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ABSTRACT 

Modeling Spring \~eat Production as Influenced 

By Climate and Irrigation 

by 
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viii 

A model has been developed that predicts spring wheat gra in and 

dry matter yield. Preliminary tests show very favorable resu l ts when 

predicting grain yield in two different climatic regimes, one being a 

dryland and another being an irrigated area. The strengths of the 

model lie in its simplicity, relatively available input data, and low 

computer processing time cost. Weaknesses of the model stem from the 

assumptions that allow its simplicity. The basic assumption in the 

model is that grain and dry matter yield can be related to the ratio of 

actual to potential transpiration, computed for each of five pheno-

logical stages. Actual and potential evapotranspiration, transpiration, 

and soil evaporation are obtained in the model by numerical operations 

on a potential evapotranspiration/potential soil evaporation array 

obtained by empirical formulae or pan data, and a modified crop 

coefficient. Soil water status is monitored in the model by taking 

into account the balance of irrigation, drainage, precipitation, soil 

water storage and evapotranspiration. Phenological data is computed 

by a s imple numerical formula utilizing maximum and minimum 



temperatures during the season. Good agreement was found in comparing 

predicted versus actual heading date for four varieties over four 

different years. 

A field s tudy was carried out to aid in model calibration and 

testing . A continuous variable plot design, with two replications of 

each of five spring wheat varieties (two soft white spring wheats and 

three hard r ed spring wheats). This allowed a large number of data 

points to be measured that related yield to many water levels within 

the soil . Although this design leads to difficulties in classical 

statis t ical analysis , it was shown to be especially useful in calibra

tion of a model of the type shown herein. 

(109 pages) 



INTRODUCTION 

Wheat plays a major role in the agricultural economies of many 

countries . As a food, wheat is preferr ed t o a ny o ther grain by many 

societies, pas t and present. It has l ong been referred to as the 

"staff of life" by many author s. The average annual wor l d production 

exceeds any other grain (Martin and Leonard, 1967). As a commodity , 

wheat is world-wide in its soc io-political i mpac t . 

The current situation r egarding world wheat produc tion causes 

serious concern on the parts of those charged with keeping production 

in pace wi th demand. Wheat r eserves reached an all-time 22-year low 

in the United States in 1974 even though U.S. (and world-wide ) produc

tion reached all time highs in 1973 and 1974 (CIMMYT , 1974). Current 

estimates by the United Nations reveal that the current world grain 

r e s e rves are at a dangerously low 26-day supply. A major crop loss in 

any of the world's major wheat producing areas would produ ce world-wide 

social, economic, and political crises. Few observers would disagree 

that wheat production must be kept at the highes t possible levels in 

order to meet the needs of the world society (McCloud , 1975). 

At the same time that food (wheat) producers are being called upon 

to increase production, the resources utilized in this production are 

being increasingly competed for by other users of these resources. 

Water is, perhaps, becoming the most critical resource in the food 

production cycle. With agriculture being the chie f user of the world 

fresh wate r supplies, other us ers of water are calling upon the 



agricultural sector to limit their use of this precious resource. 

In the intermountain area, energy development and culinary use of 

water are putting increased demands upon water previously allocated 

to agriculture. It is certain that in the futur e t he farmer wi ll 

have to settle for less water than has been previously available . 

Water management practices that have previously developed f rom 

thoughts of abundant supplies of water will have to be changed; the 

wise use of this resource by the farmer will be a "forced" condition. 

Previous crop production/water management studies for irrigated 

agriculture have focused upon maximum food production derived from 

maximum water application. This has placed water applied, in most 

irrigated agricultural situations, at the far end of the Mitscherlich 

yield response curve. As farmers in irrigated areas are forced to use 

less water due to cost and allocation factors, management schemes that 

will deliver the best possible yield from limited amounts of water will 

be desperately needed. In addition, dry land farming areas are 

becoming increasingly concerned with the value of additional rainfall 

as cloud seeding techniques become used more frequently. Thus, in 

both irrigated and dry land situations, it is of increasing value to 

be able to predict the results of climatic and management conditions. 

With the advent of modern high-speed digital computers, coupled 

with systems analysis (modeling) techniques, it has become possible to 

simulate a season of soil-water-plant- atmospheric interactions in a 

few seconds. This modeling procedure can allow researchers to try out 

many different management schemes under given conditions and examine 

the changes in yield that occur. Thus, these modeling techniques can 



produce yield/management practice--climate relationships that can be 

used in linear programming models to find the optimum cost-effective 

water management practice for a given area. These models are only as 

good as our understanding of the processes involved. 

Objectives 

The objective of this research has been to develop, calibra te, 

and test a model that will predict spring wheat yield with given 

climatic and water management conditions. This model was envisioned 

to provide a data base for economic and management decision analyses 

of different management schemes and climatic effects. The specific 

objectives were: 

1. To develop a predictive model for spring wheat development and 

yield as influenced by soil, water, and climatic fac tors. 

2. To design and carry out a field experiment that would provide 

necessary phenological and yield information as related to varied 

l evels of soil water, to calibrate the model. 

3. To utilize other existing data in the testing of such a model 

in order to correlate the existing da ta into useful i nformation. 
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LITERATURE REVIEW 

Systems analysis and modeling 

The terms "sys tems analysis " and "modeling" are becoming common 

in scientific and engineering disciplines. Although these words appear 

to describe a new and growing field of scientific endeavor, it can be 

shown that the so-called "systems approach" is as old as recorded 

history. Rivett (1972) documented that the ancient Greek and 

Babylonian societies used pure systems analysis techniques in their 

engineering and scientific affairs . Actua lly, today's systems 

techniques have their modern roots in Sir Isaac Newton's classic work 

on the solar system, Principia (White, 1974). Systems theory has as 

its basis the long- established scientific me thod: observation, 

generalization, experimentation, and validation. Systems theory 

mere ly extends the generalization portion of the scientific method 

into the formulation of a model . This model is then verified or 

disca r ded , and then subsequently used to evaluate many conditions 

imposed upon it. The analysis of the result of these imposed condi-

tions upon the model then allows inves tigators to make logical deci- . 

sions r egarding possible conditions to be placed upon the real system. 

Whit e (1974, p . 198) gives the following steps in the systems 

approach: 

1. Formulate the problem 
2. Identify and describe the components of the system and 

t hei r interrelationships 
3 . Develop mathematical or logical models 
4. Analyze system pe r formance and study alternative means 

for accomplishing objectives in terms of criteria such as cos t, 
size, effectiveness, and risk 



5. Select the best system on the basis of the specific 
criteria, and 

6. Build or implement the physical or abstract system that 
has been selected. 

Systems analysis can t hus be explained as viewing of a system , 
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constructing some type of model of that system, using the model to test 

alternative actions (that would be performed by some person, group , or 

entity), and then implementing the "best " course of act ion upon the real 

system. Modeling, in its true sense, is a part of the to tal systems 

analysis process. However, it can be seen that systems analysis and 

modeling are, in reality, synonymous terms as used presently. Most 

researchers are taking a systems approach to their s cience when they 

undertake a modeling project. In this paper, the two terms "modeling" 

and "systems analysis" will be used interchangeably to express the same 

meaning. All but the last step of the true systems approach will be 

implemented. This last step, in reality, must be left to the farmer. 

Computer aided systems analysis 

Perhaps the main reason for the broad scale use of systems theory 

in recent years has been the advent of the high speed elec tronic 

digital computer . Complex mathematical and logical models can be 

written in computer language and processed to produce results similar 

to the real system. Digital computer models have another very desirable 

quality--speed. For example, a year of crop-soil-water-climate inter-

actions can be simulated, with interim and summary results printed in 

less than five seconds of central processing unit time on a medium size 

computer (Burroughs B6700) (Hanks et al., 1975). In a few minutes of 

time, numerous seasons of plant growth, all with different management 

schemes, can be simulated for later evaluation. 



Systems analysis in agricultural 
crop production 

The application of systems analysis (modeling) techniques to 

agriculture is now becoming widespread. Perhaps one of the most 

prevalent uses is in modeling crop production under various environ-

mental patterns. Most models dealing with the est imation of crop 

production can be viewed as taking i nto account, to a greater or l ess 
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degree, the crop material itself (with its i nherent properties --genetic, 

etc .) and the environment that it resides in (Keller e t al., 1973). 

These investigators stated that the crop production response vector 

(Rc) can be expressed in terms of two multi-dimensional vectors--the 

crop material vector (M), and the c rop environment vector (E). 

There are probably as many mod els presently dealing with cereal 

c rop production as there are investigators dealing with the same. Many 

investigators have developed mod el s that predict production under cer-

tain conditions . Most of these are statistical approaches utilizing 

climatic data. Newell, Tanaka, and Mis ra (1 976) report on a simple 

regression relationship between winter temperature and rainfall and 

the yield of winter wheat in the U.S.S .R. They also report on similar 

statistical relationships develope d separately by Chirkov and Zabijaka 

in the Soviet Union and Lewis Thompson (1969) in the United States. 

Increasingly, there has been effort to quantify the physical 

aspects of the crop production system more closely . It is felt that 

by modeling individual processes in the system, rather than merely 

quantifying statistical relationships, the results will be more 

transferable between locations and years (Hill et al., 1974). 



There are numerous examples in r ecent literature of these 

"physical models." Splinter (1973) and Baker (1974) have developed 

models for corn. Hanks (1974) developed a simple model for corn that 

combines information on the soil-plant-water-atmosphere continuum 

mathematically in order to estimate the rat io of actual to potentia l 

transportation. Yield is then r elated to this relationship. This 

model has been extended by Hill et al. (1974) to include climatic 

computations to evaluate such factors as phenological s tages and 

killing frosts. However, these two model approaches have only been 

evaluated on common hybrid field corn (Zea mays indentata). 

Systems analysis in wheat production 

Production models dealing with wheat production are not as numer

ous as the world-wide importance of wheat would seem to demand. As 

mentioned previously, there are statistical evaluations of precipitation 

patterns and other environmental factors as they relate to crop produc

tion (NOAA, 1973; Pochup et al., 1975; Bauer, 1972; Thompson, 1969; 

and Asfour, 1950). Others seem to combine some physica l analysis with 

statistical methods such as thos e developed by Yaron et al. (197 3), 

Haun (1973a, 1973b , and 1974), and Baier (1973). 

Haun's approach (1973a, 1973b, and 1974) is in modeling daily 

growth and phenologic development with a number of factors. His 

approach, however, only crudely accounted for the effects of soil 

moisture on yield. 

Neghassi (1974) attempted to formulate a wint er wheat model using 

actual/potential evapotranspiration relationships to estimate yield. 
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His technique was similar to the approach taken by Hill et al. (1974) 

with corn. However, he noted problems in estimating phenological 

periods and problems in estimating evapotranspiration without resorting 

to sophisticated empirical techniques. He reported success in esti-

mating dry matter production, while having some difficulty in estimating 

grain yield . 

Modeling wheat yield system using 
transpirat ion relationships 

Previous mention has been made of various methods of estimating 

yield in the wheat production system. Each method has advantages atten-

dant to it. Most are adaptions of generalized approaches developed for 

use with many crops. One of these approaches was first published by 

de Wit (1958) wherein he relates dry matter yield, Y, to transpiration, 

T, as such: 

y mT/E 
0 

in which Y 

T 

E 
0 

m 

[1] 

yield 

transpiration (actual) 

average free water evaporation rate 

a crop fac tor 

For a given crop and year, the relation of r e lative transpiration 

to relative yield can be obtained from equation [2] as 

Y/Y 
p 

T/T 
p 

in which T 
p 

[ 2] 

potential transpiration which occurred when soil water 

is not limiting 



Yp potential yield when transpiration is equal to potential 

transpiration. 

In the development of equation [1), de Wit (1958) analysed a vast 

amount of earlier data under conditions of maximum soil water. Most 

of the experimental work was done under semi-field conditions where 

plants were grown in containers, although some straight field data 

were also analyzed. He concluded that the influence of soil water had 

a similar effect on both transpiration and yield ; therefore if tran

spiration could be measured, then yield could be measured. 

The validity of equations [1) and [ 2) is not firmly established. 

Richards and Wadleigh (1952) cite research indicating that yield and 

transpira tion are highly correlated. They also present conflicting 

data where yield is reduced before transpiration as soil water decreases 

as well as the reverse . Rawitz (1970) showed that transpiration is 

decreased much less than yield at hi.gh water levels in a laboratory 

study. 

Experimental work under field conditions by Hanks et al. (1969) 

indicated that the model of de Wit (1958) seemed to hold for condi-

tions of differential water status. However, under field conditions, 

water is returned to the atmosphere by evaporation directly from the 

soil as well as by transpiration by plants, so estimates of soil 

evaporation need to be made . 

The model previously mentioned of Hanks (1974) and extended by 

Hill et al. (1974) for corn utilizes directly the r e lationship of 

equation [2) to estimate dry matter yield. For grain production, 

these models used a method of Jensen (1968) that accounts for some 

stages of growth being more critical to grain production than others. 



For corn, the season was divid ed into five stages and relative grain 

production computed as 

Y (grain) 
y 

p 

in which\. 
1 

Y (grain) 

y 
p 

an exponent to allow for weighting the "ith" stage 

actual grain yield realized 

the potential production for the situation where Ti 

always equals Tpi' 

Modeling of wheat phenology 

[3] 
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If the previously mentioned equation for grain production (equation 

[3]) is to be successfully used for grain yield prediction, the pheno-

logical progress of the plant must be accurately modeled. 

Many i nvestigators have developed means to predict phenological 

development in plants (Robertson, 1973). Nuttonson (1953, 1955, 1956, 

1966) presented numerous approaches for wheat using temperature and 

other c limatic data. Gilmore and Rogers (1958) reported a very simple 

method, now commonly called the "l~eather Bureau 50- 86" growing degree 

method. This has been applied successfully to corn by several 

investigators (Hill et al., 1974; Mederski, Miller, and Weaver, 1973). 

Spring wheat has been modeled successfully using a similar approach 

(Fitzpatrick, 1973). However, winter wheat has added problems of 

vernalization and photoperiodism that must be taken into account as 

it approaches and discontinues its winter rest pPriod (Martinic, 1973). 



FIELD PLOT EXPERIMENT 

In order to provide data to calibrate and evaluate the model, a 

field experiment was devised that was hoped to provide necessary 

information not available from previous research records. 

Experimental design 

11 

In order to provide yield values for a large number of irrigation 

rates and thus, hopefully, provide data for both dry and very wet soil 

water conditions, the line source continuous variable plot design 

similar to that described by Hanks, Keller, and Bauder (1974) and 

Hanks et al. (1976) was used. This design uses standard impulse sprin

kler heads spaced twice as dense along the line as is usually pre

scribed. This produces a continuously decreasing irrigation application 

pattern outward at right angles from the line source. By making the 

plot approximately 30.5 meters in width, with the line source running 

through the middle, application rates at the edge are usually zero-

with rate increasing tmvard a maximum at the center (see Figure 1). 

To obtain a plot where water and a line source system was readily 

available, the wheat test plots were laid out in conjunction with two 

other line source studies at the Utah State University Greenville 

Experiment Farm near Logan, Utah . The wheat plots in relation to the 

other plots (some of which were treated with salty water from another 

line source) are shown in Figure 2. 

Five varieties of spring wheat (Triticum aestivum L.) were chosen 

as the experimental material. All were standard tall or semi- dwarf 
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Figure 1. View of line source plo t showing overlapping effect of sprink
l ers (upper portion); and r esul t ing applicat ion pattern for 
the 197 5 season (lower portion). 



Figure 2. A view of rela t i onship of wheat plots to other experimental 
plot s us ing "li ne sour ce" i r rigator s. Experimental plots are 
denoted a s : Rasmussen ' s Phenology \-/heat Plots. 
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varieties. This was done to provide data on two relatively different 

genetic types of spring wheat, soft white and hard red. Spring wheat 

was chosen because of possible problems in phenological model i ng of 

winter wheat due to winter induced verna lization and photoperiodism as 

reported by Martinic (1973). The varieties used were all ones for which 

test data were available from other sites and/or years. All varieties 

used were currently being grown as test varieties in breeding trials 

at Utah State University. 

The five varieties chosen were: (1) Bannock, a hard red semi-dwarf 

wheat, early matu ring, usually produced on dry land; (2) Fremont, a 

large headed hard red semi-dwarf spring wheat of medium seasonal matur

ing, adapted to both irrigated and dryland production; (3) Peak '72, a 

hard red semi-dwarf spring wheat, medium in maturity, produced primarily 

under i<rigated conditions; (4) Lemhi, a standard tall soft white spring 

wheat, l ater in maturity than the first varieties, produced under irri

gation; (5) Twin, a soft whit e semi-dwar f spring wheat, comparable to 

Lemhi in maturity, produced under irrigation. All of these seeds were 

ce<tified or of ce<tified quality in purity. 

The experimental plot was set up as shown in Figure 3. Each 

variety was randomly se t in plots 15.2 m (50 ft) north to south and 

6.1 m (20 ft) east to west on each side of t he line source which was 

cast to west. Thus, each variety was replicated twice, once on each 

side of the line. A border equivalent to fo ur plots (30.4 m north to 

south by 12.2 m east to west) was set aside at the east and west edges 

of the plots to preve nt line source applications from other experi

ments on each side from reaching experimental plots. These dimen

sions allowed 50 rows of planted wheat (30.5 em row spacing) in 



Border seeded wit/h 
Fremont wheat 

BANNOCK PLOT 

LEMHI PLOT 

sprinkler 

PEAK '72 PLOT 

FREMONT PLOT 

Border seeded with/ 
Fremont whest 

~sprinkler li ne 

TWIN PLOT 

BANNOCK PLOT 

PEAK '7 2 PLOT 

FREMONT PLOT 

LEMHI PLOT 

+--------30.48 m 

17 

t 
?' 
a • 

"' ~ 
00 

"' a 



each plot. Thus, 100 rows of each variety were planted in the totAl 

experimental wid th of 30.4 rn with the line s ource running between 

rows SO and 51. A borde r of 61.0 ern was cut at right angles to the 
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rows (north to south) between each plot after planting. This removed 

any contamination of varieties running into the edges of each plot 

due to plante r error . This r educed the plot size to 5 . 5 m by 15.2 rn. 

The randomized placement of variety plantings wi thin the design is shown 

in Figure 3. Border areas we r e seeded with Fremont seed to avoid 

excess ive edge effects from soil water storage within the borders. 

The experimental area was located on Millville sil t loam. The a r ea 

had about a 2 percent slope. The soil was well drained but has f requent 

coarse gravel lenses throughout the profile in an undefined placement 

that was at about 150 em in the plot area. 

Field procedure 

The experimental area had been fall plowed. Preplanting preparation 

inc luded cultivation with a spring-tooth cultivator followed by spike

tooth harrowing two weeks prior to plant i ng to prepar e a semi-smooth 

surface and granulate subsurface soil. One week prior to planting, 

a mmonium phosphate fertilizer (29-14-0) was applied with a hand 

spreader (Gandy) at a r a te of approximate ly 112 kg/ha (100 lb/acre) N. 

The s outh r eplica tions r eceived l ess fertilizer (5 percent) tha n the 

north r e plica tions :due to an unnoticed c hange in th e spreader setting. 

Planting of a l l varieties was done on May 1, 1975. Seeding was 

at an approximate depth of 8 em. Seeding r a te was 95.2 kg/ha 

(85 lb/acre). Seeds for each 6.1 m row in each plot were weighe d out 

and placed in small coin envelopes. Seeding was accomplished with a 
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small belt planter mounted behind a small garden tractor. 

The planter was calibrated to plant each 6.1 n1 r ow without stopping. 

Four rows could be planted at a time with the planter . A very good 

stand of wheat wa s obtained on al l plot s , as ev id enced upon :i.nspection 

a t the time of emergence. A seasonally abnorma l s now s torm and 

freezing t emp e ratures occurre d one week after eme rgence . The wheat 

was frozen on leaf blade edges and s ome blade s kllled completely . 

However, this s eemed to encourage tillering and there was a v e r y good 

s tand a t harves t. 

Phenology was monitored throughout the study at weekly intervals. 

Color photographs of the plots and individual plants a t each edge of 

the plots were taken at bi-weekly intervals. This allowed visual 

checking of phenology observations later. 

Five weeks aft e r planting, neutron probe access tubes were installed 

i n r ows 2, 10, 20, 30, 40, 49, 52, 61, 71, 81, 91, a nd 99 (numbering 

f rom north) in the middle (Twin and Peak) plot s . This a llowed a 

s ymmetrical observa tion pattern of soil moisture on each side of the 

line source with two varieties. Aluminum irrigation pipe that was 3 .05 

min length and 5.08 em in diamet er was used for access tubing. Because 

of the rock l e nses previously described in this exper imental site, a 

pneumatic rock drill with a 7.62 em carbide bit was us ed to drill holes 

within the soil profile for the access tubes. E;ven with this very 

laborious process, some tubes could not be ins talled to the desired 

2 .9 rn de pth. 

Neutron probe measurements we re mad e using a Troxler Scaler/ 

Raterneter Mod e l 2651. a nd a Troxle r Model 104A Arnericiurn-Beryliurn 

Neutron Moisture Probe . Soil moi s ture status was meas ure d during the 
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season on June 10, June 26 , July 3, July 17, July 28, July 31, August 

12, and August 28. Measurements were taken at the following depths (em): 

15.2, 30.4, 45.7 , 61.0, 91.4, 121.9, 152 .4, 182.9, 213.4, 243.8, and 

274.3. 

Weeding was accomplished by hand with a Plane t Jr. blade culti

vator set at a 27 em spacing for passing between rows. Other weeding 

was done by "hand-picking" weeds within the rows. 

Irrigation of the plots took place on July 1-2, July 9, July 16, 

July 22 and July 28- 29. The line source was allowed to apply a calcu

lated amount of 3 to 4 em in the center (2 hour application time). 

Catch-can rain gauges were placed across the line source plots to 

monitor the irrigation amounts at 5 points in each plot. The "rain 

gauges" were later a ttac hed to an aluminum pipe that could be raised 

so that gauges were a t the same height as the crop. This eliminated 

errors due to deflection of irrigation by the crop. 

Plots were harvested as they were fully ripe in the middle of the 

plots. Some lodging occurred due to rain and irrigation at the edges 

of the plots s ubj ect to high irrigation; so even at harvesting they 

were not fully ripe. This was due to lodging, however, and not due to 

higher moisture levels retarding development. Those rows of the same 

var i ety a nd the same position relative to the line source that did not 

lodge were mature at the time of harvesting. 

Harvesting was accomplished by hand cutting each row of wheat 

includin g the straw and putting it in bundles. These bundles wer e 

marked with paper t ags according to variety and row number and hauled 

into the storage area where they were kept until threshing due to 

possible rains at this period. Hand cutting was tedious and time 
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consuming . Several methods other than using a standard hand sickle 

were tried (electric hedge trimmers and cordless grass shears) but none 

proved satisfactory. 

At the time of threshing, each bundle was weighed on a Mettler PlO 

laboratory balance for wet total dry matter weight. Every fifth row 

of total dry matter was saved and dried in a large, steam heated, 

drying oven at 50°C to determine water content in the dry matter across 

the plot. The samples not dried were then threshed and the grain col

lected and weighed on the same balance. Every fifth row grain sample 

adjacent to the rows used for dry matter moisture determination was 

saved for moisture content analysis of the grain across the plot. 

Samples dried for dry matter in the ovens were weighed after 3 days of 

drying and then threshed. Grain from these samples was saved for 

moisture content analysis because weights of this grain would be less 

at threshing due to their being dried first. 

Threshing was accomplis hed with a head thresher designed expressly 

for scientific purposes. It allowed thorough clean-out between each 

sample. Moisture analysis of the grain was accomplished with a Stein

lite Electronic Moisture Meter on a scale calibrated for hard spring 

wheat and western soft white wheat. 

Field plot results and discu ssion 

Raw field plot data contained a wet grain weight and a wet dry 

matter weight for each plot . Also obtained were dry matter water 

content for every fifth row, and grain water contents for these same 

rows; and grain water contents for every fifth row adjacent to these. 

To obtain dry weight values for each row, the water content 

values were paired with proper row numbers and fed into a standard 
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multiple regression statistical package on the Burroughs B6700 computer 

(STATPAC/MREGR; Hurst, 1972). This regression was set to fit a least 

squares second order polynomial line through these data points, for 

each individual plot. The R
2 

value (mean) for these manipulations was 

.41. This approach allowed a unique water content estimate to be 

utilized for each row in reducing field wet-weight values to dry weight. 

It was hoped that this approach would correct for water content dif-

ferences across the plot caused by the line source treatments. 

A similar procedure was used for the grain field (we t) weight 

values. STATPAC/MREGR was run upon the data points collected from the 

moisture meter and then an equation was developed that could give a 

unique water content value given the number of each row. The R
2 

(mean) 

value for these manipulations was 0.62. An exception to this procedure 

was that generated water content values were not used on those grain 

samples that were dried for dry matter water content values. The actual 

water content measured by the Steinlite tester was used for these 

because their water contents did not correlate, obviously, with those 

sampled in the field. A summary table of the dry weight values for 

grain and dry matter for each row is given in Appendix A (Table 9 ). 

Those grain yield values that did not use the multiple r egression 

generated water content values are marked with an asterisk. 

Because of the variation apparent in the data due to many factors, 

values to be used for model tes ting were reduced to those taken at the 

neutron access tube rows . These values were obtained by averaging the 

data points at the neutron tub e rows with the two rows on each side. 

Values obtained by this practice were then averaged over the two 

replicates to help e liminate fi eld plot variation. These summary 
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values are given in Table 1. These show grain and dry matter yields 

(respectively) for each of the five varieties. It can be seen that in 

a ll but the Bannock variety, there is a general upward trend in yield 

with increases in water application. The possible depression in Bannock 

yie ld with high water levels is due to factors not isolated in this 

study but possibly due to genetic breeding of this dryland variety for 

low water levels. Mean yields for grain (Figure 4) and for dry matter 

{Figure 5) are shown as a comparison between varieties. 

Irrigation appl ied was computed for each row. This was done by 

taking the can catch data for each irrigation individually and running 

a second order multiple regression (as was done with grain and dry mat-

ter water content s). Several orders of polynomials were tested by a 

STATPAC computer routine. However , the second order was highly signifi

cant over all others . The mean R2 values for these runs was over 0.96. 

\{hen these runs were completed, a n equation had been developed that 

predicted irrigation amounts for each row . By approaching irrigation 

delivery patterns in this manner, such problems as wind shift and 

sprinkler variation is automatically accounted for in each run. 

Table 2 gives the seasona l summary of irrigation for the rows 

containing the neutron tubes. These sums fit a second order (parabolic) 

regression equation with an R2 of 0.998. 

Evapotranspiration values were obtained for the twelve sites 

where neutron access tubes were installed. These values were computed 

by taking evapotranspi ration to be equal to the sum of soil depletion 

(as measured through the season by neutron probe), precipitation, and 

irrigation. This assumes dra i nage and runoff are negligible . Values 

obtained for each neutron site are given in Table 3. 



Table 1. 

Means of 
Reps 

2 & 99 

10 & 91 

20 & 81 

30 & 71 

40 & 61 

49 & 61 

Table of mean yields of symmetric replicates at neu tron tubes smoothed by two points on each side. 
Values a r e in mt/ha for grain (G) and dry mat t er (DM). Bu/acre estimated at a constant bushel 
volume and 10 per cent moisture are given for gr ain yields in parentheses 

Bannock Peak '7 2 Fremont Lemhi Twin 
G DM G DN G DM G DM G DM 

1.98 (32 . 4) 4.28 2.26 (36.9) 4.84 2.04 (33.3) 4.15 1.97 (32.2) 4.69 2.16 (35.3) 4 . 84 

2.27 (37 .1) 4.95 2.40 (39.2) 5.29 2 . 67 (43.6) 5 . 38 2. 73 (44.6) 4.00 3.01 (49.2) 6 . 12 

2.44 (39 . 9) 5.38 2. 78 (45.4) 5. 97 3 . 34 (54.6) 6 . 40 2 . 96 (48.4) 6 . 39 3.62 (59.2) 6. 92 

2. 78 (45.4) 5 . 92 3.19 (52.1) 6.58 3. 77 (61.6) 7.00 3.07 (50.2) 6.51 3.96 (64.7) 7.55 

2 . 67 (43.6) 5.49 3.30 (53.9) 6.51 4.23 (69.1) 7.44 3.30 (53.9) 6.91 3.97 (64.9) 7 . 65 

2.62 (42.8) 5 . 36 3.48 (56.9) 6.75 4 . 01 (65 .5) 7.42 3.50 (57.2) 7 . 21 4.11 (67 .2) 8.60 

N ..,. 
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Table 2o Irrigation amounts (in em) at neutron tubes 

Date of Row 2 Row 10 Row 20 Row 30 Row 40 Row 49 
irrigation 

July l - 2 olOS o99l l. 885 2o542 2 o962 3o137 

July 9 ol6l 1.020 lo890 2o535 2o953 3o137 

July 16 0666 l. 750 2o809 3o539 3o939 4o0l7 

July 22 o438 1.149 1.847 2o333 2o607 2o673 

July 28 OoO 1.047 2ol34 2o90l 3o348 3o476 

Seasonal 
total 1.3 5 0957 l0o565 13o 850 l5o809 l6 o440 

Hean values of synnnetric rows in each replicate: 

Row l & 12 Row 2 & 11 Row 3 & 10 

1.407 5o578 100280 

Row 52 Row 61 Row 71 Row 81 

3ol53 3o 072 20757 2o206 

3 ol58 3 o098 2o8l7 20310 

3o984 3 o707 3 0 707 2ol36 

2o656 2o493 2o493 l. 514 

3o46l 3o242 3o242 1.829 

l6 o4l2 l5o6l2 l3o465 9o995 

Row 4 & 9 Row 5 & 8 

l3 0 658 15 0 711 

Row 91 Row 99 

l. 417 o6l5 

1.577 o82 8 

0856 OoO 

o707 OoO 

o64l OoO 

5ol98 1.443 

Row 6 & 7 

l6o42 6 

N .._, 
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Table 3. Evapo transpiration ( i n em) measured at ne utron tubes 

Row Row Row Row Row Row Row Row Row Row Row Row 
2 10 20 30 40 99 52 61 71 81 91 99 

31.1 39 . 4 44 . 0 44.9 44.8 40 . 1 31. 6 35.0 39.2 43.0 39.0 38.5 

Mean values of symmetric rows in each replicate 

Row ~2 Row 2 & 11 Row 3 & 10 Row 4 & 9 Row 5 & 8 Row 6 & 

31. 4 37 . 2 41.6 44 .0 41.9 39.3 

Examining Figure 6 r evea l s that evapotranspiration (ET) for the 

varieties s hown dropped off at the highe r leve l s of wate r applied. This 

could be due to many factor s . I be lieve , a lthough proof is non-existent, 

that this i s an effec t of water being delive red to this ar ea of the plot 

by the lea kage from the line source pipe and the dripping of sprinklers 

fo r long periods afte r water is s hut off . This would allow more wa ter 

than that measured as applied to be i n the profile, and, thus, would 

r esult in lower ET as calculated from soil depletion. Yields of other 

varieties t ende d to i ncr ease inst ead of decr ease at these points. 

Figures 7 a nd 8 s how a stronger linear trend if those points with high 

yields a nd lowe r ET a t the portions o f the plot near the line source 

were i gnored. A linear tre nd has been s ub s t ant ia t ed by Hanks , Gardner, 

and Florian (1969) a nd others . 
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THE COMPUTER MODEL 

Model theory 

The model wa s construct e d from the basic statements and theory of 

th e mode l present ed by Hill et al. (1974) for corn. Numerous changes 

were made within t he original corn model to a llow modeling of a dis

s imilar c rop: spring wheat. Severa l improvements were a lso made in 

the soils ET sec tion . The main program was completely rewritten. 

The mode l's bas ic assumption is that dry mat ter yield can be 

related to the relat i onship of actual to potential t ranspir ation 

expressed in equation [2]. Grain yie ld is c omputed as in equation [3], 

wh e r e the s tages of gr owth a r e (a) plant to emerge , (b) emer ge t o 

booting, (c) booting to heading, (d) heading to soft milk, and ( e ) s oft 

milk to maturity. 

Transpiration is a c omplex process, with many factors affecting 

it s r a t e . The model assumes a potentia l transp iration value determined 

by c limato logical parameters. This value i s then adjusted t o actual 

transpiration by r e lating it to the soil water st a tus (soi l water 

storage/available water s torage) , the soil water statu s is 

assumed to be the only factor limiting ac tual transpiration from 

r eaching the climatologica lly det ermined potential transpiration for 

a given c rop. Hanks (1974) s howed that the model predictions were not 

very sensi tive to t he typ e of re lationship be tween the exist i ng soi l 

wat e r storage, SWS, and the max imum amount of availabl e water s torage, 

AW. The relationship used he r e in is 
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T T I 0.5 
p 

SWS/ AW, if SWS/AW < 0. 5 [4a] 

or 

T T ' if SWS/AW > 0.5 
p 

[4b] 

and 

T = a E 
p 0 

[5] 

in which SWS existing soil water storage 

A\-l maximum amount of available water storage 

a = a factor which depends on the crop and growth stage. 

These e quations assume there is a unique AW for a given soil which 

may be questionable for some situations. This computation is adapted 

to allow for five different layers of soil. A root growth es timation 

is used which allows root ext raction to occur at increasingly deeper 

depths with time . 

Soil evaporation is assumed to be related. to potential soil 

evaporation and the time since the last wetting by 

E = E /tl/Z 
p 

and (this computation is performed ex t ernal to the model) 

E 
p 

b( E - T ) 
0 p 

in which E evaporation from the soil 

E 
p 

b 

potential soil evaporation 

a facto r which depends on the crop and growth stage 

the time in days since the last wetting 

[6] 

[7] 
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Equation [6] is the same type of relation used by Ritchie (197~ and 

Hanks (1974). It is subject to the constraint that the soil water 

storage in the surface 20 em (8 in) of soil must be above the air dry 

soil water storage. The top 20 em (8 in) of soil are dried by evapora-

tion and transpiration to the wilting point and then by evaporation 

only to air dry. The value of Tp and, consequently, Ep (see equation 

(7]) are influenced by the kind of crop and stage of growth . E
0 

and Ep 

a r e read into t he model and computed externally from pan data or 

empi rical me thods . 

Drainage is assume d to occur if the sum of SWS and the water 

applied by irrigation or r ain is greater than AW for a ll root depth 

increments . The mod e l does not account for water flow upward into the 

root zone or runoff during high application-rate periods. 

The progress of the plant through the individual growth stages 

is computed by a method employed by Hill et a]. (1974). This method 

has been commonl y r efe rred to as the "Weather Burea u 50-86 Gr owing 

Degree Day" method and is attribut ed to Gilmore and Rogers (1958). 

This approach assumes that th e re are certain limits to the tempera -

ture range in which plant phenological development occurs; and that 

within this range, th e rate of progression is proportional to the 

value of the average temperature. In equation form, this is expressed 

as 

GDD °F (Tll/2 + TL/2) - 50 [8a] 

in whic.h GDD °F growing degree dnys for the given day, °F 

TH mnximum dai 1 y air temperature (TMX), if TMX < 86 °F, 

if TMX > 86 °F then TH ~ 86 °F. 
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TL minimum daily air temperature (TMN), if TMN ~ 50° F, 

if TMN < 50° F, then TL = 50° F. 

This eq uation is express in terms of degrees Fahrenheit because all 

weather records presently collec ted are in this form. For refere nce, 

it is also given as follows in the SI system (degrees Celsius), 

(TH/2 + TL/2) - 10 [8b] 

in which GDD oc growing degree days for the given day, oc 

TH maximum daily air temperature (TMX), if TMX < 30° C, 

if TMX > 30° c , then TH = 30° c 

TL minimum daily air temperature (TMN)' if TMN > 10° C, 

if TMN < 10° c, then TL = 10° c. 

In this thesis, the Fahrenheit form of growing degree days (GDD °F) 

will be presented because of the current convent ion of the U.S~ Weather 

Service . However, Celsius equivalents will be given where practical 

(GDD °C). Fahrenheit growin g degree days , rather than Celsius growing 

degree days, were used within the model because all data were collected 

from official U.S. Weather Service sources or their equivalents. 

Within the computer model, the daily growing degree days are 

accumulated from a specif ied planting date and matched against required 

accumulated GDD °F ' s for the given spring wheat variety to reach growth 

stage end points, suc h as boot or head . The accumulated GDD °F's then 

serve as a timing mechanism for plant growth stage progress. 

Thus, the model proceeds on a day- to-day basis by using a simple 

accounting procedure to keep a running account of SWS, cumula tive Tp, 

T, E, drainage, irrigation and rain. The phenologic stage is determined 

by accumulating daily computed GDD °F , equation [1], and matching 



against t he r equired s um for completion of each growth stage. At the 

e nd of the season, the cumulative T, E, irrigation, rain, drainage, 

total water use, T/Tp for each gr owth stage , and re la tive gr ain and 

dry matt e r yie ld are print ed out. The program allows for a re-

in itializat i on of the input data wi th a different amount of water 
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added at the same or diffe r e nt frequency and, if desired, a new planting 

date. The computa tions are then r epeat ed for the same set of daily 

weather data and soils. 

Model st ructure 

The FORTRAN IV (Burroughs B6700 vers ion) program, as used in 

this study, is given in Appendix B. A samp l e input deck for the 

Burroughs system is printed in Appendix C, with the r esulting printout 

controll ed by this deck given in Appendix D. 

The model is divided into a main program and t wo subroutines. The 

main program reads all input data se lectively and controls the execu-

tion of the two subroutines. The first subroutine (DATAR) computes 

GDD °F for all days, resulting phe nological stages, and arranges other 

climate relat e d information into the format used by the second subroutine. 

The second subroutine (PRDFNC) computes ET r elationships, daily soil 

water status, and the yield components produced by the se relationships. 

The main s ubroutine is se t up so as to be able to reinitialize any 

data set and then re-execute e -Lth e r or both subroutines . This format 

was especially valuable when evaluating large numbers of crop depend ent 

factor s or many irriga tion treatments. All necessar y computations can 

be executed, and the results printed, in one "pass " through the com

puter's processing unit. This arrangement provides mu c h greater economy 
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in mult iple runs such as this. A variable designed ITYPE is used as a 

contr ol input to guide the program through or around desired steps . 

When ITYPE equals one, the program wil l read in site- specific 

information and control data. This includes five variables that control 

extensive interim printout of results for debugging purposes only 

(TSTCLM, TSTGDD , TSTSUM, TSTPHN, and DEBUG). An alpha-numeric array 

(SITE(N)) allows printing of a desired site identification character 

s tring. THK(N) is the th ickness of each of five soil layers defined in 

the mod el. The s ummation of THK(N) should equal the maximum rooting 

depth of the plant in that soil. WHC(N) is the water holding capacity 

in each of the five layers of soil in dimensionless units. This is 

def ined as the difference in the volumetr ic water content observe d at 

fie ld capacity and permanent wilting point for the given soil . AIRDRY 

is a v ariable used to se t a limit on the amount of water tha t can be 

ext racted beyond the water conte nt of permanent wil t i ng point, by 

evaporation from the su rface l ayer of soil. The model assumes no 

other layer can be dried by evaporat i on, thus only the top l ayer can be 

dried below pe rmanent wilting point water content . A value of - 2 . 0 was 

used throughout this s tudy. AWFAC is the available water f actor used 

in equation [4a ] and [4b ] as 0.5 . This value of 0.5 was used through

out this s tud y . BGSM(N) is the beginning soi l moisture in each of the 

five laye rs of so il expressed i n units of dep t h s uch as em. The mode l 

i s arranged so that any system of length units may be used to express 

BGSM, THK, e t c . , as long as consistency is main tained. Thus, if soil 

water information i s i n centimeters, then rain and irrigation must be 

given in ce ntimeter s an d the resulting ET and tra nspira tion r e lat ion

ships will be compute d in centimeter s . 
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When ITYPE equals two, th e main program r eads i n crop- specific 

information . CRPNM and VARNM are alphanumeric variables used to allow 

printing of the c rop name and variety name , respec t ive ly. GDDMAT i s a 

r ea l variable used to allow printing of t he required growing degree 

days for the crop to mature (GOD °F in this study) . STAGE(N) is an 

alphanumeric ar r ay used to a llow printing of the average desi r ed growth 

stages for a given cr op . GDDPH(N) is an array used to s tore the value s 

of growing degr ee days ( in GDD °F) require d in each growth stage. 

RTDAMX , FROOTA, FROOTB , and DEPSEW are variab l es used in root growth 

computa tions; RTDAMX is t he day s ince planting tha t the root reaches 

max imum dep th ( the sum of the f ive soil depths used ). DEPSEW is the 

dep th of planting. E(N) is the a rray of cons tan ts (Ai) used in the 

grain yield equation (equation [3]) . 

llhen ITYPE equals three , the ma in program reads in year-specific 

(climatic) info rmat ion for a given place and year . IYR a nd NDST a r e 

variables that r efer to the year and number of days in the year (366 

if a leap year). STRTEV i s a value used t o adjus t the beginning 

value of ETP and Ep according t o the time since the last rain, because 

the model assumes in it s computations that rain occurred on the day 

of planting. TMX( N), TMN(N), and PPT(N) refer to arrays of maximum 

t emperatures , minimum temperatures, and precipitation for the entire 

y ear . A routine in DATAR c hanges precipi tation va lues from i nches t o 

centime t ers , if desir e d. 

When ITYPE equals four, the main program r eads t he Julian day of 

planting (IPLT) and the Julian day of ha rvest (HRVST). The HRVST 



39 

variable is only needed it the crop is to be harvested before calculated 

maturity, otherwise it is set to a value greate r than 365. 

Whe n ITYPE equals five, the program r eads-in sufficient climatic 

information so that DATAR need not be executed if these calculations 

have already been completed outside the program . SKIP2 is a variable 

that causes only a portion of DATAR to be execut ed if desired. DAYS is 

the numbe r of days in the growing season . NR is the number of elements 

in the rain array. DDST is th e frac tion of the growth season in each 

of the five chosen growth stages. R(N) is the day of rain (day number 

since planting) and the amount, recorded sequentially in an array . 

When ITYPE equals six, the ma in program reads the irrigation data, 

if desired. IR i s the number of elements in the rain array. GIRR(N) 

is an array with elements of day number followed by irrigation amount 

configured as in the rain array. 

When ITYPE equals seven, the ETP and Ep information is read. lET 

is the number of elements in the ET array. ET(N) is the ET array con-

taining sets of three elements: day number, then two numbers following, 

one being the potential evapotranspiration obtained by empirical 

methods or pan data, and the following number being the potential 

evaporation as calculated from equation [7]. Upon PRDFNC execution, 

the first a rray element is day 1 and associa ted values of Ep and ETP 

are used by the mod el until the mode l reache s the day number expressed 

in the third trial of numbers. The procedure repeats until the day of 

crop maturity. 

When ITYPE is greater than 10 and less than 20, subroutine DATAR 

is called. When ITYPE is greater than 20, s ubroutine FRDFNC is called. 
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If TYPE is equal or less than zero, the program stops. Thus a blank 

card is always needed at the end of a data deck . 

Additional information r egarding the program structure can be 

obtained by examining Appendixes B, C, and D. Commen t sta tements have 

been provided to guide the would-be user. 

Model calibration 

Becau se the beginning form of the model was developed f or hybrid 

fie ld corn (Zea mays indenta t a L.) by Hill et al . (1974), considerable 

effort had to take place to alter numerical constants within the model 

and to change numerical procedures commonly utilized i n input data prep-

aration. A s ummary of model ca libration is g i ven in Appendix E. 

The model as developed by Hill et al. (1974) contained a growing 

root f unction that was developed for corn by Childs (1975). This 

function, that described the maximum root depth at any time during 

the season was ass umed to be a sigmoid curve with no roots at the time 

of planting and no change in root depth after the time of root profile 

maturity . Childs stated hi s equat ion thus: 

Droo t = DD(kk)/(1.0 + exp (6 . 0-12.0 •Time/Rdfday)) [9) 

in which Droot depth of rooting in em 

Time time in days 

DD(kk) depth of root zone at maturity 

Rdfday number of days to root profile maturity 

It can be seen that, when Time equals 0, droot equals DD(kk)/-(l.+e+6), 

essentially zero. At Time equals Rdfday, the time to root profile 

maturity, Droot equa l s DD(kk)/l.+e-
6
), essentially DD(kk). The 
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distribution of roots f or any value of droot is an algebraic scaling of 

the mature root densi ty pro file to fi t a smal l er depth . 

This equa tion, when operated on da t a from the field plots of this 

study, gave r esult s that wer e s ub stantially in error when compared to 

ac tual rooting depth as estimated from neutron probe water depletion 

measuremen t s . The method of Childs also causes the root to start at 

the surface and grow downward with no allowance for planting depth. 

This could lead to substantial e rrors with wheat planted at diff erent 

de pths . Therefore, Child ' s equation was modified to allow a depth-of-

sowing cons tant to be added (DEPSEW) and allow the constants within the 

exponential a rgumen t to be altered a t will (FROOTA and FROOTB). Thus 

the modified equation is expressed as follows: 

DEPROT 
DEPMAX-DEPSEW 

DEPSEW + 1.0 + EXP(FROOTA- (FROOTB(DA/RTDAMX))) [10] 

in which DEP ROT depth of roo t in em at a given day since planting 

DEPSEW depth of planting (sowing) 

DEPMAX depth of maximum rooting, equal to s um of five depths 

of five layers used in the model 

FROOTA, FROOTB cons tants that vary according to crop (5 and 8 used 

in this study) 

DA sequential day since planting 

RTDAMX sequential day (since planting) when root reaches 

DEPMAX. 

A s imple FORTRAN IV (CANDE) progr am was written to test values of 

FROOTA and FROOTB in equation [10] from a r emo t e computer terminal. 

Numerou s tests were made of all possible combinations of integers 
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between 1 and 20. Values of FROOTA and FROOTB that best fit actual 

rooting patterns for both types of wheat (white and red) with their 

individual RTDAMX, were determined to be 5 and 8, respectively. A 

representation of actual rooting depths observed, the values obtained 

with equation [9] of Childs, and the values obtained with equation [10] 

using FROOTA = 510 a nd FROOTB = 8.0, is given in Figure 9. The error 

of Child's eq uation (equation [9]) can be seen when applied to data from 

spring wheat. 

The ET array that is read into the model is composed of triads of 

numbers, the first being a day number , the second being an ETP value, 

and the third being an Ep value . The ETP valu e for this study was 

obtained by taking the E
0 

value as estimated by a class-A U.S. Weather 

Service evaporation pan, and adjusting it for the shading effects of 

the late crop in the season when no transp iration was taking place. 

was considered equal to the pan value until the time of c ulm drying 

ET 
p 

(estimated at 98 days aft er planting). At this time the ET value was 
p 

dropped in a gradual sloping patte rn to a low of 0.20 E
0 

at harvest. 

It was assumed that Ep is nearly the entire component of ETP after the 

wheat culm starts to dry and transpiration slows. At this time, shading 

by the wheat plant would limit Ep and thus limit ETP from its climato

logically determined value that is registered by the pan. 

After obtaining these basic values of ETP, the crop factor, b, as 

sl10wn in equation [7], was applied to ETP to obtain a value for Ep. This 

crop factor is a r esult of transpiration of water by the plant competing 

for water normally available for Ep , and is also a result of crop 

shading during the active growing period. This crop factor allows Tp, 
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which is defined as ETP - Ep, to start out at a zero value at planting 

and gradually approach ETP at full-cover of plant growth. This is where 

Tp stays until the time of culm drying, when it drops to near zero. It 

should be noted that the program will not exec ute properly if Ep or Tp 

equals zero . Therefore, the ET array is adjusted so that Ep is never 

zero and ETP is always (if only sligh tly) larger than Ep. 

These values of the ET array were then multiplied by several 

weighting factors near 1.0 (0.8, 0.9, 1.1, 1.2, etc.) in order to cali-

brate the pan-obtained values for location effects in relation to wind, 

etc. that might be different from effects at the site. Selection of 

this scaling factor was done by comparing calculated evapotranspiration 

values with those observed at the neutron tubes sites in the field plots. 

Evapotranspiration values obtained from the field plots had a range 

of approximately 31.0 to 44.0 em. It was decided that the model should 

be adjusted to give these values at each extreme of the irrigation levels 

on the CVD plot . Adjusting the BGSM array (and thus the WHC array, 

since a full profile was assumed at the start) had a large effect on 

the calculated ET value for the dry end of the CVD plot, but a small 

effect on the wet end. Conversely, adjusting the ET array weighting 

factor had a large effect on calculated ET values at the wet end of the 

CVD plot, but a small effect on the dry end. Thus, these array values 

were adjusted up and down while holding some of them constant , until 

optimum values were obtained. It was found that a BGSM total of 16 . 6 

em gave the best fit, which was slightly less than the 18.8 em calcu-

lated from neutron probe dat a. An ET array weighting factor of 1.0 was 

found to give best results on the overall data. 



At the conclusion of model calibration, yield values of the wet 

plots were not at maximum values (e.g., Y/Yp < 1.0). For the values 

of the ET array and the BGSM and WHC arrays used, even at the highest 

level of water application in the CVD plots, relative grain and dry 

mat t e r production levels were all less than 0.90. Upon close exami-

nation of the model printout, it could be seen that a calcula t ed ET 

deficit occurred i n the second phenological period just prior to the 

first irrigation. Upon re-examining the neutron probe soil moisture 

data, this indeed seemed to be plausible. 

For purposes of this study, it was then assumed that the values 

of the BGSM, WHC, and ET arrays were a reasonable approximation of 

the real environme nt that the wheat plants were being subjected to. 

Relying upon this assumption (which may not be enti rely correct) an 

es timation could bemadeof the dimensional yield values associated 

with the Y/Yp values calculated and printed by the computer model. 

The highest yield value (mt/ha) of each varietal trial was taken as 

the best representation of yield values for that variety. This yield 

was then multiplied by the reciprocal of the calculated relative 

yield fraction (Y/Yp) for that particular row. This gave a quanti

tative value for the yield (in metric tons/hectare) associated with 
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the Y/Yp relationship of 1.00. Thus, any computed relative yield 

value could be multiplied by this value associated with Y/Yp of 1.00, 

and the approximate yield value scaled t o metric tons/hectare for that 

compu ted Y/Yp would result. It s hould be re -emphasized tha t this par

ticular method is only valid if it is assumed that the BGSM, WHC, and 

ET arrays are very close to correct values. 



Calibration of E array values was done by testing a number of 

values until the data for grain yie ld matched that of the Peak '72 

variety as close as thought practical. Values of 0.25 for all A' s 

constants in equation [3] gave a good fit . AIRDRY was set at 2.0 and 

AWFAC was set at 0.5. 

Growing degree days ("F) were ca l culated and then calibrated 

against measured phenological stages so as to give proper results. 

Arrays were set up fo r each variety in the ca libration (field) plots . 

The results a r e given in Table 4. 

Table 4 . Growing degree days (GDD "F) for stages of growth for five 
varieties grown for calibrat ion in 1975 

Phenological 
stage 

Bannock Fremont Peak ' 72 Lemhi Twin 

Plant to 
emergence 61.5 61.5 61.5 61.5 61.5 

Emergence to 
boot 427 . 5 436.0 436 . 0 488.0 471.0 

Boot to 
heading 99.5 141.5 141.5 171.0 188.0 

Heading to 
milk 348.5 345.5 345.5 307.0 307 . 0 

Milk 
maturity 608.5 652.5 633.0 674.5 659.5 

Total 1545.5 1637.0 1617.5 1702.0 1687.0 

Mode l testing and results 
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All model cal ibration with respect to ET values was completed with 

neutron probe data from averages of the Twin and Peak '72 sites . All 
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The site of the Greenville Farm variety trials was essentially the same 

as the site where field plot studies for calibration were conducted. 

Therefore, no adjustments to site-specific data were made. The soil at 

the Bluecreek Experiment Farm also was similar enough in water holding 

capacity that no change in site-specific soil variables was made here 

either, even though the climate data is much different. 

A preliminary test was made with the phenological portion of 

the model before any yield modeling took place. The model was calibrated 

for each variety with the climatic data for 1975, observed phenology of 

the calibration plots, and GDD °F computed for each day of the growth 

season. This data is summarized in Table 4 . Climatic data was read 

into the model for each of the four years where heading dates were 

observed. Results of how observed and predicted values compare are 

shown in Table 5 and Figure 10 . Mean deviation for all test years was 

3.2 days. Maximum deviation of predicted from observed values was 

6 days. Standard deviation of predicted from observed values was 3.22 

days. When it is considered that the observation of the heading dates 

was possibly by different persons over the four years and that observa

tions were taken every 2-7 days, then the prediction of the common 

"50-86 method" is seen as very adequate. 

It should be noted that Neghassi (1974) reported that elapsed 

time in days was as significant as GDD for predicting phenology of 

winter wheat. It can be seen when examining Table 5 that the range 

of days from planting to heading in this test data is 50-75 days. 

Thus, in this study of spring wheat , GDD °F is more significant 

than elapsed days. 



Table 5. Actual vs model pr ed i cted heading dates. USU Greenville Farm variety trials 1972- 1975 (Month
day notation) 

Varie t y Obs. 

Fremont 7- 8 

Peak '7 2 7-8 

Lemhi 7-15 

Twin 7-15 

1975 

Pred. 

7- 5 

7- 5 

7-9 

7-9 

Deviation 
in days 

3 

3 

6 

6 

1974 

Obs. Pred . 

6-17 6-14 

6-12 6- 14 

6-20 6-18 

6-21 6-18 

Deviation 
in days 

3 

2 

2 

3 

Obs . 

6- 24 

6- 23 

6- 27 

6- 28 

Mean deviation Mean deviation 

4.5 2.5 

Mean deviation for all t est year s - 3.2 days. 
Standard devia tion for all test years= 3 .2 2 days. 
Maximum deviation for all test years = 6 days. 

1973 

Pred. 

6-18 

6-18 

6-24 

6-24 

Deviation 
in days 

6 

5 

3 

4 

Obs. 

6-8 

6- 7 

6-14 

6- 14 

Mean deviation 

4.5 

1972 

Pred. 

6- 8 

6-8 

6- 12 

6-12 

Dev iation 
in days 

0 

Mean deviation 

1. 25 

..,.. 
"' 
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The next group of model validation runs were done with the data 

co llected on the field plots conduc ted for this study in 1975. Data 

is given for both observed and predicted grain and dry matter in 

Table 6. Figures 11 and 12 s how the model genera ted curve of 

predicted values vs ac tual values for both grain and dry matter for 

the Peak '72 calibration varie ty and for the Fremont variety ( the 
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only variety common to a ll validation tests), respectively. Predic

tion of dry matter leads prediction of grain in fitting measured 

values. However, if exponents in equation [3] were further optimized 

individually for each variety, this might not be the case. The devia

tion of predicted from observed grain yields seems to follow a general 

trend in both varieties, though not the same type of trend. 

A model validation run was conducted for the Bluecreek site (Table 

7). Only two of five test varie ties were grown there, Fremont and 

Bannock. Prediction vs observed deviations were 0.04 mt/ha (0.6 bu/ 

acre ) and 0.4 mt/ha (6.5 bu/acre ), respective ly. Cons i dering a maximum 

yield of approximately 5.0 mt/ha (82 bu/acr e) , these are errors of only 

0.7 and 8.0 percent. Since this dryland a rea has ve r y different c limatic 

cond itions from the ca libration area at Logan, Utah, these results were 

v e ry encouraging. 

Additional validation was desired for the model. Data from 

variety trials at the USU Greenville Experiment Farm were very complete 

e xcept tha t dates and amounts of irrigation had not been recorded, only 

the numb e r of irrigations. It was decided to estimate these dat es of 

irrigation at 7 days before predicted booting of the Bannock variety, 

and every 10 days thereafter for 3 irrigations, except in 1975 where 
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Table 6. Observed vs model predicted grain and dry matter yields in 
metric tons/hectare (estimated bus hel/acr e va lues in 
paren theses) 

Variety 
Irrigation Grain Dr y ma t:t e r 

Row II Obs. Pred. Obs. Pr ed. 

Peak '72 2 & 99 2.26 (36. 9) 2.37 (38 . 7) 4 .84 4.23 
(variety used 10 91 2.41 (39.4) 2. 74 (44.8) 5.29 4.94 
to calibrate) 20 81 2.78 (45.4) 3.13 (51. 1) 5 .97 5 . 81 

30 & 71 3.19 (52.1) 3.35 (54. 7) 6 . 58 6 . 40 
40 61 3.30 (53.9) 3.45 (56.4 6 .51 6 .67 
49 52 3.48 (56.9) 3.48 (56.9) 6.75 6. 75 

Fremont 2 & 99 2.05 (33.5) 2.88 (47.1) 4.15 4 . 71 
10 & 91 2.67 (43.6) 3.34 (54.6) 5 . 38 5 .49 
20 & 81 3.34 (54. 6) 3.82 (62.4) 6.40 6.47 
30 & 71 3. 77 ( 61. 6) 4.10 (67. 0) 7.00 7 .11 
40 & 61 4.23 (69.1) 4.23 (69.1) 7.44 7.44 
49 & 52 4.01 (65. 5) 4.26 (69.6) 7.42 7.53 

Bannock 2 & 99 1. 98 (32. 4) 2.01 (32.8) 4. 28 3.94 
10 & 91 2. 27 (37 .1) 2.30 (37 .6) 4.95 4.59 
20 & 81 2.24 (36. 6) 2.61 (42.6) 5.38 5.40 
30 & 71 2.78 (45.4) 2.78 (45.4) 5.92 5.92 
40 & 61 2.68 (43.8) 2.84 (46.4) 5.49 6.12 
49 52 2. 62 (42. 8) 2.86 (46. 7) 5.36 6.18 

Lemhi & 99 1. 97 (32.2) 2.14 (35. 0) 4.69 4.44 
10 & 91 2. 73 (44.6) 2. 61 (42.7) 6.00 5.18 
20 & 81 2.96 (48.4) 3 .10 (50.7) 6.39 6.14 
30 & 71 3.07 (50.2) 3.34 (54.6) 6.51 6. 76 
40 & 61 3 . 30 (53 . 9) 3.46 (56. 5) 6.91 7. 09 
49 & 51 3.50 (57.2) 3.50 (57.2) 7.21 7. 2l 

Twin 2 99 2.16 (35. 3) 2.52 ( 41. 2) 4.84 5 . 30 
10 & 91 3.01 (49. 2) 3.07 (50. 2) 6.12 6.18 
20 & 81 3 .6 2 (59.2) 3.66 (59.8) 6.92 7.33 
30 & 71 3.96 (64. 7) 3.94 (64.4) 7.56 8.06 
40 & 61 3.97 (64.9) 4.08 (66. 7) 7.65 8.46 
49 & 51 4.11 (67. 2) 4.11 (67. 2) 8.60 8.60 
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Table 7. 1975 Bluecreek variety trials--actual vs model predicted 
grain yields (Dryland; WADD = PPT only) 

Variety 

Fremont 

Bannoc k 

Grain-Observed 
(mt/ha) (bu/acre) 

1.55 

1.51 

(25.4) 

(24. 7) 

Grain-Predicted 
(mt/ha) (bu/ acre) 

1.59 

1.11 

(26. 0) 

(18. 2) 
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the first irriga tion was skipped due to an extremely wet spring. This 

method would seem to follow the schedule that the author observed in 

1975. Although this data would not provide as good a test as at 

Bluecreek, where no irrigation took place, it would give some idea as 

to the value of the model over several years of data and changing 

climatic patterns at a single site. The results of this test are given 

in Table 8 . 

Observed versus predicted yield diagrams for ~ data are given 

for each variety in Table 8 and Figures 13, 14, 15, 16, and 17. It can 

be seen that a very good fit to the 1:1 i s found for the 1973, 1974, 

and 1975 data. The fit t o the 1 : 1 line for the 1972 data is not as 

significant as the other years. The rea son for this can be traced 

to the fact that observed produ ction exceeded the models 100 percent 

value by as much as 30 percen t . 1972 was a year that a llowed 

planting to be done as much as 45 days earlier than normal and thus 

had a long, cool growing season. Thus more photosynthesis could take 

place "ln the longer phenological periods. The model has no means to 

comp e nsa te for thes e years whe n extend ed photosynthetic periods become 
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Table 8. 1972-1975 Greenville Farm Variety Trials--actual vs model 
predicted grain yields (Irrigation estimated, WADD = PPT 
+ IRR (es t.)) 

Variety Grain-Observed Grain-Predicted 
(mt/ha) (bu/acre) (mt/ha) (bu/ acre) 

1975 trials 

Fremont 4.61 (75 . 3) 4 . 52 (73.8) 
Peak ' 72 3.93 (64.2) 3.68 (60.1) 
Lemhi 3.55 (58. 0) 3 .78 (61.8) 
Twin 3.35 (54. 8) 4.41 (72.0) 

1974 trials 

Fremont 4 .46 (72.8) 4.33 (70 . 7) 
Peak '72 3.79 (62.0) 3.51 (57.4) 
Lemhi 2. 96 (48.4) 3.56 (58.2) 
Twin 4.15 (67.8) 4 . 17 (68.1) 

1973 trials 

Fremont 3.97 (64.8) 4.71 (77 .0) 
Peak '72 3.33 (54.4) 3.83 (62.6) 
Lemhi 3.54 (57. 8) 3.86 (63.0) 
Twin 3.56 (58. 2) 4.55 (74. 3) 

1972 trials 

Fremont 5.39 (88. 0) 4.97 (81. 2) 
Peak '72 5.58 (91.1) 4.04 (66.0) 
Lemhi 5.48 (89.6) 4.17 (68.2) 
Twin 6.56 (107.2) 4.90 (80.0) 
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a factor as important as transpiration relationships . If we neglect 

these points, the agreement between obse rved and predicted yields is 

more sat isfactory . However, even when considering t hese outlying 

points, the model i s giving results that are highly s ignificant. If 

Yp values for each year we re de t ermined by another process, the model 

would not be hampered by such an anomalous year. 

If the results of a l l mode l tests are combined for all varieties 
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and plotted for dry matte r (Figure 18) and grain (Figure 19), a signifi-

cant fit to the 1:1 line can be seen. A crude s t a tistical analysis 

was performed on the predicted ve r sus observed data. STATPAC/MREGT 

(Hurst, 1974), a terminal version of a versatile multiple regression 

computer program, was used to evaluate the data . This particular 

program has the capability of specifying that a least squares "best 

fit" line traverse through the origin. This allowed this "best fit" 

line to a pproximate the 1:1 line shown in Figures 13 through 19. 

For the combined dry matter data (calibration points included) as 

s hown i n Figure 18, a nd R
2 

value of 0.996 was obtained , with the 

a pproximating lin e having a slope of 1.01 (instead of the desired 

1.00). For the combi ned grain yield data (calibration points 

included) as shown in Figure 19, an R2 value of 0.978 was obtained, 

with the approximatin g line having a slope of 0.997. For the grain 

yi e lds from test data only (no calibration points included) an R
2 

value of 0 . 965 was obtained, with the approximating line having a 

slope of 0 . 945. 

Considering the error level in the calibration data, the fact 

that soils and ET calibration values were used f rom only one variety 

and ap pli ed to many, and the assumptions made whe n using t es t data, 
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the agreement of predicted and observed values is very good. It is 

appar ent that the data point s indicate that some thing in the model 

accounts for most of the important factors that influence yield. 
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SUMMARY AND CONCLUSIONS 

One of the objectives of this study was t o design and carry out 

a field experiment that would provide necessary phenological and 

yield information as related to varied leve l s of s oi l wate r, to cali

brate the model. The continuous variable design was chosen for this 

study and did give information and a large number of irrigation 

applied levels. However, due to abnormally heavy spring rains, soil 

water storage was at a very high level and thus seve r e water stress 
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was never achieved at the lowest water levels. Also, measured values 

of ET dropped at the wet ends of both plots mon i tored. The field study 

did provide abundant data to calibrate the model so as to get reason

able results when testing at other locations. The field study also 

provided invaluable phenological data for model calibration. A 

major contribution of this study was the realization of the tremendous 

usefulness of the continuous variable design in providing data for 

calibration of a model of this t ype. The numerous water levels 

available and easi ly obtained ET/water applied relationships aid in 

quickly finding the input variables required in the model. It is even 

more important when viewed in terms of economy of design and the 

numerous varieties that can be studied on one line source plot. 

Another objective was to develop a predict ive model for wheat 

development and yield as influenced by soil, water, and climatic 

factors. The model did fulfill this objective as far as could be 

determined with limited test data. Development was modeled sufficiently 



accurate t o predict heading dates within the error of observation. 

Yield, both dry matter and grain, were modeled so as to fit an 

approximated 1:1 line with R
2 

values of 0 . 95 or greater. This level 

of significance, when compared to purely statistical approaches used 

nationally to predict the United States wheat yield, seems very 

encouraging . 

Another object i ve was to utilize existi~ data in the testing 

67 

of the model. Some broad assumptions had to be made regarding irri ga-

tion data and soil properties. The model, when tested, came within 

1.67 mt/ha in its worst case and had an average deviation of 0.59 

mt/ha (for grain prediction). Thus, existing data can be matched 

r e latively well by using climatological and soils inputs int o the 

model. Therefore, much of existing yield data, on varieties where 

known phenology-growing degree days informa tion exists, could be 

utilized in making management analysis studies with data generat ed 

by this model. 

In summary, it should be noted that the model constructed during 

this study has limitations. It cannot account for variables other 

than climate and i rrigation , except what is accounted for in the Yp 

term in the dry matter and g r ain yield equations. However, this model 

does seem to have the capability, in this geographical area, to give 

reasonable yield predictions that can be utilized effectively if the 

user will keep in mind the assumpitons being made by the model. 
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SUGGESTIONS FOR FUTURE RESEARCH 

It is apparent that the model is applica ble and accurate for 

yield modeling under most climatic conditions in the Intermountain 

area. However, several limitations of the model could be improved 

upon with further research and subsequent model alterations. 

The abi lity of the model to predict yield from year to year under 

long or short season conditions could be improved by adding a routine 

to compute a seasonal Yp that is adjusted for a cool , long season or 

warm, short seasons . Investigation into this area would have to 

include examinat ion of photoperiodism and possible phytochrome con

trolled photosynthe tic reactions and other possible reasons that cause 

cooler seasons to produce larger yield. 

The phenologic timeclock within the model could be improved by 

selectively choosing temperature limits other than 50 and 86 (°F) that 

are more optimum for wheat . 

The exponents in the grain prediction equation could be optimized 

for each variety, provided enough information was available to calibrate 

the model properly. 

Other desired variables, that are not now accounted for, such as 

soil fertility, could be added as an adjustment to Yp, or directly 

into the prediction equation if needed . 
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Appendix A 

Adjusted Raw Data from Field Plot Experiments, by Rows 
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Table 9. Adjusted raw data from field plot experiments by rows 

Row Bannock Peak ' 72 Fremont Lemhi Twin 
No. G DM G DM G DM G DM G DM 

1 1.1 2.4 1.5 3.1 0.7 1.5 0.5 2.0 1.3 4.0 
2 2.5 5 . 8 2.2 4 0 8 1.6 3.3 2.1 5.0 2.0 4.7 
3 2.3 5.4 2.3 4.8 2.8 5.6 2.3 4.9 2.9 5.5 
4 2.7* 7.2* 2.8* 6.2* 2.7* 5.6* 2.2* 5.0* 2.5* 2. 4* 
5 1.6 3 .8 1.9 4.0 2.4 5.3 1.8 4.1 2.2 4 . 7 

6 2.2 5.1 1.8 3.9 2.4 5.0 2 . 2 4 .8 2 .5 5. 2 
7 2.3 5.0 2.2 4 . 7 2.4 4.9 2.0 4 . 5 2.4 4 .9 
8 2.4 5 . 3 2.4 5.0 2.5 4.9 2 .8 6.0 3.1 6.6 
9 2.6* 5.7* 2.4* 5.3* 2.3* 4.9* 2.7* 6.0* 2. 5* 6.1* 

10 2.1 4 . 4 2. 4 5.2 2 .7 5.5 2.5 5.5 3.2 6 . 6 

11 2.5 5.4 2. 4 5.4 2 . 4 5.0 2.2 4.9 2 .6 5 . 8 
12 2.2 5.0 2. 6 5 . 7 2.5 5.0 3.0 6.6 3.5 7.0 
13 1.8 3 . 8 2.3 4 . 8 2 .8 5. 4 2. 0 4.3 3 . 2 6.1 
14 2.1* 4.7* 2 . 1* 4.5* 2. 6* 5 . 1* 2 . 5* 5.5* 2. 4* 5.1* 
15 2.1 4 . 4 2.4 5 . 3 2.2 4.5 3 .1 6 . 7 3.2 6.2 

16 2. 3 4 . 8 2.4 5 . 2 2.8 5 . 2 2.5 5.5 3.0 6 .1 
17 2.3 5.1 2.9 6. 3 3 .3 6.5 2.3 5.3 3 . 2 6.3 
18 2.7 5.9 2. 7 5.7 3.3 6.3 3.1 6.6 3 . 9 7.8 
19 1. 3* 4.0* 2. 8* 5.9* 3.0* 5.9* 2.6* 6.0* 1.2* 6.6* 
20 3.0 6.3 2.0 4.1 2.3 4.3 2.1 4.6 2.7 5.3 

21 2 .0 4.2 3.5 7.3 3 .7 6.9 3.0 6.5 3.9 8.1 
22 2.5 5.3 2.6 5.3 3 . 2 5.9 2 . 7 6.0 3.6 7.0 
23 2.3 2.4 3.4 7 . 0 3 .9 7.4 3.1 6 .7 4.0 7.7 
24 2. 5* 5. 7* 2.8* 4.7* 4.3* 8.4* 2.7* 5.8* 3.0* 6.5* 
25 2. 7 5.7 3 . 2 6.4 3 .5 6.3 3.2 7.3 4.4 8 . 9 

26 2.3 5. 2 3. 3 6. 5 3 .6 6.6 2.7 5 . 8 4.0 8.0 
27 2.5 5.2 2.9 5 . 7 3.6 6 .4 2.5 5.5 3.5 9.6 
28 1.9 4.3 3.0 6.2 3.3 6.0 2.8 5.9 3.6 6.9 
29 3.0* 6.9* 2.1* 5.9* 4.3* 8 . 0* 3.1* 7.1* 3.9* N/R 
30 2.2 4.6 4.3 8 . 4 3.8 6 .9 2. 4 5 .1 4.0 7.9 

31 2.6 5 .4 3.0 5.8 4.1 7.3 3.2 6.6 4.0 7.6 
32 2.5 4. 7 2.7 5 . 2 3.2 5.9 2.2 4.7 4.7 10 .1 
33 3.5 7.1 4 .1 8.1 3.0 5.7 3.9 8 . 2 4.9 9.0 
34 2. 2* 4 . 4* 3.0* 6.4* 4.1* 9. 6* 2.7* ';,Q* 1.1* 6.9* 
35 2.4 4.9 3.7 7. 2 3.4 6 . 2 2 . 7 5.7 3.6 6 . 9 
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Table 9. Continued 

Row Bannock Peak '72 Fremont Lemhi Twin 
No. G DM G DM G DM G DM G DM 

36 3.4 6.7 3.3 6 . 2 4.7 8 . 5 3.9 8.1 4.5 8.5 
37 2.3 4.6 3.2 6.2 3 .5 6.7 2.6 5.2 3.8 7.4 
38 2.5 5.1 3.1 6.1 4.1 7.1 3.0 6.4 4.1 7.9 
39 2.3* 4.8* 3.0* 6.4* 4.1* 7.5* 2.9* 6.0* 3. 7* 7. 2* 
40 3.1 6.2 3.6 7.1 4.6 7.4 3.5 7.1 4.3 10.1 

41 2.0 4.1 3.3 6.2 3.8 6.8 2.5 5.2 3.9 7.3 
42 2. 2 4.8 2.9 5.8 3.2 6 . 5 2.8 5.7 3.7 7. 0 
43 2.0 4.3 3.3 6.3 4.0 6.6 3.3 6.5 4.1 7 . 6 
44 2. 5* 5 . 2* 3.1* 6.2* 3.4* 6.5* 2.7* 5.6* 3.7* 6.9* 
45 2.0 4.2 2.8 5.3 3 .5 6.4 3.1 6.4 3.1 5. 6 

46 2.0 4.1 4.3 6.4 4.7 8.8 3.4 7.0 5.3 9.6 
47 2.7 5.5 3.0 5.6 3.5 6.6 3.5 7.1 3.9 9 . 9 
48 2. 5 5.0 3.2 6.0 3.5 6.6 2.9 6.3 3.4 9.1 
49 2.1* 4.4* 3.4* 7.0* 4.2* 8.1* 2.9* 6 . 3* 3 .6* 7.1* 
50 2.1 4.1 3.5 6.4 3.7 7.1 3.3 6.4 3.9 10.0 

51 3.5 6.9 3.6 7.3 4.5 8.3 4 . 0 8.5 4.8 8.6 
52 2. 3 4.6 3.2 6.1 3 .9 7.1 3.3 7.1 3.3* 6.6* 
53 1.7 3.7 2.9 5.9 4.2 7.4 3 . 9 7.8 3.2 5.9 
54 3. 7* 7.8* 4.4* 8. 7* 3.9* 7.5* 3.4* 7.1* 5 .7 9.9 
55 3.1 6.4 4.4 8.4 4.8 8.9 4.1 8.8 3.7 6.6 

56 2.1 4.5 2.1 4.2 2.8 5.2 2.5 5.0 3.9 6 .9 
57 2.1 4.3 2.1 4.2 3.5 6.5 3.2 6 . 4 3. 0* 5 . 7* 
58 3.5 7.1 4.4 9.4 5.0 9.2 4.4 9.3 4.9 8 . 8 
59 2.8* 5.9* 4.0* 7.9* 4.8* 9.1* 4.1* 8.6* 3.9 7.0 
60 2.8 5.7 3.0 5.7 3.7 7.1 3.5 7.1 4.5 7.8 

61 2 .4 4.8 2.7 5.5 4.9 6. 2 3.1 6.2 3.1 6.7 
62 2.5 5.1 2.7 5.8 4.2 7 .8 3.1 N/R 3.0* 5.9* 
63 3.8 7.9 4.2 8.1 4 . 5 8.4 4.1 8.5 5.0 9.1 
64 2. 7* 5.7* 3.4* 7.2* 3 .4* 6.4* 3. 6* 7 . 4* 3.9 6.9 
65 3.1 6.2 3.0 6.1 3.5 6.4 3. 7 7.6 3.9 6.9 

66 2.7 5.7 2.7 5.6 3.5 6.6 3.3 6.9 3.8 6.7 
67 3.3 7.0 4.5 9.8 4.7 9.0 4.1 8.2 4.2* 8.3* 
68 2.7 5.6 3.2 6.2 3.0 5.7 3.1 6.4 5.1 6.4 
69 3.3* 7.1* 2.7* 5.6* 3.1* 6.1* 3.0* 6.9* 4.4 7.6 
70 2.9 6.2 3.6 7.2 4.2 8.0 3.8 7.9 3.7 6.8 
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Table 9. Continued 

Row Bannock Peak ' 72 Fremont Lemhi Twin 
No. G OM G OM G OM G DM G DM 

71 2.6 5.5 2 . 7 N/R 3.4 6.3 3.1 6.7 3.6 6.3 
72 2.8 5.9 2.9 6 . 3 3 . 6 6 . 9 3.6 7.6 3.2* 6.1* 
73 3 . 5 7.7 4 .4 N/R 4.1 8.1 3 . 0 6.3 4.1 7 . 5 
74 2.5* 5.7* 2. 3* 4.8* 2.6* 4.9* 2.5* 6.1* 4.0 7. 3 
75 2.5 5.6 3.4 N/R 3.6 7 . 2 3.4 7.1 3.6 6.6 

76 2.8 6. 3 2.6 N/R 3 .1 6 . 1 3.2 7.2 3.6 6.6 
77 2.2 4.7 3 . 5 7.2 4.2 8.6 3.2 6.9 2.2 4.3 
78 2.9 6.3 2. 5 5.1 2.8 5.5 3 . 3 7.0 4 . 9 9.2 
79 2.9* 6 . 5* 2.4* 7.3* 3 . 9* 7.7* 3.1* 6.8* 3 . 4 6.2 
80 2.1 4 . 4 2. 5 N/R 3.3 6.4 3.2 6 . 7 3.0 5.8 

81 2 . 4 5 . 1 2.0 4.3 2.9 5.5 2.9 6.2 3.9 7.1 
82 2.4 5 . 2 3 . 4 7.7 4 . 2 8.3 3.3 7. 4 3.9* N/R 
83 2.8 6 . 4 2 . 5 5 . 5 3 . 2 6 . 2 3.0 6.6 4.1 7.8 
84 2.2* 4.8* 2.4* 5.3* 2.9* 6.0* 2.8* 6.0* 2.4 4.6 
85 2.5 5. 4 2 .6 5 . 6 2.6 N/R 2.8 6 . 0 2.6 5 . 0 

86 2.2 4 . 8 2. 5 5 . 9 4.0 8 . 2 3.5 8.0 2.9 5.6 
87 2.9 6.5 2. 4 5.3 2.4 4 . 9 2.1 4.8 3. 7* N/R 
88 2. 2 4 . 8 2. 2 5 . 2 2.9 5 . 7 2.9 6.6 2.8 5 . 7 
89 1. 7* 3.9* 2.3* 4.9* 2.7* 5.3* 2.5* 5.7* 2 . 7 5 . 0 
90 2. 2 5.0 2. 5 5 . 6 2.9 5.9 3.1 6.8 3.3 6.5 

91 2.8 6.3 2. 6 6.1 3.1 6.5 3.0 6.7 3.1 6.1 
92 2.0 4 . 4 2. 1 4.8 2.7 5.6 2.7 6.1 2.4* 5 . 2* 
93 1.7 3 . 7 2.0 4 . 4 2.3 4.7 2.3 5 . 4 3.0 5.7 
94 2.1* 4.8* 2.3* 5. 2* 2.5* 5.0* 2.7* 6.3* 2.9 5.7 
95 2. 6 5.7 3 .1 7.4 3.0 6.5 2.9 6 . 8 3.0 6.6 

96 2.1 3.9 2. 0 4.5 2.3 4.7 2.3 5 . 2 2.2 4.5 
97 2. 0 4.3 2.2 5 . 1 2. 5 5.1 2.4 5 . 6 2. 7* 6.1* 
98 1.8 4 . 6 2.0 4.6 2. 4 5 . 0 2.3 5.3 2.2 4.7 
99 2.0* 4.8* 2.8* 6.0* 2.7* 5.7* 2.5* 6 . 1* 2.4 4 . 7 

100 1.9 3.9 2. 4 5.1 2 . 0 3.9 2. 1 5 . 3 1.9 4.4 

Note: Items with * indicate rows in which total dry matter was dried 
for moisture content determination. Grain yields on these rows were not 
computed from moisture content-regression data but were computed sepa-
rately . 
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Appendix B 

Wheat Model Expressed in FORTRAN IV 
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C•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••000040CO 
C fRtGR.N "WHEAT·ET·P•DOUCTION"•KNDWN AS SIGWHEAT/BIGWHEHO ON DISK 00005000 
c•••••••• ••••••••••• ••••••••••••••• ••••• ••••••• •••••••• •••• ••• •••• •••••• oooo&ooo 
C•• ••• ••• •••••••••••••••••••••••• •• •••••••••••••• •••••••••••••••••••••••00007000 
c 
c 
c 

OASTER CONTROL SEC TION fOR "oHIPRD" CONTOLLEO AT !TYPE CARD 
•••ANY' PORTION($) C4N 8( R(R(AO l THCS CHA~ G EC ••• THEN SUBROUTINE 
(51 C•N BE RUN OR SKIPPED ••• UL UNDER CONTROL Of ITYPE CARD 

ocooeooo 
OOOD9000 
COOIOOOD 

C•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••,.•••••••••••OOOllOOC 
C AN IlrPr=o IS NE:£0(0 TO STOP PR OGR A14 ll EfitO ••••kOlE •• •• 00012000 
C• ••••••••••••••••••••••••••••••••••••••••• ••••••••••••• ••••••••••••••••00013000 
c•• ••••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••ooal~eooo 
C •••••LAST UPDATE• II •AY 1976; VERSION I "fiNAL Y"••••• 00015000 

INTEGER OAYS .. OAWIAT•OEalJG,.SJIO~COO 1()0016000 
LO'GICU TSI CL••TSTGDC.TST S LM.T S TPHN 00017000 
COMt"ON/lOG IC /TSTCL"'• T S TGQQ., TS TSU"• TS T PHN 0001 eO CO 
COMMON/ t~PCT IS 1 TE ( 13) • THK( 5 ) • WI-ICC S ),.A JPOA Y,.A WF AC,. BGSM <5) •CAPNIC 000 l900C 

&<3 J.,'f'A R~l"'( 5 J• GOOH AT,. 5 t AGE ( 1 Z hGOOPH(S ),.R T04HX .,; RCO U • r fiOOT B• O(PS(W OCOZOOCO 
&•I YR,. NO~T • S T RT[V., F'H f( 10 I" TM X( 366 I,. THN C 366 h PPT ( 366).. (Pl Y.HA't'S T • 00021000 
&SK IPZ• o-.y s. !:! OS US),. NA • ~CZOO )• JR., G I ARC 200 ),. JET,. ET< l CO),.[(')),. DEBUG 000 22000 

COMHON/11fl SC/X"'N TH ( 12),. fTYP E• lflA.GR <JOOZ 30 00 
COMMON/OAT o\R !GOD< 366),. Do\ PH( 5 I •I PH (6 ),. SMG DPH (6),. I S0APH(6 ),. NOo\S( 12 hOOD 24000 

lJK(61.[0U(6 l 00025CCC 
COMMON /PR OfC N/Bfi H VI~ l• WC( 5 lo C II 0 l 000 HO 00 
llATo\ NOAS/31.Z8•3l•JO,.Jl,.JQ,.Jt. l t.JO,. Jl,.JO,>:J1/ 00027000 
0 A fA X HNT H/ JHJ AN,. JHrEB,. JHM AR• 3HAPR• 3HM A y,. lH.JUN" JHJUl• 3HAUG• JHS(P• 00 0 280 00 

&JHOCf.JHNOV• 3H DEC/ 000290CO 
NDIS<2 1•28 0003000 0 
~RITEI6•2Z l 00031000 
~RifE 16•231 0003ZOCO 

Zl FDRNU <!•' READING•IN OHA Rr CONTROL Of ITYPE: '•l OOOJJOOO 
c ••••••• •••• •••• •• ••••• • •••• •• •• • •• ••••••••••• • •••• ••• • • ••• • •• •• •• ••••••ooo 340 co 

•••NAIN LOOP IS TO HERE WHERE I TYPE IS READ IN ORDER TO fiNO OCT 000 35 DCD 
C ~HERE TO PPOCEED TO IN PROGR•M•••••••• 000 36 00 0 
C•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••000370CO 

1000 REAOIS•~Ol ITYPE OOOHO OO 
20 fORMAlllit51 000390CO 

IF IITY•E.LE.O l SlOP 000400 00 
If ([TY~E.~E.I l GO TO 1010 00041000 

C•••••••t••••••••••••••••••••••••••••••••••••••••••• ••••••••••••••••••• •Cl004 2000 
C If "ITYPE"•I• PROG"'N READS SITE SPE CifiC INfORNUION l OEBUG IN fOR. 00043000 
C••••••••••••••• •••••••• •••••••• •••••••••••••••••••••• •• ••••••••••••••••00044000 

R ~ A0<'5• 30 J TS TCLH• TS TGOO .. TS TSUM,. T S TPHN ,.Q[BUG 
JO fORti!ATCt.Ll0•110) 

~RITE (6,401 ISTCLH.TSI GOO.TSTSUH.TSTPHN,DEB UG 
40 fORMAT (1,• LOGICAL TESTS fOR WRITING 1NHRM£01ATES:•,4L5•IIOI 

R £I 0( 5 "'5 Q )( S 1 T E ( N h N: 1 •13 J 
50 f0RMUIIJA6l 

liAifE (6•6')1 (Sil£<NJ•N:l•l3) 
60 f0,.14AT t'lX•llA6) 

ROO (5,10lTHK 
10 fORMA1<7fi0.3l 

WRITE (6•60>THK 
80 fOlltM,lf UX•*THf( ARRA.Y',.7F't0.3) 

REID C5 .. 70l.,HC 
WAITE ({,,.90hHC 

90 fORMAT (lX,.'WHC ARAAY• .. 7Ft0.3) 
READ <5•70) AIPORT"AkFAC 
WRITE (6,.100) AtRORY.AkfAC 

100 fORMU I' AIRORY & AWHCI '•2fl0.31 
REID15o10l8GSN 
WRITE (6•110 lBGSN 

00045000 
coouoco 
00041000 
0004f000 
000490CO 
0005000C 
00051000 
0005200 0 
00053000 
000540C C 
OOD55000 
000 stO 00 
000510C O 
00058000 
0005900 C 
OOOECDOO 
00061000 
000620CG 
00063000 
00064000 
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110 fO.HAT (tX,.•BGSH ARRAT••1f't0.]) 00065000 
00066000 1010 If <ITYP(.H[.ZI GC fO IOZO 

C•••••••••••••••••••••••••••••••••••••• • •••••• • •• • • ••••••••••• • ••••• •• • • OOCE: 70 00 
oao6eaco 

C••••••••••••••••••••• •••••••••••••••• • •• ••••••• ••••• •••• •• • •• ••• ••••••• 00069 00C 
REIDC'S,.tZO) CRPN14·~ARN114• G OO"AT 000 70000 

120 fOR .. ATC1A~e5A4eF1.1) 0 0 0710 0 0 
WRIT£ (t\,. 130 JCRPN~ .. YARNI't.GCOfUf 0007200 0 

1 30 fORHlf !1Xdl4•S<4•r7.11 0007JOOO 
REIC(5•11t 0 H S T AGECL l•l=l•l2) CC0740C C 

140 FORMlfiiZHI 0007~000 
MRITE (6oi~O HSfAG£Cllol•I•IZI 000 76 0C O 

150 fOI•lf fiXoiZUI 00077000 
REAO<Sol601 IGOOPHUioK = lo~l 000 7eOCC 

160 fORHAT<'fi6.ZI 0007 9000 
WRITE (6oi65HGOOPHUI,K =I•SI 0008 00 00 

l6S fOR~H(!X,SF8.ZI OOOe!CC C 
REID C5•70l RJOA,.:hF'ROOTA•fROOJB,OEPSE N OOOt!ZOC O 
WRITE C6el70) PTDA"X•F fiOOTA ,.fH OOT ih DEPS EW 000 8 3000 

170 fOIHAT ( 1 QJOo\I'IX•fROOTo\,.fROOTB•DEPS[!Ii: • ,.l!rt0. 3 l 00084000 
RUO (~o70 I E 0008500 0 
MRIIE (6,)30 I E 0008600 0 

]]0 fORHATOH •'£ 4RR.U'•7F10.3) 000870CO 
IOZO IF (lfYP[.NE.JI GO TO 1070 OOOef OC O 

C•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••000 8Y OCO 
ooo •o ooo 

C•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••OC'l 910 0C 
lfllGR:I 0009ZOCC 
REACISo\80 I IYR•NOST.SfRTEV 0009JOCO 

UO fORHlf<2110·EI~.31 00094000 
MRITE 1'.!901 IYR,NOST•STRT(V 00095CCC 

190 fORMAT (' IYR•~OST•STRTEIIZ'•ZilO•ZX•El0.3) 00096000 

zoo 

l 
ZIO 

7 
1060 
I 070 

If( HOST .G T. J651 NO ASIZ 1=29 00097000 

DO 1040 N•ld 
REAG IN CLIMATE OlTA 

ISC : l 
REAO<~·~OO I fHT 
fORHAf(l0l41 
CO 1040 J • ldZ 
INC • l8G • HOASIJI•I 
GO TO (1.•4•6>N 
REA0(5.,nU )( fHX(l hl= fBG" fHO) 
& 0 TO l? 
RE.tO(SerPH )( THfHl hl•fBC• (NO) 
GO TO I Z 
RE&C<S•r~T) (PPT<lhl 2 19G .. tND) 
l81i:dNO•l 
COMTINUr 
IF!.NOT.TSICL•I GO fO 1070 
00 1060 N-.l•l 
GO 10(3•5•7) N 
WRITEI6•210 I IHN 
FORMA f(\ Sx,\6rr. Z I 
GO TO 1~60 
WJUT£(6•210) TMX 
GO ro 1~60 
MRJTE(6oZIOI PPT 
COUINU[ 
IF (ITY•E.NE.41 GO I 0 1080 

0009 BOCG 
00099000 
00100000 
00101000 
OOIOZOOO 
OOIOJOOO 
00104000 
00105000 
00106000 
00107000 
oo1oeooo 
00109000 
00110000 
00111000 
OOIIZOOO 
0011300 0 
OOII40CC 
00115000 
00116000 
001170CO 
OOilfCO O 
001190CC 
OOIZOOOO 
OOIZIOCO 
OOIZ2000 
OCI2JOCO 
OOIZ4000 

C••••• • ••••••••••••••••• •••••• ••• •••••••••••••••••••• ••• •••••••••••••• ••00 1250CO 
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C IF •ITTP£•••• PROGRAN RODS PLANTIN G DUE 'NO HUfE ST OHE<ONLT NEEOEOOOlZ6000 
C If H'RVfSTEO BHORE HAlURITT•OlHERWISE (HR.ST-GT.OH S J........ 00ll70CO 
C•••••••••••••••••••••••••••••••••••••• .. •• • ••••••••••••••• • •••••••••••••OClZeooo 

READ (5o1601 IPLT OOlZ 9000 
WRITE <'•2ZOI IPLT OOIJOOCO 

Z20 fORMAJ CU:e• lPlTI* ei6J OOlHOCO 
IF HAR.~STING AT HATURllTI HRVS T=5 00i OR .. LUE > SEASON lENGTH OOIJZ OCO 
RUO (5.701 HR• S T 00133000 
WRITE (6.3.01 HRYS T OOIHOCO 

1•0 fO~HH (JX•'HARHST ON OAT '•F5.1) 001l500C 
1080 IF (JTT 0 E.NE.51 GO TO 1090 0Cil6000 

C•••••• •4•••••••••••••••••••• •••••• • ••••••• ••• • •••••••• • •• • ••• • • • •••• • • •0 0ll 70CO 
C IF' •JTlP[• 2~• OPTIONALLY READS OAYS( IQ A'fS TO M A T U ~lTYhSJOPZ(f O SKI P 0 0 l 3 f000 
C GOO & tOST C ALC. FROI'I ~E.UH( R DAU hNR<A COUNT ER F OR RAI N JR RAYh DOST 001 39 0 00 
C (8R[AKCOllN Of GR CWTH STAG(S)e l RAIN "RR&H SO CAh Sf\IP OAU.R (f WAJr4 T 00l4COOO 
C••• ••••••••••••••••••••••• •• •• •••••••••••••••••• • •••• • •••••••••••••••••0 0 1410CO 

READ (5•225> SII:IPZ•DAYS•NR 
ZZ5 fOR HAT OliO l 

NR11£ ('5, :?30 ) SI'\IP2•0A.YS,.NR 
ZJO fORHATtt.c..•s~lP Z: •,t'j,.• o-.yss•,.[S,.• NA1*•1~•/) 

HID (5.70 JOOST 
wR·ITE 16•240 JOOST 

Z40 fORMAT UX••OO S J ARR.tY••Tfl0 . 3) 
READ (S.ZSOHR!JioJ=I•NRI 

250 f0RHATI91ll•F S .211 
NRITE ((,.260 )(R(J),.J:t,.NR) 

Z60 FORMAT f' DAY RAIH'• 14(J4,f5.Zl/ 2X 15(J4,.f 5.2)) 
1090 IF IITYPE.NE.61 GO TO 1100 

0014ZOCO 
00143000 
00144000 
001.5000 
OOIHOOO 
00147000 
0014f000 
00149000 
0015000C 
00151000 
OCI5ZOOO 
OOISJOCC 

C•••••••••••••••••••••••-••••••••••••••-••••••••••••••••••••••••••••••••001'54000 
C IF '"lTlP[• =t;,. PRO'iRAH READS IN IR<IRRIGATION ARRAY CO\.:N TERJ & GIRR ARROCl5"::0CO 
C•••••••••••••••••••••••••••••••••••••••••••••••••• •• ••••• ••••••••••••• •001'5t0 00 

REA0!5.Z7QIIR 00157000 
270 fORHAT IZ41JI 0015f00 0 

WRIIE (6•2801 IR 0015 9000 
Z80 fO"HAT OX•'IR:•.tJJ 00160000 

REAC(5,.'5C) (GI RR (J),.J : t,JR) 00161000 
WRitE (6,290) <GIRR(Jh J= l•l R> 001620 00 

Z90 fOfiHAT(' DAY I RR IGATION'• 1 3(J4. f 5.Zli 2X 14(l,,f5.21/ZX IHI4•f5.ZOOI63000 
SJJ2X 14<14•f5.2)/ :? X l4Clii•F5 .. 2t> 00164000 

1100 If (lTYPE.~E-71 GO TO IIZO 00165000 
C•••••••t••••••••••••*• *••••••••••••••••••• ••• ••• •••••••••••••••••••••••00166 0CC 
C IF •1Jyp[•=7• PROGRAM ROOS•IN ET ARRAY 00167000 
C•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••Oot&aooo 

READ <5•2701 JET 001690 CO 
WRITE !6olOOI lET 0017GOCO 

300 fOIHAT (lX•'l[J:t,.[l) 00171000 
HA0<5•~10HET!JioJ=l•IETI 00172000 

310 fOftHAT (7(lJ.F4ol•F4.ZII OC17300C 
WRITE (~.JZOIIET!JI•J=l.IETI OOI740 CO 

320 FOf\liA.l C • 0 • hE TPO T, EP OT a •, 6 (I l •l x,. f4. z,. 1 X ,.r4. 2•1 X Ji2 X9 ( l h 1 X,.f4.2• 001 7SOCO 
llX•f".2•1 X )/219( I J,. lX ,f4.-z, l X•f4. 2.1X)) 00176000 

IIZO IF (lTYPE.G(.tO.~NO.ITYP(.l1.201 GO TO IZOO 00177000 
C••••••••••••••••••••••••••-•••••••••••••••••••••••••••• • •• • ••••••••••••Cl017l!OC O 
C IFUQ.LT.I1TP(.LI.201 T"(N SU8~0UTJ~( OATlR IS CALLED 00179000 
C•••••••••••••••••••••••••••••••••••••••••••a•••••••••••••••••••••••••••0018COCC 

IF <ITYPE.G~-ZOI GO TO IJOO 00l610C O 
C•••••••t•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••00182000 
C lf(JTYH.r.E.ZOI T"EN H8ROUTINE PROFNC IS CALLED 0016JOCO 
C•••••••t•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••OOlB40CO 

CO TO 1000 
IZOO CALL OllAR 

00 1 65 0CC 
OOIS60CO 
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GO TO 1"00 00187000 
1300 Clll PRDrNt OOIHOOO 

GO TO 1000 001890CO 
Z2 FOIMAT(tl•'••••••••••••••••••••••••••••••• •••••••••••••••••••••••• 00190000 &•••·······························································00191000 , •••••••••• ) 00192000 

SliP 00193000 
ENI 00190000 

C•••••• •••• •••• ••••••••••••••• ••••••••••••••••••••••• •••••••••••••-••••00195000 
C••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •• ••00l960CO 

SUIROUTTNE QA TAR 00197000 
C••••• ••••••••••••••••••••••••••• •••••••••••••••••••••••••••••••••••••••OOt9eOCO 
C THIS IS THE CliHA!AlOGICAL/PH(NOLOGICAL SECTION K•CWN AS •CATH" 00199000 
C•••••**'**••••••••••••••••••••••••••••••••••••••••• •• •••• •••••• ••••••••0020COOC 

INf£tER OAYS.O l'1A f•OE SI.!G • s w.,. GQD 00201000 
lOGICAl T S f CLM,.JSfGDO.TSfSl:I1•TSTPHN 00202000 
C OMI'tON/ tOG lC If STC lH• TS TGOD• TS T SU1>4• TS TP H"' OOZO 3000 
COM"OH/YNPtJT /S If E ( 1 3) .YHIU 5 )• \IIHCC '3) • A l ROR y, 1 'llf. c, @GSIHS ).CRPNM 0 0204000 

U 3 ),V UUHU 5 J • GO~" ' T. S TA GE C 1 2 ), GO !> PHC 5 J.,RT 0At1X ,f ROC fA, FJ;OOT ~J.!l£PS (W0020SOCO 
&.t YR. NC45T • STRTEV• F"HT ( 10 l, fi'U( 366 J • PP" ( 366 ),.pp f( 3&6 J.! Pl T·HRV S T • 002CE:OCO 
&SK JPZ •DAYS• ODS US >• NR • R(? ')0 >• I R· G 1 RR( ZOO) •IE T , ( f( 100 J .,(( Sh DEBUG OC20 7000 

CO .. t10N/IIII :iC/XM NJHC 12J,fTYP(,If'lA ~R 'J020f!OCC 
COWMON/OAT AR /G OD < 3&6 hD,PH(5 >• lPH C6 J,. S"CGCPH( 6 ), J SO APH C6 ), ~CAS( 12 ),. OOZ090CO 

&JKI6loi0ATI6l 0021COC C 
C OMHON/PR OFCN /BG S AVIS l, WC ( 5 l •C (\ 0 l 002 II 0 0 0 
DATA .NOAS/J1,.2!•11•10•31•30•3l..Jl•30•31•10•H/ OOZ120CO 
0 AT A )(f'!NTH/JHJ AN. JHFE '),. JH IUR. 3H AP#l,. JHtcA y, :SHJUN• JHJUL• JHAUCi• JHSEP. 00211000 

&3HICT.31-INOV• JHOEC/ 00214000 
C tO•PUTE GROW"G OEGREE DAYS FOR EACH OAT 002150CC 

1000 DO 1005 1•1•NOST 00216000 
TN•THN<Tl 002170CO 
IX•THX(!l 0021eOCO 
IHTN.LT.iO.OHN•SO.O 002190CO 
JriTX.GT.86.0lTX=86.0 0022COCO 
OQ:a((TX•TNJ•O.SJ-SO.O OOZ21000 
IHOO.Lf.O.Ol 00•0.0 00222000 
GDI!I l•DO 002230CC 

1005 CO~TINUf 00224000 
JF(.~O!.TSI~OOl GO TO 1010 00225000 
NRITEHdlO l GO O 00226000 

310 FOIHAT<IHo16f7.Zl 00227000 
C tO•PuTE SUM OF GOO'S HOM CAr Of PUNTING TO END tr HAR 0022!000 

1010 SHGOD=O.O 0022900C 

315 
1014 
1012 

c 

~PJ=O 002 300CO 
00 1012 I • IPLT•NOST 002310CO 
HPI=NPJ(•l 002 32000 
SH,OO•S•GOO•GOO<I l C023JOCO 
!F(.NOT.TSTSUMl GO TO 1014 OOZHOCC 
WRITE<6dl5l SHGnO.Z•NPK 002350CO 
fOfUUT t'lSX.F7.Z•5X•l~•5X.I5) 00236000 
COUINU' 00237CCC 
CONTINUF 002Jf0CC 
COMPUTE OHS ON WHICH PRECIPITATION OCCUREO DURING GROWING SEASON 00239CCC 
IF <HIP2. GT.Ol GO TO 1200 00240000 
IFCIFUGR •• [.I lGO TO 1025 00241000 
IHACR•~ 00242000 
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ICINV(RT INCH(5 PPI. 10 CN. PPI.I 
CIO tOZO fP=-l•fWS T 

0024 lOCO 
002440CO 
OOZ45000 
OOZ46000 
00247000 
002HOOO 
00249000 
00250000 
OOZ51000 
002 52000 
OOZ5JOOO 
00254000 
002550CO 
00256000 
00257000 
0025eooo 
OOZ5 SOOO 

1020 

ll6 
1025 

1 OJO 

PPT U P> -=PPT< 1Pl•2. 5 4 
CO•IINUf 
IF (I SICLHI >RITE (6.3161 PPI 
F0ftHAT05X•l6F7.2) 
NNH :a:Q 
DO 1030 l•IPlf• NOST 
IHPPT!l).L[.O.OOI I GO TO 10 30 
NNH=NN ti•Z 
~ l• NNH"'l 
RINU •L•!PLT+1 
rHJriNHJ :a: PPT<LJ 
CONTlNUr 
RINNH+Il•N051•2·1PLI 
lil:(f!INH•Z>=O.O 
t.:NHsN"' H+Z 
CO•PUTE NONTH AN O OAT OF lPLI 
IB04•1Pl T 
00 1032 JJJ=I •6 
IPL OAY•!BG4 -~0 AS( JJJ I 
IF< IPlOOY.l(.O H;o ! 0 1 034 
IBC4=1PLOH 

1 03Z 
1 034 

c 

CONIINU< 
IP I A Y•ND AS( JJJ >•I PlD AY 

c 
c 

••••OA TA R P"(NClOCY•••••••••••••• 
CO•PUTE NUH~ER OF OATS IN EACH 
IBG4=1Pll 
OIGDO•C.O 
K•l 

1 04 0 O!GOO= GO OPH( •1 •OTGOO 
DO lOSO L -:a: I BGlt • NOS T 
OTCOO•OTGOO·G OO IL I 
IHOTGOO.l(.OI GO TO 1060 

1 050 CONTINUf 
1 06 0 C AP H (~I =l•IBG4•1 

1 oro 

1 080 

K=l+l 
IB04 s ltl 
If< K.LE.S I GO TO 1040 
OUS =O 
00 1010 K=l•5 
C 4 YS =O AYS+OAfH(I() 
DO 1080 K= l• S 
DDSH K ) : OAPH(I( )/DAYS 
IPHU ) c l' 

SMGCPtH1 ) .:. Q.Q 

IS.CAPHO >• O 
DO 1090 L=2.6 
K=L·l 
IPH(l I • • 
5 M GOPH (l J -:a: 511 GOPH ( K )+ GOOPtH K) 

1090 ISCAPH(l ): ISCAPH(I{ hC.PH( K J 
I(N G= IPli•OAPHII I 
I B 8 T• IE • G • 0 AP HI Z I 
[H[D•lSnTtO .. PH<lJ 
l"LK,.lJ1(0tDA.PH(') 
JHTR = JMlK•OAPHI51 
DO 1100 ""l•lZ 
I OT{MG.- t( MG•N OAS( M) 
If( IO!£HG.LE.O I GO TO JIIO 

•••••••••••••••••• • ••••• • •••••••••••002600CC 
00261000 
00262000 
0026JOCO 
002640CO 
00265000 
OC2660CO 
00267000 
0026fOCO 
00269000 
0 027000 0 
0021100C 
00272000 
0027300 0 
00274000 
0027 50CO 
002760 00 
oo2noc o 
ocueoco 
00279000 
0028COCO 
002810CC 
0 02 82000 
0028JOCC 
00284000 
00285000 
0 0286 0 CC 
00287000 
0028~000 

002890CO 
0029COCO 
00291000 
00292000 
00293000 
00294000 
0029500 0 
002960CC 
002970CO 
0029fOGC 
00299000 
OOJOOOC O 
OOJOIOCO 
00102000 
OOJOJOOO 
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IEWG•IOTEMG 00 304000 
1100 CONTINUf 00 305000 

1110 I (IHA 'f'a~O 4 S( H) tiOT£MG 00 306000 
co llZO IH•l•l2 00301000 

10 TBOT•IB 0 T· NO lH "AI 00 30!000 
IF! IDTBOI .l(.O l GO TO 1130 003090CO 
IBG!•IOTBO! OOHOOOO 

1120 CO NTINU• OOlllOOO 
1130 I BTCH=NO l S(Hl HI OTBOI 00l12000 

00 11«.0 H_.::l,.lZ 00313000 
IDTM£0 =T H£ 0 '"'H 0lS ( HBl OOH400 ·J 
If< IOTHfO-LE.O l GO TO 115~ OOJISOCO 
IHED•IO!HEO 00l16000 

1140 CO~TINur 00ll7000 
1150 lHtOAY •'fO l SC MB HIOTH£0 OOlltOOO 

DO 1160 fi4C: l•lZ 00319000 
I 0 I Hl K= I H L K- H 0 4S ( "C l 00320000 
lfCIOTHlK.LC.Ol GO TO 1170 00321000 
IHL K= IDT •LK 00322000 

1160 CONTINUf 00323000 
1170 IHLOAY %~Q 4.S(MC )tlO TM lK 00 324000 

DO 1180 lril ::h l•l2 00325000 
10 IHIR = I NTR•NOAS ( HO l 00326000 
lfCIOTNTR.LE.Ol GO TO 1190 00 3270CC 
IHTR•IOTMTR 00328000 

1180 CONTINUf 003290CC 
1190 I H To• Y=N O,SI NO l+IOIH IR 00 3JOOOC 

JKUI=JJJ OO ll iOC O 
JK( 2l • H 0033200C 
.JK( JJ :Hl 00 3llCCC 
JK(4) s~ R 003340 00 
JKI5l=NC 003350C C 
JK(6) -z HO 003HO CO 
IOIYII l•IPOAY OOJHOOO 
IOHIZI=IE"OH OOlliOC O 
IOUIJI•IBTOAY 00 !390 00 
IDA Y< 4 )rl HOD l f 00340000 
IOHI51=1"LOAY OOHI OCC 
IDAH6J .. lHT OAY OOH20CC 
If( .NOT. IS IPHN I GO I 0 1200 OOJ4 l000 
NR !TEI6•4CO I UINfHOI ).l[HOAY 00344000 
NR1TEI6•410l XHNTHOUJ•IBTOA.Y OOHSOCO 
NRIT£16·420 I XMNTH<"td t.I HOO AY 003HOOO 
NRJIEI6•4JOI XMNTH(HC ), IMLCAY 00347000 
_,R 11'£ Cfl•4lt 0 J XMNTHCHQJ,.lHTOAY OOl4fOCC 
NRITEI6•4 50 l GOOPH 00349000 
NR!TEI6•460 I 0 lPH 00l5000C 
WR liE 16• 47 0 l DDS! 00 35100 0 

400 FOitMAT (I 1 OX"'' 0 AT [ [N[PG(S - · - ·ll· l 4 ) 00352000 

410 fORHATt/lOX•'OAT[ BOOTS • • , .. 3·! 4) 003S30CO 

420 fORMATC!lO.-,•oar( HE A 0 S - • ... 3. 14) 00l540CC 

HO f0"MATC/1 0X• ' OlJE Ml l II: S - • ,A! •I t. ) 00l550CO 

440 fOJIMAf(/lOX•"'DAT[ "AI UR ES - • ... .J. 14) 0035600~ 

450 fORHAf(/'5X•'G0 CPH ARRA'f'•l&f7.Z) 00357000 
460 fOIUU. T t /5 X•' OA PH ARRAY'•l6F7 .. 2) 00358000 

470 fORMATC/SX•' C!lST ARRAY'•l6f7.Zl 003S900C 
1200 COlO INU!:' 00360000 

c SUM•ARI7E RESULTS ANO PRINT PHENOLOGICAL DATA • (l. QOJOIOOC 
~RIIEI6•5001 00 3 (2000 
1i'RIT((6.'500l OOJOJOOO 

I Z 10 NR1HI6•10C l 00 364000 
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100 fOWMAT f/lo4ZXo• BGWHT GROW TH AN O PRODUCTION T£S T AESULTS' o ll 00365000 
NAlTEI6oliOl 00366000 

110 f0fUUf(9X" 'fH[ S l f[P) 00367000 
NAITEI 6 ol 20liSIT EihloN•I•I3l 00368000 

IZO f0RHATI 20X o1 3<6l 00369000 
WRIT( (6" 1 30 JCRPNI'(• VARNH.GOOHA T 00 3700C C 

130 FOII:MAT C/9X•'TH[ CROPz '•120X. JA4 ,.5 A4./25 X •' ~£QUIR£S '•f7 . l•' GROW 00l71000 
UNG OEG•EE OATS TO •ATU RE' l 00372000 

NRITEC6ol40l OOJ7JOCC 
140 fOIMAH//9J•'PH ( N0l0GtCA L OAfAl'• / /ZO X .. ' GOC PH=GfiCWtNG C£G A££ DAYS 00.!74000 

tf£11: PHAS£, OAPH.z:QAYS PER PHASE• OOS T•DAYS P( R PHASE/TOTAL DAYS P(ROOJ7 5 00G 
I SEASON' l 00376000 
NAJTEI6ol50l GO OPH 00317000 

150 FOIJUTC/Z:JX.,.•GOOPH AR RAY' •l 6f 9.Z) 00l7t000 
NRIIEC6ol60 l OAPH 00l7SOOO 

160 FOII:HAH/ZOI•'DAPH ARRAY •.t6f9 .Z> 00!8COCO 
WRIIEI6ol70 l ODS I OOJeiOCO 

170 FOfiH41(1 2 0X,.• ~DS T A!UUY '•16f 9 . Z> 003e20CC 
WAITEI6•180 l 00383000 

180 FORMAT( 'li'l/9 X•' PH( NOL OG I CAL SUI'! .. ART: • • I J /5 8 X • ' SEQUENT IAt DA r• •9X• 00 38~0CO 
&•GaOWlNG O[(iRE£ OA YS '1 25X •' STAG(' • lZX • 'OAT( ' • 12 X• • NUM BER < 0 II ) ' •lOX. OC 385000 
l'ffiOH Ol.'t Of PlANTIN G'•lOX•'P HASE•) 0038600C 

DO 190 hl•6 00Ja70CO 
lJ•J~Hl ool8 eooo 
IK&Z•I'(•t 0038 9 0C O 
III•Z•~ 00390000 

190 WR !TE (6o200 I S !AGE ( IK lo STAG£! II Kl ·• XKNTHC KJl• 10 ATC ~ lo I SOAPHIK loSMGOO 3910CC 
IOPWCKloTP"!Kl OOJ 920CO 

ZOO FORMAT ( 125X. A4.A4 • l2X • 1.3 •I4•14X.Il•Zl x.r1.1. ZOX~>Il) 00 393000 
NRIT£16•500 I 003940C C 

500 f0RHAT(1X• '•••••••••••••••••••••••••••••••••••••••••••••••••••••••0039~000 
&• • t •• • • • • • • • • • •• • • • • • • • • • • • ••• • • • • • • • • •• • • ••• •• • • • • • • • • • ** •• • • • • ••OO 3 960 00 
, •••••••••• ) 00397000 

ZOOO RETURN 00396000 
[NI OOH90CO 

C• ••••••••••••••••••••••••••••••••••••••••••••• •••••• • •••••••••••••••••• 00400000 
C• •••••••••••••••••• •••• •••••••••••••••••••• • • •••••••••••••• • ••••• • •••••0040 1000 

SUBROUTINE PRDrNC 00402000 
C••••••• ••••••••••••••••••••••••• •••• ••••••• •••••••••• ••• •••••• ••••• •• ••00403000 
c• ••••••••••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••• ••oo4040oo 

PPOOUCTION £S TIJ1tATlON• EVAPOTRANSPIRATION. SOil S TATU S S ECJION 
C•••••••••••••••••••••• ••••••••• ••••••• •••••••• •••• • • ••• •• • •••• • • • •••• • •0040500C 
C• • •••• ••••••••••••••••• • ••••••••••• •••••••••••••• •• • •••• •••• • • ••••• • •• •004070CC 

THE fOLLOWIN G I S 4 SHOAT CESC RIPI[ON or i'PUT Y4RIA 9 L£ NAME S < 0 040t000 
CAY S IS NUH B£R Or DAYS IN SEASON 004090CC 

C •IAORT !S Ctrr BETWEEN PER• kiLT PI & 4IRORY H2 0 CCNTENT (NE G. l 00410000 
C •WFAC IS AUIL W41ER FACTOR·· THE rRACI[ QN BELOW WHICH 4CTU4l TRANOOH I COO 
C IS LESS THAN POTENTIAL 004120CC 
C ATCHAX IS CAY WHEN RCOT REACHES " D£PHAX" IBOTTOH cr 5 SOIL LAYERSIOOHJOCO 
C CEP•u IS SET WITHIN THE PRO GRAM TO THE SUH or THK ARRH 00414000 
C OEPSEW IS DEPTH IHU GRAIN S£EO S WERE SEWN IPLANT£Cl 00415000 
C fRCOTA '· HOOTB 4RE VALUES IN THE 0001 GROWTH (QU"ION 0041600C 
C NoiRoiET •RE COUNTERS roR RE,OING IN 'RRHS 00417000 
C C£1UG •• If DEBUG • Do 041lY CCHP UTAI! ONS ARE NOT WRITTEN OUT 0041BOOO 
C E IS GRIIN EXPONENT BY STAGE Or GRCWTH 0 0419 0CO 
C BG&• IS THE SEGINhiNG SOIL N4TER BY LUERS 00420000 



c 
c 
c 
c 
c 
c 
c 
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THK IS THIC~~ESS OF UTER S 00421000 
WHC IS WATER HOLOH G CAPACITY 8 f L UE RS 00 422 00 0 
DDST IS THE F~ACTIO~ or S EA SC N !N 0 0 GROWTH S!AGE 0 0 423000 
~ IS THE OAY RAIN CCCU RS • F OlLOWED BY THE AH OUN I 00 4Z 40 CO 
[l IS OAT AT 8(GI .. !N G P(R! OO FOLLC W£0 8f ETPOT HO £POT 00 425 0 CO 
GUR I S OAY ! "R ! GUIO N OCCLRR[S F OLL0•£0 BY AHO~NT 00426000 
••••••• • ••••••e•••• •• •••••••• •••• • ••• •••• ••• •.~~•••••••••••••••••••• 004ZIOCO 

C THE 
c 

fOLLOWl-.~ IS A SH OiiT OESCR I P TI ON Of' P fi'OGfi'U~ VARtA8l [SI 00 42600C 
S£VN IS SOIL (YAPORATE O IN RAT£ ?[ R OAT 00 429C CO 

c EVAP I S EVAP OTRANS P IRATION RAT £ P ER OH -- P OTE~TIA L OO OCOC O 
C•••••••••••••••••••••••••••••••••• •• ••• • • •••••• ••••••••••••••••••••••••0043lOCO 
C•• •••••••••••••••••••••••••• • • • •• •••• •• • • •• ••• ••• ••••••••••••••••••••• •004132000 

INT£GER OATSeOAI'I.t.l. OEB UG e SMWG OO 00 43 3000 
LOGICAL TSTCL••TSTG O O-TST SU H.T S TPH~ 0 0434 0 00 
COPIHON/lO C IC/TSTCLI'IooT STG CO • TSTSU-.•TSTPHN 0 04350CO 
COMHON/INPUT I S IT (( ll),. THK( 5 t. WHC( 5 ),. l [ ROR y,. A Wf AC • 8GSM C'5) eC RP t\M 00 436000 

l( 31• ~AfiWM I 5 l•G OOMA To STAGE I I Z l • GOOPH I 5 hRTO AHXof ROO I A• f fiOOTB• 0[PSEWOC4 l I CCC 
'" J Yfl,. NO~T., S TRT('I•f ~T ( 10 ) • Tl1 X( 36 &) • Tl'tN ( 3&& )., PP f( 366 J" [Pl f,.HR't<i T • Oll-41 3 eO CO 
IS« lPZ .. OAYS.O OSTC5 ).,NR .. "< ZO O>~ ( f( ., li iRR< ZOO J •lET .,( f( lCOhECSJ•OEBUG 00439000 

COMHON/Ml SCI X14NfH( 12 J, 1T YP [ , ! F'L AGR 0 0 fl it CO CO 
COMHON/OA r Aj:f /GOO C 36 6 ) • DAP H( 5) •I PH ( 6 ) ,. S JIIC GOP HC 6 h ISC jfH (6 hNOAS( 12). 00 44 10 00 
&J~I6J.I O AH6l 0044 2 0 00 

COMM0Nt•RDFCN/ BGSAYI5 l.WC 15 l• C <I 0 l 00 44 lO CO 
OATA NOI Sl 31•28•11• .3V, 31• 30 • 31" Jl, 30• ll • JQ , 31/ 00444 0 CO 
OAT A XHNTH/ JHJAN• JHf('l• JHMAR, JHAPR., .3HPIIA T. 3H J UN • l HJUl • lH AUG• .3HS [ P,. 0 0 4 4 5C OO 

l3HICT .. 3HNOV• 3HO(C/ 004U)OCG 
WRIT£16•5001 00H70CO 
WRIT[ (~.TOOl 00441000 

100 FORMAT f//•9X,•WHEU•ET PRODUCTION MODEL SI..HI4ARY : •.,JJ) 004490CO 
lfiOEBUC.NE.OlWRITE<6•1011 0045COOO 
lf<OEBUr..EO.OlWRI 1£16.!031 004510C O 

101 fOIM"IIIX•'OHS £YAP TRANS SOLEY IRRIG RAIN DRAIN WAOO CPROO 0045 ZOCO 
&BGSMI 8GS•2 8GSH3 8 GSM4 8GSM5 CET SH CZ C3 00453000 
l C4 OEPROOT •I 00454000 

103 fORMATIIIX••OAYS EVAP TRAN S S OLEY IRR! G RAIN OR Al~ C.A OO WCI 004550 0 0 
& WCZ WCl WC4 WCS ETMAX ETO(f OEPL EUC T WA H OO 0045600 0 
&OHROT'l 0045700 0 

DO 1100 l•t..S 0045 t: OCO 
1100 SGSAYIII=8GSN<I I 00459000 

OEPHA X= TH~ II It THKI 2lt THKO HTHKI4lt TH H SI 004600 CC 
KE•I OOHIOO O 
trO=O.O 00462000 
•G•I 00463000 
$(tN•STRT£Y 0046400 0 
1•1 0046SOC O 
K= I 004660C C 
J•l OOHIOC O 
CD=DDST<JI 0046eOO O 
CI•O. 004 6 9 0CC 
CZ•O. 00470000 
C3•0- 00471000 
C4=Q. 0047200C 
CEV•O. 00473 000 
CSE=O- 0047400 0 
CET=0-0 0047 ~ 0C O 
SEV•STRT(Y 0047 6 0 00 
EWIP = STRTEYt.OI 00417 0 00 
CEVAP • O.O OOH!OCO 
CSEYP•O.O 004790CO 
CWADD • O.O 0048COOC 
RAIN•O.O 00481000 
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EHI£T+I l•OlYS+Z. 00482000 
JHSK I P? .LE.?.9lGO TO 1110 00483000 
RCN1H1 )•OlYSt Z 004840CO 

1110 GIIR( IR•l l• DAYS+ 2 00485000 
DA• l . 00486000 
fRQ I •DA 00487000 
CDUIH•n.o 004810CG 
CPIOD • l ·O 004 89000 
CIIR•O.~ 00490000 
CPI•O.O 0049l0CC 

1000 lfCOA.LT.RIKl.ANOoOA.U. GIRRUG ll GO TO 1 120 00492000 
WUD•O. 00493000 
JHOA.LT.RIKll GO TO lllO 004940CO 
K•l•2 004950CO 
RAIH•RA IN•RCK•ll 004960C C 
NUU:RC•·l l 004970 00 
GO TO lU O 0049eOOO 

lllO WACO•GI RRCKG+l l+WlOO 00499000 
CIRR •CIRR•GIRRIKG+I l 005000CO 
KG•KG• Z 0050100 0 
GO TO 1150 005020C O 

1140 lfi OL EQ.GIRRIKGllGO TO 11!0 OO~OlOC O 
1150 S EW •SE V~ 00504000 

CWADD•CWlDO+ ••oo 005050'C 
lfiWADDol [oSEV l GO TO 11 55 0 05060CG 
fRQI •O A 00507000 
GO TO 1157 oo5oeoc c 

1155 SEY =WAOO 005090C O 
1157 CO IHO 1•1•5 0051000 0 

BGSM< I l = B~SJII( I )+\!fA CO 005110C O 
lf<BG SHfll.LT.TH<Cil•WH CIIll GO TO liZO 0051 20CC 
W UO•OG~H (I l ·THK C I l• WHC (I I 00 51! 0 00 
BGSH( I l•THKC I l•WHCCI l 00514000 
lf((.LT.5l GO TO 1160 005150CO 
COaAJNcC OR JI N•W AOO OO 'H600 0 

1160 CO•IIN U• 00 51100C 
1120 lfiBGSH<II•S[V.LT.•I RORTl GO TO 1170 005le000 

BGSHil l •BGS Hil l•SH 00 5UOOO 
GO TO 11!0 005ZOOC O 

liTO SEV•BGSHII )·AIRORT 00521000 
eGSHC11 •A!RORY 00522000 

1180 DO 11 1 0 1•1•5 0052!00 0 
1190 WC(II•BGSHII liiTHKIII•WHCCI ll OC524000 

Kl•l 00525000 
TRlH• EV•P· SE YH OC526CCC 
OEPROT•DEP SE W+l CD EPN A X•OEP SH II ( 1.+ ErPifR OOT A •(fR C CTB•D AIR TO AH X l 11 0~ ~ 210 CO 

&I 00521000 
1260 THJ K=O. 00'32900~ 

IK•l 00530000 
DO 1200 1 •1 •5 005llOCC 
IHI.EQ.ll GO TO 1 210 OO~J20CO 
lffWCCII. GT .•CCI•l ll IK • I 0053300 0 

l ZlO THIK• THIK•THKCII 005340C C 
lfl THI K. G(.O(P ROT lGD TO lZ2~ 005!~000 

1200 COHTIHUf 00 5J6 0CO 
lZZO IFIOGSK<IKJ.L(.Q. l GO TO l Z30 005J700C 

lfloC(I<J. r,r.HfACl GO TO 1240 005HCOO 
TRN=TRUh·W C (IKJ/A WF'A C 005]9000 
lf(%SHIIKJ•TRN.LT.O.Jl GO TO IZ50 00 540000 
8GSMC I~ )a BGSII(( IK J• IR N 

1270 CEfAP : CrUPoJRH 
00~4l000 

0054 2000 
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IF (U.CT.Il GO TO IZJO 0054!000 
fti•KI•I 00544000 
TRUt=<TRJN- TAN 0054~0CO 
III'CC U: )•ftGSM( 110/( THK( l fl: l•WHC( IK l) 00 5460CO 
'0 TO IZ60 00547000 

1240 BGIH(JKI • BGS •OK J•TRAN 0054fOOC 
C£fAP•CrVAP•TRAN 00549000 
GO TO I?JO 00550000 

IZ50 TRN=BGS•< I K l 0 05 51 000 
SGSH< IKl • O.O 00552000 
GO TO 1?70 0055!000 

1230 CET•CET>EVAP· S[VN 00554000 
CSHP~csOP•SEW 00555000 
PI•OAIOIY S 00556000 
If (OA. f.( . HRVSTl GO TO 1280 00557000 
IHPI.tT. OO l GO TO 1 290 00556000 

IZ80 CPROO=CPROO•C(C(YAP•CI 1/CETI• •( (J) 0055900C 
C<J•5l•UCEWAP• CI liCEil OOS6GOOO 
CPI=CPO• CE HP•CI 00561000 
Cft=CFO•C£1 00562000 
C( J l=CPRO O 0056!000 
IHOE S UG.N[ .OhAITE< 6.11 1l OOSE400C 

Ill FORHAHIIX•' OH S HAP TRAN S SOlEW I RR I G RAIN ORAl~ CWACO WCI 005650CO 
l WC2 WCJ WC4 WC5 ETHAX ETCH DEPt EHCT WAH OO 005660CC 
&OEPROI' l 005670 00 

OEPl=O. 005680 CO 
£TUX=CrTtCSEWP•C2 OOS690CC 
EIIEF•CrT·C(W<Pt CI 005700 00 
[ IACT=CSEWP•CEWAP• C!•CZ 005 710 CC 
NAUOO•CWAOO•C4 0057200 0 
"•CWAOD 0057!000 
CZ•CSEWP 005740C C 
CO lOS T=l•S 00!:7~000 

105 CEPL=BG S U(I J•BGSH(I l•OEPL 00576000 
OEP=O£Pt· CJ 0057700 G 
CJ•O(Pl 0057!000 
WR ITE<6•1ll ) QA,[V' AP. C(VAP,. CSEWP•C IRRe RA(N .. CDRA IN• CWAOO.WCC 1 >•WC C Z 1005 7 9000 

&,.111((3) rW C C 4 ), wee>), EPUl .. El DEr •DEP • ET ~C l• NAT ADD• O[PROT 0058Cil 00 
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Appendix C 

Sample Input Deck to Model 

1975 Peak '72 experimental plots with 
normal irrigations and a zero irrigation 
test at the end. 
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Appendix D 

Sample Printout From Model 

1975 Peak '72 experimental plots with 
normal irrigations and a zero irrigation 
test at the end. 
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Appendix E 

A Summary of Model Calibration 



Table 10. Summary of what data was used as calibration data for given variables in the model 

Model variable 

Crop factors 11 a" and "b" 
used in equations 5 and 7 

A's used in equation [3] 

and 

WHC(i), BGSM(i), ET(i) 

FROOTA and FROOTB from 
equation [10] 

GDD(i) array 

y 
p 

Data used to calibrate 

Peak '72 1975 calibration plots 

Peak '72 1975 calibration plots 

Peak ' 72 1975 calibration plot 
neutron soil moisture data 

Application of calibrated variab l es 

All runs with all varieties (all years) 

All runs with all varie ties (all years) 

All runs with all varieties (a ll years) 

Peak '72 and Twin 1975 calibration All runs wi th all varie ties (all years) 
plots neutron soil moisture data 

Individual phenologic observa
tions for each variety in 1975 
calibration plots 

Haximum observed yield (Y cbs) 
on each variety on 1975 calibra
tion plots was used to estima t e 
Yp by the following r elationship 

y = _1_ . y 
p Y./Y. cbs 

p 

where Y/Y is computed value for 
p A 

an associa t ed Yobs " 

Variety specific ar r ay used with appropri
ate variety i n all runs (a l l years) 

Variety value array used with appropriate 
variety in a l l runs (all years) 

"' "' 
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