1/2)ssavasncersaasasal
FlOL4y//+20%, ' % SUB 5 [IN[T.WATER CONTENT IH S CM. LAYER,nT..'
FLCady /71208, "FIELD CAPACITY e neovececcananncnanrntasacnsncncs’
F10a4s /7 p20%y 'OMTS BULTIPLIER s cussvecnsncacsvancesnnansnnvwes’

’
r
]
!
r
L]
[
L]
r
1]
r

T {'3", 19X, "THE INITI1AL LAYER VALUES USED ARE qacceevaenes
¥ OS{0 0 IXFa.2)y 41,200,

® VTRE WAXTMUM LAYEHR VALUES USED ARE.ccavvusrnssas's
® O5{T ., (LA FeL2Y /020K,

% TTHE MIMIMUM LAYER YALLEE USED ARE aieessasssans'y
A Py IX Fa 20000 20X,

® ITHE LATITUDE HSED eevevsvaraasensnanovesavseare’y
2{IRGFT.0) /74208,

INPUT FCRMAT USED eanawwead'y 20040

106 FOAMAT { Fh.L,2(F8.2),101F5.2)

Lot FCAMAT | 20112.1%1)

{15F5.0)

T OI8€ElD,4)
110 FUGRMAT('=1,33%,'TAAN PCY. TOT. INT. GRLCSS cay MIGHT 1
EITOT ', 21X, CUMT, /7, MO CAY SR MXT  MNT RAIN LAl Evap [Evase,

AP LIGHT PHCTC FESP RESP TSTR NCE LM/TR TYP
aMTs THETA K3 KEIpt,/,
(LYS) 1C)  1C)  {mmy L4M Y,
ME (MM} ME/CMON ==- e (MG/ L {CH82 ) JCAY] | mmmmmmm ',
{MM/MATIMG/CM2) (MYt p et L2000 11,
TI' 44 (2203 1FR.012F5,00F5a 1 F5.243F6.2,F7.0,

SETalsFhelaFb, 3 FE L FS20F T 1 FRLZWF5.2)

]

112 FORMATUYOTOT . e F 70, L1X, Fauta TY F4.0,F6.0,F5.0,F9.0,3F7.0,TXsFT.C.

Fo.0,F€.3)

113 FCRMATI/// 2%, 18X, TCTAL GRUSS ' 3EX, 'CUMY /.11,
BIAALN EVAP PHCTG TUT.RESP NCE OM/TRAN crr,
*GX4 PTYPY,
*/, 1% MONTH vy Tt dewa NG/ {(DMIE2] /DAY ) EwnaT,

RP2A, HINGIQCERT )P PNMIRR) Y, e 5T 1), /)

TUY "o lAeSX e FSaledd FB, 1o 2%, FTolv 50+ FElsLlXeFP. 190, FT.1,
®314,Fé,1,a%,Fba3)

115 FARMAT ("0,
KEA L, 040X, F5 .0, 1l0XFT.3)

Lla FORMATIS/, " ',

11 FIIRMA

2]
»IRESP

RAT{O

MCE

TOT o' A%, Fa 0,8 %, FS. 03X FE.C 6N FT. 0,20,

VLK "GROSS (3L, "CLY TRAN mT. RATICY,
RATIC POT L, L X, VINT L /e 10X TRHQID TUT LY,
OM/TRAN ne EVAP(2) EVAP(Z) T37E2212) !
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1

L

4

#PET/ED(2) T3I/T242) TRANLZ) 5R LIGHTY,
! TP, /,t ', 1 BMTS ',
sTwad (MG/[(DI'*#2)/CaY])saet gx 1 (NG/[CH®*I)} !, 50X, " {LYS) L

EVINEJCNCM) [MMAMBYY p /v a0 12307 _t), /)
LL7 FORMAT (' "4A4,02,F10.1,3F9.1,F9.1,FLl0.2,F8.2,3F9.2,
o FB.21F9.0:FLJ.0,F8.2)
118 FORMAT('QY, TOT . 'y FLO.043F9.3:FLA.0,FAL0,3FF.D,
. FA.0,F9.0,FL10.0,FA.2]
L15 FORMAT('-EMERGENCE DATE (FEERES= 1.0 BMTS=*',F4,2,' OAYS=1'.[13,
L ") weaa®y[3,20070,12),7,
3' DOURLE RIDGE IFEEKES= 5.7 BMTS=1.83 [AYS=',13,
BP) e 034200 /0, 02)0/y" JCINTING DATE (FFEKES= 6.0 QOMTS="',
2 F4.2," CAYS=', 03, ) weaa®p (2420412047, BUOTING DATE 1,
3 '"IFEEXES=17.0 OMIS=!,Fa.2,"' ODAYS=2' 13+ ) waue'eI3020 /121,
% /' FEADING DATE [FEEKES=10.1 AMTIS=',F4,2,! OJAY3="',13,
5 0) sewa" 1324 /*012) 4/ SUFT DCUGH CATE {FEEKES=11.2 QMrs=z!,
H Fa.2y" DAYS= 3 {3¢') sewe’  [2421'/"y12)4/,' RIPE DATE ¥y
T '"[FEEXKES=Ll.3 HMTS=',Fa.2," OAYS=",E3+') eseets 3,200/ ,020)
L2d FORMAT(8(3[2,F4.21!
121 FORMAT{I3.1x,121
122 FORMATH/ /' " (19, " IRAIGATION CATAY, ///,20%," DATE ', [2Xx,
. PEMCUNT (CMY Y, /)
23 FCANAT (' " 19X, 12,/ [24'/7" v 12,16X,F5.2)
12% FGRMAT (T{16,1%x1)
126 FORMAT ([2,6113,12,12,F6.2))
127 FORMAT [ /4'=',"0OBSERVEDC FEEKES'' STAGE MUMRERS:',a({/s," ',
* [S421'/',12),F1n.21])
129 FURMAT ('-1',19x,'NCTE: CAROS WERE DPUNCHED FCR THIS FIELD.")
27 FUPHMATI(Z212,3(1445F2.2),10(/,T5,3([6,5F3.2)1)
130 FORMAT (12476+STLXy[&yFALL)y /011X, 16,FaL1))
32 FOAMATHZ2I12,1X . TL0,02,1%,2A9,500,+763,3F6.2)
133 FCHMAT (', 11X, "CCRRECTEL MET YIFLD =2>',F£.2,
® ! CORAELCTEN FARFER'®'S YIELD =>!,Fb6.2,
* 0 OKSU AVG, YLIELD =>',Fea2,' PHIL''S YIELD =>',Fb.21
34 FLAMAT ["9%,29X,'NCTE: KS 3ET EQUAL TC 1.0'.//)
11€ FORMAT (RFL1D4¢/ 1 aF 10,41
34 FORMAT (302,711,202, T2L,4F10.1)
37 FCREAT ('1)', 29X, '"NCTEt  wEATHER VAR[ABLES wfFE STMULATED *,
PSTARTING ON O THE DATE: Tadtd2,0 200,021
138 FORMAT ('« ,|QX, %%+ ERRCR ¥#¥% HEATHER PARAMETERS FOR THE',
. ' WEATHER SIMULATION wERE NOT READ, SIMULATICN wiLL BRE ',
% "WEUNG AL LY R
00 FLAMAT (2F].0,2F5.21

g g

Q1 FOPMAT('Q',' 5UM (CYER B3MT3=2.3 TC 2¥13=3.0 £F AVG. DALLY TEMP: '

5 FL2ab/
1 fOSUM CF MDD - 5D TMIN
3 3UM OQVER BHTS=2,3 10 BN¥T5=3.9
&' CELSILS: '
3 F1Jalas/ ! SUM CF HD - 50 TMAX=-2%5:',FIN.1]
503 FCR™AT [TF10.1L!
506 FCRMAT (&(l4,2%X,31210)

LESS THAM Q:/,F10.1,/,
CF AVG. DALY TEMP 25 DEGREES!,

-SD7 FORMAT ('1%, 7352, "WEATHER SIMULATICN PARAMEIERS')

903 FORMAT (' *, 746, "MEATHER wWAS SIMULATEC BEGINMING NN:z',!13)

A0S FCGRMAT (4FGad 42X 2800

10 FORMAT ('=? , TLL, "JAN.Y T2 L4 'FEB. " T3, "MAR. ", T
. TSLy "MAY ' »THL "JUNE W TTL," JULY ", T3 L, '2UG." T

'OCT . 'WTLL1,"HOYVe ", T121,'DEC. ")

711 FARMAT ['NPL Yal! CRY* L L2F10.4,4/7° WET'y L2F 10. %,/
* TUALPHAPRY, /! GRY'" + L2F 104+ /" WET', 12FL0.%, /,
. 'UBETAR Y,/ TRYT P LEFLC. 4 /0! AET ', 12F 1040, 7,

4l "APR,",
SLy"SEPTL W TLAL,
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712 FURMAT |

148

TNALPHAR Y, /
BETAR '/,
AMNOFR! , /.
AMXNFRY /,

DRY' ,12F1C.4%-/,
CRY' s L2F1C.4+/:
CRY ' ,12F10.4,4/,
CRY',12F1C.49,/,
AMAXY ' ,/, CAY' yL2F 1.5,/ HWET" 4 12F|Q.%)

[QMAXT ",/7, CRY' W L2F 1 0at,/, WETY L2FRID. 0,/

' ' WET' (L2FL0.4s /s

L) L)

L L]

L L)

’ ’

L] L}
RMTINT "W/, " CRY T, 12F1C.4 /" WET',12F10.4./,

1 1

’ L

' +

L] L]

' L

1 1

WETY s L2F 10244/,
WET', L2F10.44 7y
AET' y12F10.%,/,

L

SOMAXY Y, /, CRY Y ( L2F10.u4+ /4, WET Y, [12Fi0.6,/,
SDHAXT® , /, CRY ', L2F 10,44/, WET'y L2F1 0.4, /7,
SOMINT?Y o/, CRY ' ,12F1Catb s/ WET' LIFL0.4%,./,
ceyY1 Yal ORY* y L2ZF LQ.4 .,/ WET'+L2F10.49,/,
ccT il CREY 'y L2F 10,44/, WET"y 12F10.4,/,
CCY 12 '/ CRY'", 12F1N.4 4/, WET', 12F10.41

+ 4+ s e & W .
- = % e A = om o 4w ow o~ o

F13 FOAMAT {'1 A 8 C X Nb: ',6F|N.49)

1500 RETLAN

OO0

[sREsRealsl

[EE R aNe]

ENC
SUBROUTINE EMRGIMAXT »MINT KSID,KSWAT, THOLNDLLAPPLAPL , JLAT,

SUBRCUTINE E£“RG COVERS THE PEAICC CF TIME FIGM ENERGENCE T8 THE
AEGIMNING CF TILLERING. [T [5 ROUGHLY EQUIVALENT T} STAGE UME CF
ThE FEEKES SCALE: CNE SHCCF, A NUMBER OF LEAVES LAN Be ACDEC.
230 THEHMAL UNITS ARE NEECED 70 CCMPLETE THIS STAGE,

$ TUTILL, TLLEAF ,J)
REAL MAXT, MINT,K530,K5#AT (31, TNOL3E],
$ LNO(3IL) »LAPPLIL), LAPLIBL) »LATIILY yTUTILLI3 L), TULEAF(3L ),

5 LAINX NTNUPP

COMMON JAREAL/TL T4 LAINMX ,PLDEN, [LAST,YLAPL,MTNNPP, SLOPE,FTNLCPP,
£ YLNGC,YLAPP ,JUSDATELA}TTZ,1T3,75,7¢&,TFALT

CALL SLMTUIMAXT MINT ,KS30,K5WAT 4TI

TNGGJr=1L,

LNGIJ}=.0120622+TT2

TFIT1.GT.230.) LNCIJ)=2,7754TNGL J)

LAPP LI 1=1.014365*NO(2)#2] ,2035T7#1FACT

LAPL 1 Ji=1.

[FILNO(J) WGT 0] LAPLILI=LARP L) /LNGLYD

LAl 15 BASEY ON TOTAL LESAF AREA PER FLANT WHICH [S JALCULATED
FRCM TCTAL NUMBERS OF LEAVES PER PLANT AND [S LIMITED BY
COLD TEMPERATURES.

JLAIUJI=LARPRPL{ ) #PLCEN

lLast=1|

{F{7T1.(T.230.) TT2=1%50.
FLELLL Y =TT2

TULEAFL1J)=7T3

TFLLATI D) LGT.LATMX) Lalka=gLaltly)

RETURM

ENC

SUBRCUTINE STC2IMAXT (MINT (KS30,KSHAT  TNG LN, LAPP,LAPL,JLAL,
$ FUTELL, TLLEAF I

SUARQUTINE STG2 COYEAS rHE PEATOL CF YEGATATIVE GARQWTH UpP TN
COUELE RIDCGE.

REAL MAXT MIMNT K530 KSWATIZL ), TNC(3L
H LAUI3RT LAPPI3L ), LAPLIT N s dLALL
$ MINCPP,LAINX

COMMCN SAREALSTE, T4 LATHX PLCEN, ILAST,YLAPL ,MTNUAA , SLCPE,FTNLFF,
3 OYLAC, YLARP L, USCATEIS ). TT2,T73,T75,T76, TFACT

‘e
3LbeTUTILL 3L TULESFIZL ),
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CALL SUMTUIMAXT MINT  K53C KSWAT,J4T)

TILLERE ARE ACLED AT A LINEAR RATE WITH THEAMAL UNITS FOR ThE
FERST 200 THERMAL UMITS, THEN TILLERS ARE ADDED EXPONENTIALLY »(7H
THERMAL UN[ TS5,

OO0

IF{TT2,.LE.300,.) TNCIJI=TFZ/ 100,
IF(TT2.6T.300.) TAG{J)=.T156¢EXP(.004815¢TT2)
ANCHJI =2 TTS¥THOL U

LAFFIJ)=1.0l%3450 LACL])*%].,209577+TFACT
CAPLIJI=LARP{ JI/ULNC LI

LAT [5 CALCULATEQD AS IN EMRG, FRCP TCTAL LEAF AREA PER PLANT
whifF [3 CALCULATED FRC* TGTAL MNUMBECR COF LEAYES PER PLANT.

O OO0

JLALTJI=LAPP L JV«PLUEN

TLYILL td)=TT2

TULEAF[J)=TT3

[LAST=2

YLAPL=LAPLIY)

[FLJLATCJN OTLATMX) LATMY=JLALLY)

RETURN

END

SUBRCUTINE DROGIMAXT MINT, K530,KSWAT, TN, LADLLAPP,LAPL,,JLATL,

SUBRCUTINE DROG COVERS THE PERICGD CF TIME FRCM 3SOUBLE RICGE
[TACC=1.83) UNTIL JOINTING.

O On

3 TUTTLL» TLLEAF,J)
REAL MAXT, MIM1,KSID,KSWATI31) ,TNG(3L
b LAGIIL) yLAPPIIL ) LAPLIBLN,uLALL
3 ¥INCPPR,LalrMX

COMMUN ZAREAL/TL,TasLAIHX,PLOEN, ILAST YLAPL ,MTNUPP,SLOPE ,FTNCEF,
3 OYLNC,YLAPO , JSEATE(A),TT2,TT3.75,Th, TFACT

CALL SLMTUGHMAXT,MINT XSICKSHATJ,T)

LFUILAST WNEL2) GT TO 197

YLAPL=YLAPL={ L, /TP an !

[FILAIMX GE,. L 6] TT3=LCra(ALOGIYLAPL/.13531H/AL0GI104)/.59362)+7

ITFCLATHY . LT.le6) TT3200%2 {ALOGIYLAPL/ 31468/ AL0GI 101/, 951D+ T

100 IF{LAIMYX.GT. 1.6 LAPLIJ)I=,1A531aT 13 503482« JFACT

[F(LATMX LT L.&F LAPLIJ)=,016A%T 3% 35124 TFACT

[F{TT2.LE.3N0L} TANC(JP=TTZ/100. ’

[FITTZ2.37.300,) THO1J]l=.T156*ExP[.07480¢*TT2)

LACTJI=TNOtI)I=Z.TT5

LAPP(Ji=r Al J)=LHCT J) =

’l
3L, TUTILLI3L) , TULEAFI3L)

LAl IS CALCULATED FACM TCTAL NUMBER [F LEAVES PER PLANT{LNGC)
ANE LEAF AREA PER LEAF {(LAPL) WHICH [NCREASES EXPOUNENTIALLY WITR
THERMBL UNITS.

OO0

JLATII I=LNMOLtSI#LAPL I J)#PLCEN
TUTTILL (=TT 2
TULEAFTY)=TT3

[LAST=2

TFLIJLATC) LG LATHX) Lalre=JLAL L)

RETUAN

ENG

SUBRCUTINE  UNTIMAXRT  MIMT KSIO K SHAT o THO LAND (LAPP, LAPL,, JLAL,
1 TOFILL, TULEAF, J)
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110

121

Qaao

SO O0

SUBRCUTINE JMT CGVEPS THE PERIOD UF TIME FROM JDIMTING UNTIL BCCT.

REAL MAXT MINT KSIC,KSRATIIL),THALIL),
b1 LAO(3L) »LAPPIIL ) LAPLIIL N JLALI3L ) TUTILLE3L)TULEAFLI31),
$ MTNOPP,LA[MY, MXTNG

COMMCN JAREAL/TL,TaLAMX,PLDEN ILAST YLAPL,MTNOPP, SLOPE ,FTNCFF,
$ YLNC,YLAPP,JSOATEL6) ,TT2,7T13,T5,T6,TFACT

CALL SUMTUTMAXT, MINT KSIC,KSHAT J 1]

[FITLAST.EQ.4) GO 10 109

CN THE FIRST CAY CF JOINTING FINAL TILLER NUMAERS ARE CALCULATED
FRCM rCDAY'S MAX[MUM TILLER NUMBERS. TI[LLEAS ARE SHEQ WITH
TRERMAL UNITS FOR £4C THERMAL UNI[IS.

THO(JY =, TL562EXP( . N068]5¢TT2)

MU TNC=TND L) #PLOEN®LODND,
FINGSM=23.5782MXTANCR*, 701
FINOPP=F TNUSM/ (PLOFN#*LCOCC.)
MTANCPP=MXTAC/{PLCEN*LQD00.)
SLOPE==L*(A(NGIMINOPPI=-ALCSIFTNDPP) ) /240,

15a1

GO0 TG 101

IFIT5.LT.0404) TNCIJ)I=NTNCPPEEXP [SLUPEXTS}
[FITS.CE.H4T.] TNGL{J)=FTNCPP
LACTJI=2.775*%TNOTJ]

IFILAIMX.GE. L) LAPL{J) =, [8S31#TT3*%,50262=TFACT
IFALAIFPX L Tolat) LAPL{J) 2 0L6ROTTI¥* 3512%TFACT
LAPPLUI=LAPLL ) oLNC IS

LAT [S AASED ON TUTAL NUMBER NF LEAVES PER PLANT !LNC) AND AVEFACGE
LEAF AFEA PER LEAF tLAPL) USED [N SUBRCUTINE BRDG.

JLATTU)=LNOTJ)*LAPL L) *PLLEN
TurleLL i =172
TULEAR L) )=TT3

TLAST=4

AETLRY

:h'c

SURRCUTINE DUAT{MAXT  MINT (AS30 KSWAT, ITNQ,LNO,LAPP,LAPL (JLAT,
% TUTTILLs TLLEAF 4 Jd}

SURRCUTINE 3007 COVERS TFE TIME FACM 2CCTING UNTIL ALL LEAVES
APE CEfD.

REAL MAXT MINT K530, X5aATEIL), TNCH
5 LAGE3LY, LAPP 3L ) LAPLI3T ) »dLA
5 MINGPPLALMY

COGMMON ZAREAL/TL T4 LATMXY PLOEN, TLAST YLAPL ,MTNIPP ,SLOPE ,FTNCFF,
5 YLANC S YLAPP,JSOATE(O) ,TT2,T73,15,16.TFACT

CALL SUMTU(MAXT,MINT,KS3C,A5WAT,J,T1

[FIILAST.EN.5) GC TG 109

T4=3,

[FILAINXLGE.L 6} ATLAPL=  JASIL#TT 2w S51428TFACT

TFILAIFX LT Leh) BTLAPL=,Cl684TT342 . 9512*TFALT

IFITS.LT.£40.) BTTNU=MTNCPRP*EXP( SLOPE®[S)

TF{TS5.GE.642.3) BTINC=FTINCPP

ATLNC=2.775+*81TND

BTLABP=ATLAPLABTLNC

LAPL LI =8TLAPL

LAPS L] )=0TLAPP

1L,
[4211, TUTILL(YL) W TULEAFL3L ),

150
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LNCIJY=8TLND

TNC1J)=BTTHY

GC TC 200

[FITS5.LT.6404) THU{J)=MTNCPP*EXP{SLCPE4TS5]
IFITS.EFR.640.1 TNClLJ)=FTNOPP

VALUES FOR LEAF AREA PER LEAF {LAPL}, LEAVES PER PLANT [LNCI,
AND LEAF ARFA PER PUANT [LAPP) DECREASE LINEARLY WITH THEPMAL
LMITS FOR S11 THEPMAL UNITS WHENM THEY ALL REACH ZERM.

[FITa.C7.5LL.) Ta=511t.
LAPL(J)==1*3TLAPL*T4/5]1, + BTLAPL
LNCUJ) =BTLNO® (=1 )®T4/511, +BTLNA
LAPP (J)==| Y9 TLAPPaT4/S11,+3TLARR
JUATLSLAPL LI sLNDT Y eP L OEN
TLFILL(Jr=1T2

TULFAF(JI=TT3

[LAST=S

RETLRN

ENC

SUARCUTIME SUMTU(NAXT,HIAT,K33Q.KSKAT,JW T}

SUBACUTINE SUMTI) CALCULATES ACCUMULATED THERMAL UNITS THAT DRIVE
THE CTRER SUORQUTINES.

REAL MAXT  MINT, LAINMX,T,K530 :KSWATI[2]],MTNCPR
COMMCN JAREAL/TL o TO,LAIMY,PLOEN, [LAST , YLAPL MTNOPP,5LOPE,FTNCPF,
$ YULNC,YLAPP,JSCATELA), TT2,TT3,15.,Té&,TrFACT
Tua=pMaxT

[FIVMAATLGT.30.] Tx=30.

T=(Tx+MINT1 /2,

IFITLLT.0.1 T=0,

TFIMINT.LTLOL) 2172,

IFILAINX.LT.Llaét CFACT=1L,

IFILAIMX.GE.L .O0) CFACT=T  JLleLAIMXse({-&,£2)
[FICFACT.ILT..01) CFCT=.11i

[FIRSAT.LUT..20) K3WAT(JI=1.

TRF{r330aLEea2t KInAT{J)121,I0*K530+.5
Tl=71+1

TT2 CPIVES TILLERIMG AND LEAF PRGCZUCTION PER OLANT.
TT2 [5 LIMUTED BY INTER AND [INTRA PLANT CCMPETITICN ICFACT)
ANT 2Y JATEY STRESS (KSwiT).

T12=TT2+TeCranisksmat{dt
TT3=772+7

Ta=Ta+1

T5:15+1

Ta=2T4+1

[FIMINT.LEe=3.) TF1=.995
[F{MINT.LE.-3. ANL. LAINX.LE.1.Q) TFl=.99
IFIMINT.GT .-3.) TFLl=1.
[FIT€.CGE."0.) TF2=1.05
[FITHLLT.20.1 TF2=1l.
[FITEGR.4D,) Th=0.

TFACT AFECUCFS LEAF APEA FER PLAMT CURING STG2 AMD LEAF AREA FER
LEAF ULRING DRBG 8Y L& CR .52 CEPEACIAG GN MAX[MUM LAL CN CAYS
AFEN TEMPCRATULFE CANPS AELCW -3 JESRESS CELCIUS. TFACT ALSC EECIAS
T0 REPAfY THIS CAMAGE BY .54 AFTER ELVERY &0 THERMAL UNITS (Tél.



TFACT=TFACT*TFL¥IF2
TF{TFACT e T.1a) TFACT=1.
[F{TFACT .LTaal) TFACT=.1
RETURN

ENC

Cermmmem———=(  COMPUTATION CF DAY LENGTH Jee—acoo o mmemeec—c—m—aaeaoae
C
SUBRCUTINF CAYLIT (MMC,JJ3.LAT,OL)

REA, P[/3.141593/4ARGL.ARG2,CL,LAT,TC
TNTEGER MCH,JJJ.M¥C

')

BCNapC

ARGL={PT/180.)#LAT

[F [MCQNLLT3) MON = MON + 12

DL=MCN*30.56+ 1JJ-9].3

ARGZ2=20.017Z+%DC-1 .55

IF ILAT.LE.%2.) DL = 12.14#13,378TAN{ARGL))*CUS{ARGT]

IF (LAT.GT.40.) DL=12.25+(L.0l64+1.7643 (TANLARGLI)**2)*COSIAFG2]
RETUAN

END

SUBRUUTINE DAYO{THEVAL ;RAINIVAL ,RUNCFF,CO,THENAX)

SUBROUTINE TQ CCATROL A RAlM.

[z NpNniel

Te e

QTIMENSION THEVALLS),ZvaL (5], THEMAX([S)
INTECEF CO15)
IF(RA[M.GT25.41 GC TC 3
R=RAI[N
RUACFF=21,0
GG 1C 4

3 P=2S5.47(RAINI2S5.4)0e TS5
AUNCTFE2RATA-R

% 00 S [21,2
Cr={ 5=THEYAL{T) 22y aL ()
IF (R LT.CX) GO TU &
TREYAL (T I=,5
Clll)=l
R=R-{X

5 CCNTINUE

RLANCFF =R ¢RUMUFF
cC 1C 7

6 THEVAL 1) =THEVAL{ I +{R/ZVALLIT )
1IF (THEVAL{[1.aT.THEMAX{T}} CD(L1=2

7 RETUAN

EAG

R

(2 Nl

SURRCUTINE DAYL{THEVAL,IVAL,ORALN,CD,THEMAX) |

SUARCUTINE TC CCMTRCL DARAINAGE.

[ En NNy ]

T e e

[NTEGER CDI(5)

DIMENS [ON THEVAL[S5), ZVAL(S), TAODTS) - THEMAL (S },A0015)
ORATA=R,D

D0 4 1=1l+5

152
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Tacciri=2.0
TAQGL L) =DRAIN/IVALLL L
TCK=THEVAL([)+TAQE( )
IF {ICKJLE..5) GC TC L
CRAIN={TCK=.5)*«lVAL(])
ACCU)=TADDI[)=(ORAIN/IVALIL))
G102
L CAAIN=C.O
40CL1) = TADODID)
2 PiF LTHEVAL{T) LLELTHENMAX(I)) GO TC 4
TF ICCU1).LT.2) GO TG 4
3 ORAIN=[THEVAL([)-THEMAX [ [))*=ZVAL(1)+DRAIN
TREVAL ([ I=THEMAX( |)
CCill=¢
4 CCNTINLE
CC &6 132,5
IF [TALDCLII.EQ.D) GU 19 &
THEVAL( [ I=THEVAL{ [1+ADROL])
IF [THEYALCL) LGT. TRENAXI[)) COILI)=2
IF {THEVYAL{1!.6T..5) THEVaLI[}=.50
6 CCNTINLE
RETURAN
ENE
SLARCUTINE DAYZ2(THEVAL,IRAIG ) IVAL ,RUNCFF,CC, TFEMAX]
JLIMENS [ON THEYALIS), ZVAL (5], THEMAX|S)
REAL IRAIG
[NFEGER COU5)
R= [RR[{
aC L [=1.3
CX=(5-THEYALI L)Y *ZVALIT)
[FIR.LTLCK) GO TO 2
TEEVALI(L}=.5
Coini=2
RaN=[K
L CCHTINLE
RUNCFF=R +HUNCFF
64 rc 2
2 IREVALIT)=THEYAL ()2 /7vAL{T)
[FITHEVALI () &GTL THEMAXA L) COUT)=2

1 RETUAN

ENT
C uwia

FUNCTICN DELTA(T)
C WA

OELTA= 1L 1554160 ~1190)~(|.5F=5]% (Ta9a3} |s({, lE=ql%{T=44]]

* 4+ ,40646(082112

RETLEN

N0

FUNCTITN SSTARITTY

REAL TT
c
C-=————~{REF: MURRAY, F.W., 1567. UN JHE CCMPUTATIAN COF SATURATIQN)=—=-—=-=
C-———-1IVAFGF PRESSURE. J. APPL. METECUR, 4:293-206)==mmmmamm———e
c

ESTAR = 6.107A*EXPII17,265+TTI/(TT4737.3)1}

RETURN

ENEC
[ serean
c crane

SUBNCUTIMNE EVAPIFLAG LAT  AMEST, ES,U,CNST.COUNT, 5SS DRY,COVEF,
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LOAYT ,TAU,5CYSCR)

SUBRQUT INE: CALCULATION UF SDIL EvaAP,

REAL LA!,MRNS
INTEGER FLAG,DAYT,3GYSCR
GC TC {2.64+645),SOYSCR

FMIR SGYREAN AND WHEAT

{F {COVER.GT.LAL) TAU=.3%52
GC 10 2

FCR CCRN

TAU=EXP{=,339*0RY ), 1434}
IF [LA{.LE.Q.3R) Tau=l
IF ICAYT.GT.90.ANC.LA[.LT.3.6T) TAU=,270

SHETCH A5 7O WHICH SCIL EVAFCRATICN FARMULA
0 USF

IF {FLAG-1) tp}!]
ES=TAa*S502RM/58.3
EST=EST+ES
[F {EST.LELU) GO TO 4
FLAG=2
ES=E5*C.A
GG TC 4
ES=CNST*(SQRTICOUNTI-SQATICAUNT=L.0))
CCUAT=CCUNT*+L.0D
MANT=TAY=PN/SH.3

[F THAIAS.LT.ES) EZS5=MRNS
PEILRN
ENC
FUNCTION SAMMARCALEMABETA MO Uy [X.L)
OIMENSICN ALPBALLZ, 21, RETA{LZ,2)
INTESER 1X
agag U
{=0.0
A=ALPHAING, U
F=K

[F {K) 373,303,301
ARC0=1.D
0aQ 322 L=l.X%
CALL RANCUML IX, U
0qGh=2AC0*Y
{=-ALOGIPRODY
O=ALFHAIMO,JF-F

fF (D) 309,318,304
A=1.3/C
8z21.C/(1.0-0)
L=1
CALL RANCUMA XU}

15 SECTIQOM QF CUNE MUDIFIEC THFE CALCULATILIAN OF x 100 AVOID JNUERFLCW WHEN
U MAS RA[SED TZ THE A FUWER. IF THE WALUE CF U *» A WAS TCC SHALL,
LERC WAS USEN.

154



a = =%3 / ALAGIQ(U}

X =N,

tF (A LT, DAY X = 4y 8= A
CALL RANGUMIIX,1))

[of
C TRI3 3ECTINN OF COGDE MNDIFTED THE CALCLLATICN NF Y TG AVOLY UNDEFFLLW WHEN
c 1) WAS RAISEC TC TrE B FOWER. [F THE YALUE OF 1) % B WAS TCC SMALL.
C LFRC WAS USED.
i
He = -5 /4 ALCGLOIU)
Y = X
[F (B LT, UB) ¥ = U *% p « X
TF (¥=1471 307,307,304
06 L=L+2
GC L 295
1T w=ASY
CALL RINDUNIIX,U]
¥ o= =AaL0G{ud
GANMAO=(Z+WeY )ERETAIMC,J 140,005
RETURN
108 GAMMAD=[ABETALMU,J1#+0.0C05
RETULERN
END
c
g
SUBRCUTINE HFUMNC (![.QASET.HUNITSI
COMMOCN /CLIMAT/ TEMPNXI341), TEMPMNLIETY  THFACTA)
1F {TENPHX[IT.GT.OASET) ¢O TG 29
HUNITS =20,
GC IC 20
29 1F (TEMPMMIII).LT.BASET) O TC 40
HUNTT3= [ TEMPHUN L[ [ ) TENPMX T/ 2.-8A8ET
GC 1C 29
an RUNLT3=0.
c
ne HC J=L. 8
FTEMP=TEMPMN (I L v ITRMEMX L [T)=TEMPMMNLT [ I=TMFACLY)
|[F (HTEMP,LE.BASFT) HIEMP=HASET
FUN IFS=HUNITS+HTEIP-AASET
Al COCMNTINLE
HUN[TS=sHUNITS3/3.
i) RETUFRN
EMD
C
C

SURBRCUTIME JIMCLAL,PLAL, INTL,GRCSFH, TRESP,MCFR, T, COM SRy START XS5
REAL LA[,5RPLAL,INTL,GROSPHWTRES? INCEDMLLUM,KS
DEAL PAR,PCTINT ARG
{MIEGER START
IFILAL.ES.N.0) 5C TO 99
3TART=]
Pan=1].3%58
[FILAT.GE.PLALE GO TC |
ARG=1l0*L Al
PCTINT=3.31*ALCGIARG)+H1.6
GC 10 10
1 IFILAI.LE.2Z.TY G0 TC 2
[FILAL.LE.5.2}) GO TT 3
PCTINT=95.
66 IC 12
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2 PCTINT=32,9%LAl+.46
GC TC 19
3 PCTINT=1.27*LATl+8B.4
13 INTL=PARSPCT INT*.01
IFUILAT.GE.PLAT.CRALAELGT.3.5).0R.INTLLGTL5E50.) 20 TO 20
 GRCSPH(S.9LE~LTF*INTL#*5,.(56)¥KS
GC-1C 20
20 GROSPH=( .T7LS*INTL*»_ 724) x5
30 TRESP=,24¢GRUSPH+4.455
IF{TREEP,LT.Q.Q) TRESP=0.0
NCE={HRCSPH=TRESP
OM= .00 TaNCE

CCF=COM+OM
CC TG 100
99 [FISTARTLEQ.Q) SC TC L0
INTL=0.0
GRCSPH=D,0
TRESP=0.0
NCE=N,.0
OM=1.0
100 RETURNM
EAC
C
C
SUBRCUTINE JULTANIICAL, IYR, [PUD,IPCAY,JJDAY)
c .
[ SUBROUTINE JUL{AN
Co—w===> | THFI[S TAKES [15 PARAMETERS: [PMC TPCAY ANO [YR AND |} C=mme—e
Cm=====> {CINVERTS IT 10 JULLAN DAYS, RETUANED [A JJDAY ] o=
C
5 VARIABLE CESCRIPTICAN:
C CAL AN ARRAY GF 12 NUMBERS CORR. T MCNTH DAYS
c 1ADD VARTABLE COMTAINING:
C L FQR LEAP YEAR ExTRA DAY
C 7 HOY LEAP YEAR, MO EXTRA DAY
[
SIMENSIOM [CALI1Z2)
K={fNg-1
JJoAay=(
IF (¥ LEG. 9} GO TN 12
00 1 [+1.K
JUCAY= JJOAY*ICALLED
1 COCNTINUE
L2 JJBAY=JJDAY+{PDAY -
JACC =2
[F (MOC{[YR,4a) LEQ. 01 [3({0=]
IF 11PNQ .GT. 21 JJDAY=JUCAY+|ADC
AETUFRN
END
SUBRNUTINE POTEVAILAL+CFLAG, RN, 53R, ALPHA,35D.EQ,DAYT)
(=4
Co——-=={SUBRCUTINE IO CALCULATE PGT, EVAP,)-————— e -
c
QEAL LAL
INTEGER CFLAG,OAYT
C

IFICFLAGLEQ. L) GG O 14
1FICFLAG.EQ.2) GO T0 2
TF{CFLAGLEQC. 3 ST TC 3
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FOR CORN AND SCRGHLM

TLAEaL AL

IFILAL.CE.3.} TLALI=3.
RN=_855#«SR—-{04=40%{TLALI/2, 342
GG TC &

FCR SCYBEANS

IFILALLLT.3.) RM=.7248%5R=-50,11
IFILAl ZGELd.} AN=,A8049%5F-135,97
GG 10 4

FOR wWHEAT

AN=,3679*SR-1613.54
[FICAYT.LELLGRIRN=,9983%8R=-213.10
[FICAYT.GT.202)RN=,5258¢SR~157.42
EC=ALPHA®SSD®AN/S8.3

AETURMN

EAE

SUBRGUT INE RANOUMI [X,U}

[x = 1 % £5539

19 (01X JLT. Q) 14X = IX # 214T4683&47 ¢ 1
U = IxX

U= L * 465641369

RETUFRN

END

REAL FUNCTION SFACICLl,C3.{5)
Ca=1.0Q

[F (Cl.LT.E3) 50 10 29
SFAC=(C4

RETURN

AFAC=CI|Ca=C5) /03405
AETUAN

EAC

SURARCUTINE SCRGPHIDAYT MAXT (MINT,PTMINeSGIA,SGSAINTL 3R LAL,
*GRCSPH,DAESP ,CL,CCM. NS, NFESP, CM,PLAT,LAIMAX ,FLAGL ,PNTEMP ,X5)
REAL MAXT MINT,PTHIN, [MTL 32 LATGRCSPHICRESPACLCOM,NCE,
®NAESE, CM.PLAT  LAIMAX K

REAL DTEMP NTENMP, LM, TSTR (FRTEMP LYLAL

INTEGER S5GS4, 5G30,0AYT,FLAGL

OTENP= {2 #MAXT +PTM [N}/

NTEMP= (MAXT+ZeM[NT) /3

LMLAT=CAl

IFILMLAT.BT.6.85) LNLAT=6.065

IF{CAYTI.EQ.Q) G 1D S9

LM=1.0

IF(CAYT,.LT.5GSA) GO 1O IC

IFI{FLACL.ED.1) 6O TO L2

IFfLal.LT.PLAL) GC TC 13

GC T lAa

LA[MAX=PLA

FLAGL=!

LM=.,754,25¢(LATI/LAIMAX ]
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La

29

La

31

14

il
L5

17 ORESP=CL=(.)L156 7*GROSPHILMICOM™ [ ,002555+. 0001290 TEMP +, 01006 7

39

20

21

22
23

11

12
P

IF(CAYT.LT.5658) GO f0 29

INTL=. LO65#GR* (7T .08+, 6GLMLAL)
GROSPH=2000#*! | =L XP{=-,000C8954 [NTL) ) *KS
GC TO 20

INTL = IN654SR*38.4 364 ML AT*2 406
GROSPH=2N00%{ 1-EAP{~-.00ICEI5# [NTLI)*KS
cC Ic 10

INTL=. 1065¢5R*38.436% LN A[*% . 436
GROSPH=20008 (L -EXP (= ,0COCED* [NTL)I®KS

IF{MAXT.GT.33.) GL TC 16
GC TC 17
[FIMAXT.NE.MINT) GC TO 11}
T5TR=0.0
GO 11 15

[STR=ANMAXT=33) /1 (MAXT=.54F[NT-.58PTM[N))

GROSPH=GROSPHA(1-1STR}

- SUTEMP*»2) j#{-1)

NhFSP=IE4-DLi*!.ﬂllh?‘(GRGSPH+ORE59'*LH*CDP*!.002?55*.000123*

L3 ATEMP+.0NOQGT*NTEME®#Z ) (- 1]
NCE=GROSPH#DHKE SP +NRE 57

O¥=.00&7*NCE

CON=CUM+DM

PNTEMPzNTEMP

RETURN

ENE

SLORCUTINE TOMUFLAGL »LAL PLAT K, TACL ,CRGS5PH,5R,MAKT,DRESP,CDLM,

*OL ,NREZP NCE DMy HINT ,PTYIN,LA[MAX,KS)

REAL LAL,PLAT,TALC,GROSPH SRy MAXT yCRESP \COM:OL NRESP ANGCE ,OM, M INT,

SOTEHP , NTEMB, LAIMAX,PTMIN, LAY, XS
REAL TL,TM+TSTR,TSTRL,T5TR2
INTEGER FLAGL &

CTEMP= (24MAXT+PTMIN+ 29273 15} /1
NIEMF={MAXT+2&M[NT+34273,15)/1
IFi®AXT.GT.22.1 GU 10 29
tc=21,

1512 1=].

GL TC 2L

IN=(PTMIN+MINT) /2

[F [TH .6T. 23y TN = 23
TL=NAXT

IF{TN.LT.5.) TN=5,

TSTRL= | —{MART =22, ) /(MAAT=TH)
[FIPTHIN.LT.S.) GO TC 22
TSTR2=].

cL TC 23
[STR2=1={5.=PTHRIN}/LTD=RTN(N)
[LAL=LA]

IF [%AxT LT, 5,3) TSTRZ = 3.0
TSIR=TSTRL4TSTR2

[F IFLAGL.EC.L) GC TQ 12
IFIKeGE AN LAFLLT.PLAL)Y GD TO 1L
GC TC 12

LAIMAX=PLAL

FLAGL=]

CC TC 1142:3:34h45481,K

IF (LAT.GT.L.5) 50 TG 12
[LAE=[LA[+,2

1F [TACLLGT.%.5) GC TC 14
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[ RS Nl

Y

[gRaNal

cC Y€ 2
L3 [LAl={LAT+.3
3 [F (LAIL.LE.L.5) GO TO 2
IFIILAT.OT .4.62) 1LATl=4.62
CRCSPH=[1QL2~10L2%EXP(~.0N55 %R+ ST390 ] LA 8 ,3254) )=KS#TSTR
[F {TACL .GT. 3.0) GROSPH=(LO1Z2=-1012%EXP1~-.0055%5KH*_ 95) }2K541%1R
GL TC 17
L4 GRCSPH=0.0
GC T1C 16
2 [F (MAXT.LT.S.OF GO 70 L8
GC € 19
L# GRCSPH39.0
o6 Ya 1/
L9 IFEILALILGT.4.62) ILAI=4.62
GRCSPH={440=04 0% EXP{ - ONZE®SA STI9*{LAI**,3296) 1 %KS
* *T5TH
IFITACC.GT43. 2)GROSPH= {44008 00 EXF = JO25 SR, I3 [LAL+® .0 )] #K§
1 #S5TR
17 IF (FLAGL.EQR.L) GC TC LA )
DRESP={-,27601-.014775*GRCSPH-,0023299CDMa(1+.0035097«0TEMP+
¥ LODDLQTEMBAZ | ) e0L
NRESP={24-DL)*(=.27601=.016775*(CACSPH+CRESP |=.002329+C0M
. +{1+,003598 #*NTEMP+,0001*NTEMEs22])
GC 1C 1
L& NRESP=1~-.2T60L=.0147 TS+GROSPH=.0GC23253C0M={[LAl/LAIMAX )
* [1+#,0N3SQ8T*OTEMP+ QDO L*2UTEMP®e2 | )DL
NRESP2{(24=0L )8 (=, 27h01l=.0lal7Se{ CRCSPHEIDRESP I=,0023290C M
* TILAT/LAIMAX 1 #{ 1+ .00350AT«NTEMPs . ONOLANTEMP®2})
Il NMCE=GRCSPH+URESP+NRESP
CM=NCF*,00487
CCN=CDN+OM
PETURN
ENE
SUBRCUTINE TRANS{MXHZC KS ) LA[TALPFARNGSS50D,TAU,
LALPHAV (ORY, 50YSUOR+ T2, TGOO » TACC ,FALLAT)

SURROUTIME: CALCULATICA CF TRANSPIRATICON

Tasas

REAL LAT MXH2C,K53,T2,TGDC,TACC (FALLRT
INTEGER SOYSOR
GO TG (lsls3sad,SCYSCR

FOR SORGHUM AMC SCYBEN

I rag=gxA(-.19R¢LA])
TF {Lal=-2.3%) 53,551,351

FOR WHEAT

3 TAY=EXP(-.T3IT*LAL)
IF (TACC.GT.3.GP.LAE.GELNL.25) GO TD 32
G T0 s
19 [F ITACC.G6T.4) GO Ta 52
GG 1C St

FOR CCANM

4 TRY=2(A ]
TAU=EXP({~,3IRI*CAY+},14638)
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52

95

949
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IF (LAl .Ed. 0.0Q) TaU = 1.0

IF (LA{ .6T. 0. AND. LA LT. .49) TAY = .95
IF (LAJ.GE+Z245.0R.TGOD.GEL1400.} GO TG ol

GC TG 50

IF [LA].LT.2.5.AM0.TGD0.EE.2000) GC Ig 50

GO 7O £t

T=KS#ALPHAY*{1.0-TAU)*SSC*AN/58.3

GG TC %9

T=KS#[ALPHA~TAU) *SSD*AN/SE,. 3

CC 1C 59
T=KS®ALPHAVE (L -{EXP{-.T3IT*LAL}]))*#5SC*ANSS5ALD
GC 7€ 89

T2 SaALPHAY® {1 ={EXP{=,3982 A1) ) ) #3550 +AN/58.3

[F (X5.EQ.0.0) GO TC 98
T2=T*1/KS

GC 10 57

r2=0.0

RETURN

EAC

JPUATED VERSION OF CLCKER {1viC.1 3/12/20)

PURPOSE CALCULATE PART TF BIC~-TIME TODAY.BAIER MODEL
DESCRIPYIDN OF PARAMETERS
COEF: COEFFICIENT TC CALCULATE TIME
TN: MIN TEMP
Ta: “Ax TENP
oL CAY LEMNGTH
TACC: TQT4L QF T1IrE FARTS
T0AY:! TACAYS TIME PART
K: INCEX [NTO COEF
SURRCYTIMNE CLOKERICOEF , MINT MAXT,GL, TGAY K, MULT,TACC (CLCCK,MNC,
® JJJWYEAR(SYR,,SMC,50AY, 3CLK, [CoUMT,
- RELGKAY, JOINT,SDATE,PCA)

“a e

REAL CCEF{A4R] s TNSTX DL, TOAY MULT ,TACC , KAY &) MINT,

§ MAXT LA MY MINCPP

INTESER X ,CLUCK MM0, JJJYEAR,SYR{A)+5MO(4),508Y 161 .5CLKLEAL,
* [COUNT RFLG.OATE , SDATELT)

LCGLCAL®L JUINT

CLMMOM ZAREAL/TLyTa LATMA,PLOEN, ILAST,YLAPL ,MTNOPP,SLOFPE,FINCFF,
3 YLNC YLAPP, SCATEIR),TT2,TT3,T5,Th,TFACT

DATE = [YFAR=11QQQ) + [MMCELIND) ¢ JJJ

FX={{9./3,1«MAXT )+32,

TN2([9«/5.14MINTI#32,

FINC DAYLENGTR CCNTRIBUTICN TO BI0-TIME

Vi=CCEFIN, 2)#tDL-CUEFIX, 1)) #COEFIX,2 9|0 -COEFIK, L)) *n
IF{vl.lTa2.) V1=0.7

EINE MAX TEMP CUNTRIBUTIGN TQ BIG-TIME
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[ RS R el

COaa

29

G

99

il

VZ=COEFIKSIS{TX-COEFIK 4))vCCEFIRy )9 TX=COEF (K, 4} ) %n2

[F (VZ2lT.0u30R.TX.LT.23.84]0 V220.0

FING MIN TEMP CCNTRIBUTIOM TQ 8I10-TIME

MI=CCEFRIK,y TS TN-CORFIN 4 1+ CTEF TN, Bhe{ TN=CUEF (K 4} ) #a2

[FE{Y3.LT.3.0) ¥3=0.9
TCTAYS CONTRIBUTICN YO BIC-T(ME
TOAY=W1#{V2+V3)

CUMMULATIVE SuUMS FOR d¥#7

5

IFIKEC.3.CP.KELEQ.4) TOAY=TOAY+MULT

TACC=TaACCrrOAY
CLLCK=CLOCK+}

[FIIMMCLGT.9.AND.MMO LEL L2} ANDLTACC .GTWL .8)

IF [RFLG .EQ. ) GG TO 11t

[F K .EQ. 2} G& TC 20

{F [SDATE(K) <EN. DATE) GC TQ 59
[F (SCATE(KI JNE. 020 GU TC 111
IF [7ACC .GE. XAY K1) GO 10 99
GC TG 11t

IF 1SUATE(K) .E4« DATE) GC TG 4d
LF (SCATE(K) .NE. 0) GO IC 111
[F ITaCC .GE. 2.8 GC 10 40

[F [TACC GE. 1.95 .AND. TDAY .GE. 0.02%

[F {ICCUNT .NE. 1CIl GD TC L1l
MAY(K) = 2.0
PCA = pna - TACC + 2,
Tage = 2.
JOINT = LTRUE.
FF (K LEQ. &) RFLG = |
[F (SCATELK] <NE. O JAND. & JME.
SYR[K)sYEAR
SHC (K} =HNG
SCAY(K = )dd
SCLEIK)I=CLOCK

JEDATEIXI=10000*SYRIK] +LOC*SHG LK) +STATIK)

CLCCK=0
[F{KaLT.8] K=aK+]
RETURN

ENC

[COUNT

SLRROUTINE DYSTRIT TVAL pCVAL L (¥VALZ LAL,JCINT)

SUBRUGUT [NE TC CALCULATE

s vaa

CIMENS ICN TV ALIS) KVALLIS), KVAL 2T
REAL KVALL.KVALZ,LAI

LCGICAL™L JOINT

IF (LAl .GT. 1 .0R. JCINT) GC TO
CO 2 I=1,5

TVALLT 1=TekvALLY)

Gg 10 =

cc 21,5

IVAL{T taTsevAL 2l L}

RETURN

ENT

iHE

E

2Y TALT = RAYIR)

TRANSP [RAT [UN

TACC=1.6

TCOUNT + |

IN EACH LAYER.
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SUBROUTIME MOIST (THEVYAL (ESyTVAL,ZVAL, TFEMINI
T3 CALCULATE THE SOIL MOQISTURE CCATENT IN EACH LAYER

DIMENSION THEVALI(S) s TYAL(5) , ZVALIS) ,THENMINIS)
REAL ELEFT1,ELEFT2,2M0,ES
ELEFT1=ES

IF (ELEFTL.EQ.D.0) GO 10 2

CC L9 1=1,5

IF [THEVAL(I[).EQae.L) GC TC LS
ELEFTZ=ELEFTL/IVALLT)
TCX=THEYALII)=ELEFT2

[F (7CK.LT.l) GD TO L1
TREVAL I [i=TCX

G 1¢ 2

ELEFT2=THEVALII)=-.1
ELEFTL=CLEFTLI-(ELEFT2%ZvaL({}])
THEVAL LT )=.1

CCNT [MUE

00 29 1=1,4 t

IF 1TVALILI].EQ.O.2) 6C TC 29

IF (THEYALIL).LE.TREMINIL}Y GO TC 21
TCR=THEYAL (T =-CTVALL LI/ 2vaL Tt}

[F {TCK.LT.THEMINIY)) GO 'O 22
THEVAL {1]=TCX

GC TC 29

TVAL(D#l)=TVALTL&L) + TVALILY
TvaL{l1=0.0

¢o 19 79

AMO=THEVAL{ [} -THEMTINII)
TYALCI#LISTYALII+ L)+ (TVALIL)=IRNGZVALIT) )}
TYSL ([ )=RAMRC*ZVAL( 1}
THEVAL ([ }=THEMINI])

CONT {NUE

THEVAL (S5)=THEVAL I S)=[TVAL (S} /ZALI5)

RETURN
ENC
SUAROUTIMNE ADVISCYSCRMAXT,KS,TR,4)
REAL MALT,AX,KS, TR.A
INTECER SCY50R
[F{KS.LF.1a) GO TC 9
MXaMAKT
GO 10 (1,2+3,1),5CYSCR
SORPGHUM AND CTRA
IFIMXL.LELW33.) 6D TC 9
IFiMX,GT.37.1 Mx=37.
A= 1 #IMX~-33.12TR
Gd 70 59
SOYBEAN
[F{MX L E.32.1 gD TN 9
IF{MY.GT.36.1 MXa3s.
Az L4 (MX-32.17TR
G0 TO0 s9
WHEAT
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79

13

15
4

23

3

27

2

32
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IF{NX.LE.27.) GO TC 2

A = .1*fR

GC TC S99

A=3.0

RETURN

END

SUBRCUTINE SYEDIFLAGL,LAL,PLAY,%,TACC,GRCSPH,SR, MAXT ,DRESP, (LM,
«OL NPESP NCE, DM MINT ,PTMIN,LATMANKS,{LAL,TSTR1, TSTRZ,TSTR,S1PESS,
.STGLCK,RPDATE ,CKDATE,
SKHT CUMKN Ty CUMKW2 ) CUMKMW Iy CUMK RS LM KRS}

AEAL LA PLAL+TACC,GRCSPH 53R, MAXT (GRESP COMy DL NRESP NCE (DM, M{NT,
COTEMP,NTEMP , LATMAX PTMIN, [LAL ;KRS ynw T KWER,KNT

RE&L TC,TN,TSTR,TSTR!,TSTF2Z2,5TRFSS

REAL K%PDOL KWPOZ2 ;KPP0 ,LUNKWL  LUNKWD , CUNKNT CUMEWSG s LUMRYS
INTEGER FLAGL ., K,S5TGLK,RPLATE LKDATF

w1 = 7.0

OTEMP= [2¥MAXT+PTMINEI#272,15)/1

NTEMP= [MAXT+24MINT+32273,15)/13

ILAL=LAL

[F{KS LT. 0.3)K5=0.3

TSTRL = [2*MAXT + MINTI/3

IF [TSTR1 .57« O« .AND, TETR! JLE. 1Q.) TSTR = TSTRL * ,1

[f (T57A1 .GT. 10. .AND. TSTR1 .LE. 25.} T5TR = 1.0

IF LISTR1 .GT. 25%. LAANC. TSTRU LLE. 35.) TSTR = {35,0-TSTRL}*,1I5
[F [TS5TR! .LT. O. .OR. TEIR]l .GF. 35.1 TSTR = 0,0

[FIYSTA .GT, 1.0) TSTR=1,0

[F (TSTR.LE.XS1 STRESS=TSIR

[F (F5TR,GT.®S] STRESS=KS

[F (FLAGL .EQ. L) GO TC LS

{F [FLAGL .EQ. 21V GO TO 1

[F (K L3E. 3 JANOQ. LAD LT, PLAL} GC TQ 10

GC TC 15

LAIMAX=PLA]

FLaAGL=t

GCOTE (192030304481, K

ILAl=ILAL*.]

{Ff [TALC .GE. 5.0 .ANDO. RPCATE .ME. 3} CO 70 20

(P ITACC oGE. S0 JAKD. RPCATE LEG. Q) 50 TO 25

[eXoT  E A

GRC3FH 3.0

DRESP=C.0C

NRESP=7.D

FLAGL=?

[LA{=0.0

50 7C 1

IF LILAL WGT. 5401 lLAL=E,

TF OISR WGY, TSN.0) 5PR=75Q,7

GRGSPH = L0875 & 9,07 ®« $A % ,9AL & (1-FXPA{-,6831+(LA0)) * STRES:
G3d 1C 3

IF LSTGEX LEN. L JANL, RPCATE .NE. CKCATE) GO TG 2

GROSPH=9.0

CRESP=0N.D

NRESP=0.0

FLAGL=2

[LAL=G,D

GG 10 1

[F [IL2Y .57, 5.0) 1LAI1=5.0

[F [SR .437. 7S57.0Q1 SR=7%54.0

GRCSPH = NARTS = 9,37 ¢ Sp » ,34) ¢ [I-EAP(-,.44331*TLA[}} = STRESE
1F [FLAGL .FQ. t1) ¢C TC &C



c

le4

DAESP=1-.27801-.014775%GRCSPH=- 0022253 CM*{ L+ 003508720 TEMP+

* «O00OL*DVEMP=#2 ) 20|
NRESP={26=0L)#{=.275601~.014T7S4(GROSPH+0RESP1=.0023729%COM

* #{1+.003508 *NTENMP+.J00L¥NTENPE%2]]
GG T1a 1

40 DRESP=(~.27601-.0147TS¥GAQGSPH=,0023294COM*t [LAT/LAIMAX)

* {L+.0035087*DTEMP+ QN0 *QTENPRaZ )} )wDY
NRESP={24-00)1#{-.27501-.01477S*{GAGSPH+0ORESP )=,N0232G#CDM*

" ({TLAT/LAIMAXI* {1+, Q035QBTHNTENP+ . DONL*NTEMP*e2])

1 NCE = GROSPH + DRESP + NRESP
oM = MCE = ,0087
COM = COM & DM

Ce==—=-—=> [ KERMEL WEI[GHT CALCULAT{ONS USING DAILY ORY MATTER. ) Cmmmm— e

c

(e

oo

iF [K.CE.5 .ANC.CM.GT.0,) GO TO 50
GC T1C *a
54 KWER = .25
Wl =2 DM = .4
[F [OM.LT.KWER) wWT = KWER
nl = WT + KWER
KWI = XWT » W'

XWPOL = H.-6,%EXP{=( [CN/CCMI®w_ 35])3C¥)
CUMKW! = CUMKWL + KNPOL

KRPDLl 2 S.-b5.%EXP{~{ {DM/CCMI%%*_35)a0CM)
[FIKWPL]1 .G5T. 2.0)KwWPALl=2.0

IF (KWPDL LT, 0,5) KWPCL = 0.5

CUMKW2 = CUMKWZ + KWPOL

KWPD L = ba-6.%EXP(-{ (DM/CLH) 90,35 )40NM])
IFiKwPOl .GT. [.81KWPDLl=1(.43

IF [KWPDLl «LTa D.5) XWPDL = N.5

CUMK®WY = CUMKW3 # KwPODL

KHPDL = G.~6.%¥EXP{-{ [DN/CLHM)we _35)00N)
IF(KWPTYL LGTe L.SIKWFDL=1,5

[F TRWPDL LT, D.3) XWPD1 = 0,5

CUNKWG = CUMKHS + WPl

KnPOl = B.-hH *EXP{-{ {DM/CCMY** 350N
TFIKWPCL GT. l.2)KWPPRL=(.2

[F IKWPDL LT, 3.5} KWPQ! = 9.2

CUMKXWS = CUMEWS + KWPQL

50 RETUAN
ENG
SUERCUTINE CLATINPTDAY,YLAT,POLAT,SLEPE,NX,2TLAL, TAGCC)
IFINPTCAY.GT L3N CROAXLLTLADIGE TE 34
YLA{=PLLA{+SLOPE
34 [F (NX (LT, 60 .0@. NX ,CE, 96 .CR. APTLRY .LE. P&} 5D 1D 34
35 TLA[=PCLAl+(POLAI-.Q06)/FLCATI(NX-86)
TFINPTCAY (LT 130 AND W YLATLLT.PTLATIYLAL=POLAT+5L0OPE
36 [FITACC.GTa3. dANDLPTLAL.NELOL)YLALI=FCLALI+*SLOPE
SLCPE={YLAI-PTLA{ /1 FLOATINX=NPTDAY))

THE SLOPE TO THE NEXT POIANT [5 SCJUSTED TG BE SETWEEM -1 TC +].

IF[SLOPE GTaa LI YLAL=PTLAI=- L2F{OATINPTOAY-NX}



LF{SLOPE LTa=o LIYLAL=PTLA [+, I2FLCATINPTDAY=-N X}
[FITACC.GTw4+ JAND.PTLAI.EC.O.IYLALI=0.

RETURN

EAD

SUBRGUTINE CLMGN2IMD, JCATE, SULRAD MAXTMP ,MINTMP, PRECIP,501FFX )
COMNCN FW2VAR/ [ WLLTHI2,2) RETAP(12,21 '
* ccyrilz, 21 1POM1242) ALPHAP 12,2

RMAXTY12,2) JRMAXYI12,2) PAMINTELZ,2) P SOMAXTILZ,2Y
SOMAXY[12,2) S5CMINTIL2:2),

@ ALPHAR 12,21 +DETARI{L2,2) LCYT2012,2) JAMNDFR{12,21,
. AMAnER{L12,2Y

. AX T3] 1 CX + AN f
. gN LN PLAT 0

REAML NRNI(21 yLET, f

REAL HAXTMP P PINTMP

= SIN(LAT #+ QL7453
Cl = CLSLLAT ' 01745
CEC = 4092 * SINI.QL17202 * (JOATE - 82.2))
RADY = 1.0001 + {.016723 % SIN{.017202 = [JCATE ~ 34.5})1
$2 = S1 & SIN{DEC)
€2 = C1 » COS(CEC)
HAS = ARCCS(-52/C2])
42 = Q6. - LAT
AL = 1S0.93 % [S2 + £2) / (RAGY*RADVI} ~ A2
AMARAD = (2. * (AL ® MAS + AZ * SIN(HASI]) / 2518 + ¢

C
e R A L e RS Y P I L R LTI
Ce 2. DETERMIME [F CRY CR WET TODAY. *

L R N R Rt M
[
Jr = 1
[F {PRECIP.GE..OQL) J¥=2
CALL RANDUML [2,u}
IF {L.GT.PD(MAJY]) GC TC 300
FERE
PRECIP=Q,
GG 10 250

3

e R e L R R s Y P e R RV P P R L F Y R R P IR LR R LR I T
C* 3, UFNERATE [INCHES CF PRECIPITATICA FRCY A GAMMA(ALPHALJ),AETALJ)) DISTAI- +
Lo BUTICN, BY THE METHCU OF JGHAX. VALUES LESS THAN 0.91 ARE SET ECLAL TO

C*¥ 2.00l. ALL OTHER VALUES ARE SQUANEN TC 2 DECIMAL PLACES.

Rl ELE R L e N L L R L A e ST I I
r

100 4T = 2
PRECIP={AINTIGOMMACLALPHAP , JETAP MO, JT 14,01 #LG0. ) 2500,
1IF [PRECIP LLT. .O1) PRECIP = , 0Ol

C
C THIS GETS A GAMMA VALUE WITH PARAMETERS; ALPrA=P , BETA=|
C WHICH wILL RE A& NUMBER FRCM & BETA DISTRIBUTICN.
C
320 Gl = GIMMAGTALPHAR, Ly #C, JT, IXx, U)
c
C THIS GETS A GAMMA VALUE WITH PARAMETERS; ALPHA=3, BETA=|
L wWHICH wILLl 8E A AUMBER FACM 3 DETA [ )STRIBUTICN.
C

= GAMMAC(RETAR. |, ®C, JT, IXx, U}
DIFFA=(GLE(AMXNFRIMO, JT)=AMNDFRIFO,JTII/IGL+GY) + AMNDFERIMG,JT)
. - 3.2

SOLRAD = [(4{NT{(AMXRAD-SLIFF3I*I0)1/10.

G
3
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IF {SOLFRAD .LE. D.0) GO TC 320
GG TC 4an
350 SOIFFR=AINTI (GAMMAG| ALPHAR,AETAR ¢ M0, ST, 1X,U) rAMMOFR(MO,JT)Y)210.)
. / 12, - 3.0
SOLRAL = (AINT({AMXRAD-SCIFFARI®1Q)) /10,
IF (5CLRAD LLE. N.Q) O TC 354
Ettt'tntn"jtttt.lt#titt*.’ttit‘it*"*i [ EE EFER AR SR ER LR R R R R E R R R R R IR R R SR RN )
C* 4., GENERATE TUDAY'S MAX TEMF FROM A FGAMULA RELATING IT TU YESIERDAY'S MAX,.®
C® THERE 4RE TwW0 SETS CF FORMULAS, DEPENDING OM WHETHER [T [5 DRY CA WET TGLAY.®
e EL R LA S AR RS A LR e R R R R R R AR R R R R e R R R e P R Y Y]
c
40Q CC 4C2 J=L.2
A=nN.
g0 491 X=14,12
CALL RANGUMIIX,U)
4«01 AzA+U
402 NRN{J)=a~6.
[F (CCYT2EMU T GT. CCYTIMO,4T)) &0 TC 402
SOIFFX2AMAXT (MO, JTI+(CCY V(MO JTI#SOMAXT(NC,JT)/SCMAXY MO, JT ) )

* [SCIFFX=RMAXY (MO, JTI14SOMAXT (MO, JTI*(SCRITL1.-CCYTIMO, T)%*Z,

- Il = NRN(1)
c
o e N e T S TR Sl Z]
C* 5. GENCRATE MIN TEMP TO0AY, PASEQ CN TGOAY'S GENEAATEQ »aXx. *

R R R Y R T T P P e S R TP
C
SCIFFN=AMINT MO JT) s (CCTIMD, JTIRSOMINTING , JT}/SDMAXT MO, JT) ]

2 (SCIFFX-AMAXT (MO, JT)I)4SOMINT (MO, JT)#(SCRTIL.-CCTIMO,JT)ex2 ) )=
. NRM (2]
GO TC 404

403 SDIFFN = RMINTIMC,JT)+COYT2 MO JT I #SEMINT (MO JT )= (SDIFFX-

JRPFAXYI MDD, JT 1) /SOMAXY (MO, JT) &« SOMINTIMC,JT)*SQARTIL-CCYT2{NO, T)*+2)

& * NANLY)

SOIFFXsRMAXT(MO, JTH#CCTIMC , JTI®SOMAXT INO JT)*{SOIFFN=-AMINT{MC ,JT}

“ V/SDMINT (MU JT ) ¢ SDMAXT (MO, JTI#SQRTY | -CCTIMQ,,uTI®*2 ) *#NAN(Z)
w04 AMXNXT = S{MI{JCATE=-AX)® , GlT7214)%*8X+CX

AMIMNT = SIMUTJCATE=AN] Y OLTZ214) %BN+CN

HARTMP = [A[NMTIAMXMXT-SCIFFXI*1l0.) /10,

MINTMP = (AINTILAMXMNT=-STIFENT*1C.) /10,

THERE'S 4 SLIGHT CHANCE THAT GENERATED MIN TEMP W[LL RE GREATER THAM VAX
TEMP, IF 50, SET MIN EQUAL TO MAX,

OoOoaon

iF (MINTMP 57 ,MAXTMP] M[NIMP=MAXTMP

AETUPN

INC

SURRCUTINE CYIELDINCARAY, SCLX,HDCHK , SPDATE (O8ROWT ,YNARAY ,CAL,
s SYR,SMI, SDAY (MGSMPL ,TSUM2 (FSTA TSUML,ASTYZ2S,CUMOM,

EHT yCUMKW Ly CUMKW 2 ,CUMKW DY ,CUMKAHL , CUNKRS NCSUM ]

INTEGER APDATE

INTEGER HOCHK P SCLE(S) s 3YR6) P SMOAY
* SCaY{s) ,FUCATE » SCDATE JHCOT P SPCATELSY,
* SP YR P SPNO 1 SFOY (DY SPHC JCYSPSD B
* CALIL2) ,NDSMPL 1YJTHD yCYRCAP

REAL MCARAY [T),NCEEM PMLEJT JNCEFAL JMCETOT ’
. NCERT ¢ MCEHD (NCIT3T y AL JINPO sy KCEMHD +FXND ,
L ACEST WNCERP yNCHORP P KND KW rFH )
. NC JHB JOBHOWT 19} \HEADNT JACEHRN ZPCARAYISD) W PRND KW T

REAL st 'R tHORATE » KNGA rH3TIXZ5
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REAL SCH +STL (TSUNMZ VFSTN +KNCEHD,
L TSUML ' SC ) XX 1PGRX s CBRK '
SMEDEL(34)/' NL1',IHS=3','¥6=3" 1P1,07,'PL.11, M8 ",
HIMGP  TMOSAT, THA-R Y MG LT THT=D! TG -ET, TMA=FT T Mg=GT, THg=HY,
CIHY=10 MG, THI=K Y,
LTMGaLY  THI=MT L THGNt, MG L, TMA=P Y T NI-Ct, IMa-RY,
S TME= g MG T Y THMGa POy MGt THGX T MGyt TMG= Y VMG Y/
REAL KWPOL 1 KWPD2 ,KWPO3 (CUNKN L CUFKUZ S CUNKR Y, CUMK NG, CUMKWS
REAL NCSUM(?)
HORATE=1ONOO4STREGI + LNOMSHUI4] + SCAY(G)
SOCATE=LQUANESYRIS) +« 100%SMO(S) + SCAYIS)
RPLATE=10000®SYR () +100#SPOL6) +SDAY [ ¢)
[F (SDCATE.EQ.20) SGEATE=(10300#SYRIAIE+{1N02SMO (%) +SOAY (AT +2]
IFIRPDATE.LG.O) RPOATF=1AGO0#STRE4)+1CO%SMO(4) +50AY(4)+30

C
(= > YLELD M1 ) ==
C
[
Crmm————=2 | CCAVERY TC G/Nws? ] {mmmmmmmae
od
NCEEN = NCARAY(Z2}) * .067
NCELT = NCARAY(3) * Q67
NCEBT = NCARAY (4] = 067
NCEHD = NCARAYI(S5) *= ,067
LCESD = NCARAY(G) & .0DAT
NCEAP = ACARAY(T) * .n67
NCJTART = MCEJT + NCEBTY
NCUHPD = NCOTAT 7 {SCLKI3) + SCLK(fs])
NCEMHD = NCEEM + HCEJT » NCEBT
NCEFAC = {NCEMHO / MCEBT) * .0438
IF (NCEFAC .LT. .19) NCEF2AC = L9
[F [NCEFAL .LGT. .29) NCEFAC = ,29
NCEMPD = NCEHD / SCLKI1S!
[F (NCERPD LGT. 10.7) NCEHPD = L0O.O
NCERL = MCEHPC * SCLE(S)
NGCJHD = NCJHPO # ACEFAC
WRITE (6,308}
GNA FORAMAT (' =!,50%, " [JT=HO}* yLLA,"(FC~SO)" s TX, 'NCE DRY',
1! SAMPLE ' v /' 1,
2 35K, 'YIELO" ) s4X, "HEADWT "y 12X, "NCE", 15X, 'NCET,AX,
3 'FACTCR HEAD WT, CATE',8X,'RPETY, /,3X,
4 ' {(BUJACRE) {KG/KA) Pe3L(T=1 ), UG/ MERZ) 181,95,
5 IG/MER2 7 63X, e TRYAL DAILY 4 TCTAL DAILY 0,/ 1+,
AO3X, LU _" ) /0
‘
e ———— >t CALCLLATICNS OF Y[ELLCS ML - M1.4 ) Cmmmmem —
= :
£0 s00 [=1,N05MPL
IF (1 +ER. L} GG TQ 4790
[F [FOCHK JCQ. D .CR. SPOATEII} JEG. 3) GC TC 501
[F [SPCATE{[T .GT. HCUATE) GO TG 467
C
(mmmm———=> | HEAQWTY WAS DBSERVEC BEFDRE HEADIMG STAGE ) fmmmme
C

CALL JULIANICALSYRE4) ,SMCLA),5DAYL4),JR00T)
[

SPYR = SPUATE([) / 1QnQqQ
SPMC = ([SPOATELL) - (SPYR*1099Q1) / 101
SPOY = SPUATELLF = ({SPYRALD0DT3} + {SFHMC¥1QD{]
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o

'nl

e XnlnEal

CALL JULTANICAL+SPYR(SFMC,5P0Y,JSPCT)

CYSPFD = JHOOT - JSPOT

HEADWT = QRHDWTLL[) + (DYSPHD®NCJFO! + NCERC
GC TC 48R0

iF (SPCATE(I) .GT. SCDATE) GO 70 4740

------ > READWT CRBSERVEQD BETWEEN FEACING AND SOFT DOUGH

470
484

509

501

CALL JULTIAMICAL,SYRIS),5M0(5) ,504Y05),45DDTI

SPYR = SPDATE(D) / 10099
SEMC = (SPDATE(D) = 3SPYR*LONANI / {GC
SPOY = SPULATEIL) =~ {SPYRe 10020 + SFMC*100)

CALL JULTAMNICAL ,SPYR,5PYC,5P0Y,JSPCTI

0Ysps0 = JSPDT - JSPOT

HEADWT = OBHDWTII} + CYSPSD * NCERPC

GC T0 &80

FEACWT = MCEFAC * NCJTAT + MNCEKD

YIELD = .75 *® HEADWT

YI1ELC2 = YIELD * (0.00014

YIELGC3 = YIELD * ,146513

YCARAY ([ +4) = Y{ELD3

[l=(=-1

WRITE (6,217) YIELD3,YIELC2,Y{ELC  FEACWT ,NCJTAT NCJHD(NCEHD,
* NCEFPL,MCEFAC,O0BFOWTI I, SPOATE(L) MCRELLLY, 1L

CCNTINLE
________ > YIELD MS-5
------ > CCNVERT TO G/M#*%2
NCEEY = NCARAY[2] ¥ ,0&7
NCEJT = NCARAY([3) & 067
NCEBT = NCARAYI(4) * ,0k67
NCEFD = NCARAYI(5) ¢ 057
NCESD = NCARAYI(®) * .067
NCERP = MNCARAYIT) & QAT
NCJTPT = NCEJT + NCEBT
NCJHPD = NCJTBT / (SCLX(2) + SCLX(41}])
NCEMED = NCEEM » NCEJT + NCEBT
NCEFAC = .20
NCIURG = INCYTRT /7 (5CLX(21 + SCLKl4YYY + .21
NCEAPO = NCENL / SCLK(S)

IF INCEHPD .UE. 94) NLEHEC = 9.

CO 199 1=1,NCS5MPL
[F {1 .EQ. L) GG TC 170
IF UFDCHK .EQ. O .0R. SPOATEILIL) .EC. 1) GO TO 101
[F (SPOATE(I[) .GT. HLCATE) GG TC le&d

------- > 1 HEADWT OBSERVEC BEFORE HEACING STAGE

CALL JULTANICAL,SYR(41,5M0(41,S5TCAY(4),JFODT)

SPYR = SPDATELD) / 10G0CC
SF¥O = (SPDATE(IL) = SPYR*1NJ32) / 104

I

I

§ o e e
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SPCY = SPDATE{L) - (SPYR*100C0O + SPMO*L00)
c
CALL JULIANICAL,S5PYR,SP¥0O,SPDY,JSPCT)
C
CY$2HD = JHCOT - JSPOT
HEADWD = UBHOWT(I) + NYSPHO®NCIHD + MCERPO#SCLKI(S)
GC TC 180
160 [F (SPCATE{[} .GT. SCNATEL} GO 10 110
c
Commmmm==> | HEACWT GBSERVED BETWEEN FEADING AND SOFT DOUGH
C
CALL JULTANICAL,SYR(S),SMO(S),5CAY[2),d4500T1
€
SPYP. = SPUATE(IL} / 10GCCC
SPMI = (SPDATE(L) - SPYR#100707) / 100
SPCY = SPDATEI[) — {(SPYAR=(00QND + SFE¥C*[00)
o
CALL JULIAMICALSPYR,SEMD,SPCY +JSPLTI
NYSPSD = J500T7 - JSPNT
MEADWI = ORHOWT([) + CYSPSO®NCEFPL
GG 1C 1an
170 HEACWT = L20*NCJTBT + NCEFPO*SCLKIZ]
189 YIELD = .75 * HEADWT
Y[ELD2 = YIELD * 10.0Q014
Y1ELDY = YIELD = ,1543
YOARAY [1¢S) = YIELD]
[r=1-1
WRITE (65,917) YIELD3,YIELCZ,YTELC,FEACWT ,NCJTBT ,NCJHD,NCEHD,
" NCEHPO,NCEFAC,CBHDWT{[)+SPCATELI) ,¥CDELI2),1I
100 CCNTINUE
[
Cmmmmm——> YIELD M6-2
(o
£
Ce——=> | CCNVERT TO G/M*%2
C
121 NCEZM = MNCARAY{(2) * ,n&7
KCEJT = NCARAYI3 | * 047
NCEBT = ACARAYI(4) * L2467
NCEHD = NCARAYIS] ¢ 087
NCESD = NCARAY(6] * ,067
NCERP = NCARPAYI(T) * ,267
NCJTBT = NCEJT + NCERT
NCJHPO = NMCJTBT / [SCLK(3) + SCLX{4))
NCEMED = MCERM « NCEJT + NCEAT
NCEFAC = .45 '
NCERPD = MCEAD / SCLKIS)

NCJUHD = (NCJTBT / (SCLKI[2Z) + SCLXK{4))) ¢ .15

R = NCEHPNO / MG JHD

PS1 = .8

[F (R LLT. 3.1 P5[ = 1.

HCRATE = 25 * NCEHPOD

[F |HDRATE .GT. L5.) HORATE = 15.

DD 3C0 [=1,NUSHPL
IF I'l JEQ. 1) GG TC 270
[F [FOCHX .EQ. 0 .CR. SFOATE{([} .EC. O GO TO 301
IF (SPCATE(I) .GT. HCDATEY GO 7O 2£0Q

C i
Lom s s oo > HEADWT OBSERVED BEFCRE HEALINL STAURE
r

1

R e i

L ]

169



CALL JULIANCCAL »SYR(4) ,5M0(41,S5CAY(4),JFCDT)

SPYR = SPUATEI(I) ¢/ 192004
SPMQ = [SPDATE(!) - SPYR®L00CO) / 100
SPDY = SPDATE(L) - (SPYR®*190Q0 + SFEMO*LO0)

CALL JULIANA{CAL,SPYR,S5PM], SPDY,JSPOT)

1YSPED = JHOOT - JSPOT
FEADWT = DOFOWT (1) + DYSPHD®NCJHD + HCRATE®SCLKI(S)
5C TC 2872
260 I[F ISPCATE(I) .GT. SCCATE) 60 IG 30D
G
Crsimm——m= § FEAOQWT QBSEAVEL B3FTWEEN HEADING AND SCFT DOUGH b g n s
L
CALL JULTAMICAL,SYR(S5),SMO(5),50AY({S],Jscarl
C
Spym
SPND
SPOY

SPCATE{ ) / L1204¢C
(SPDATE(T) - SPYR«1350QQ) / 100
SPOATE([) = (SPYR*LIINON + SFMO*1QnI

W g

CALL JULTANICAL,SPYR,5PND, SPOY,JSPOTI

CYSPSD = J4SDOT - JSPCT
FEADWT = ODBHDWTIT) + OYSPSD*HORATE
G0 T1C 299
270 HEAOWT = .1S*NCJTBT + HORATE&SCLKI(S5)
280 YIELD = .75 * HEAOWT
YIELDZ = YIELD # 10.00014
Y1ELC3 = Y[ELDO * .1653
YOARAY([+14) = YIELD2
11=1-1
WRITE (6,922) YIELD3,YIELL2, Y ELD,HEAOWT ,NCJUTBT,NCJHD ,NCEHD,
* MCEHPO s ACEFAC CBHOWT( !} ,SPCATE(]} P51, MODELI3), 1]
300 CCNTINUE
301 CCOMTINLE
L7 FLRMAT ' ' 4F1042:2X42F8.2,6X,2F3,2,F0.9,F9.2,010,11%,46,"'.7,]1)
922 FORMAT (' ', 4F10. 201 2X+2F8.2,4%42FR.2,F9.4,F3.2,110,4%,F3.01,4%,84,
. LI

| PARTITIONING MODELS FOR hEAD WEIGHT. } e m———

= CuMOm + 10,
R > YIELD P1.0 R
( PM 1.0 HEAC YEIGHT = & ' ITF WEIGHT I

ACCT»T = CiADM & L2

TCPWT = CHMOM - ROOTWT

HEACWT = 0,4179879 ¢ TCPwT

YIELE = .75 * HEADWT

T{ELD = YIELD * .85

YIELOZ = Y{ELD * 10.00014

YIELC3 = YIELD * Q.j¢s2

YCAREZY 1201 = Y[CLD3

WRITE (6,930) YUELD3, YIELD2, YIELD, HEADWT, MUDEL{4}

c

L > YIELD Pl.l } gmmmmmmm
Cmmmmmme > 1 PH 1.1 MEAD WEIGHT 2 A + A * 10P WEIGHT | gmmmmmmmam
C

RCOTRT = CMOM * .2
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TOPWT
HEADWT
YIELC
YIELC
YIELC2
YTELD]
YDARAY
WRITE
930 FGRMAT
[F{NGS

OO0

MNSMFL=
00 400

IFISPOCATEIT).GE.RPCATE)

= CHMDM - RGCTWT

= 96.757975 + 0.3201573 =

= .15 % HEAOWT

= YIELD + .
= YI1ELD =
= YIFLC =

as
10,00014
.16813

121) = YIELD3
[6,930) Y{ELG3, YIELD2,

[+ "y4F10.

2sTL19,44]

FPL.LELLI GC TO 532

KISMPL +]
[=2HSMPL

YIELD:

——> [ HEADWT FEENBACK MCGELS | <-m—m

GC 7O 3122

HOWT z0BHDW T 11 +NCSUMI 1), 087

Y IEL

C=FDWT*.T5

YIELG2=YIELD*1Q.00014%
TIELC3=YIELD*. 1653
YOARAY {40+ [1=Y1ELC3

600
731

J= [~

WRITE(6,931)

CCANTINUE
FCARMATL®

1GPwWT

HEADHWT,

MODEL( S}

YIELDI+Y1ELD2,YIELC+ hOWT, OBHDWTI[ ), SPDATEIL ), J

Ya4FL0D,2,TBYS,FS 241104 T119,"HDRT FDBKL' (1)

932 NCEEM
NCEJT
NCEAT
NCEHC
NCESC
NCERP
NCEMKO
NCHDRP
HRITE

= NCAPAY12)
= NCARAY(3)
= NCARAY({4)
= NCARAY(S)
a2 NCARAY!LS)
= ACARAY(T)
= NCEEM +
2 NCEHO +
{6,9291)

CALCULATICN CF YIELD M8

* .367
¥ LCo67
* L0867
* .67
* .N67
v L0687

NCEJT + NCERT
NCEST + ACERP

G239 FCRMAT{/,'=",72X,'E¥M-FD)

'

P

c

et
C
KNO =
Cr =
if
E
sCL =
IF
IF
5C = 5
FENG =

wr

1,22%, ' (BU/
N ALY

156.6 * [NCE
1 = 1.5 ¢ 17
[53CH LT,
{5CH .GT.

ACRE)

KERNEL NUMBER CALCULATICNS

MHD + NCEHOD
SUML) / TSuM
«31 SCH = .5
1.1 SCH =2 1.

Il » 1.2 = ESTN)

(s5CL .LT.

[(SCL .GT.
CH s 5CL

SC ¢ KNO

«2) SCL = .2
1.1 sCL = 1.

KW = NCHCRP / FKAC 4
FKW = KW *® ([ - (HS§TX25 /J SCLK(SI} # .1}

IF

IF
YIELC
YLELRZ2
YIELCY

(FKW oLT.
{FKW .GT.

«013) FKw =
-160) FKwn =

= FKNO ¢ FKW

= Y{ELD =
= YICLD *

10.207104
L1681

(KG/HA )

(HO=RP )1 /!

2

.013

+760

18X, 36X PYIELDY
Sy ' KMUT p6Xe "Xn' y TX,'NCE' 8%, "NCE" ,6X,'SCHY ,6X,'SCLY, /7,
G/IM*®®2) " 12X ,'[G)",5X,
Jrmim— Pl e 21X 520 e /)
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YOARAY({22) = YIELC3
WRITE [64925) YIELD3«YIELG2 ) YIELD FKND FKW,NCEMHD 4NCHDRP ,SCHSCL
. MODEL1G)

R > 1 CALCULATION OF YIELD MS I

YIELD = NCHORP % .8
YIELL2 = YIELC * 10.00014
YIELD3 = YIELD * .le6%3
YOARAY (23} = YIFLOD
KNC = (.
Kw = 11,
WATTE [6,32%) YIELD3 Y LELC2, ¥ 1ELD KNG Ko NCEMAL ( NCHURP , SCH, 5CL 4
. MODEL(TY
C
C==~——=—=> { CCMVERSICN CF KERANEL WEIGHT FROM HILLIGRAMS T0 GRAMS, | {mm==—m=—==
C=—m=—===3> { AND CHECX FOR MINIMUM AND MAXIMUM KERNEL WEIGHT. I
C
Kkl = ¥WwT = .00l
1F (KWT LLT. .020) KWl = .A20
1F (%MT .GT. .060) KWT = ,080

CUMKW] = CUMKW! * ,001

CUvKWZ = CUMKWZ * ,D0I
1F [CUMKW2 .LT. .020) fCUMKWZ = ,020
[F ICUMKWZ .G1l. J060) CUFKWZ = 060

CUMK®»3 = CUMKW3 * .001
IF {CUMKW3 JLT. 029) CUMKW3 = .020
[F [CUMKW3 .GT. .Q60) CUMKWI = .0&0

CUMKW4 = CUMKw4 & ,001
[F (CUMKWG LT, 0201 CUMKW&G = .020
IF [CUMKW4 .GT. 060) CUNKWH = 060

«“y

CUMKRS = CUMKWS = .001
[F {CUNMKWS LT. 0201 CUMKWS = .02N0
IF (CUMKWS .GT. 0601 CUMKWS = 080

C
C
Cm o —- > 1 MODEL MS-4 1€ mmmm e
c

NCEICT = NCEMHD + NCHECAP

BXNL = INCETQ!T * 12,31 + 3000

KN = PRNID w50

YIELL = XML = <W7T

YIELGZ = YIELD ¢ 10.0N70L4

YLELC2 = YIELD * .16°%12

YCARAY (24) = YIELD3 .
WRITE [6+325) YIELDI ,YIELD2,YTELO, KAC, KWT (NCEMHO +NCHORP,SCHySCL
] MOCEL (B}

v
Cmmmmmmm=3 | MODEL M9-B PG m e
c

PXNL = {NCETOT * 12.5) + 3007
KNC = PRNG #® 50

YTELC = KMG * CUMKW]

Y{ELCZ2 = YJELD * 10.00014
Y1ELC3 = YIGLD *= .16%3
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YCARAYI?5) = YIELQZ
WRITE 16+925} YIELD3,Y[ELLC2, YIELO KNG, LUMKWL NCEMHD,, NCHDRP  5Ch
«SCL,MOCEL(GH

(SR > MUDEL M9—C | feemmasues

FKNC = (NCETQT * 12.5) + 21900

¥XNC = FPKNC * SC

YLELD = KNG * CUMkW2Z

YIELCZ = YIELD * LQ.00214

Y{ELCY = vIFLC * 1053

YGAPAY (26) = YIELDD

AR[TE [6,925) YYELD3 YIELC2,YLELC XML, CUNKWZ (MNCEMED,NCHDRP, SCH,
LSCLyOTELLLOD

Cmmmmmmm > | MIDEL M9-D I

PKMC = |NCETOT = 12.51 + 3000

KNO = PKANO * SC

YIELC = KNQ * CUMKW]

YlELC2 YI{ELD * 10.00714

YIELD3 = YIELC * .L6S2

YOARAYI2T) = YICLL]

WRITE [6,925) YIELO3+Y1FLL2, YIELD XANC,CUMKWI \NCEMHD (NCHAORP,5CF,
LSCLyMOTELILL)

W

c
Cmammmmma> CALCULATION OF YIELD M9-E S
C

PRNG = (NCFTOT * 12,5) + 3100Q

KNC = FKNO ® SC

YIELD = KNO * CUMKwa

YIELCZ = YIELD * 12,04014

YITELD3 = YILELD * .1&53

YOARAY([28) = Y[ELO3

WRITE {5,925} Y[ELO3,Y[ELCZ,YI1ELD,KNC CUMKY4,NCEMHD ,NCHORP ,5CH,

«SCLMCTELCLZ)Y
€
[mmmmmm== | CALCULATIDON CF YIELD M9-F ] {mmmma———
G

PKAC = [NCETODT * 12.5) + 31000

KNC = FKAQ * SC

Y1ELD = XMO # CUMKHS

YLELDZ = YIELD *= 10.0001%

Y1ELU3 = YIELD * .16&%3

YCARMY {29) = YIELD?2 i

WRITE 16,9250 YIELCI 7 ELL2,YiZLO (NG CUMKWS  NCEMHD (NCHDRP . 5L,

SSCL MOCFL(LR)

G
(ot > CALCLLATICA CF YTELD M9-4 | s
C

PKAC = (NCETOT & §,51 + 31000

¥NO = PKANOD * SC

YIELC = ANO * KWT

YIELCZ2 = YIELL * 10.90014

YIELC3 = YIELD * .16%3

YCARAY (3IN) = Y IELD3

WRITE (659250 YIELD3 Y IELL2,YEELD +KNCo KnT, NCEMHD ) NCHARP , 5CH, SCL,
- MODELL L4

I > | CALCULATICN OF YIELD M9-k ) genemmm—e
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PKAC = {NCETOY * 9.5} + 13000

KN = PENQ = SC

YIELD = XNQ * CUMKW]

YIELCZ = YIELD * 10.00014

YTELDI = YI{ELD * ,16¢%3

YOARAY{31) = YICLC3

WHITE (6925) YIELCI,YIELC2,Y[ELD KNC,CUNMKWL NCEMHD NCHCRP ,SCF,

«SCL,MCCELIL3?
c
Cmmm——===> | MONEL 9-1 ) gmmmmr e
C

PEKRC = (NCETOT * 3.5) + 13C00

PKNC = PYXNG * SC

YIELC = PKNO * CUMARWZ

YLELCZ = Y[ELC * 19,0094

YIELDO3 = YIELD * .l6%3

YCARAY [32) = YIELL]

WRITE [&,925) YIELLI,Y1ELL2,YIELD PKAC.CUMKA2,NCEMHD ,NCHORP, SCF,

«SCLsMUCELY L) :

G aamas > MODEL 9-J ] e e

PKKC = [NCETOT « 3.5) + 2000

PKNC = PKNC # SC

YIELC = PXNO * CUMKW]

YISLE2 = YIELL * 12.00014

YIELC3 = YTELD * ,16%53

YOARAY [33) = YIELLC]

WRITE (44925} YIZELO3,YIELC2,YIELD /PKAG,CUNKW I, NCEMHD,NCHDRP, 5CF,
. SCL,MUCELILT)

c
R e MODEL o-K } €mmmm—ae
C

PKNG = (NCETOT *= 3.5} + 121000

PKND = PKNO *= 5C

Y1ELD = PKNO * CUMKWS

YIELDZ2 = YIELD + 10.0C014

YIELC3 = YIELC * .16%3

YOARAY([34) = Y[ELD3

WHITE [(6,925) YIELDI,YIELCZ,) YIELD )PXNOCUNKW4S ,KCEMHD ,NCHORP ,SCF,
. SCL,MODEL(LA)

c
C-—————==> [ CALCLLATIDN DF YIELD MS-L ) Gmmmmmme e
¢

PENG = {NLETOT & 3.5) + 000

PYXAL = PrNO = SC

TIELG = PKAN % CUMKWS

YIELCZ2 = YIELD = 1d.00014

YIELC3 = YIELC = .1653

YCARAY(35) = YIELD3

WRITE (649251 YIELDO3,YIELLZ,YTELD,PKNC,CUMKWS ,MCEHHD \NCHDORP , SCH,
. SCL+#ODEL(15S)

L >t CALCULATION OF Y{ELD M9-M T

PXMG [NCETOT * 7.5) + 2C00Q
PXNC PXNQ * 5C

YIELC = PKMG * XKWT

YLELD2 = YIELC * 1Q.00N14



YTELD3 = YIELD * ,1653

YLARAY [148)

WRITE 18,925)

c
¢
Cmmmmmmm=d |
c

= YIELC3
SCL,MDCELI2C)

CALCULATICN QF Y{ELD F9=-N

PKNG a (NCETOQT *= 7.5) + 3200
PKND = PKND * SC

YIELS = PKNQ 3 CUMKH]

YIELDZ2 = YISLO = 17.300L4
YIELCY = YIELC * .lh%1

YCARAY (3T

HRITE (447251

[

Commmmmmed

L

= YITLD]
SCL,MCCELLZD)

CALCULATION OF Y!ELD M9-0

YLELD3I«YIELC2 ) YTELG ,PENC.KWT ,NCEMHD NCHORP ,SCH,

PEND = (NCETOT * 7.5} + 3009
PKNG = PKNO * 5SC.

YIELD = PKAND * CURKW2

YIELDZ2 = YIELD * 10.00014
YEELC3 = Y1ELD * .l6%53
YCARAY {38} = YI1ELD3

YIELO3 Y 1ELO2y YLELD PXANC ) CUMKWL yNCEMHD yNCHDRP, SCH,

WPITE (0,925} YIELD3,YIELL2,YIELD,PKNQ ,CUMKWZ ,NCEMHD 4 NCHDRP 4 5ChH,

. SCL,MODELL22]

(it o > CALCULATION CF YIELD Mg-P

PKNO = [NCETOT » 7,571 + 2000
PKNG = PXNC * 5C

YIELL = PKNO * CUMKW2

YIELRZ = YIELD *= |0,00014
YIELDY = YIELD * .14693
YDARAY 139) = YIELDD

R T

WRITE& (6,925) YIELD3,Y(ELC2,YIELD,PKNC,CUMKW3I,NCEMHDyNCHDRP  SCF.

. SCL,MCCELL22)

e > 1 CALCULATICN CF YIELD M9-¢

PXKD = |NCETOT * 7.5) + 1000
PENI) = PKNO * SC

YLELE = PXNO #* CUMKW4

Y1ELDZ = YIELD ¥ In,000L4
YEELECD = YERELL * ,14583
YOARAY{43) = YIELD3

N S

WRITE (64325 YIELDILYIELCZy Y[ELOD KNG, CUNMKNG (NCEMHD ,NCHORP , 50,

. SCL,MACEL(24)
c

iy | CALCULATION NF YIELD MS-R

C
PXNG = [NCETOT * 7.5) + 3000
PXALC = PYND * 5C
Y1ELD = PKAND *= [UMKWS
YIELR2 = YTELOD + 10.00014%
YIELD3 = Y[ELD * .1653
YCARAY(al) = YIELOZ

WRITE {4,9251 YIELCAsY IELC2+ YLELDyPKAD CUMKIW S, NCEMHI}, HCHORP , 5CF,

«SCLMUCEL(29)

fm
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L > CALCULATICA CF YIELD M9-3

KNCEFD = NCEMHD + NCEFD

PYXNC = (XNCEHD * 1&.5) + 3000
PRAC = PKNU = SC

YIELC = PKNU * KWl

YI{ELGCZ = YIFLD * 10.00014
TIELC3 = YIELC * .la%32

WRITE (6,925) YIEID3,YIELC2,YIELC PKAC, KW T, NCEMHD NCHURP,SCH,

LSCL, MOCEL (25
Cmmmmmmmm > CALCULATICN GF YLELD MA-T

FKAC = (KNCEHC * 146.5) + 2090
PXKO = P¥NOD % SO

YIELL = PKAC ¥ CUNMKWIL

YIELDZ = YIELD = [0.00014
YIELC3 = YI1ELD = .1453

] gmemmm—e-

WAITE (A.925] YIELD3+YICLC2+Y(ELC PKAC,CUMKWL ,NCEMHD ,NCHDRP , SCF,

«SCL.MOCELL2T)
C

e | CALCULATION CF YIELD 9=y
2

-

PXNG = (KNCEHC * 16.5) + 2000
PKNO = PKNU * 5C

YIELC = PKAC * CUMKW?2

YIELD2 = YI[FLD * [0.0NNL4
YIFLCI = YIELD * ,15623

YNAR2Y [44) = YIFLD3

WRITE (643925} YLELD3,YIELDZ,YI[ELD,PKAC,CUNKWZ ,NCEMHD yNCHCRP ,SCH,

«SCL,¥OCEL 1291
Crmmemm—— > CALCULATION OF YIELD Mg-V

PKNC = [KNCEHD = 14.5) + 2000
PXKC = PKNG * S5C

YIELC = PHAQ * CUMKW]

YIELC2 = YIELD * 10.0001%
YIELC3 = YIELD * .1653

YCARAY ({451 = YIELO3

b G e

WRITE (6,9251 YLELD3,YIELC2,Y[ELO,PKAOCUNKW3,NCEMHO +NCHORP , SCF,

« SCLyMCCEL(29)
C
C=mm——=> | CALCULATION OF YIELD MS-w
C

PKNO = (KNCEHWD * l&.51 + 2000

PENC = PKNC = 54

YLELC = PKNC * CUMKW4

YIELC2 TIELD # 1000014

YIELO] YIELD * .1653

YCARAY {461 = YIELDD

[ ST

WRITE 16,9251 YIELD3,YIELC2,Y1ELC,PKND CUMKW4,NCEMHD JNCHDRP , SCH,

+SCL.MOCEL[ 2N
C
il CALCULATICN CF YIELD M3-X
C
PRAC = (XKNCEHD * [6.51 + 2090
PEAC = PKNC * SC
TIELC = PKAQ * CUMKWS
YIELC2 = YIELC * 12.70014
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YIELLD = YIELD * 1693

YDARAY [47) = YIELL3

WRITE (A+925) YIELD3,YIELD2,Y[ELD,PKAC,CUNXWS,NCEMH) (NCHDRP, SCF,
«SCLyMCLELI3T)

{mmmeme- > 1 CALCULATICK CF YIELD M9-Y ] (e

YIELC = FXKND # CUMKWL

Y1ELCZ = YIELO * 10.C00014

YIELC3 = YIELD * .l653

YCARAY (48] = Y{ELD3

WRITE (6.925) YIELCIWY{ELC2yYTELD, FXNC,CUMKW | ,NCEMHD yMCHORP 4 SCH,
-« 5CL,MOCELL3Z)

Cmmmmmmmm > 1 CALCULATION OF Y1ELD M9-1Z R

YIELL = FKNU * CUMKNWZ
YIELEZ = Y[ELC = LC.0ODLA
YIELC3 = YIELD * .l6&E3
YCARAY (49) = Y[ELC3
WRITE (6,925} YLELD34+Y[ELD2:YIELDFKAC,CUMKW2,NCEMHD,§CHORP,5CH,
«SCL,MOEELI33)
c
Commmm————> | CALCULATICN OF YIELD #»9-1I )] fmm—————
o
Y{ELO = FKNO * CUMKW4
YIELCZ = YIELD * 10.0G014
YIELC3 = Y!ELD * .16533
YCARAY{50) = Y[ELD3 .
WATTE (5,925) YIELC3,Y!ELC2,YIELD FRNOCUMKW4  NCEMHO ,NCHDRP , 5CH,
«SCL,.FOCELY 3%
925 FORMAT | 1, 23X FE&e2 F 122 F1l0e2+F10e14FGa%9FL12.4,F8.142F9.4,4),
* 24}

fm———= > { CONVERSTION OF KERNEL WEIGHT FRCM GRAMS TO MILLIGRAMS, ).<==—=====—

Knl = KWT = 000, |
CUMKWL = CUMKW] * 1000.
CUFKRZ = CUMKW2Z 13¢n.
CUMKW3 = CUMKW] 1aaq.
CL¥Xh4 = CUMKNW4 1940.
CUNK®RS = CUMKWS 100G,

- % # %

RETUAN
ENC
°F4
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APPENDIX E
SAMPLE OUTPUT FOR A WINTER WHEAT

TEST FIELD FROM VERNON, TEXAS (1979-80)
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MODELING TILLER PRODUCTION AND COMPONENTS OF LEAF AREA IN
WINTER WHEAT AS AFFECTED BY TEMPERATURE, WATER, AND

PLANT POPULATION

ABSTRACT
A leaf area index (LAI) term is used by some plant growth models
to estimate various quantities such as photosynthesis and evapotrans-
piration. It is suggested that daily estimates of LAI for winter

wheat (Triticum aestivum L. em. Thell.) may be obtained by modeling

the following individual components of LAI: tillers/plant, leaves/
tiller, leaf area/leaf and leaf area/plant using plant population as the
single crop parameter. In order to study the effects of environment on
each of these components, five cultivars of winter wheat were hand planted
during the first week of September and thé second week of October, 1979.
Equations describing daily changes in each of these components were
developed from easily obtainable meteorological data and data_collected
on plant growth in the field. Predicted values of tillers/plant agreed
favorably with observed values from several independent data sets for
winter, spring, and durum wheats. The model performed best when
estimating LAI for the test fields in which soil moisture became limiting,
but failed to adequately match the higher values of LAI for fields in which

soil moisture did not become limiting.





