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ABSTRACT 

RUPP, E. M.; R.  J. LUXMOORE, and D. C. PARZYCK. 1979. 
Energy technology impacts on agr icul ture  w i t h  a 
bibliography of models f o r  impact assessment on crop 
ecosystems. ORNLITM-6694.. Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 98 pp. 

Issue: Impactof energy technolog ieson  agr icul tura l  crops.. 
Problem: Severe and chronic e f f ec t s ,  beneficial  e f f ec t s ,  possib.le 

unknown e f f ec t s  of energy technologies on agr icul tura l  
ecosystems. 

'Purpose : Eva1 uat i on of current  and projected energy techno1 ogy 
impacts on agr icul tura l  crops with comnentary on a 
bibliography of computer models fo r  assessment of impacts on 
crop ecosys terns. 

This repor t  undertakes t o  evaluate the  possible impacts' of energy 
technologies on agr icul ture  and t o  iden t i fy  some of the  avai lable  
simulation models t h a t  can be used fur predic t ive  purposes. An ' . 

overview of energy technologies and impacts on the  environment i s  
presented t o  provide a framework fo r  the  commentary on the  models. 
Coal combustion i s  shown t o  have major impacts on the  environment and 
these will  continue in to  the  next century according to  current  
Department of Energy projections.  Air pollution e f f e c t s  wil l  thus 
remain as the  major impacts on crop ecosystems. 

Two hundred repor ts  were evaluated, representing a wide range of 
models increasing in complexity from mathematical functions ( f i t t e d  to- 
data)  through parametric models (which represent phenomena without 
describing the mechanisms) t o  mechanistic models (based on physical, 
chemical , and physiological p r i  nciples) .  Many models were viewed as 
su i t ab l e  fo r  adaptation t o  technology assessment through the  
incorporation of representa t ive  dose-response re1 at ionships.  I t  is . 

c lear  t h a t  in many cases avai lable  models cannot be taken and d i r e c t l y  
applied in technology assessment. This f a c t  i den t i f i e s  the  need f o r  

experienced i n p u t  from personnel famil iar  w i t h  both modeling and 



dose-response re1 a t ionsh ips  t o  extend the appl i c a t i o n  o f  models t o  

technology assessment. Very few models o f  a i r  po l lu tant -c rop 

i n t e r a c t i o n s  were i d e n t i f i e d  even though the re  i s  a considerable data 

base of p o l l u t a n t  e f f e c t s  on crops. I n  view o f  the cont inuing 

dependence on coal combustion f o r  energy needs, the development and 

app l i ca t i on  o f  a i r  p o l l  u t i  on-crop models should be encouraged. 
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INTRODUCTION 

The environmental impacts of energy technology are likely to 
increase in the next 30 to 40 years with the expansion of energy 
production by traditional methods (coal combustion, nuclear fission) 

and a1 ternative sources (geothermal, solar, wind). some ilnpacts are 
clearly detrimental and must be reduced in accordance with the clean 
air and water leg is1 ation, whereas other impacts may be chronic (heavy 
metal deposition) or even beneficial (waste heat utilization) to 
agri cu 1 tura 1 crops. 

The diverse range of impacts from,energy technology development 
requires careful evaluation for both detrimental and beneficial effects 
over long and short terms. Computer modeling is one tool that can aid 
in this important assessment by allowing the evaluation of complex 
biological and environmental interactions. 

This paper is concerned with a bibliography of models of 
agricultural systems with comentary on their suitability for the 
environmental assessment of energy technologies, especially those 
impacts related to the anticipated intensive use of coal in future 
scenarios. We also present basic information on expected pollutant 
concentrations and relationships between pollutant concentration and 
biological responses. Representation of phenomena by simulation 
modeling is stil.1 a developing technique, and although conceptually it 
can provide the kinds of insights needed 'for assessment, at the present 
stage of development, deficiencies in the modeling capabi 1 i ties and 
data sources may limit meaningful application. 

ENERGY TECHNOLOGY DEVELOPMENT 

In order to put the question of energy technology impacts on 
agriculture into proper perspective, it is necessary to examine 

projections of energy development and use. To perform a meaningful 
analysis, these projections must include a description of energy 

consumption by fuel type for each region of the country. The relative 



importance of associated e f f luen t  re leases  can then be examined i n  

r e l a t i o n  t o  the  ag r i cu l t u r a l  land use w i t h i n  the  region. 

Estimates of energy consumption by fuel  type were taken from the  
Annual Report t o  Congress prepared by the  Energy Information 
Administration (1978). This report  addressed projections of .  energy 
supply and demand fo r  the years  1975, 1985, and 1990 by fue l  type. 
Table 1, based upon information taken from the  repor t  f o r  t h e i r  
mid-supply.and mid-demand projection,  shows a 34% increase in energy 
consumption between the  years 1975 and 1985 and a 15% increase in  
consumption between 1985 and 1990. During the  1 a t t e r  15-year in te rva l ,  

petroleum continues t o  provide j u s t  under 50%. of the  t o t a l  energy 
consumed. 

The r o l e  of natural  gas decreases during this period from a 28% 
share  i n  1975 t o  an 18% share in  1990. Coal receives increasing 

emphasis as a fue l  a l t e rna t i ve  in t h a t  i t  i s  projected t o  contribute 
23% of the  t o t a l  energy consumed in  1990, an increase of 5% over the  
f i gu re  f o r  1995. Similar ly ,  nuclear energy undergoes a 7% increase in 
i t s  contribution t o  t he  t o t a l  energy consumed during the  period from 
1975 t o  1990. Hydroelectric power contributes a constant 5% t o  the  

t o t a l  energy consumed f o r  t he  period of 1975-1990. 
Most of the aforementioned technologies produce e f f luen ts  which 

can impact agr icul tura l  productivity.  Table 2 l i s t s  the  pol lutants  
spec i f i c  t o  the energy technologies presented in Table l . i n  
approximately decreasing order according t o  the  magnitude of the  
e f f l uen t  re lease .  Coal combustion, petroleum use (primarily gasoline),  
and natural  gas use produce ~ i g n i f i c a n t ~ a m o u n t s  of su l fu r  oxides, 
nitrogen oxides, pa r t i cu l a t e s ,  carbon monoxide, carbon dioxide, 
hydracarbons, aldehydes, and t race  metals. Hydroelectric energy i s  
f r e e  of t h i s  type of e f f l uen t  re lease  and nuclear power i s  associated 
with low levels  of radioact ive  re lease  t h a t  have minor impact on 

agr icu l tu ra l  crops. 



Table 1. Historical and projected est-imates of 
energy consumption by fuel type from 
Energy Information Administration (1978) 

Quadri 11 ion (1015) ~ t u ~  

Coal 12.8 22.2 25.4 

Petrol eumb 32.8 43.9 48.5 

Natural 'gas 20.0 19.1 19.3 

Hydro-electric 3.2 4.2 5.0 

Nuclear 1.8 6.2 10.3 

Tot a1 
4 '  70.6 94.6 108.5 

aProjection Series C: mid-supply and mid-demand. 

b~rimarily gasoline, but also distil late and 
residual oil, liquid gas, jet fuel, and other 
petroleum products. 



Table 2. Atmospheric e f f l u e n t s  associated 
w i t h  p r i n c i p l e  energy technology 
a1 te rna tes  ( f rom USDOE 1977, USEPA 
1973, 1974b, 1975) 

COAL COMBUSTION NATURAL GAS USE 

P a r t i  c u l  ates co2 

CO P a r t i c u l a t e s  

Hydrocarbons so2 

A1 dehydes 

Trace elementsa HYDROELECTRIC USE 

None 

PETROLEUM  USE^ \ 

CO NUCLEAR ENERGY USE 

co2 Radionucl i desc 

Hydrocarbons 

Par t  i cu 1 ates 

a Inc lud ing n i c k e l ;  chrr?mium, lead, zinc, 
mercury, cadmium, and arsenic. 

b ~ a s o  1 i ne accounts f o r  almost 75% o f  energy 
use i n  t h i s  sector .  

CIncluding Xe-133, f i s s i o n  products, Kr-85, 
H-3, and 1-131. 



In addition to  the technologies ci ted in Table 2 there are a 
number of new technologies which are expected to  subst i tute  for  
t radi t ional  fos s i l  fue l '  technologies. However, with an upper bound 
projection from the Energy Information Admi nis t rat ion ' (l978),  these 
technologies as a group would substitute. for  less  than 2%'of the to ta l  
demand in 1985 and just  over 3% in 1990 (Tah.1e 3 ) .  The new 
technologies would therefore not have a significant impact in the near 
term. The magnitude of the potential impact of the emerging 
technologies upon agri.cultura1 crops must also be viewed from the 
standpoint of the effluent releases associated with the various 

technologies (Table 4 ) .  Only the synthetic fuel and geothermal 
technologies.produce effluents w i t h  a s ignif icant  potential impact on 
agricultural crops. The eff luents  produced by the synthetic fuel 
technologies are in many cases the same as those produced by coal 
combustion and so these technologies will not be addressed separately. 
Geothermal energy will play a re la t ive ly  small ro le  in the to t a l  energy 
picture fo r  t he  near term, and present thinking is that  t h i s  technology 
will be primarily developed in California, Idaho, and Oregon (Energy 
Information Administration 1978). 

Just as i t  i s  very important to  characterize the projections of 
energy technology mix and the eff luents  associated with the various 
technologies, i t  i s  equally important t o  determine the regional 
dis t r ibut ion of fuel use. Table 5 l i s t s  the various s t a t e s  which 
comprise the ten Department of Energy regions. The projected leve'ls 'of 
energy generation by fuel type for  the various regions of the country 
(Table 6 )  reveal tha t  the greatest  levels of coal use are projected for 
Department of Energy Regions 111, IV, and V. The greatest  levels of 
fuel o i l  use are projected for Regions I ,  11, IV, and IX. Region VI i s  
by f a r  the greatest  user of natural gas, and Regions IV and V lead in 

the use of nuclear fuel for e l e c t r i c i t y  production. Hydroelectric 
ac t iv i ty  i s  concentrated . i n  Region X.  



Table 3. Projections of energy supplied by new and 
emerging technology alternatives (from 
Energy Inforrnat ion Administrat ion 1978) 

Quadrill ion (1015) B ~ I J ~  

Synthetic fue ls  

Geothermal energy 

Sol ar energy 

Wind energy 

aProjections based on upper bound case assuming major 
government intervention. 



Table 4. Atmospheric e f f l u e n t s  associated w i t h  new and 
emerging technology a1 t e r n a t i v e s  ( f rom U.S. 
Department o f  Energy, 1977) 

SYNETHEIC FUELS 

O i l  shale 

sox 
Hydrocarbons 

co 
cop 
P a r t i c u l a t e s  

A1 dehydes 

GEOTHERMAL 

Co 2 
Ammon i a 

Methane 

Hydrogen 

Hydrogen s u l f i d e  

Ni t rogen 

Argon 

SOLAR 

HI/LO BTU GAS N e g l i g i b l e  

Sox . 
WIND ENERGY 

P a r t i c u l a t e s  None 

CO 

C02 
Hydrocarbons 

A1 dehydes 

LIQUEFACTION 

sox 
P a r t i c u l a t e s  

Hydrocarbons 



Table 5. Department o f  Energy regions ( f rom Energy In fo rmat  i o n  
Admin i s t ra t i on  1978) 

Region I, New England Region V I ,  Southwest 

Connecti c u t  
Mai ne 
Massachusetts 
New Hampshire 
Rhode I s l a n d  
Vermont 

Arkansas 
Lou is iana 
New Mex i co 
Ok 1 ahoma 
Texas 

Region 11, New York/New Jersey Region V I I ,  Cent ra l  

New Jersey 
New Y or  k 

Region 111, Mid ~ t l a n t i c  

Delaware 
D i s t r i c t  o f  Columbia 
Mary1 and 
Pennsyl vani a 
V i r g i n i a  
West V i r g i n i a  

Iowa 
Kansas 
Missour i  
Nebraska 

Region V I I I ,  Nor th Centra l  

Co 1 o r  ado 
Montana 
North Dakota 
South Dakota 
Utah 
Wyomi ng 

Region I V ,  South A t l a n t i c  Region I X ,  West 

A1 abama 
F l o r i d a  
Georgi a 
Kentucky 
M i s s i s s i p p i  
Nor th Caro l ina  
South Caro l i na  
Tennessee 

Region V, Midwest 

1 I I l i l o i s  
I n d i  ana 
Michigan 
Minnesota 
Ohio 
Wisconsin 

Ar izona 
C a l i f o r n i a  
Hawai i 
Nevada 

Region X, Northwest 

Alaska 
Idaho 
Oregon 
Washington 



Table 6. Generation of e l e c t r i c i t y  by Department of Energy region 
(from Energy Information Administration 1978) 

Quantity (10' kwh)  

1976 1985 1990 

Reg ipn I ,  New England 
Coa 1 
Fuel o i l  
Gas 
Nuclear 
Hydro 

Region 11, New York/New Jersey 
Coa 1 
Fuel o i l  
Gas 
Nuclear 
Hydro 

Region 111, Mid Atlant ic  
Coa 1 
Fuel o i l  
Gas 
Nuclear 
Hydro 

Region IV, South At lant ic  
Coa 1 
Fuel o i l  
Gas 
Nuclear 
Hydro 

Region V ,  Midwest 
Coa 1 
Fuel o i l  
Gas 
Nuclear 
Hydro 

Region VI, Southwest 
Coal 

- 

Fuel o i l  
Gas 
Nuclear 
Hydro 



ORNLITM-6694 

Table 6 (Continued) 

Quantity (10' kwh) 

1976 1985 1990 

Region VII, Central 
Coa 1 
Fuel Oil 
Gas 
Nuclear 
Hydro 

Region VIII, North Central 
cea 1 
Fuel Oil 
Gas 
Nuclear 
Hydro 

Region IX, West 
Coal 
Fuel Oil 
Gas 
Nuclear 
Hydro 

Region X ,  Northwest 
Coal 
Fuel Oil 
Gas 
Nuclear 
Hydro 



While the impacts o f  e f f luent  release are dependent upon such 

factors as topography, climate, weather, and the presence o f  other 

po l lu tan t  sources, it i s  possible t o  use information on fue l  use and 

e f f luent  type t o  characterize the r e l a t i v e  sever i ty  o f  impact on 

agr icu l tura l  crops f o r  various regions o f  the country. Figure 1 shows 

the d i s t r i bu t i on  o f  cropland among those counties which comprise the 48 

contiguous states. The information presented i n  Fig. 1 was taken from 

the 1967 National Inventory o f  Soi l  and Water Conservation Needs (U.S. 

Department o f  Agr icul ture 1967). The heaviest concentration o f  

cropland occurs i n  Department o f  Energy Regions VIII, V, VII, and VI 
with s ign i f i can t l y  lesser amounts i n  each o f  the remaining s i x  

regions. O f  these four  regions, three ( the North Central, Midwest, and 

Central) w i  11 r e l y  on coal f o r  the major i t y  o f  energy production 

through the year 1990, according t o  the project ions presented i n  

Table 6. The one remaining region ( the Southwest) has developed a 

basic r e l i  ance on natural gas which w i l l  continue through the 1990 

timeframe. It i s  ant ic ipated tha t  coal use w i l l  begin- to surpass use 

of natural gas i n  the period beyond 1985, however. It can be stated, 

therefore, tha t  crops grown i n  these four  regions w i  11 be exposed t o  

s ign i f icant  levels o f  e f f luents  released by coal combustion f a c i l i t i e s  

tha t  have been shown t o  have an adverse impact on agriculture. 

AGRICULTURAL EFFECTS 

Nearly 60% o f  the land i n  the United States i s  being used t o  

produce crops (20%) and l ivestock (40%) (Frey e t  a l .  1968), and most o f  

t h i s  land has received some impact from energy technology, considering 

the global increase i n  atmospheric C02 (Baes e t  al. 1977) and the 

regional increases i n  atmospheric SO2 (USEPA 1974a). Considerable 

empirical data are available on cer ta in  aspects o f  energy technology 

pol lu tant  e f fec ts  on vegetation. There are four basic aspects t o  the 

evaluation o f  po l lu tan t  e f fects .  
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(1) Pollutant. Pollutant is a generic word denoting a chemical 
or group of chemicals which may act alone or synergistically in 
their effects on receptors. The chemical released from a source 
may not be the same pollutant near the receptor because complex 
chemical changes may occur during transport in the atmosphere. 

Pollutant composition and concentration wi 1 1  depend on a 
number of variables such as source characteristics (including 
type, size, dimension, and location in relation to the location of 
the vegetation) and the amount of emissions and their effluent 

velocity and temperature. Plant response to pol 1 utants depends on 
such properties as chemical compo.sition, physical state, 
coexisting pollutants, and rate of transfer to the receptor. 
Consideration must also be given to the concentration of the 

pollutant near the receptor, its solubility, duration of exposure 
time, and the frequency distribution of periods of known duration 
and concentration. 
(2) Environment. Environment considerations include 
meteorological data, climatic factors (such as temperature, 
relative humidity, light quality and intensity, photoperiod), and 
such factors as soil temperature, moisture, mineral content, and 
C02 concentration. 
(3) Receptor. The receptor may be a plant canopy, a whole plant, 
or a part of a plant (such as a leaf or its roots) or some fine 
structure of its cells (such as cell membranes, chloroplasts or 
mitochondria), or it may be some physiological system within the 
cells relating to enzyme or hormone control. The receptor may be 
characterized by its biological organization, species, variety, 
and genotype, by its structure and relation to its environment 
under normal conditions, and by its susceptibility to injury by 
pollutants, age, and state of health, as well as previous 

exposures. 

(4) Event. An event may be described as a change in the 

character of the receptor in response to a pollutant under the 

existing environmental conditions. 



Factors A f f ec t i ng  P lant  Response 

Aside from va r i a t i ons  i n  environmental condi t ions which in f luence  

t he  s e n s i t i v i t y  o f  p l an t s  t o  phyto tox ic  a i r  po l lu tan ts ,  there  are other 

considerat ions o f  importance, such as the number and cond i t i on  o f ,  

stomata, the  s o l u b i l i t y  o f  po l lu tan ts ,  and the species and i n d i v i d u a l .  

suscep t ib i1 , i t y  o f  the p lants .  

Stomata. Po l l u t an t  i n j u r y  depends on en t r y  through the stomata. 

Condit ions which favor  open stomata a t  the t ime o f  exposure predispose 

t he  p  lant  t o  i n j u r y .  As an example, concentrat ions o f  So2 i n  the 

range o f  0.1 t o  0.5 ppm s t imula ted stomatal. opening (Unsworth e t  a l .  

1972). Such s t imu la t ion  could be pa r t i cu ' l a r l y  re levan t  i n  cases o f  

synergism o f  other p o l l u t a n t s  w i t h  SO2 because SO2 can s t imula te  

stomatal opening, f a c i l i t a t i n g  the en t ry  o f  other a i r  po l lu tan ts .  

Water s t ress  causes stomata t o  close and reduces p l an t  p o l l u t a n t  uptake. 

Temperature. Above a  c r i t i c a l  temperature o f  5 C, SO2 i n j u r y  t o  

p l  ants increases (Wood 1968). 

Humidity. Plants are more suscept ib le t o  i n j u r y  as the r e l a t i v e  

humidi ty  increases (Wood 1968). 

S o i l  moisture. There i s  an increased res is tance o f  p lan ts  t o  

SO, as the s o i l  moisture reaches the  w i l t i n g  po in t  (Wood 1968). 
L 

S o l u b i l i t y  o f  po l l u t an t .  Factors which a f f e c t  absorpt ion r e l a t e  

d i r e c t l y  t o  the accumulation o f  t o x i c  substances i n  p lan ts  and t h e i r  

subsequent po ten t i a l  i n j u r y .  I n  general, the p l a n t  uptake r a t e  

increases as the s o l u b i l i t y  o f  the p o l l u t a n t  increases. A  model f o r  

gaseous exchange between the  atmosphere and a  vegetat ion canopy should 

inc lude s o l u b i l i t y  and reac t i on  r a t e  parameters. H igh ly  so lub le  

p o l  l u t an t s  could produce h igh  so lu te  levels,  depending on the p l an t s '  

capac i ty  t o  use, change, o r  t rans locate  the p o l l u t i n g  gas. It would be 

use fu l  t o  be able t o  r e l a t e  i n t e r n a l  p o l l u t a n t  concentrat ions t o  

ex te rna l  atmospheric concentrat ions. The s o l u b i l i t y  o f  SO2 i n  water 

i s  228 g / l i t e r  a t  O°C. This i s  equivalent  t o  d i sso lv ing  50 volumes o f  

SO2 i n  1 volume o f  water. Bennett e t  a l .  (1973) has tabu la ted the 

s o l u b i l i t y  o f  several a i r  p o l l u t a n t s  (Table 7). 



Table 7 .  Solubi l i t ies  of selected gases in water a t  2 0 " ~  
(Bennett e t  a l .  1973) 

Gas 

Solubili ty 

(m moles gas absorbed per 

ml H20 @ P = 1 atm) 
gas 



Susceptibi  1 i t y .  The most sens i t i ve  ag r i cu l t u ra l  p lan ts  tend t o  

have succulent leaves and h igh growth rates.  I n  the case o f  SO2, 

suscep t ib le  species may be damaged by an 8-hr exposure t o  

concentrat ions f rom 0.05 t o  0.5 ppm. For shorter  term exposures 

(30 min), the concentrat ion must be ra ised t o  1 t o  4 ppm t o  ob ta in  a 

p l a n t  response, whereas species t h a t  are r e s i s t a n t  w i l l  r equ i re  2 ppm 

f o r  8 hr, o r  10 ppm f o r  30 m i  n. These e f f e c t s  may be g r e a t l y  a1 tered 

i n  the presence o f  o ther  p o l l u t a n t s  (Mudd 1975). 

S u s c e p t i b i l i t y  l i s t s  o f  p l an t  responses t o  po l l u t an t s  are 

ava i l ab l e  b u t  should be used on ly  as a guide. . Var ia t ions i n  responses 

can occur due t o  d i f fe rences  i n  geographical locat ion,  cl imate, and 

p l a n t  stage o f  growth and maturat ion. For example, a l f a l f a ,  barley, 

endive, and cot ton were most sens i t i ve  t o  SO2 i n  the study o f  Thomas 

and Hendricks (1956), w i t h  p r i v e t  being 15 times more t o l e ran t  than 

these sens i t i ve  species. Zahn (1961) showed t h a t  c lover- type fodder 

p l an t s  were most sens i t i ve  t o  SO2, whereas wheat, l e a f y  vegetables 

( exc l  udi ng cabbage), beans, strawberr ies, and roses were moderately 

sens i t i ve ,  and r o o t  crops and cabbage were l eas t  sens i t ive .  

O f  p lan ts  suscept ib le  t o  SOp i n  B r i t i s h  Columbia, Canada (based 

on f i e l d  observations and fumigat ion experiments), larch, b i rch ,  

ninebark, a l f a l f a ,  and l e t t u c e  were most sens i t ive ,  and red  cedar, 

s i l v e r  maple, spirea, f i e l d  corn, and asparagus were most t o l e r a n t  

(Katz e t  a l .  1939). 

O f  c u l t i v a t e d  p lan ts  and na t i ve  f o r e s t  t rees suscept ib le t o  SO2 

(based on f i e l d  observations), buckwheat, red c lover,  t rembl ing aspen, 

jack  pine, eastern whi te pine, whi te b i rch,  and bracken f e r n  were most 

sens i t ive ,  and cabbage, corn, whi te spruce, and sugar maple were most 

t o l e r a n t  (Dreis inger 1965). 

Ten p lan ts  t h a t  occur commonly throughout the United States were 

selected and t h e i r  s e n s i t i v i t y  t o  SO2 determined i n  fumigation 

experiments. Chickweed was most sens i t ive ;  mustard, annual bluegrass, 

sunflower, Kentucky bluegrass, pigweed, and cheeseweed were 

in termedia te  i n  t h e i r  s e n s i t i v i t y ;  and lambs' quarters, dandelion, and 

n e t t  l e l e a f  goose-foot, t o l e r a n t  (Benedict and Breen 1955). 



Pollutant  Injury t o  Plants 

Acute in jury in which symptoms of in jury a re  v i s i b l e  

Chlorosis, necrosis ,  abscission of p lant  par ts ,  and e f f e c t s  on 
pigmentation are  examples of acute in jury w i t h  v i s i b l e  symptoms. These 
symptoms may be produced by hlgh concentrations of SO2, PAN, HF, 

03, ethylene, or combinations of these substances (Taylor 1973). For 
photographs of SO2 damage t o  plants ,  see Jacobson and Hill (1970). 

Inv i s ib le  in jury 
I t  has been shown t h a t  crops with,no v i s i b l e  in jury may suffer  up 

t o  50% reduction i n  growth and y ie ld  (Schuck 1973). Even though 
v i s ib l e  in jury i s  not apparent, symptoms of chronic in jury (due t o  
repeated exposure t o  low levels  of a i r  po l lu tan t s )  are manifested by 
decreased growth, f a s t e r  aging of f o l i  age, reduction i n  photosynthesis 
and in dry weight, reduced leaf s ize ,  stem length, root  weight, and 
flower production, as well as a delay in the onset of f l o r a l  i n i t i a t i o n  
(Feder 1973). In order t o  evaluate the impact of a i r  pol lut ion on 
agr icul tura l  productivity one must consider both the  acute and chronic 
dose response. The most pervasive a i r  po l lu tan t s  current ly  affect ing 
agr icul tura l  production a re  ozone and su l fu r  dioxide. If present 
levels  in the  eastern par t  of the  country shou1.d double, major y i e ld  
reductions of important agronomic crops could r e s u l t  (Heck 1973). The 

issue i s  not completely resolved because there  are s tudies  t ha t  show 
y ie ld  reduction only in associat ion with v i s i b l e  in jury (Hi l l  and 
Thomas 1933). 

The emission of SO2 and NO2 in to  the  atmosphere from f o s s i l  
fuel  combustion i s  followed by chemical transformation and acid 
r a i n f a l l ,  pa r t i cu la r ly  over t he  eastern United Sta tes ,  w i t h  a resu l t ing  

increase in damage t o  vegetation. Some e f f e c t s  include (1) reduced 

photosynthesis; (2 )  accelerated weathering of protect ive  surface waxes 
of leaves on both f o r e s t  and agr icul tura l  p lant  species; (3) '  increased 
leaching of nu t r ien t s  from the  leaves of p lants  and from the  s o i l  (most 

s o i l s  have only a f i n i t e  capacity t o  buffer acidic leachate) ;  



(4 )  increased so lub i  1 i t y  o f  t o x i c  metals making them more l i a b l e  t o  

t r ans l oca t i on  through the  p lan t ;  ( 5 )  i n h i b i t e d  nodule formation on r o o t  

systems o f  legumes making them more suscept ib le t o  disease; and 

(6 )  i n te r fe rence  w i t h  mycorrhizae. Since some l e v e l  o f  p o l l u t a n t  

con t ro l  i s  expected t o  be used i n  the product ion o f  energy, the e f f e c t s  

o f  chron ic  exposure o f  p l an t s  t o  low l eve l s  o f  po l l u t an t s  w i l l  probably 

be more re levan t  t o  the  determination o f  impacts from the emissions o f  

power p l an t s  than high l eve l s  producing acute e f fec ts .  

Dose-response-symptomology r e l a t i onsh ips  f o r  SO2 as a s i ng l e  

p o l l u t a n t  have been we1 1 documented. However, most p lan ts  grow i n  open 

f i e l d s  and are subjected t o  exposure t o  m u l t i p l e  po l l u t an t s  

simultaneously. This may r e s u l t  i n  more damage than t h a t  which would 

r e s u l t  from the sum o f  the damage caused by each one ac t ing  alone. 

The ubiqui tous nature o f  a i r  po l l u t an t s  makes i t a d i f f i c u l t  task 

t o  p i npo in t  sources and also t o  f i n d  unpol luted con t ro l  s i tes .  ~ o l i a r  

i n j u r y  alone i s  no longer s u f f i c i e n t  t o  describe p l an t  response t o  

p o l l u t a n t  stress. A reduc t ion  i n  photosynthesis and growth may occur 

i n  growing p l an t s  before  v i s i b l e  symptoms appear, or  the r a t e  o f  

photosynthesis may be a l t e red  (Mudd and Kozlowski 1975; Bennett e t  a l .  

1973). Po l lu tan ts  may reac t  w i th  c e l l  const i tuents,  d i s rup t i ng  t h e i r  

s t r u c t u r a l ,  metabolic, o r  funct iona l .  i n t e g r i t y  (Mudd and Kozlowski 

1975; Wellburn e t  a l .  1972). Among those e f f e c t s  not  r e a d i l y  

d i s ce rn i b l e  may be those of a phys io log ica l  o r  biochemical nature, such 

as e f f e c t s  on pyr imidines and i n a c t i v a t i o n  o f  enzyme systems (Mudd and 

Kozlowski 1975; Ma e t  a l .  1973). Studies a t  the molecular l e ve l  are 

de ta i l ed  i n  the book "Responses o f  Plants t o  A i r  Po l l u t i on "  (Mudd and 

Kozlowski 1975, pp. 9-22). 

Sulfur d ioxide has received l i t t l e  mechanistic study by p l a n t  

phys io log is ts  and biochemists, w i t h  the  r e s u i t  t h a t  we cannot y e t  

descr ibe i n  d e t a i l  the  sequence o f  events leading t o  the cha rac te r i s t i c  

response o f  the p l a n t  t o  t h i s  po l l u t an t .  Wood (1968) has pointed out  

t h a t  a h igh  degree o f  co r re l a t i on  between SO2 concentrat ion and 

seve r i t y  o f  vegetat ion damage, regardless o f  the l eve l  o f  s t a t i s t i c a l  

s ign i f i cance ,  does no t  alone es tab l i sh  cause and e f f ec t .  



Among the methods t ha t  are used t o  determine the  e f f e c t s  of 
po l lu tan t s  on plants  are inhibi t ion of photosynthesis and crop yie ld .  
One of the  methods f o r  determining inhibi t ion of photosynthesis i s  by 
determination of C02 and O2 exchange r a t e s  of plants.  Change i n  

net C02 assimilat ion and resp i ra t ion  can be s ens i t i ve  indicators  of 
pol lutant  e f f ec t s  on the  productivity of p lants  (Daines 1968). Bennett 
and Hi1 1 '(1974) some responses of a l f a l f a  t o  comnon a i r  
po l lu tan t s  (Table 8) .  

Dose-Response Relationships 

A number of terms can be used t o  describe the  cha rac t e r i s t i c s  of a 
response; threshold i s  one. According t o  O'Gara (1922), however long 
the  exposure time, no damage will  occur below a threshold dose, b u t  

above t h a t  dose, damage can be produced by combinations of 
concentration and length of exposure time. He used the following 
equation t o  describe the  conditions fo r  the  development of SO2 damage 
t o  plants:  

where C = concentration of pol lutant ,  CR = t h r e s h o l d  concentration 
f o r  injury,  t = time in hours required t o  i n i t i a t e  damage, and 
K = constant, the  threshold dose. 

The c r i t e r i on  most publicized i s  t h a t  i f  the  8-hr concentration of 
SO2 does not exceed 0.25 ppm, in ju ry  to  vegetation wi l l  seldom occur 
(Linzon 1972). Concentrations of 0.35 ppm f o r  4 hr, 0.55 ppm f o r  2 h r ,  

and 0.95 ppm for  1 h r  are  considered po ten t ia l ly  damaging t o  

vegetation. Chronic or acute in jury may occur during the  growing 
season a t  average annual concentrations of 0.03 ppm or over i n  t he  
v i c in i t y  of s ta t ionary  sources. Fumigation experiments and f i e l d  
surveys support the  above c r i t e r i a  (Bris ley e t  a l .  1959; Katz e t  al . ,  
1939; Linzon 1958). 



Table 8. I n h i b i t i o n  o f  photosynthet ic  r a t e s  o f  a l f a l f a  by 1-hr 
t reatments w i t h  var ious p o l l u t a n t s  and combinations 
o f  t h e  p o l l u t a n t s  ( f rom Bennett and Hi1 1 1974) 

Conc. - 
P o l l u t a n t ( s )  (pphm) n AP(% contro1)a 

aMean depression (Tp) i n  C02 uptake r a t e s  induced a f t e r  1-hr 
exposures, and 95% confidence i n t e r v a l .  (Superscr ip ts  ** and 
* denote those s i g n i f i c a n t  means a t  1% and 5% s i g n i f i c a n c e  
leve ls ,  respec t i ve l y ,  when compared w i t h  the  sumed depressions 
determined f o r  t h e  separa te ly  app l ied  p o l l u t a n t s  a t  
correspondi ng concentrat ions.  ) 



This r epo r t  i s  no t  an exhaustive review o f  the l i t e r a t u r e  nor a 

de ta i l ed  desc r ip t ion  o f  a l l  the poss ib le  dose-response re la t ionsh ips .  

Such re la t ionsh ips  may be found i n  the references used i n  t h i s  paper 

and i n  the fo l l ow ing  speci a1 references. whose authors have reported 

e i t h e r  t h e i r  own work or compiled data from the l i t e r a t u r e .  

(1)  Sumnary o f  data on exposure of 

p lants  t o  SO2. (Wood 1968) . 

(2) Response o f  h o r t i c u l t u r a l  crops 

t o  SO2 and O3 mixtures. (Reinert  e t  a l .  1975) 

( 3 )  Plant  response t o  SO2 and NO2 - 
mixtures. (Reinert  e t  a l .  1975) 

(4 )  P lant  response t o  SO2 and HF 

mixtures. (Reinert  e t  a l .  1975) 

(5)  Crop, ornamental, and f o r e s t  species 

i n  which v a r i a t i o n  i n  s e n s i t i v i t y  t o  the (Ryder 1973) 

po l l u t an t s  named has been observed. 

(6)  S e n s i t i v i t y  o f  woody p lan ts  t o  SO2 and (Davis amd Wilhour 1976) 

photochemical oxidants. 

(7)  Maximum ranges o f  annual average 

SO2 concentrat ions t o l e r a b l e  t o  (Le Blanc and Rat 1975) 

1 i chens and bryophytes . 

Benefi c ia1  E f fec ts  

Many products from energy technologies can be used t o  increase 

a g r i c u l t u r a l  p roduc t i v i t y .  Waste heat may be used t o  heat greenhouses 

and s o i l  and can a lso be used t o  dry a g r i c u l t u r a l  products. Su l fu r  i s  

an essent ia l  element i n  p l an t  and animal growth, and the  SO2 releases 

from coal combustion f a c i l i t i e s  may a l l e v i a t e  s u l f u r  def ic iency i n  some 

grass1 and and cropping areas. Sal ine water from coo l ing towers 

(blowdown) could be used t o  i r r i g a t e  a g r i c u l t u r a l  crops wi thout  

detr imental  e f f e c t s  i f  ca re fu l  i r r i g a t i o n  management i s  maintained. It 

i s  c lear,  however, t h a t  these bene f i t s  are ra the r  spec ia l ized and 

ove ra l l  energy technology e f f l u e n t s  would probably r e s u l t  i n  

degradation o f  the environment wi thout  su i t ab l e  contro ls.  



COMMENTARY ON AGRICULTURAL MODELS 

The blossoming o f  s imu la t i on  modeling from the  mid-1960s has 

produced a l a rge  number o f  models o f  a d iverse  range o f  phenomena i n  

many v a r i e d  d i s c i p l i n e s .  Evaluat ion of these e f f o r t s  i n  terms o f  

s p e c i f i c  needs or  quest ions can be made through d e t a i l e d  examination o f  

a v a i l a b l e  documentation and model a p p l i c a t i o n  repor ts .  This survey 

attempts a more general eva luat ion  i n  terms o f  poss ib le  model 

a p p l i c a t i o n s  f o r  t h e  assessment of any energy technology impacts on 

a g r i c u l t u r a l  ecosystems. Two hundred references were reviewed from a 

computer search o f  t he  f o l l o w i n g  data bases: EEDB - ERDA Energy Data 

Base, GRA - Government Reports Announcements, BA - B i n l n g i c a l  

Abstracts,  BRI - B i o l o g i c a l  Research Index, CAIN - Nat iona l  

A g r i c u l t u r a l  L ib ra ry ,  and CBALL - Chemical and B i o l o g i c a l  A c t i v i t i e s .  

Ret rospect ive  searches were conducted i n i t i a l l y  i n  A p r i l  1976 and 

p e r i o d i c  searches were cont inued u n t i l  January 1978 w i t h  the  f o l l o w i n g  

key word ma t r i x :  

Group I a g r i c u l t u r e ,  agronomy, i r r i g a t i o n ,  s o i l ,  p lan t ,  l i t t e r ,  
roo t ,  1 eaf, growth, corn, wheat, soybean, forage. 

Group X I  model, computer s imulat ion,  s imulat ion,  mathematical, 
code. 

Key words were expanded t o  inc lude r e l a t e d  terms such as crop, 

stomata, photosynthesis, grass, pasture, cotton, evapotranspirat ion,  

water, r a d i a t i o n ,  and vegetables. 

Cross codes - Each re ference inc luded i n  B i o l o g i c a l  Abstracts i s  
grouped i n t o  category and the  category g iven a number. 
We searched t h e  r e l e v a n t  numbered categor ies combined 
w i t h  key words i n  Group I and Group 11. The coded 
numbers themselves were inc luded w i t h  Group I. 

Code numbers and ca tegor ies  used i n  t h i s  search: 07506P - p lan t  

ecology; 51502P - water r e l a t i o n s ;  51510P - c e l l  growth and 

d i f f e r e n t i  a t ion;  51516P - r a d i  a t i o n  e f f e c t s  ( l i g h t  e f f e c t s )  ; 51524P - 
apparatus and method f o r  p l a n t  phys io log i ca l  studies; 525 - agronomy; 

and 53008P - vegetables. 



Search -logic - Group I and Group I1 were combined. 

Relevant references were obtained and reviewed. More recent 
i nf ormati on was ob t a i  ned through correspondence with several of the 
well -established modeling groups in the United States and overseas. 

This task remains unfinished in view of the continuing development 
and use of models for  agricultural  'ecosystems. The survey contains 
information tha t  i s  predominantly obtained from open 1 i terature .  The 
modeling reports published by ins t i tu t ions  were reviewed as much as 
possible. However, there i s  probably considerable information that  was 
not detected by the computer search mechanism. 

Other reviews of mode 1 i ng 'I i terature  were a'l so examined. These 
sources, although different  in purpose, are outlined in a l a t e r  section 
with comnents about the relevance of these reviews to  the assessment of 
energy technology impacts in agriculture. 

General Comments 

A wide range of models was examined in which the complexity 
increased from mathematical functions f i t t e d  to  experimental data, 
through parametric models that  described phenomena without 
representation of mechanisms to mechanistic models based on physical, 
chemical, and/or physiological principles. The empirical and 
parametric models are res t r ic ted  i n  t he i r  application to  s i tuat ions 
that  closely resemble tha t  for  which the model was calibrated. 
Alternatively, f i e ld  measurements can be made in a new si tuat ion to  
determine appropri ate parameter values. The mechanisti c models also 
require i n p u t  values for  the appropriate so i l ,  plant,  animal, or 
atmospheric as required by the mechanisms or processes 
involved. These l a t t e r  models can conceptually be applied to  most 
locations, whereas the empirical models are local or a t  best regional 
in the i r  range of application. 

The model evaluation (Appendix A) contains the f u l l  c i ta t ion  and 
the authors' abstract along with the ident i f icat ion of the type of 
model (MODEL TYPE) and a comment (COMMENT) about the s u i t a b i l i t y  of the 

model fo r  assessment of energy technology impact in agriculture. The 
model type i s  described by one of the following classes. 



(1) Mechanistic. Model based on physical , chemical , and/or 
physiological principles as appropriate. In some instances the 
physiological pr inciple  may be s implis t ic ;  for example, the use of Ohms 
law to  represent transport  processes. 

( 2 )  S t a t i s t i c a l .  Model based on correlation, regression, or 
least-squares f i t  of observations to  a given function. 

( 3 )  Stochastic. Model based on algorithm response to  random 
variables derived from studies of event probabili t ies.  

( 4 )  Parametric. Model represented by a phenomenological function 
with parameters determined from analysis of empirical data without 
d i r ec t  representation of the mechanisms involved. 

Several papers provide program code l i s t ings ,  par t icular ly those 
using IBM continuous system monitoring program (CSMP). However, t h i s  
i s  the exception and i t  i s  anticipated tha t  considerable e f fo r t  would 

be involved in the application of the models by developing computer 
codes fo r  the algorithms or through implementation of the original code 
obtained from the author. A fur ther  complication i s  also anticipated 
i n  t ha t  most models would require some adaptation fo r  technology 
assessment. In the simplest case, an empirical relationship between 
some impact (technology origin)  and an agricultural response would be 
required to  be added to the models. This f a c t  ident i f ies  the need for  
experienced input from personnel fami l i  ar with b ~ t h  m ~ d e l i n g  and 

dose-response or cause-eff ect  re1 ationships to  extend the use of models 
to  examine environmental e f f ec t s  of technology impacts. The dominant 
impacts of energy techno1og.y on aqriculture through 1990 will he from 
coal combustion eff luents ,  par t icular ly a i r  pollutants.  However, there 
are r e l a t ive ly  few models of a i r  poll utant-crop interactions identified 
in the bibliography even though there i s  a considerable empirical data 
base of pollutant e f fec ts  on crops. 

Other Model Reviews 

Several review reports on aspects of modeling were identified in 

our survey, and although t h e i r  goals were different  than the present 
goals, these sources provide valuable information about models and 
modeling. 



File of Agricultural Research Models (FARM) 
The U. S. Department of Agriculture has an active file of models 

that is currently maintained by Dr. Bruce Crane, Room 408, Nal 
Building, Beltsvil le, Maryland 20705 (phone 301/344-3937). We 
obtained a copy of the fourth release (November 1977) which contained 
an inventory of 111 models, many of which can be adapted for technology 
assessment purposes. Many of these models are not included in the 
present model survey, and the FARM document should be viewed as a 
resource for the modeling of technology impacts in agriculture. 

Agricultural Systems Models and Modeling: An Overview 

A review paper with the above title by G. M. Van Dyne and 
Z. Abramsky was published in 1975 in "Study of Agricultural Systems," 
(G. E. Dalton (ed.), pp. 23-106, Applied Science Publishers Ltd., 
London). ~ighty-eight models were examined in the following 
categories: dairy 12, pest control 6, irrigation 1, fishery 3, 
wildlife 8, grazing 33, plant growth 25. Many linear 
programming-optimization models have been developed as aids in 
decision-making in various aspects of dairy operations. Many of the 
grazing models simulate plant growth and animal production and could be 
adapted to technology assessment by inclusion of representative 
dose-response algorithms. It is clear that in many instances available 
models cannot be applied directly to technology assessment. 

Mathematical Models in Plant Physiology 
J. H. M. Thornley published a volume (Academic Press, New York, 

1976, 318 pp.) that largely provides a compilation of his own modeling 
research conducted during the previous decade. Many of these models 
are outlined in Appendix A. Thornley's modeling research has been 
directed towards physiological research and a significant amount of 
modification would be required for application in technology assessment. 



Survey o f  Crop-Weather Models 

D. B. Johnson reviewed 24 models i n  some d e t a i l  f o r  a MS Thesis i n  

t h e  Department of Meteorology, Pennsylvania Sta te  U n i v e r s i t y  (1976). 

He i d e n t i f i e d  two main types of models: s t a t i s t i c a l  and s imula t ion .  

The former type has t h e  same meaning as used i n  t h i s  document, w h i l e  

t h e  s i m u l a t i o n  t ype  inc ludes parametr ic  and mechanist ic types as 

de f ined  i n  t h i s  r e p o r t .  Models f o r  wheat, maize, oats, soybeans, and 

sorghum were examined. The s t a t i s t i c a l  models are r e s t r i c t e d  i n  t h e i r  

range of a p p l i c a t i o n  t o  t h e  s o i l ,  p l a n t ,  and weather regime f o r  which 

they  were developed. These codes and the  s imu la t i on  types a l l  r e q u i r e  

some adapta t ion  f o r  t h e  technology assessment. 

Survey o f  r a d i o n u c l i d e  Transport  and Dosimetry Models 

HOFFMAN, F. O., C. W. MILLER, D. L. SHAEFFER, and C. T. GARTEN. 
1977. Computer codes fo r  t h e  assessment o f  rad ionuc l ides  re leased 
t o  t h e  environment. Nucl . Saf. 18:343-354. 

Abs t rac t  

This a r t i c l e  presents a compi la t ion  o f  computer codes t h a t  
may be used f o r  t h e  assessment o f  acc identa l  o r  r o u t i n e  re leases 
o f  r a d i o a c t i v i t y  t o  t h e  environment from nuclear  power 
f a c i l i t i e s .  The c a p a b i l i t i e s  o f  83 computer codes i n  t h e  areas o f  
environmental t r a n s p o r t  and r a d i a t i o n  dosimetry are summarized i n  
tabu1 ar  form. Th is  p r e l  i m i  nary ana lys is  c l e a r l y  i nd i ca tes  t h a t  
t h e  i n i t i a l  e f f o r t s  i n  assessment methodology development have 
concentrated on atmospheric dispersion, ex te rna l  dosimetry, and 
i n t e r n a l  dosimetry v i a  i nha la t i on .  The inco rpo ra t i on  o f  
t e r r e s t r i a l  and aquat ic  food-chain pathways has been a more recen t  
development and r e f l e c t s  t h e  need f o r  s a t i s f y i n g  the  cu r ren t  
requirements o f  environmental l e g i s l a t i o n  and t h e  needs o f  
r e g u l a t o r y  agencies. The c h a r a c t e r i s t i c s  o f  t h e  conceptual models 
employed by these codes are  reviewed. (Auth.). 

Qt her Ravisw Topics 

Several a r t i c l e s  and monographs on p a r t i c u l a r  aspects o f  

model ing are  o u t l i n e d  below. 



HESKETH, J. D., and J. W .  JONES. 1976. Some comnents on computer 
s imula t ions  f o r  p l a n t  growth. Ecol. Model. 2:235-247. 

Abst rac t  

The s t a t u s  o f  p l a n t  growth modeling a c t i v i t i e s  i s  reviewed 
f o r  a general audience. Recently, excel  1 ent  textbooks and review 
papers have been publ ished which sumnarize past  e f f o r t s  i n  
modeling p l a n t  phys io log i ca l  processes. Anyone in te res ted  i n  
p l  ant-growth modeling should be aware o f  t h i s  background mater i  a1 
which describes the  modeling t r a d i t i o n  i n  the  p l a n t  sciences. 
Presently,  we need b e t t e r  c r i t i c a l  eva luat ions  o f  such models, 
i n c l u d i n g  experimental techniques necessary f o r  generat ing 
associated data. Such c r i t i q u e s  should be aimed a t  users o f  l a rge  
p lant-growth models i n  other  d i s c i p l i n e s .  Recent developments i n  
t h e  cons t ruc t i on  o f  co t ton  growth. models are described. Modeling 
phi losophy i s  discussed i n  r e l a t i o n  t o  the  above. (Auth.). 

LEMEUR, R., and B. L. BLAD. 1974. A c r i t i c a l  review o f  l i g h t  
models f o r  es t imat ing  the  shortwave r a d i a t i o n  regime o f  p l a n t  
canopies. Agric.  Meteorol. 14:255-286. 

Abst rac t  

A general review o f  geometr ical and s t a t i s t i c a l  l i g h t  models 
i s  presented i n  t h i s  paper. I n  t h e  geometr ical approach, p l a n t  
shapes are simulated by var ious  geometr ical forms described by 
c h a r a c t e r i s t i c  dimensions. Geometrical models may be d i v i d e d  i n t o  
two classes - those which consider  i n d i v i d u a l  shapes and those 
which consider an arrangement of shapes. I n  t h e  s t a t i s t i c a l  
approach the  l o c a t i o n  o f  p l a n t  elements i s  parameterized by 
var ious d i s t r i b u t i o n s .  The type of l e a f  d ispers ion  i n  space i s  
t h e  most impor tan tacons ide ra t i on  i n  s t a t i s t i c a l  models. Four 
d i f f e r e n t  types o f  l e a f  d ispers ion  are considered i n  t h i s  review: 
regu la r  l e a f  dispersion, clumped lea f  d ispers ion,  random l e a f  
d ispers ion,  and va r iab le  l e a f  d ispers ion.  

Hypotheses which u n d e r l i e  the  var ious  random and more 
general ized types o f  s t a t i s t i c a l  l i g h t  models are presented. 
Several models i n  the  l i t e r a t u r e  are discussed i n  terms o f  these 
assumptions. 

Although, i n  many cases, requ i red  p l a n t  data and ac tua l  l i g h t  
measurements i n  the  f i e l d  are g ross l y  inadequate f o r  experimental 
v e r i f i c a t i o n  o f  l i g h t  models, it appears t h a t  t he  l i g h t  regime i n  
p l a n t  canopies can be adequately described by those models a l ready 
a v a i l  able. However, f o r  t he  most par t ,  these models are very  
complex, and a synthesis o f  these fundamental models i n t o  workable 
expressions t h a t  can be used by agronomists, crop eco log is ts ,  and 
others concerned w i t h  breeding p l a n t s  f o r  more e f f i c i e n t  
i n t e r c e p t i o n  o f  l i g h t  i s  needed. (Auth.). . 



MONSI, M. ,  Z. UCHIJIMA, and T. OIKAWA. 1973. Structure of 
f o l i  age canopi es and photosynthesis. Annu.  Rev. Ecol . Syst. 
4:301-327. 

Abstract 

I t  i s  apparent from t h i s  review of the vast amount of 
research work on the problems of canopy structure and 
photosynthesis tha t  our understanding of canopy photosynthesis has 
been considerably deepened by the ac t iv i t i e s  of IBP during the 
recent decade. The r e su l t s  obtained have been successfully used 
in breeding programs towards developing high yielding crops with 
e rec t  leaf plant types. The resu l t s  are also interesting and 
valuable for  assessing the photosynthetic productivity of plants - 
upon which v i r tua l ly  a l l  l i f e  on earth depends. 

A sa l ien t  r e su l t  from recent studies on canopy structure and 
photosynthesis has been the development of production models based 
on the theoret ical  and empirical laws of the major exchange 
process of energy and materials between plants and the i r  
environment. Special attention has been given to  models dealing 
w i t h  l ight  interception and photosynthetic relationships. Such 
1 ight interception models have provided the mathematical procedure 
for  the assessment of productivity not only of agricultural  plant 
ecosystems b u t  also of natural plant ecosystems, revealing that  
leaf inclination plays an important ro l e  in the photosynthetic 
productivity of plant canopies. These models have also been 
remarkably successful in clarifying plant behavior a t  the 
ecologi cal 1 eve1 . 

In relat ion to  the interception of l ight  by plant canopies, 
many attempts have been made to  measure or formulate canopy 
s tructure.  These studies made i t  possible to distinguish the 
canopies observed in natural and agricultural  ecosystems into four 
types. Canopy s tructure data from f i e l d  plantings of crops have 
been used to  simulate the radiation environment and the 
photosynthesis of plant canopies. However, our information on the 
phytometric features of plant canopies, including the allocation 
of photosynthate, has not been as comprehensive as might be 
des i red. 

The development of computer technology has greatly 
f a c i l i t a t e d  the study of the interactions of plant communities 
with environmental factors .  Although the computer simulation of 
plant growth seems t o  have success in integrating knowledge 
obtained in related discipl ines ,  our e f fo r t s  in exploring the 
biological and physical processes involved i n  plant photosynthesis 
have not yet necessarily been profound enough. The available 
information and working models of the relationships of 
photosynthesis and the environment are s t i l l  meager and 
fragmentary. Part icular ly,  the deficiency i s  greater for  fo res t s  
including f r u i t  t r e e  orchards than for crops with uniform plant 



stands o f  r e l a t i v e l y  low height .  Many problems thus remain t o  be 
studied. 

Attempts t o  make c l e a r  t h e  phytometr ic  c h a r a c t e r i s t i c s  and 
b i o l o g i c a l  behavior o f  p l a n t  canopies under var ious environmental 
cond i t ions  and t o  r e f i n e  t h e  working models appear t o  be equa l l y  
important f o r  improving b iophys ica l  s imula t ion  o f  canopy 
photosynthesis and dry-matter product ion o f  p lants.  Such e f f o r t s  
should necessar i l y  f a c i l i t a t e  the  increase i n  man's knowledge on 
t h e  processes r e l a t e d  t o  fo recas t ing  and c o n t r o l l i n g  p l a n t  
product ion. (Auth. ). 

WALKER, W. R. 1976. Assessment o f  i r r i g a t i o n  r e t u r n  f l o w  
models. EPA-60012-76-219. Robert S. Ke r r  Environmental Research 
Laboratory, USEPA, Ada, Okl ahoma. 

Abst rac t  

Throughout the  western Uni ted States i r r i g a t i o n  r e t u r n  f lows 
con t r i bu te  t o  the  problem o f  water q u a l i t y  degradation. 
Evaluat ing the  e f fec t iveness o f  a l t e r n a t i v e  management s t r a t e g i e s  
invo lves  models which s imulate the  processes encompassed by 
i r r i g a t e d  ag r i cu l tu re .  The development and a p p l i c a t i o n  o f  these 
models requ i re  m u l t i d i s c i p l i n a r y  expert ise.  A workshop i n v o l v i n g  
f i f t e e n  s p e c i a l i s t s  i n  the  va r ied  aspects o f  i r r i g a t i o n  r e t u r n  
f l o w  modeling was he ld  t o  review t h e  s ta tus  o f  these models. 
I r r i g a t i o n  r e t u r n  f l o w  and con junc t ive  use models r e c e n t l y  
developed by t h e  Bureau o f  Reclamation served as f o c a l  p o i n t s  f o r  
t h e  workshop. As the  f i e l d  v e r i f i c a t i o n  and p o t e n t i a l  
app l i ca t i ons  o f  these models were discussed, several general 
problems were i d e n t i f i e d  where fu r the r  i n v e s t i g a t i o n  i s  needed. 
P a r t i c u l a r  emphasis was g iven t o  t h e  d e s c r i p t i o n  o f  t he  s p a t i a l l y  
va r ied  aspects o f  s o i l ,  crop, and aqu i fe r  systems, and t h e  proper 
alignment of model ob jec t i ves  w i t h  a v a i l a b l e  data. The l a r g e  
number and d i v e r s i t y  of e x i s t i n g  mndels i l l u s t r a t e  t h e  
i n d i v i d u a l i s t i c  nature o f  i r r i g a t i o n  r e t u r n  f l o w  modeling. I n  
order  t o  e f f e c t  more widespread u t i l i z a t i o n  o f  e x i s t i n g  models, a 
systematic procedure should be developed t o  update and disseminate 
t h i s  modeling technology. (Auth.). 

Pudoc Pub l ica t ions  

The Centre fo r  A g r i c u l t u r a l  Pub l ish ing  and Documentation, .P. 0. 

Box 4, Wageningen, The Netherlands, has publ ished t h e  f o l l o w i n g  

s imu la t i on  monographs: 

( i )  d e w i t ,  C. T., andH. vanKeulen. S i m u l a t i o n o f  t ranspor t  

processes i n  s o i l s .  

( i i )  Beek, J., and M. J. F r i s s e l .  S imulat ion o f  n i t rogen  

behavior i n  s o i l s .  



( i i i )  de W i t ,  C. T., and J. Goudriaan. Simulat ion of eco log ica l  

processes. 

( i v )  Fransz, H. G. The func t iona l  response t o  prey dens i ty  i n  

an acar i  ne system. 

( v )  F r i s se l ,  M. J., and P. Reiniger. Simulat ion o f  

accumul a t i  on and 1 eachi ng i n  so i  1 s. 

( v i )  van Keulen, H. Simulat ion o f  water use and herbage growth 

i n  a r i d  regions. 

( v i i )  Makkink, C. F., and H. D. J. van Heemst. Simulat ion o f  the 

water balance o f  arable land and pastures. 

Each monograph i s  the  r e s u l t  o f  a few years '  t heo re t i ca l  and 

experimental work and contains a f u l l  p resenta t ion ~f the s imu la t i on  
programs, preprogramming d i f f i c u l t i e s ,  and j u s t i f i c a t i o n  o f  assumptions 

w i t h  an emphasis on v e r i f i c a t i o n .  
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< 1> 
A a s e ,  J.K., J.R. W r i g h t ,  a n d  P.R. S i d d o v a y .  

1973 .  E s t i m a t i n o  s o i l  w a t e r  c o n t e n t  on  
n a t i v e  r a n g e l a n d :  L q r i c .  M e t e o r o l .  
12: 185-191. 

RBSTRACT: A model f o r  e s t i m a t i n g  s o i l  v a t e r  
c o n t e n t  o n  n a t i v e  r a n g e l a n d  was t e s t e d  a t  
S i d n e y ,  Montana. B a s e d  on  t h e  Penman 
c o m b i n a t i o n  method f o r  e s t i m a t i n g  p o t e n t i a l  
E*. t h e  model i n c l u d e s  f a c t o r s  t o  a c c o u n t  f o r  
c r o p  d e v e l o p m e n t .  l i m i t i n g  s o i l  v a t e r  
w n t e n t ,  and  i n c r e a s e d  e v a p o r a t i o n  a f t e r  
r a i n .  The  mods1 g a v e  r e a s o n a b l e  e s t i m a t e s  o f  
a c t u a l  s o i l  w a t e r  c o n d i t i o n s  w i t h i n  a  1 5 %  
l i m i t  s u g g e s t e d  as b e i n g  p r a c t i c a l  f o r  
r a n g e l a n d  management p u r p o s e s .  (Auth.)  

MODEL TrPE: m e c h a n i s t i c  v i t h  e m p i r i c a l  f a c t o r s  
CCHHFil: a o d e l  is a  p r a c t i c a l  management t o o l  

t h a t  r e q u i r e s  t u n i n g  f o r  a  p a r t i c u l a r  
a p p l i c a t i o n .  The model  c o u l d  b e  u s e d  a s  a  
component  o f  a  r a n g e l a n d  i m p a c t  a s s e s s m e n t .  

< 2 >  
a ikman,  D.P., a n d  I .P.  A n d e r s o n .  1 9 7 1 .  A 

q u a n t i t a t i v e  i n v e s t i g a t i o n  o f  a  p e r i s t a l t i c  
model f o r  phloem t r a n s l o c a t i o n .  Ann. Bot.  
7 5 .  76  3 -777.  - - . . - . . . - - 

ABSTRACT: Rn a n a l y s i s  is made o f  a  p e r i s t a l t i c  
m d e l  o f  ph loem t r a n s l o c a t i o n .  I t  i s  
p o s t u l a t e d  t h a t  t h e  p e r i o d i c  a c t i o n  o f  
c o n t r a c t i l e '  o r  b e n d l n g  o r g a n e l l e s  d r i v e  a  
l o n g i t u d i n a l  f l o w  o f  s o l u t i o n  w i t h i n  t u b u l e s  
w h i c h  c o n n e c t  s i e v e  p o r e s  i n  s u c c e s s i v e  s i e v e  
p l a t e s .  P l a u s i b l e  v a l u e s  a r e  assumed f o r  t h e  
v e l o c i t y  o f  p r o p a g a t i o n  o f  t h e  c o n t r a c t i o n  
m v e ,  t h e  f r e q u e n c y ,  t h e  a m p l i t u d e ,  a n d  t h e  
v i s c o s i t y  o f  t h e  s o l u t i o n  a n d  i ts 
c o n c e n t r a t i o n .  O s i n g  r e l a t i o n s  which 
d e s c r i b e  p e r i s t a l t i c  f l o w ,  p r e d i c t  i o n s  a r e  
made f o r  t h e  v a l u e s  o f  p a r a m e t e r s  s u c h  a s  t h e  
= l o c i t y  o f  s o l u t i o n ,  t h e  d r i v i n g  p r e s s u r e ,  
a n d  . r a t e  o f  e n e r g y  d i s s i p a t i o n .  T h e s e  
p r e d i c t e d  v a l u e s  a r e  s e e n  t o  b e  r e a s o n a b l e  
when c o m p a r e d  w i t h  t h e  known p r o p e r t i e s  o f  
o t h e r  b i o l o g i c a l  c o n t r a c t i l e  s y s t e m s .  T h u s  
t h e  model  is q u a n t i t a t i v e l y  a c c e p t a b l e .  
(Auth.)  

MODEL TYPE: m e c h a n i s t i c  
COMREWT: T h e o r e t i c a l  model o f  a  p l a n t  p r o c e s s .  

R o t  o s e f  u l  i n  t e c h n o l o g y  a s s e s s m e n t .  

< 3> 
L l d e r f e r .  R.G., and D. I. G a t e s .  1971. Energy  

e x c h a n g e  i n  p l a n t  c a n o p i e s .  Ecology  
52 :B55-861. 

ABSTRACT: A t h e o r e t i c a l  a o d e l  i s  p r e s e n t e 3  f o r  
t h e  e x c h a n g e  o f  r a d i a n t  and s e n s i b l e  h e a t  
b e t w e e n  l e a v e s  i n  a  p l a n t  c a n o p y  a n d  t h e  
c n v i r o n m c n t .  The d i s t r i b u t i o n  o f  s h o r t - r a v e  
(0 .3-3 .0  m i c r o n )  r a d i a t i o n  i n  a  cn nopy is  
d e s c r i b e d  b y  a  m o d i f i e d  form o f  t h e  
Kubelka-flunk e q u a t i o n s  f o r  l i g h t  t r a n s m i s s i o n  
t h r o u g h  s c a t t e r i n g  media.  Opvard  and 
downward r a d i a t i o n  f l u x e s  a r e  computed  f o r  
any l e v e l  o f  a  c a n o p y  a s  a  f u n c t i o n  of c a n o p y  
d e n s i t y  and  o p t i c a l  p r o p e r t i e s  o f  t h o  l o a v o o .  
R s e r i e s  o f  s i m u l t a n e o u s  e q u a t i o n s  is u s e d  
t o  d e t e r m i n e  b o t h  t h e r m a l  r a d i a t i o n  a n d  l e a f  
t e m p e r a t u r e  a t  a n y  p o i n t  i n  t h e  c a n o p y .  ~ a c h  
e q u a t i o n  i n  t h e  s e r i e s  is t h e  e n e r g y  b u d g e t  
f o r  a  l e a f  a t  t h a t  l e v e l  i n  t h e  c a n o p y .  r his 
model u s e s  i n f o r m a t i o n  a b o u t  t h e  e x t e r n a l  
p h y s i c a l  e n v i r o n m e n t  t o g e t h e r  w i t h  o p t i c a l  
p r o p e r t i e s  o f  l e a v e s  t o  p r e d i c t  t h e  
d i s t r i b u t i o n  o f  s o l a r  r a d i a t i o n .  l e a f  
t e m p e r a t u r e ,  a n d  t h e r m a l  r a d i a t i o n  t h r o u g h o u t  
a p l a n t  c a n o p y .  E x p e r i m e n t s  a r e  r e p o r t e d  
which test  t h e  r e l i a b i l i t y  o f  t h e  t h e o r e t i c a l  
model. ( r u t h . ) '  

MODEL TYPE: m e c h a n i s t i c  
CoMMmT: T h i s  is a  b a s i c  model  o f  a  c a n o p y  

e n e r g g  b o d g e t .  C o u l d  b e  used  t o  e v a l u a t e  
e f f e c t s  o f  c h a n g e  i n  c a n o p y  o p t i c a l  
p r o p e r t i e s  t h a t  may be i n d u c e d  by a c i d  r a i n  

o r  p o l l u t a n t  u p t a k e .  

< 4) 
L l e s s i ,  J., a n d  J.P. Power. 1965. I n f l u e n c e  o f  

m o i s t u r e .  p l a n t  p o p u l a t i o n .  a n d  n i t r o u e n  o n  
d r y l a n d  c o i n  i n  t h e  n o r t h e ~ n  p l a i n s .  - ~ g r o n .  
J. 57:611-612. 

ABSTRACT: The  e f f e c t s  o f  t o t a l  a v a i l a b l e  s o i l  
a o i s t u r e ,  p l a n t  p o p u l a t i o n ,  a n d  R  
f e r t i l i z s  t i o n  upon d r y l a n d  c o r n  p r o d u c t  i o n  
were  s t u d i e d  a t  2  l o c a t i o n s  o v e r  a  6 - y e a r  

' p e r i o d .  P o r a g e  a n d  g r a i n  y i e l d s  v e r e  h i g h l y  
c o r r e l a t e d  w i t h  t o t a l  a v a i l a b l e  m o i s t u r e  
( s o i l  m o i s t u r e  a t  p l a n t i n g  p l u s  
p r e c i p i t a t i o n ) .  Optimom p o p u l a t i o n  a t  e a c h  
l o c a t i o n  was 10 ,000  p l a n t s  p e r  a c r e .  
A p p l i c a t i o n s  o f  R w e r e  o f  l i t t l e  b e n e f i t .  
( r u t h . )  

RObCL TYPE: s t a t i s t i c a l  - r e g r e s s i o n  e q u a t i o n s  
COMREHT: n o d e l  i s  s i t e  s p e c i f i c  t o  S i d n e y ,  1 8  

and  Randen, H D .  P r o b a b l y  o f  l i t t l e  u s e  i n  
t e c h n o l o g y  a s s e s s m e n t .  

<5> 
A l l e n .  L.R. 1974. Model o f  l i g h t  p e n e t r a t i o n  

i n t o  a  wide-row = r o e .  Agron. J. 66:Ul-u7. 
RBSTRLCT: T h i s  model p r e d i c t s  d i r e c t - b e a m  

r a d i a t i o n  p e n e t r a t i o n  i n t o  wide-row c r o p s .  
The  c r o p  is modeled  a s  *hedge- rous"  w i t h  a n  
o p e n  m i d d l e  b e t u e e n  t h e  rows.  Leaf  a r e a  
d e n s i t y  is  g i v e n  h e i g h t  a n d  c r o s s - r o w  
f u n c t i o n a l  d i s t r i b u t i o n s ,  b u t  is  c o n s i d e r e d  
u n i f o r m  a l o n g  t h e  l e n g t h  o f  t h e  row. I n p u t  
p a r a m e t e r s  w h i c h  c a n  b e  v a r i e d  a r e :  ti- o f  
day ,  t i m e  of y e a r ,  l a t i t u d e ,  l o n g i t u d e ,  
a t m o s p h e r i c  t r a n s m i s s i v i t y ,  s l o p e  o f  t h e  s o i l  
s u r f a c e ,  row d i r e c t i o n ,  row s p a c i n g ,  c r n p  
h e i g h t ,  w i d t h  o f  t h e  hedge- row,  l e a f  a r e a  
d e n s i t y  d i s t r i b u t i o n  f u n c t i o n s ,  a n d  mean l e a f  
a n g l e .  The  model c a n  p r e d i c t  t h e  a v e r a g e  
d i r e c t - b e a m  p e n e t r a t i o n  t o  a n y  d e p t h  a s  a  . 
f u n c t i o n  o f  d i s t a n c e  f r o m  t h e  row, a n d  t h e  
a v e r a g e  p e n e t r a t i o n  f o r  t h e  w h o l e  hedge- row 
s F t e m .  L i g h t  p e n e t r a t i o n  was p r e d i c t e d  f o r  
E-9,  N-S, NE-SW, a n d  Nu-SE, row o r i e n t a t i o n s  
f o r  Augus t  1 7 ,  1 9 6 7 ,  u s i n g  row g e o m e t r y  o f  
E-W wide-row g r a i n  sorghum (SORGROM BICOLOR 
L. Moench) grown a t  r k r o n ,  C o l o r a d o .  Low 
p r e d i c t i o n s  o f  l i g h t  i n t e r c e p t i o n  i n  t h e  
morning  a n d  a f t e r n o o n  hy  R-W r o w s  r e s u l t e d  i n  
t h =  lou=qt.  prgllnt ten8 o f  d n i l y  t ~ t  r l  
i n t e r c e p t e d  l i g h t .  o n d e r  t h e  i n p u t  
c o n d i t i o n s ,  t h e  model p r e d i c t e d  37 ,  VQ,  02 ,  
a n d  U2X d a i l y  i n t e r c e p t i o n  f o r  E-a, ,N-S. 
RE-SW, and  RW-SE row o r i e n t a t i o n s ,  
r e s p e c t i v e l y .  The WE-SW row o r i e n t a t i o n  may 
b e  b e s t  s i n c e  t h e  model p r e d i c t e d  t h a t  t h e  
m o s t  l i g h t  would b e  a b s o r b e d  a t  1000  h o u r s ,  
when m o i s t u r e  s t r e s s  v o u l 3  be low. a n d  t h e  
l e a s t  a t  1400  h o u r s ,  vhen m o i s t u r e  stress 
would be  h i g h .  (Loth.)  

MODEL TYPE: m e c h a n i s t i c  
COHlENT: Hodel  c o u l 3  b e  used  t o  e v a l u a t e  f o g  o r  

p lume s h l d i u q  e f f e c t s  un row c r o p  r a d i a t i o n  
r e g i m e .  

< 6) 
L i l e n ,  L. R. 1975.  ~ i n e - s o u r c e  c a r b o n  d i o x i d e  

r e l e a s e ,  111. P r e d i c t i o n s  b y  a  
t w o - d i m r u s i o u a l  u u m e l i c a l  d i f f u a i o u  model.  
Bound.-L9yer l e t e o r o l .  8:39-79. 

ABSTRACT: Model p r e d i c t i o n s  o f  C0 (2)  
c o n c e n t r a t i o n s  downwind f rom a  1 , ine  s o u r c e  
were  c a l i b r a t e d  u s i n g  e x p e r i m e n t a l  d a t a .  
Agreement b e t u e e n  t h e  mobel a n d  e x p e r i m e n t a l  
d a t a  w a s  i m p r o v e d  by a d j u s t i n g  f o r  wind 
d i r e c t i o n  meander  and  c u p  anemometer  
o v e r s h o o t .  The  model p r e d i c t i o n s  s h o r e d  t h a t  
by u s i n g  a  n e g a t i v e  e x p o n e n t i a l  wind s p e e d  
p r o f i l e  w i t h i n  t h e  c r o p  c a n o p y ,  p r e d i c t i o n s  
were c l o s e r  t o  o b s e r v e d  CO (2) c o n c e n t r a t i o n  
p r o f i l e s  t h a n  vhen  e x p e r i m e n t a l l y  o b s e r v e d  
wind s p e e d  p r o f i l e s ,  which v e r e  c o n s t a n t  w i t h  
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<6> ORT.  
h s i g h t  i n  t h e  l o w e r  c a n o p y ,  w e r e  used: T h i s  
f i n d i n g  s u g g e s t s  t h a t  much o f  t h e  l o w e r  
canopy a i r f l o w  w a s  n o t  d i r e c t  mass  f l o w  i n  
t h e  downwind d i r e c t i o n .  Eddy d i f f u s i v i t y  
p r o f i l e s  which showed a  w i t h i n - c a n o p y  l o c a l  
minimum r e s u l t e d  i n  a  r e s t r i c t i o n  i n  t h e  
p r e d i c t e d  l o s s  o f  C0 (2) o u t  of t h e  c a n o p y  
s y s t e m .  T w o - d i m e n s i o n a l  p l o t s  o f  p r e d i c t e 3  
n u l l  v e r t i c a l  f l u x  and C 0  (2)  c o n c e n t r a t i o n  
p o r t r a y e d  v i v i d l y  t h e  t u r b u l e n t  d i f f u s i o n  a n d  
mass f l o w  t r a n s p o r t  of  CO(2) f rom t h e  l i n e  
s o u r c e .  (Auth.) 

RODEL TYPE: m e c h a n i s t i c  - 2D n u a e r i c a  1 s o l u t i o n  
C COREHT: Rodel  r e q u i r e s  e x p e r i m e n t  a 1  

c l l i b r a t i o n .  Method c o u l d  be  u s e d  f o r  
a s s e s s i n g  g a s  p o l l u t a n t  o r  g a s  f e r t i l i z e r  
t r a n s p o r t .  

<7> 
R l l e n ,  L.R., and K . P .  Brown. 1965. i h o r t w a v e  

n d i a t i o n  i n  a  c o r n  c r o p .  Lgron.  J. 
5 1  (1) :575-580. 

ABSTRACT: N e a r - i n f r a r e d  a n d  t o t a l  s h o r t w a v e  
r a d i a t i o n  w e r e  measured  a t  v a r i o u s  h e i g h t s  i n  
c o r n  u s i n g  J a p a n e s e  E l 0  s o l a r i m e t e r s ,  w i t h  
and  w i t h c u t  a p p r o p r i a t e  l i g h t  f i l t e r s .  Prom 
t h e s e  m e a s u r e m e n t s ,  v i s i b l e  r a d i a t i o n  was 
c a l c u l a t e d .  The r e s u l t i n g  d a t a  i n d i c a t e d  
t h a t  t h e  a t t e n u a t i o n  c o e f f i c i e n t s  f o r  
r a d i a t i o n  w i t h i n  t h i s  c r o p  were n o t  c o n s t a n t .  
n e a r - i n f r a r e d  r a d i a t i o n  was f o u n d  t o  he  a  
h i g h e r  p e r c e n t a g e  o f  t h e  t o t a l  s h o r t w a v e  
r a d i a t i o n  a t  t h e  b o t t o m  o f  t h e  c r o p  t h a n  a t  
t h e  t o p .  (Auth.)  

NODEL TYPE: m e c h a n i s t i c  w i t h  e m p i r i c a  1 p a r a m e t e r s  
CoaaEul :  P a p e r  d e s c r i b e s  a  r e l a t i v e l y  s i m p l e  

model r e q u i r i n g  f o u r  a v e r a g e d  r a d i a t i o n  
m e a s u r e m e n t s  t o  i m p l e m e n t  f o r  a  p l a n t  
community.  E f f e c t s  of c h a n g e  i n  c r o p  
c e f l p c t i v i t y  c a n  be e v a l u a t e d .  

< 8 >  
A l l e n ,  L.A.. A.W. Gausman, a n d  Q.A. A l l e n .  1975 .  

S o l a r  u l t r a v i o l e t  r a d i a t i o n  i n  t e r r e s t r i a l  
p l a n t  c o m m u n i t i e s .  J. E n v i r o n .  Q u a l .  
U: 285-29U. 

ReSTRRCT: T h e r e  h a s  b e e n  a  growing  c o n c e r n  t h a t  
NO (I)  e f f l u e n t s  f r o m  s u p e r s o n i c  o r  o t h e r  
h i g h f l y i n g  c r a f t .  o r  c h l o r o f l u o r o m e t h a n e  
~ e f r i g e r a n t s  o r  a e r o o o l  c a n  p r o p e l l e n t s  t h a t  
d i f f u s e  t o  t h e  s t r a t o s p h e r e ,  c o u l d  c a u s e  a  
r e d u c t i o n  o f  a t m o s p h e r i c  o z o n e ,  which would 
m s u l t  i n  a  c o n c o m i t a n t  i n c r e a s e  o f  
p e n e t r a t i o n  o f  s o l a r  u l t r a v i o l e t  r a d i a t i o n  t o  
t h e  e a r t h ' s  s u r f a o c  w i t h  p o s s i b l e  b i n l n g i c a l  
c o n s e q u e n c e s .  S p e c t r a l  d i s t r l a u t i o n s  o f  
d i r e c t - b e a m  and d i f f u s e  s o l a r  u l t r a v i o l e t  
i r r a d i a n c e  a t  t h e  e a r t h ' s  s u r f a c e .  as a  
f u n c t i o n  o f  s t r a t o s p h e r i c  ozone  c o n t e n t  and  
s o l a r  e l e v a t i o n  a n g l e ,  h a v e  b e e n  a c c u r a t e l y  
measured  o r  p r e d i c t e d  by o t h e r  r e s e a r c h e r s .  
o u r  o b j e c t i v e s  w e r e  t o  c o u p l e  i n c i d e n t  
s p e c t r a  t o  a  p l a n t  c a n o p y  r a d i a t i o n  
p e n e t r a t i o n  model t o  g i v e  t h e  r e d i s t r i b u t i o n  
d m i d d l e  u l t r a v i o l e t  r a d i a t i o n ,  o r  UV-8 
(280-315  nm) , w i t h i n  p l a n t  c a n o p i e s .  
D a t a i l e d  c c m ~ a r i s o n s  were  made be tween  t w o  
o z o n e  c o n t e n t  c o n d i t i o n s  (0.32 cm, t y p i c a l  
f o r  30 deq. N l a t i t u d e  a n d  0.29 c a ,  
r e p r e s e n t i n g  a  25% o z o n e  r e d u c t i o n )  w i t h  a  6 0  
deg .  s o l a r  e l e v a t i o n  a n g l e .  P r e d i c t i o n s  o f  
UV-8 r a d i a t i o n  r e g i m e s  i n  p l a n t  c o m m u n i t i e s  
o v e r  r a n g e s  of architectural o r  s t r u c t u r a l  
c h a r a c t e r i s t i c s ,  i n c l u d i n g  e r e c t  l e a f ,  normal  
l e a f ,  a n d  h o r i z o n t a l  l e a f  c a n o p i e s ,  were  
computed .  Clumped, random. and  r e g u l a r  l e a f  
d i s t r i b u t i o n s  were  modeled ,  a s  well a s  l e a f  
a r e a  i n d i c e s  o f  2.6, 3 . 3 ,  a n d  U.O. 
P h y l o e l e m e n t  o p t i c a l  p r o p e r t i e s  i n c l u d e d  z e r o  
t r a n s m i s s i v i t y  a n d  5 %  r e f l e c t i v i t y .  S o i l  
n f l e c t i v i t i e s  o f  b o t h  5 %  a n d  20% w e r e  used .  
p i d e r m a l  t r a n s m i s s i o n  s p e c t r a  were used  t o  
p r e d i c t  UV-B r a d i a t i o n  l o a d s  i n s i d e  l u a i e s .  

P r e d i c t e d  p e n e t r a t i o n  o f  DV-B r a d i a t i o n  was 
much g r e a t e r  i n  e r e c t - l e a f  t h a n  
h o r i z o n t a l - l e a f  z a n o p i e s .  O p w a r d - d i r e c t e d  
UV-B i r r a d i a n c e  u a s  g r e a t e r  n e a r  t h e  g r o u n d  
l e v e l  t h a n  n e a r  t h e  t o p  o f  t h e  canopy.  I n  
c o n c l u s i o n ,  t h e  model p r e d i c t i o n  d e s c r i b e d  
t h e  r a n g e  of UV-8 r a d i a t i o n  r e g i m e s  t o  be 
e x p e c t e d  i n  p l a n t  c o m m u n i t i e s  u n d e r  p r e s e n t  
s t r a t o s p h e r i c  o z o n e  c o n t e n t  a n d  u n d e r  a  25% 
o z o n e  r e d u c t i o n .  D a t a  from t h e s e  i d e a l i z e d  
p l a n t  c o m m u n i t i e s  c a n  be  i n t e r p o l a t e d  f o r  
o t h e r  p l a n t  canopy t y p e s  a n d  s o i l  t y p e s  t o  
p r e d i c t  upward  or downward UV-B r a d i a t i o n  
l o a d s  and d o s a g e s .  (Auth.)  

RODEL TYPE: m e c h a n i s t i c  
:ORREAT:  his is a n  a p p l i c a t i o n  o f  t h e  S P A R  ' 

model d e s c r i b e d  by Lemon, D.W.: S h a w c r o f t .  
A.W. ( 1 9 7 1 ) .  The s u n ' s  work i n  a  c o r n  f i e l d .  
S c i e n c e  17U: 371-378. The SPAR model  c o u l d  b e  
e x t e n d e d  t o  e v a l u a t e  U V  i m p a c t s  o n  o t h e r  
t e r r e s t r i a l  e c o s y s t e m s .  

<9> 
A l l e n ,  L.A.. S.E. J e n s e n ,  and  E.R. Lemon. 1971. 

P l a n t  r e s p o n s e  t o  c a r b o n  3 i o x i d e  e n r i c h m e n t  
u n d e r  f i e l d  c o n d i t i o n s :  A s i m u l a t i o n .  
S c i e n c e  173:256-258. 

LBSFRACT: L c o m p r e h e n s i v e  s o i l - p l a n t - a t m o s p h e r e  
c o m p u t e r  s i m u l a t i o n  model ( S P R 4  p r e d i c t e d  a p  
t o  a  u5X i n c r e a s e  i n  c a r b o n  d i o x i d e  u p t a k e  by 
a  c r o p  e n r i c h e d  w i t h  c a r b o n  d i o x i d e  a t  g round 
l e v e l .  E n r i c h m e n t  r a t e s  o f  2 2 5  a n d  050 
k i l o g r a m s  o f  c a r b o n  d i o x i d e  p e r  h e c t a r e  p e r  
h o u r  were  u s e d .  S i m u l a t i o n s  c o v e r e d  a  wide  
r a n g e  o f  wind  s p e e d ,  c r o p  h e i g h t ,  a n d  l e a f  
a r e a  d i s p l a y .  (Auth.)  

OODEL V P E :  m e c h a n i s t i c  
CORRERT: A p p l i c a t i o n  o f  t h e  SPAN model  - T h i s  

study a s s e s s e s  t h e  p o s s i b l e  i m p a c t  o f  
e l e v a t e d  CO (2)  l e v e l s  o n  p l a n t s .  

< l o >  
R l l e n ,  L.R., D.Q. S t e w a r t ,  and E.R. Lemon. 197u. 

P h a t o s y n t h e s i s  i n  p l a n t  c a n o p i e s :  E f f e c t  of  
l i g h t  r e s p o n s e  c n r v e s  a n d  r a d i a t i o n  s o u r c e  
geomet ry .  P h o t o s y n t h e t i c a  8 ( 3 ) :  184-207. 

ABSTRACT: R s o i l - p l a n t - a t m o s p h e r e  c o m p u t e r  
s i m u l a t i o n  model  (SPAR) was used  t o  s t u d y  t h e  
s e n s i t i v i t y  o f  p l a n t  canopy p h o t o s y n t h e s i s  t o  
l e a f  i r r a d i a n c e  r e s p o n s e  c u r v e s  a n d  t o  
d i f f u s e  s k y - s o u r c e s  o f  r a d i a t i o n .  Twenty 
p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  (PhAR) 
l o a d e d  c l a s s e s  on l e a f  e l e m e n t s  i n  1 5  l a y e r s  
o f  a  p l a n t  canopy were computed.  The  
d i r e c t - b e a m  r a d i a t i o n  l o a d  on l e a v e s  was 
d i s t r i b u t e d  a s  a  b r o a d  band r a t h e r  t h a n  a s  a  
 harp p e a k  b o o a u c o  l o a f  o!.owonts w e r e  
o r i e n t e d  a t  v a r i o u s  a n g l e s  w i t h  r e s p e c t  t o  
t h e  norm31 t o  t h e  s o l a r  beam. The  p r e d i c t e d  
c a n o p y  p h o t o s y n t h e s i s  was i n f l u e n c e d  s t r o n g l y  
by t h e  s h a p e  o f  t h e  l e a f  i r r a d i a n c e  r e s p o n s e  
c u r v e  a t  low l e v e l s  o f  PhAR, s i n c e  much o f  
t h e  l e a f  m a t e r i a l  was e x p o s e d  t o  d i f f u s e  ' 

r a d i a t i o n  o n l y .  The model p r e d i c t e d  t h a t  a  
h i g h  p e r c e n t a g e  o f  d i f f u s e  e k y - s o u r c e  
r a d i a t i o n  w o u l d  i n c r e a s e  t o t a l  c a n o p y  
p h o t o s y n t h e s i s ,  e v e n  when we a c c o u n t e d  f o r  
t h e  o v e r a l l  d e c r e a s e  i n  g l o b a l  PhAR. T h i s  
l a t t e r  f i n a i n g  i m p l i e s  t h a t  c l o u d y  o r  
o v e r c a s t  d a y s  map n o t  b e  a  s e r i o u s  d e t r i m e n t  
t o  t o t a l  c a n o p y  p h o t o s y n t h e s i s  i n  some 
s p e c i e s ,  a n d  t h a t  h e a v y  h a z e  may a c t u a l l y  
e n h a n c e  c a n o p y  p h o t o s y n t h e s i s  i n  s p e c i e s  w i t h  
low p h o t o s y n t h e t i c  c a p a c i t y .  (Ruth. ) 

MODEL TYPE: m e c h a n i s t i c  
COMMENT: S e n s i t i v i t y  a n a l y s i s  o f  a  

s o i l - p l a n t - a t a o s p h e r .  model ( S P h I )  . Oodel  is  
well t e s t . e d  a n d  c o u l d  b e  used  t o  e v a l u a t e  
e f f e c t s  o f  micro : l imate  and  p h y s i o l o g i c a l  
c h a n g e s  p r o d u c e d  by a n  e n e r g g  t e c h n o l o g y  o n  
a g r i c u l t u r a l  m o p s .  



APPENDIX A 
A g r i c u l t u r a l  Models (continued) 

< 1 1 >  
A l l e n ,  W . H . ,  a n d  J . R .  L a m b e r t .  1 9 7 1 .  

R p p l i c a t i o n  o f  t h e  p r i n c i p l e  o f  c a l c u l a t e d  
r i s k  t o  s c h e d u l i n g  o f  s u p p l e m e n t a l  
i r r i ' q a t . i o n ,  11. Use  o n  f l u e - c u r e d  t o b a c c o .  
R g r i c .  Y e t e o r o l .  8:  325-300 .  

RBSTRRCT: A s i m u l a t i o n  m o d e l  w a s  c o n s t r u c t e d  t o  
test t h e  a p p l i c a t i o n  o f  a n  
i r r i g a t i o n - s c h e d u l i n g  d e c i s i o n  m o d e l  w h i c h  
i n c o r p o r a t e d  t h e  b a s i c  c o n c e p t s  o f  c a l c u l a t e d  
r i s k .  I n p u t s  f o r  t h e  m o d e l  i n c l u d e d :  ( 1 )  
t h e  o f f i c i a l  p r o b a b i l i t y  p r e c i p i t a t i o n  
f o r e c a s t s  f o r  t h e  o e r i o d s  n t o d a y n ,  * t o n i g h t "  
a n d  " t o m o r r o w n :  (2) i n i t i a l  s o i l  m o i s t u r e  
c o n t e n t :  (3)  d a i l y  p r e c i p i t a t i o n :  ( u l  d a i l y  
mean t e m p e r a t u r e s :  (5)  d a i l y  p o t e n t i a l  
e v a p o t r a n s p i r a t i o n  a n d  d a y l e n g t h  v a l u e s :  ( 6 )  
f u n c t i o n :  r e l a t i n g  e x i s t  i n q  s o i l  n o  j s t u r e  
c o n t e n t  a n d  s t a g e  o f  g r o w t h  t o  t h e  
c o r r e s p o n d i n g  damage  d o n e  t 3  t h e  c r o p ;  a n d  
p) c o s t  o f  i r r i g a t i o n .  T h e  l o s s  f u n c t i o n s  

v e r e  d e v e l o p e d  s p e c i f i c a l l y  f o r  f l u e - c u r e d  
t o b a c c o .  Two m e t h o d s  v e r e  u s e d  f o r  
c a l c u l a t i n g  t h e  c o s t  o f  t h e  i r r i g a t i o n .  T h e  
d e c i s i o n  c r i t e r i o n  was a p p l i e d  by means  o f  
t h e  s i m u l a t i c n  m o d e l  t o  d a t a  f r o m  t h r e e  
g r o w i n g  s e a s o n s .  The  r e s u l t s  w e r e  c o m p a r e d  t o  
t h e  r e s u l t s  a s  a r r i v e d  a t  by i r r i g a t i n g  a t  a  
5 0 %  a v a i l a b l e  m o i s t u r e  d e p l e t i o n  l e v e l .  It  
w3 s f o u n d  t h a t  t h e  new c r i t e r i o n  ( u s i n g  
e i t h e r  m e t h o d  f o r  c a l c u l a t i n g  t h e  c o s t  o f  

' i r  r i g a t  i o n )  y i e l d e d  less t o t a l  c o s t  p l u s  l o s s  
a n d  a c h i e v e d  a  b e t t e r  u t i l i z a t i o n  o f  t h e  
a v a i l a b l e  w a t e r  t h a n  d i d  t h e  5 0 %  c r i t e r i o n .  
W h i l e  t h e  s t a t e  o f  t h e  a r t  d o e s  n o t  a l l o w  
e x t r e m e l y  u e l l - b a s e d  d e v e l o p m e n t  o f  t h e  i n p u t  
v a r i a b l e s  a n d  p a r a m e t e r s .  a v a i l a b l e  d a t a  h a v e  
shown t h e  c o n c e p t s  o f  t h e  m o d e l  t o  y i e l d  
a d e q u a t e  r e s u l t s .  l u c h  f u t u r e  d e v e l o p m e n t  o f  
t h e  a p p r o a c h  r e m a i n s .  h o w e v e r .  ( R u t h . )  

UODEL TYPE: s t o c h a s t i c  w i t h  e m p i r i c a l  f u n c t i o n s  
COlMRI?: T h e  a p p r o a c h  u s e d  i n  t h i s  work  c o u l d  b e  

o f  v a l u e  i n  a s s e s s m e n t s  o f  t e c h n o l o g y  
i m p a c t s :  u s e  o f  r a i n f a l l  p r o b a b i l i t y  
f o r e c a s t s  i n  m o d e l i n g  p o l l u t a n t  t r a n s p o r t  a n d  
e f f e c t s ,  f o r  e x a m p l e .  

< I 2 2  
R n d e r s o n ,  U.C. '1966. S t a n d  s t r u c t u r e  a n d  l i g h t  

p e n e t r a t i c n ,  IT. R t h e o r e t i c a l  a n a l y s i s .  J .  
R p p l .  BCol. 3: U l - S U .  

RBSTRRCT: T h e  c o n s t a n c y  o f  K i n  t h e  r e k t i o n  o f  
r e l a t i v e  l i g h t  i n t e n s i t y  I / I ( O )  t o  l e a f  a r e a  
i n d e x  P  - I / I ( O ) = e - K P  - is e x a m i n e d  f o r  a  
st a n d  p r e s u m e d  t o  c o n s i s t  o f  f o l i a g e  i n c l i n e *  
a t  a  c o n s t a n t  a n g l e  a l p h a .  When t h e  r e l a t i v e  
l i g h t  i n t e n s i t y  m u s t  b e  c o n s i d e r e d  o v e r  a  
r a n g e  o f  a n g l e s  o f  p e n e t r a t i o n  b e t a .  K is n o t  
c o n s t a n t  u n l e s s  a l p h a = O  deg . ,  when K=1, i f  
t r a n s m i s s i o n  a n d  r e f l e c t i o n  a r e  n e g l e c t e d .  
T h e  d e p a r t u r e  f r o m  l i n e a r i t y  i n c r e a s e s  w i t h  
i n c r e a s i n g  v a l u e s  o f  a l p h a .  T h e  v a l u e s  o f  R 
f o r  d i f f u s e  a n d  d i r e c t  l i g h t  a r e  u s u a l l y  
d i f f e r e n t .  Some i m p l i c a t i o n s  o f  t h e s e  
f i n d i n g s  f o r  p r e d i c t i o n  o f  p h o t o s y n t h e t i c  
p r o d u c t i o n  i n  p l a n t  s t a n d s  is d i s c u s s e d .  Tho  
l i m i t a t i o n s  i m p o s e d  by t h e ' t h e o r e t i c a l  
t r c a t m c n t ,  c o m p a r e d  w i t h  t h e  s t r u c t u r e  of 
a c t u a l  p l a n t  c o m m u n i t i e s ,  a r e  b r i e f l y  
ro v iowod  . ( ~ u b h  .) 

Y O D E L  TYPE: m e c h a n i s t i c  
TOlURTT: R n a l y s i s  o f  B o u g u e r - L a m b e r t  l a w s .  

s h o w s  t h a t  e x t i n c t i o n  c o e f f i c i e n t  i s  n o t  a  
c o n s t a n t  u n l e s s  l e a v e s  a r e  h o r i z o n t a l .  T h i s  
i n f o r m a t i o n  c a n  be u s e d  i n  more  c o m p r e h e n s i v e  
p l a n t  g r c w t h  m o d e l s  a n d  b e  a p p l i e d  i n  
t e c h n o l o g y  a s s e s s m e n t .  

< 1 3 >  
B a k e r ,  C.H., a n d  R. D. H o r r o c k s .  1976 .  CORNMOD, 

a  d y n a m i c  s i m u l a t o r  o f  c o r n  p r o d u c t i o n .  
R g r i c .  S y s t e m s  1  :57-77.  

RBSTRRCT: A f t e r  a n  e x t e n s i v e  l i t e r a t u r e  s e a r c h ,  
CORNUO[l, a  c o m p r e h e n s i v e  m a t h e m a t i c a l  m o d e l  

t h a t  s i m u l a t e s  e n e r g y  a n d  g a s  e x c h a n g e  a t  t h e  
p l a n t  - a i r  i n t e r f a c e ,  w a s  d e v e l o p e d .  
P r e d i c t i o n s  o f  p r o f i l e s  (CO(2) c o n c e n t r a t i o n ,  
w a t e r  v a p o u r ,  t e m p r s t u r e ,  l i g h t ,  
p h o t o s y n t h e s i s )  i n  t h e  c a n o p y  w e r e  
b i o l o g i c a l l y  goo3  e n o u g h  f o r  many 
a p p l i c a t i o n s ,  b u t  t h e y  r e v e a l e d  t h e  
i n a d e q u a c i e s  i n  o u r  u n d e r s t a n d i n g  o f  t h e  
e n v i r o n m e n t  w i t h i n  t h e  p l a n t  c a n o p y .  ~ l s o  
c o n s i d e r e d  u e r e  s p r i n g  a n d  f a l l  t i l l a g e  a n d  
h a r v e s t  o p e r a t i o n s .  k f t e r  c a l c u l a t i n g  
s e v e r a l  s p r i n g  f r e e z e - t h a w  p e r i o d s  f o r  t h e  
test y e a r ,  1969 ,  e n o u g h  w o r k  d a y s  w e r e  
a c c u m u l a t e d  t o  c o m p l e t e  t i l l a g e  o p e r a t i o n s ,  
a l l o w i n g  c o m p l e t i o n  o f  p l a n t i n g  b y  12  nay.  
Two 6 3  hp t r a c t o r s  a n d  a s s o c i a t e d  e q u i p m e n t  
w e r e  u s e d  t o  f a r m  t h e  8 1  h a  h y p o t h e t i c a l  
f a rms t . ea r l  l l s e d  fnr tact p u r p o c o c .  W i b h o u t  
t h i s  l a r g e  i n v e s t m e n t  i n  e q u i p m e n t ,  p l a n t i n g  
d a t e  wou ld  h a v e  b e e n  d e l a y e d  u n t i l  l a t e  J u n e  
o r  e a r l y  J u l y  s i n c e  t h e  s p r i n q  o f  1 9 6 9  was 
v e r y  we t .  T h e  s i m u l a t e d  c r o p  was g r o w n  u n d e r  
a c t u a l  1 9 6 9  w e a t h e r  c o n d i t i o n s .  On u 
S e p t e m b e r  t h e  c o r n  c r o p  r e a c h e d  h a r v e s t  
m a t u r i t y  a s  g a u g e d  b y  a  GDD ( G r o w i n g  D e g r e e  
Day) g c l o c k l .  Tha n i m a l n t o r  p r e d i c t e d  a  y i e l d  
o f  7 3 6 8  kg /ha .  T h i s  was a  g r o s s  
o v e r - p r e d i c t i o n  o f  t h e  4 0 8 8  k g / h a  a v e r a g e  
r e p o r t e d  f o r  1 9 6 9  i n  c e n t r a l  H i s s o u r i .  T h i s  
o v e r - p r e d i c t i o n  w a s  a c c o u n t e d  f o r  by t h e  
i d e a l  c o n d i t i o n s  g i v e n  t h e  s i m l l l a t o r  when 
a c t u a l  d a t a  w e r e  n o t  a v a i l a b l e .  T h i s  
i n c l u d e d  l e a f  a n g l e s ,  CO(2) c o n c e n t r a t i o n ,  
a n d  s t o m a t a 1  r e s i s t a n c e .  H a r v e s t i n g  t o o k  3 0  
d a y s  t o  z o m p l e t e ,  u s i n g  o n e  f o u r - r o w  s h e l l e r ,  
two  t r u c k s ,  a  f a r m  e l e v a t o r .  a n d  1 2 7 2 7 2  k g  o f  
s t o r a g e  c a p a c i t y .  It a p p e a r e d  t h a t  t h e  f a r m  
d r y e r  was t h e  l i m i t i n g  p i e c e  o f  e q u i p m e n t  i n  
t h e  h a r v e s t i n g  o p e r a t i o n .  T h i s  c r o p  
p r o d u c t i o n  s i m u l a t o r  f o r m o  t h e  b a s i c  
f r a m e w o r k  t h a t  c s n  e v e n t u a l l y  a n a l y z e  m o r e  
c o m p l e x  s y s t e m s .  However,  a t  t h i s  p o i n t ,  t h e  
s i m u l a t o r  is o n l y  i n  t h e  i n i t i a l  s t a g e s  04 
d e v e l o p m e n t ,  a n d  it s h o d 3  be r e a l i z e d  t h a t  
much more e x t e n s i v e  d e v e l o p m e n t  is  n e c e s s a r y  
b e f o r e  t h e  u l t i m a t e  s i m u l a t o r  is  a c h i e v e d .  
( R u t h . )  

UODEL TYPE: m e c h a n i s t i c  
ZOtllENT: T h i s  i s  a n  e x t e n s i v a  o o d e l  d e a l i n g  w i t h  

t h e  f u l l  r a n g e  o f  c o r n  p r o d u c t i o n  o p e r a t i o n s  
from p l a n t i n g  t o  g r o w t h  a n d  h a r v a s t . ,  Tho  
i m p a c t s  o f  e n e r g y  t e c h n o l o g y  o n  t h e  v a r i o u s  
s t a g e s  o f  c o r n  p r o d u c t i o n  c o u l d  b e  e v a l u a t e d  
t h r o u g h  a p p r o p r i a t e  m o d i f i c a t i o n  of  t h e  m o d e l .  

< 1 4 >  
B a k e r ,  D.N., a n d  R.E. Ueyer .  1966 .  I n f l u e n c e  o f  

s t a n d  g e o m e t r y  o n  l i g h t  i n t e r c e p t i o n  a n d  n e t  
p h o t o s y n t h e s i s  i n  c o t t o n .  C r o p  S c i .  6 :15-19 .  

ABSTRACT: T h e  f o l l o w i n g  g e o m e t r i c  v a r i a b l e s  
i n t e r a c t  t o  d e t e r m i n e  t h e  n a t u r e  o f  s h a d e  
p a t t e r n  i n  r o w  c r o p s :  s o l a r  a l t i t u d e ,  t h e  
a n g l e  o f  t h e  row w i t h  r e s p e c t  t o  t h e  s o l a r  
a z i m u t h .  p l a n t  s i z e  a n d  p l a n t i n g  p a t t e r n .  
G r e a t  c h a n g e  d u r i n g  t h e  d a y  w a s  o b s e r v e d  i n  
t h e  r e l a t i v e  p e r c e n t  i n t e r c e p t i o n  i n  a l l  
s t a n d s  when t h e  c r o p  was  young .  I n  t h e  e a r l y  
m6Cnihg  a n d  l a t e  a f t e r n o o n  NS r o w s  
i n t e r c e p t e d  m o r e  l i g h t  t h a n  EW rows. P e r c e n t  
I I I ~  r l . ~ : u p r  l n n  heqan  r10 lev01 Qtt  a t  a l o a f  
a r e a  i n d e x  o f  a b o u t  3  i n  t h e  c o n v e n t i o n a l l y  
p l a n t e d  c o t t o n .  L i t t l e  o r  n o  c o n v e r g e n c e  i n  
t h e  p e r c e n t  i n t e r c e p t i o n  v s .  LRI  c u r v e s  f o r  
n o o n  a n d  n o o n  p l u s  o r  m i n u s  5  h o u r s  w a s  n o t e d  
i n  t h e  N S - s k i p  c o t t o n  u p  t o  a n  LRI  o f  4 o n  a  
p e r  p l a n t e d  a c r e  b a s i s .  T h i s  i n d i c a t e s  t h a t  
e x p e n d i t u r e  o f  n e t  p h o t o s y n t h a t e  i n  t h e  
f u r t h e r  e l a b o r a t i o n  o f  new l e a f  t i s s l l e  would 
b e  a  good  i n v e s t m e n t  a s  l o n g  a s  t h e  f r u i t  
u l t i m a t e l y  p r o d u c e d  b y  t h e  p l a n t  wou ld  h a v e  
t i m e  t o  m a t u r e .  Row d i r e c t i o n  h a d  n o  
s i g n i f i c a n t  e f f e c t  o n  t h e  t o t a l  d a i l y  n e t  
p h o t o s y n t h e s i s  by c o t t o n  c o n v e n t i o n a l l y  
p l a n t e d  i n  4 0 - i n c h  r o w s .  On a  p e r  p l a n t e d  
a c r e  b a s i s  t h e  N S - s k i p  p l a n t e d  c o t t o n  



APPENDIX A 
A g r i c u l t u r a l  Models (continued) 

< l a >  COAT. 
c o n s i s t e n t l y  o u t p e r f o r m e d  t h e  N s - s o l i d  s t a n d  
a n d  t h e  EW-skip p l a n t e d  s t a n d .  I n  a l l  o f  t h e  
s t a n d s  t h e  d a i l y  t i m e  c o u r s e  o f  n e t  
p h o t o s y n t h e s i s  p a r a l l e l e d  v e r y  c l o s e l y  t h e  
c o u r s e  o f  i n t e r c e p t i o n  o f  s o l a r  e n e r g y .  f i e  
l i g h t  d a t a  f r o m  a  f l a t  s u r f a c e  r e c e i v e r  may 
be a d j u s t e d  f o r  p e r c e n t  i n t e r c e p t i o n  by any  
s t a n d ,  r e g a r d l e s s  of g e o m e t r y ,  t o  g i v e  a n  
a e m r a t . n  p r e d i c t i o n  o f  n e t  p h o t o s y n t h e s i s .  
(Ru th . )  

ncDEL TYPE: s t a t i s t i c a l  - r e g r e s s i o n  e q u a t i o n  
CCMMmT: E a r l y  s t u d y  a n d  e m p i r i c a l l y  t u n e d  f o r  

M i s s i s s i p p i  c o n d i t i o n s .  Not u s e f u l  f o r  
a s s e s s m e n t  s i n c e  many o t h e r  m e c h a n i s t i c  
m o d e l s  a r e  a v a i l a b l e  f o r  l i g h t  a n d  
p h o t o s y n t h e s i s  p r e d i c t i o n .  

< 1 5 >  
B a l d i n g ,  P.F., a n d  G.L. Cunn ingham.  1 9 7 6 .  L  

c o m p a r i s c n  o f  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  
of s i m ~ l e  a n d   innate l e a f  m o d e l s .  B o t .  Gae. 
1 3 7 ( 1 )  I 6 5 - 7 0 .  

' 

$BsT$nCT: T h e  h e a t  d i s s i p a t i o n  o f  s i m p l e  a n d  
p i n n a t e  l e a f  m o d e l s  was c o m p a r e d  i n  t e r m s  o f  
b o u n d a r v  l a v e r  d i f f u s i o n  r e s i s t a n c e  t o  h e a t  
f l u x  ( R i )  u s i n g  e n e r g y  b u d g e t  e q u a t i o n s .  T h e  
r e l a t i o n s h i p s  o f  P a  t o  l e n g t h  o f  t h e  l e a f  
a l o n q  t h e  p a t h  o f  a i r  f l o w  (D) ,  w i d t h  o f  t h e  
l e a f  p e r p e n d i c u l a r  t o  t h e  p a t h  o f  a i r  f l o w  
@ ) ,  a n d  v i n d  v e l o c i t y  (I) were d e t e r m i n e d  
f o r  t h e  s i n g l e  l e a f  m o d e l s  b y  p l l c i n g  t h e m  i n  
a  l o w  v e l o c i t y ,  l a m i n a r  f l o w  wind t u n n e l  a n d  
m a s u r i n g  l e a f  m o d e l  t e m p e r a t u r e s  a s  a  
f u n c t i o n  o f  D, w, a n d  V. T h e  r e l a t i o n s h i p s  
of Ra t o  D,  V, a n g l e  o f  i n t e r c e p t i o n  o f  a i r  
flow ( t h e t a )  by p i n n a t e  l e a f  mode l s .  a n d  
d i s t a n c e  b e t w e e n  l e a f l e t s  w e r e  i n v e s t i g a t e d .  
E q u a t i o n  c o e f f i c i e n t s  w e r e  d e t e r m i n e d  b y  
r e q r - s s i o n  a n a l y s i s .  T h e  r e s u l t s  i n d i c a t e  
t h a t  t h e t a  a n d  i n t e r l e a f l e t  d i s t a n c e  a r e  
i m p o r t a n t  p a r a m e t e r s  d e t e r m i n i n g  t h e  h e a t  
t r a n s f e r  c h a r a c t e r i s t i c s  o f  p i n n a t e  l e a v e s .  
f 4 u t h . b  

MODEL TYPE': a e c h a n i  s t i c  
CollMEtlT: A d e t a i l e d  t r e a t m e n t  o f  a  s p e c i f i c  

p h y s i c a l  p r o c e s s .  E n e r g y  t e c h n o l o g i e s  c o u l d  
c h a n g e  t h e  l e a f  c h a r a c t e r i s t i c s  t h a t  
i n f l u e n c e  h e a t  e x c h a n g e .  e.g. e m i s s i v i t y .  

< 1 6 >  
B a l d w i n ,  J .P .  1975.  A q u a n t i t a t i v e  a n a l y s i s  o f  

t h e  f a c t o r s  a f f e c t i n g  p l a n t  n u t r i e n t  u p t a k e  
f r o m  s o m e  s o i l s .  J .  S o i l  S c i .  26: 195-206 .  

LBSTRLCT: mode l  o f  s o l u t e  u p t a k e  b y  a  g r o w i n g  
r o o t  s y s t e m  is  d i s c u s s e d  i n  r e l a t i o n  t o  t h e  
a b i l i t y  o f  a  s o i l  t o  s u p p o r t  t h e  n u t r i t i o n 3 1  
r e q u i r e m e n t s  o f  p l a n t s .  I t  is  q u a n t i t a t i v e .  
a n d  s h o u l d  a p p l y  t o  t h e  a b s o r p t i o n  o f  
n i t r a t e ,  p h o s p h a t e ,  a n d  p o t a s s i u m  bg g r a s s e s  
a n d  a r a b l e  c r o p s .  T h e  p r i n c i p l e s ,  i f  n o t  t h e  
d e t a i l ,  a r e  r e l e v a n t  t o  a l l  s o i l s .  T h e  m o d e l  
w a s  t e s t e d  i n  a n  e x p e r i m e n t  i n  w h i c h  t h e  
n i t r o g e n  a n d  p o t a s s i u m  t a k e n  u p  by a  r a p e  
p l a n t  w e r e  m e a s u r e d .  T h e  r e s u l t s  s u g g e s t  
t h a t  t h e  m o d e l  h a s  i d e n t i f i e d  t h e  s i g n i f i c a n t  
v a r i a b l e s  i n  t h e  a b s o r p t i o n  p r o c e s s .  The 
p r i n c i p a l  f a c t o r s  a f f e c t i n g  t h e  s u p p l y  of 
n u t r i e n t  t o  a  g i  s e n  p l a n t  a r e  t h e  t o t a l  
q u a n t i t y  of d i f f u s i b l e  n u t r i e n t ,  t h e  r a t e  a t  
w h i c h  t h e  n u t r i e n t  c a n  move,  a n d  t h e  d i s t a n c e  
it h a s  t o  t r a v e l  t o  a  r o o t  s u r f a c e .  The 
e x a c t  r e l e v a n c e  o f  e a c h  f a c t o r  f o r  t h e  
d i f f e r e n t  n u t r i e n t s  is r e a d i l y  d e t e r m i n e d .  
T h e  d i f f u s i o n  c o e f f i c i e n t s  o f  p o t a s s i u m  and  
p h o s p h a t e  a r e  o f t e n  low.  Mass  f l o w  
c o n t r i b u t e s  l i t t l e  t o  t h e i r  s u p p l y ,  a n d  a n  
a l e q u a t e  e x p l o i t a t i o n  o f  t h e  s o i l  r e s e r v e s  
a ~ p n n d s  nn a  w e l l - d e v e l o p e d  root s y s t e m .  
N i t r a t e ,  o n  t h e  o t h e r  h a n d ,  c a n  u s u a l l y  move 
e s s i l y  t o  r o o t s ,  e i t h e r  by d i f f u s i o n  o r  m a s s  
f low.  T h e  w h o l e  r o o t i n g  v o l u m e  is d e p l e t e d  
f a i r l y  q u i c k l y ,  a n d  t h e  a m o u n t  a b s o r b e d  
d e p e n d s  s o l e l y  o n  t h e  q u a n t i t y  p r e s e n t  i n  t h e  

r o o t i n g  v o l u m e .  T h e s e  i d e a s  h a v e  p r a c t i c a l  
s i g n i f i c r n c e .  I n  p a r t i c u l a r ,  t h e y  s u g g e s t  . 
t h a t  t h e  s o i l  p r o p e r t i e s  w h i c h  i n f l u e n c e  r o o t  
g r o w t h  may d e s e r v e  a s  much a t t e n t i o n  a s  s o i l  
c h e m i c a l  c o m p o s i t i o n  i n  t h e  d r a w i n g  u p  of  
f e r t i l i z e r  r e o o m m e n d a t i o n s .  ( h u t h . )  

MODEL TYPE: m e c h a n i s t i c  
COMMENT: U s e f u l  f o r  m o d e l i n g . c h e m i c a 1  u p t a k e  

f r o m  s o i l s .  R e q u i r e s  i n p u t  p r o p e r t i e s  t h a t  
c a n  b e  m e a s u r e d  o r  e s t i m a t e d  f o r  a  g i v e n  
s i t u a t i o n .  

< 1 7 >  
B a l d w i n .  J.P., P.A. Rye, a n d  P.B. T i n k e r .  1973 .  

U p t a k e  o f  s o l u t e s  b y  m u l t i p l e  r o o t  s y s t e m s  
f r o m  s o i l ,  111. A m o a e l  f o r  c a l c u l a t i n g  t h e  
s o l u t e  u p t a k e  by a  r a n d o m l y  d i s p e r s e d  r o o t  
s y s t e m  d e v e l o p i n g  i n  a  f i n i t e  v o l u m e  o f  s o i l .  
P l a n t  S o i l  38:621-635.  

ABSTRACT: L  p r o c e d u r e  is p u t  f o r w a r d  f o r  
c a l c u l a t i n g  t h e  p l a n t  u p t a k e  o f  s o l u t e s  
s u p p l i e d  b y  d i f f u s i o n  a n d  n a s s  f l o w  t o  t h e  
r a n d o m l y  d i s p e r s e d  r o o t s  o f  a  d e v e l o p i n g  r o o t  
s y s t e m .  T h e  m o d e l  w a s  t e s t e d  a s  f o l l o w s :  
( a )  f o r  a  c o n s t a n t  r o o t  d e n s i t y  a n d  b o t h  
t r a n s p o r t  p r o c e s s e s  - a g a i n s t  a  m o r e  a c c u r a t e  
n u m e r i c a l  s o l u t i o n  o f  t h e  s a m e  s y s t e m  .(b) f o r  
a n  i n c r e a s i n g  r o o t  d e n s i t y  a n d  f o r  s u p p l y  b y  
d i f f u s i o n  o n l y  - by e l e c t r i c a l  s i m u l a t i o n  
u s i n g  t h e  a n a l o g  d e s c r i b e d  i n  P a r t  I. I n  
b o t h  c a s e s ,  r e s u l t s  o b t a i n e d  b y  t h e  t w o  t y q e s  
o f  c a l c u l a t i o n  w e r e  i n  c l o s e  a g r e e m e n t .  L  
l e s s  a c c n r a t e  m e t h o d  w h i c h  i n c l u d e s  b o t h  
s u p p l y  m e c h a n i s m s  a n d  d o e s  n o t  r e q u i r e  a  
c o m p u t e r  is p r e s s n t e d ,  a n d  c o m p a r e d  w i t h  a n  
e l e c t r i c a l  s i m u l a t i o n  when t h e r e  i s  n o  mass  
f l o w .  L g r e e m e n t  is w i t h i n  201. T h e  m o d e l  
s h o u l d  b e  u s e f u l  f o r  p r e d i c t i n g  p l a n t  
n u t r i e n t  u p t a k e  f r o m  s o i l ,  a n d  may b e  o f  
s p e c i a l  i n t e r e s t  t o  m o d e l l e r s  o f  t h e  w h o l e  
p l a n t  s y s t e m .  ( i u t h .  ) 

lOOEL TTPE: m e c h a n i s t i c  
COMMENT: Very  u s e f u l  m o d e l  t h a t  c a n  be a d a p t e d  

t o  e s t i m a t e  p o l l u t a n t  u p t a k e  f r o m  s o i l .  T h i s  
m o d e l  h a s  b e e n  i n c o r p o r a t e d  i n t o  t h e  s o l u t e  
u p t a k e  m o d e l  d e s c r i b e d  b y  Luxmoore  e t  a l .  
( 1 9 7 8 )  E c o l .  M o d e l l i n g  5:137-171.  

< 18> 
B a l d w i n ,  J.P., P.B. T i n k e r ,  a n d  P.A. Nye. 1972.  

U p t a k e  o f  s o l u t e s  b y  m u l t i p l e  r o o t  s y s t e m s  
f r o m  s o i l ,  11. The t h e o r e t i c a l  e f f e c t s  ~ f  
r o o t i n g  d e n s i t y  ~ n d  p a t t e r n  o n  u p t a k e  o f  
n u t r i e n t s  f r o m  s o i l .  P l a n t  S o i l  36:693-708.  

LBSTRICT: T h e  a n a l o g  d e s c r i b e d  i n  P a r t  I i s  u s e d  
t o  i n v e s t i g a t e  q u a n t i t a t i v e l y  t h e  e f f e c t s  o f  
p a t t e r n  a n d  d e n s i t y  o n  t h e  u p t a k e  a n d  u p t a k e  
r a t e  o f  n u t r i e n t s  w h i c h  move t o  p l a n t  root,.¶ 
b y  d i f f u s i o n .  T h e  u p t a k e  by t w o  r o o t s  is 
c o n s i d e r e d  f i r s t ,  t o  i l l u s t r a t e  t h e  
c o n p e t i t i v e  e f f e c t .  M e  r e s u l t s  f o r  m u l t i p l e  
r o o t  s y s t e m s  a r e  g i v e n  f o r  a  v a r i e t y  o f  
d i f f e r e n t  s o i l  a n d  p l a n t  p a r a m e t e r s  a t  
d i f f e r e n t  times a n d  d e m o n s t r a t e  t h e  
i m p o r t a n c e  o f  p a t t e r n  a n d  d e n s i t y  i u  t h e  
u p t a k e  o f  d i f f e r e n t  p l a n t  n u t r i e n t s  i n  b o t h  
c o m p e t i t i v e  a n d  n o n - c o m p e t i t i v e  s i t u a t i o n s .  
P a t t e r n  c a n  d e c r e a s e  t h e  u p t a k e  b y  r o o t  
s y s t e m s  b y  a t  l e a s t  7 5  p e r  c e n t ,  d e p e n d i n g  o n  , 
t h e  v a l u e  o f  t h e  d i f f u s i o n  c o e f f i c i e n t ,  t i m e ,  
a n d  r o o t  d e n s i t y .  G r a p h s  o f  t w o  i n d i c e s  o f  
d i s p e r s i ~ n  a g a i n s t  u p t a k e  a r e  g i v e n  s o  t h a t  
t h e  e f f e c t  o f  any  p a t t e r n  c a n  b e  e s t i m a t e d .  
A p r o c e d u r e  i s  o u t l i n e d  w h i c h  e n a b l e s  t h e  
u p t a k e  a f t e r  a n y  t i m e  b y  a  d e v e l o p i n g  r o o t  
s y s t e m  t o  b e  p r e d i c t e d  a n d  c o m p a r e d  w i t h  a  
t h e o r e t i c a l  maximum. I f  t h e  u p t a k e  is known, 
t h e n  t h e  g r a p h s  show w h e t h e r  s o i l  o r  p l a n t  
p a r a m e t e r s  a r e  l i m i t i n g  u p t a k e .  (Ru th . )  

MODEL TYPE: e l e c t r i c a l  a n a l o g  
COMMENT: Model  u s e s  a  2D s l a b  - T h i s  m o d e l  h a s  

b e e n  s u p r c e d e d  b y  d i g i t a l  s i m u l a t i o n  c o d e s .  



APPENDIX A 
A g r i c u l t u r a l  Model s (continued) 

< 1 9 >  
B a r r .  S. 1971 .  A m o d e l i n g  s t u d y  o f  s e v e r a l  

a s p e c t s  o f  c a n o p y  f l o w ;  Moni Weather  Rev. 
99 :U85-U93. 

RBSTRNCT: S e v e r a l  a s p e c t s  o f  c a n o p y  f low a r e  
i n v e s t i g a t e d .  The p r o b l e m  o f  s t e a d y  f l o w  i n  
a  h o r i z o n t a l l y  i n f i n i t e  c a n o p y  u n d e r  n e u t r a l  
t h e r m a l  s t r a t i f i c a t i o n  is t r e a t e d  
t h e o r e t i c a l l y .  The r e s u l t i n g  a n a l y t i c a l  
model i s  t h e n  used a s  a  b o u n d a r y  c o n d i t i o n  
f o r  a  n o n l i n e a r  n n m e r i c a l  model d e s i g n e d  t o  
s t u d y  t r a n s i t i o n  r e g i o n s  n e a r  t h e  l e a d i n g  and  
t r a i l i n g  e d g e s  o f  a  canopy.  T h i s  model shows 
a  wave e f f e c t  d o v n s t r e a m  from a  l e a d i n g  e d g e  
o b s e r v e d  i n  t h e  f i e l d  a n d  l a b o r a t o r y .  A 
t e n d e n c y  f o r  a  s p l i t t i n g  o f  t h e  f l o w  n e a r  a  
w i n d w a r d  c a n o p y  e d g e  i s  a l s o  b r o u g h t  o u t .  
( n u r h . )  

MODEL TYPE: m e c h a n i s t i c  
COMMENT: T h e o r e t i c a l  a n a l y s i s  t h a t  c o u l d  b e  used 

t o  e v a l u a t e  p o s s i b l e  d e p o s i t i o n  p a t t e r n s  i n  
f o l i a g e .  

< 2n> 
n a r r ,  s., a n d  C. U. K r e i t z b e r q .  1975. n o r i z o n t a l  

v a r i a b i l i t y  and b o u n d a r y - l a  y e r  m o d e l i n g .  
Bound. - L a y e r  M e t e r o l .  8: 163-172. 

RBSTPXCT: n i c r o m e t e o r o l o g i s t s  h a v e  t r a d i t i o n a l l y  
s e t  a s i d e  c o n s i d e r a t i o n  o f  h o r i z o n t a l  
v a r i a b i l i t y  a n d  have  s t u d i e d  b o u n d a r y - l a y e r  
s t r u c t u r e  w i t h  h o r i z o n t a l  h o m o g e n e i t y .  The 
n u m e r i c a l  f o r c a s t i n g  o f  b o u n d a r y - l a y e r  
s t r u c t u r e s ,  o v e r  n o r m a l l y  v a r y i n g  t e r r a i n  a n d  
i n c l u d i n g  n o r a a l  d i s t u r b a n c e s  s u c h  a s  f r o n t s ,  
r e q u i r e s  s e l e c t i o n  o f  a n  ' a p p r o p r i a t e *  
h o r i z o n t a l  s c a l e .  A s i m p l e  a n a l y s i s  of 
s t e a d y - s t a t e  b a l a n c e  b e t w e e n  h o r i z o n t a l  
a 3  v e c t i o n  a n d  v e r t i c a l  d i f f u s i o n  p r o v i d e s  
e s t i m a t e s  o f  t h e  v e r t i c a l  s c a l e  ( o r  d e p t h )  o f  
s u r f a c e - i n d u c e d  f e a t u r e s .  The s c a l e  h e i g h t  
1s a  f u n c t i o n  o f  t h e  h o r i z o n t a l  s c a l e  o f  t h e  
pl r i a t i o n s .  Models n e g l e c t  i n g  i m p o r t  a n t  
t p r r a i n  s c a l e s  o f  l e n g t h  below a p p r o x i m a t e l y  
l q 0 0  km c a n  p r e d i c t  down t o  l e v e l s  of 
a p p r o x i m a t e l y  0.5 t o  1  km w h i l e  t h o s e  t h a t  
n e g l e c t  i m p o r t a n t  t e r r a i n  s c a l e s  be low 
a p p r o x i m a t e l y  100 km c a n  p r e d i c t  down t o  
a p p r o x i m a t e l y  0 .2  t o  0.6 km. Below t h e s e  
l e v e l s ,  any  p r e d i c t e d  f e a t u r e s  w i l l  b e  
d o m i n a t e d  b t h e  v e r t i c a l  d i f f u s i o n  s o  t h a t  
t h e y  a r e  s o I u t i o n s  o f  a  o n e - d i m e n s i o n a l  
b o u n d a r y - v a l u e  problem. T h e  b o u n d a r y - i n d u c e d  
a 3 v e c ? i o n  e f f e c t s  d o m i n a t e  f r e e  a t m o s p h e r e  
a d v e c t i o n  e f f e c t s  i n  t h e  l o w e s t  f e w  h u n d r e 3  
m e t e r s  a s  w e l l .  T h i s  means t h a t  i f  m e s o s c a l e  
a 3 v e c t i o n s  a r e  r e s o l v e d  and  t e r r a i n  
i n f l u e n c e s  a r e  s t r o n g .  t h e  p r e d i c t  i o n s  i n  t h e  
1 3 y e r  a p p r o x i m a t e l y  0.2 t o  0.8 km c a n  p r o v i d e  
m e s o s c a l e  d e t a i l  w i t h o u t  m e s o s c a l e  i n i t i a l  
c o n d i t i o n s  a b o v e  t h e  s u r f a c e ,  b e c a u s e  t h e  
s u r f a c e  f o r c i n g  w i l l  d o m i n a t e  t h e  s o l u t i o n .  
(Ruth . )  

MODEL TYPE: m e c h a n i s t i c  
CoMMmT: T h e o r e t i c a l  a n a l y s i s  t h a t  c a n  a i d  i n  

e v a l u a t i o n  o f  t e r r a i n  e f f e c t s  o n  t u r b u l e n t  
t r a n s p o r t  i n  t h e  a t m o s p h e r e .  

< 2 1 >  
B a r t o n ,  N . A . .  M.J. O 'Dougher ty ,  a n d  D.S. Boyce. 

1973. R s i m u l a t i o n  model  s t u d y  o f  p l a n t  
s p a c i n g ,  e s t a b l i s h m e n t  a n d  t h i n n i n g  o n  s u g a r  
b e e t  y i e l d s .  J. Aqr ic .  Eng. Res. 18: 269-380. 

RPSTRRCT: A s i m u l a t i o n  model  o f  s u g a r  b e e t  
p r o d u c t i c n  c o v e r i n g .  t h e  s t a g e s  o f  s e e d  
p l a c e m e n t ,  e s t a b l i s h m e n t ,  t h i n n i n g ,  g r o w t h  
a n d  t o p p i n g  was used t o  e v a l u a t e  m e t h o d s  o f  
hand  t h i n n i n g ,  b l i n d  t h i n n i n g .  machine  
s e l e c t i v e  t h i n n i n g ,  a n d  p l a n t i n g  t o  a  s t a n d .  
The r e s u l t s  were u s e d  t o  p r o v i d e  i n f o r m a t i o n  
on how i n i t i a l  p l a n t  s p a c i n g .  i ts  s t a n d a r d  
d e v i a t i o n  a n d  p l a n t  e s t a b l i s h m e n t  l e v e l s  
a f f e c t e d  t h e  y i e l d  of c o r r e c t l y  t o p p e d  b e e t  
a n d  o f  o v e r  and  u n d e r t o p p i n g s .  The i n i t i a l  
s p a c i n g  a n d  s t a n d a r d  d e v i a t i o n  r e q u i r e m e n t s  

f o r  maximum n e t  y i e l d  r e t u r n s  v a r i e d  w i t h  
m e t h o d  a n d  e s t a b l i s h m e n t  l e v e l s .  A s t a n d a r d  
d e v i a t i o n  o f  1.0-1.5 i n  (25-38  om) was 
a c c e p t a b l e .  I n  g e n e r a l ,  t h e  r e s u l t s  
e m p h a s i z e d  t h e  i m p o r t a n c e  o f  h i g h  
e s t a b l i s h m e n t  l e v e l s  which t e n d e d  t o  p r o d n c e  
e v e n  s t a n d s .  P i t h  good e s t a b l i s h m e n t ,  
d i f f e r e n c e s  i n  y i e l d  b e t w e e n  p r o d u c t i o n  
met h o d s  were s m a l l ;  t h e r e f o r e ,  t h e  s e l e c t i o n  
o f  a method is  d e p e n d e n t  upon its c o s t s  a n d  
o n l y  t o  somc e x t e n t  o n  a s s o c i a t e d  y i e l d  
a d v a n t a g e .  (Auth.)  

MODEL TYPE: s t o c h a s t i c  
COMIIENT: s p e c i f i c  t o  s u g a r  b e e t s  - c o u l d  b e  u s e d  

t o  examine  p l a n t  d e n s i t y  e f f e c t s ,  b u t  t h i s  is 
p r a b a b l v  o n l y  i d i r e c t l y  r e l a t e d  t o  e n e r g y  
t e c h n o l o g y  i m p a c t s .  

< 22) 
B a r t h a k u r ,  N. 1975.  u s e  o f  microwave  r a d i a t i o n  

t o  s t u d y  p l a n t - e n v i r o n m e n t  i n t e r a c t i o n s .  J. 
Microwave Power 10!0) :UUl-UU9. 

ABSTRACT: A c l o s e d - c i r c u i t  wind t u n n e l  a n d  an 
e x t e ~ n a l  m i a o u a r e  e n e r q v  s a u r c e  formed t h e  
b a s i s  of a n  e x p e r i m e n t a l  t e c h n i q u e  t o  
i n v e s t i g a t e  r e l a t i o n s h i p s  be tween  c l i m a t i c  
p a r a m e t e r s  a n d  l e a f  t e m p e r a t u r e s .  The  
r e s u l t s  o f  t h e s e  p r e l i m i n a r y  e x p e r i m e n t s  a r e  
compared  w i t h  t h e o r e t i c a l  r e s u l t s  o b t a i n e d  by 
s o l v i n g  t h e  e n e r g y  b a l a n c e  e q u a t i o n  t o r  a  
s i n g l e  l e a f .  T i m e - t e m p e r a t u r e  r e l a t i o n s h i p  
o f  an a t t a c h e d  bean  l e a f ,  e x p o s e d  t o  . 
microwave  r a d i a t i o n ,  i s  compared  w i t h  a  
m a t h e m a t i c a l  model which i s  e s s e n t i a l l y  
d e r i v e d  f rom a knowledge o f  t h e  c o o l i n g  
c o e f f i c i e n t  a n d  t h e  a b s o r p t i o n  f a c t o r .  A t  
h i g h  a b s o r b e d  r a d i a t i o n  a n d  i n  d a r k n e s s ,  
s t o m a t a 1  o p e n i n g  o f  a  r e a l  bean  l e a f  may 
r e d u c e  i ts t e m p e r a t u r e  be tween  2  t o  5  deg. C. 
(Auth.)  

MODEL TYPE: m e c h a n i s t i c  
:OMMENT: u s e f u l  i n  t h e  a s s e s s m e n t  o f  microwave  

e f f e c t s  o n  l e a f  t e m p e r a t u r e .  

<23> 
B a r t o s ,  D.L., a n d  D.A. Jameson .  197U. A d y n a m i c  

r o o t  model.  A m .  Midl. Rat.  91:u99-500. 
ABSTRACT: Root  f l ~ c t ~ a t i o n s  of a  s h o r t g r a s s  

e c o s y s t e m  w e r e  d e t e r m i n e d  w i t h  256 c o r e s  
t a k e n  o v e r  e i g h t  s a m p l i n g  d a t e s  d u r i n g  t h e  
summer o f  1969. S o i l  c o r e s  were t a k e n  t o  a  
d e p t h  o f  8 0  cm t o  d e t e r m i n e  t h e  e n t i r e  
p r o f i l e  d i s t r i b u t i o n .  Some 6 0 %  o f  t h e  r o o t  
w e i g h t  was i n  t h e  0- t o  13-cm s e g m e n t ,  and  
t h i s  i n c r e m e n t  had s i g n i f i c a n t  v a r i a t i o n s  
b e t w e e n  d a t e s ;  however,  t h e  l o w e r  l e v e l s  
r e m a i n e d  q u i t e  c o n s t a n t .  The u s u a l  c o n c e p t  
o f  c a r b o h y d r a t e  s t o r a g e  i n  r o o t s ,  a n d  i ts 
s u b s e q u e n t  u t i l i z a t i o n ,  w e r e  n o t  a d e q u a t e  t o  
e x p l a i n  t h e  c h a n g e s  i n  r o o t  w e i g h t s .  L o s s e s  
o f  r o o t  w e i g h t s  d i d  n o t  c o i n c i d e  w i t h  p e r i o d s  
o f  l e a f  i n i t i a t i o n  and  s e e d  p r o d u c t i o n .  A 
m a t h e m a t i c a l  model which i n c l u d e s  c o n c e p t s  o f  
r o o t  d e c o m p o s i t i o n  a n d  g r o w t h  was f o r m u l a t e d  
t o  r e p r e s e n t  t h e  f l u c t u a t i o n s ;  t h e  model  
c o n s i s t s  o f  t w o  l o g i s t i c  e q u a t i o n s  a d d e d  
t o g e t h e r .  T h e  e q u a t i o n  was  f i t t e d  t o  t h e  
o r l g i n a l  d a t a  s i n  a d i r e c t  s e a r c h  
c u r v e - f i t t i n g  program. The  r e s u l t a n t  c u r v e  
was s e p a r a t e d  i n t o  a n  i n c r e a s i n g  c u r v e  
r e p r e s e n t i n g  growth  a n d  a  d e c r e a s i n g  c u r v e  
r e p r e s e n t i n g  d e c o m p o s i t i o n  a n d  r e s p i r a t i o n  
l o s s e s .  A c c o r d i n g  t o  t h e  model ,  g r o w t h  must 
n e c e s s a r i l y  b e g i n  b e f o r e ,  and  d e c o m p o s i t i o n  
m u s t  c o n t i n u e  a f t e r ,  t h e  t i m e  o f  minimum r o o t  
w e i g h t .  T h u s ,  t h e s e  c u r v e s ,  u n d e r  s e v e r a l  
a s s u m p t i o n s ,  a l l  i n d i c a t e  t h a t  l o s s e s  and  
r e p l a c e m e n t s  i n  r o o t s  a r e  g r e a t e r  t h a n  t h o s e  
which  a r e  r e p r e s e n t e d  i n  t h e  u s u a l  r o o t  
t u r n o v e r  e q u a t i o n s .  (Anth.)  

MODEL TYPE: s t a t i s t i c a l  
COMMENT: Model c o u l 3  f o r m  t h e  b a s i s  f o r  

e x a m i n i n g  a n  e n e r g y  t e c h n o l o g y  i m p a c t  o n  
g r a s s l a n d  e c o s y s t e m s .  



APPENDIX A 
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<24> 
B e l o t ,  I., 1. B a i l l e ,  a n d  J.L. Delmas. 1976. 

n o d e l e  n u m e r i q u e  d e  d i s p e r s i o n  d e s  p o l l u a n t s  
a t m o s p h e r i q u e s  e n  p r e s e n c e  d e  c o u v e r t s  
v e g e t a u x .  Ltmos. E n v i r o n .  10:89-98. 

LBSTRACT: A n u m e r i c a l  model  o f  a t m o s p h e r i c  
p o l l u t a n t  d i s p a r d o n  was d e v e l o p e d  i n  o r d e r  
t o  a n a l y s e  t h e  e f f e c t s  o f  a  p l a n t  c a n o p y  on 
a i r  c o n c e n t r a t i o n s .  The i n c r e a s e  i n  s u r f a c e  
r o u g h n e s s  i s  shown t o  s i g n i f i c a n t l y  i n f l u e n c e  
t h e  c o n c e n t r a t i o n  d i s t r i b u t i o n s .  Moreover  
t h e  i n t e g r a t e d  v e l o c i t i e s  o f  d e p o s i t  i o n  and 
t h e  p lume d e p l e t i o n  a r e  e v a l u a t e d  f o r  
p a r t i c l e s  a n d  SO (2) p a s s i n g  o v e r  wooded 
s t r i p s .  The model is p a r t i c u l a r l y  u s e f u l  t o  
l a a r n  how a n d  where  d r y  d e p o s i t i o n  o c c u r s  i n  
h i g h  c a n o p i e s  such  a s  f o r e s t s .  (Auth.)  

IODEL TYPP: m e c h a n i s t i c  
COMMmT: U s e f u l  f o r  a s s e s s m e n t  o f  a t m o s p h e r i c  

d a p o s i t i o n  o f  p o l l u t a n t s  i n  p l a n t  c o m m u n i t i e s .  

<25> 
B l a c k l o w ,  W. 1. 1973. S i m u l a t i o n  model  t o  

p r e d i c t  g e r m i n a t i o n  and  e m e r g e n c e  o f  c o r n  
GEL MATS L.) i n  a n  e n v i r o n m e n t  of c h a n g i n g  

t e m p e r a t u r e .  C r o p  Sc i .  13: 608-608. 
ABSTRPCT: A s i m u l a t i o n  model was d e v e l o p e d  b a s e d  

on a  s y s t e m  t h a t  i n c l u d e d  t h e  p r o c e s s e s  o f  
i m b i b i t i o n  a n d  e l o n g a t i o n  o f  t h e  c o r n  ( 2 E 1  
n1YS I . )  r a d i c l e  a n d  s h o o t  and  t h e  e v e n t s  o f  
g e r m i n a t i o n  a n 4  e m e r g e n c e .  The r e s p o n s e  of 
t h e  p r o c e s s e s  t o  t e m p e r a t u r e  w e r e  d e s c r i b e d  
i n  p r e v i o u s  p a p e r s .  G e r m i n a t i o n  was p r e d i c t e d  
a t  a  c r i t i c a l  l e v e l  o f  r e h y d r a t i o n  of t h e  
s e e d .  S u b s e q u e n t  t o  g e r a i n a t i o n ,  t h e  r a d i c l e  
and  s h o o t  were  e l o n g a t e d  u n t i l  t h e  s h o o t  
emerged  from t h e  s o i l .  The  o b j e c t i v e  of t h e  
model was  t o  g i v e  a  c o n t i n u o u s  r e c o r d  o f  t h e  
c h a n g e  i n  s t a t e  o f  t h e  s y s t e m  u n t i l  e m e r g e n c e  
r r c u r r e d .  The s y s t e m  was u p d a t e d  e a c h  h o u r  by 
s i m u l a t i c n  b a s e d  on  a  knowledge  o f  s o i l  
t e m p e r a t u r e .  The model g a v e  good p r e d i c t i o n s  
u n d e r  f l u c t u a t i n g  t e m p e r a t u r e s  i n  c o n t r o l l e d  
e n v i r o n m e n t s  and  i n  t h e  f i e l d .  The  v e r i f i e d  
model s u p p o r t e d  t h e  h y p o t h e s i s  t h a t  t h e  
g e r m i n a t i n g  s e e d  a n d  its e l o n g a t i n g  a x e s  
r e s p o n d  t o  p r e v a i l i n g  t e m p e r a t u r e s  wi th  no  
a n a p t a t i o n  t o  p r e c e d i n g  c o n d i t i o n s ,  a n 3  t h a t  
t h e  s y s t e m  r e s p o n d s  w i t h i n  m i n u t e s  t o  c h a n g e s  
i n  t e m p e r a t u r e .  The  model  was n o t  d e v e l o p e d  
t o  p r e d i c t  r e s p o n s e s  t o  t e m p e r a t u r e  s t r e s s  
( l e s s  t h a n  1 0  C  o r  more t h a n  32  C )  o r  t o  
t e m p e f a t u e e  i f  o t h e r  sa i l  f a c t o r s  w e r e  
l i m i t i n g  . (hu th .  ) 

RODEL TYPE: m e c h a n i s t i c  
COIIBIT: Model c o u l d  b e  u s e d  t o  a s s e s s  s o i l  

t e m p e r a t u r e  i m p a c t s  o f  t e c h n o l o q y  o n  
q r r m i n a t i o n  and  e m e r g e n c e  o f  a g r i c u l t u r a l  
c r o p s .  u s e f u l  i n  w a s t e  h e a t  u t i l i i a t l a n  f o r  
ex.ample. 

(26) 
Boas t ,  C.Y. 1973. n o d e l i n g  t h e  movement o f  

c h e m i c a l s  i n  s o i l s  by w a t e r .  S o i l  S c i .  
1 1 5 ( 3 )  :22U-230. 

IBSTRACT: n o d e l s  d e s c r i b i n g  t h e  movement o f  
c h e m i c a l s  t h r o u g h  s o i l  p r o v i d e  a  good example  
of a p p l y i n g  m o d e l i n g  t e c h n i q u e s  t o  t h e  
s o i l - w a t e r  s y s t e m .  Some o f  t h e  c l a s s i c a l  
m s c r o s c o p i c  c o n t i n u o m  t h e o r i e s  which  h a v e  
been d e v e l o p e d  a r e  p r e s e n t e d  h e r e  i n  t a b l e  
form. The  e m p h a s i s  o f  most  s t u d i e s  o f  t h e  
movement o f  c h e m i c a l s  h a s  been  o n  t h e  
i n f l u e n c e  of s t e a d y .  w a t e r  f low.  R e c e n t l y  
a p p r o x i m a t i o n s  h a v e  b e e n  made t o  g i v e  b e t t e r  
s o l u * i o n s  f o r  n o n s t e a d y  f l o w s .  I n  p r i n c i p l e ,  
f l o w  m o d e l s  c a n  be u s e d  t o  d e s c r i b e  t h e  
p r o c e s s e s  o f  s o i l  f o r m a t i o n ;  however,  t h e  
c o m p l e x i t y  o f  s u c h  m a t h e m a t i c a l  m o d e l s  may b e  
p r o h i b i t i v e .  (Ruth.)  

NODEL TYPE: m e c h a n i s t i c  
CCMnENT: G i v e s  a  c o m p a r i s o n  o f  m a t h e m a t i c a l  

f u n c t i o n s  d e s c r i b i n g  c h e m i c a l  movement i n  
s a i l s .  1 a n y  o f  t h o  f u n c t i o n s  a r e  t a k e n  f r o m  

o p e n  l i t e r a t u r e .  u s e f u l  r e v i e w  p a p e r .  

< 27) 
Booth ,  R.S., 0.57. Burke. a n d  S.V. Rage. 1971. 

Dynamics  o f  t h e  f o r a g e - c o w - m i l k  p a t h w a y  f o r  
. t r a n s f e r  o f  r a d i o a c t i v e  i o d i n e ,  s t r o n t  i n n ,  

and  c e s i u m  t o  man. P r o c . ' o f  Am. n u c l .  Soc. 
t o p i c a l  m e e t i n g  on  n u c l e a r  m e t h o d s  i n  
e n v i r o n m e n t  a 1  r e s e a r c h ,  pp. 127-143. 

1BSTRLCT: A s y s t e m s  a n a l y s i s  model was d e v e l o p e d  
t o  p r e d i z t  t h e  t i m e - d e p e n a e n t  c o n c e n t r a t i o n  
o f  r a d i o s t r o n t i u m ,  r a d i o c e s i u m ,  a n d  
r a d i o i o d i n e  i n  t h e  m i l k ,  m e a t ,  a n d  s o f t  
t i s s u e  o f  cows  t h a t  f o r a g e  a  p a s t u r e  
c o n t a m i n a t e d  by  f a l l o u t .  The v a r i a b l e s  i n  
t h i s  model a r e  a a j u s t a b l e  t o  a  wide  v a r i a t i o n  
i n  w e a t h e r  c o n d i t i o n s ,  e c o l o g i c a l  c o n d i t i o n s .  
and  c o u n t e r m e a s u r e s .  S i m u l a t e d  
c o n c e n t r a t i o n s  w e r e  b a s e d  o n  r e a s o n a b l e ,  
c o n s e r v a t i v e  p a r a m e t e r s  d e r i v e d  c o m p l e t e l y  
f r o m  p u b l i s h e d  measurements .  T h e r e  was  
c o n t i n u e d  c o n t a m i n a t i o n  o f  t h e  m i l t  a n d  meat  
s e v e r a l  weeks  a f t e r  a  s h o r t - t e r m  d e p o s i t i o n  
on  t h e  g r a s s  ( r a d i o a c t i v e  c l o u d  a b o v e  t h e  
p a s t u r e  f o r  1  h r ) .  f lowever,  t h e  c o n c e n t r a t i o n  
i n  m i l k  was i n  t r a n s i e n t  e q u i l i b r i u m  w i t h  t h e  
g r a s s  (a 14-day e n v i r o n m e n t a l  h a l f - t i m e  f o r  
l o s s  o f  r a d i o a c t i v i t y  f rom t h e  g r a s s  was 
s p e c i f i e d )  w i t h i n  a  week a f t e r  t h e  
d e p o s i t i o n ,  a n d  t h e  m a j o r i t y  o f  man ' s  u p t a k e  
o f  r a d i o a c t i v i t y  from c o n s u m p t i o n  o f  m i l t  a n d  
meat  was a c c o m p l i s h e d  w i t h i n  t h e  f i r s t  few 
weeks  a f t e r  d e p o s i t i o n .  The  t r a n s f e r  o f  
r a d i o a c t i v i t y  t o  man was a l m o s t  e x c l u s i v e l y  
v i a  t h e  d i r e c t  g r a s s  t o  cow g u t  t o  cow b lood  
( b o d y  f l u i d )  t o  meat  a n d  t o  m i l k  pa thway.  
The  p r e d i c t e d  e q u i l i b r i u m  c o n c e n t r a t i o n s  
i n d i c a t e  t h e  p o t e n t i a l  u p t a k e  by  man from a  
c o n t i n u o u s  s o u r c e  o f  r a d i o a c t i v i t y  a b o v e  t h e  
p a s t u r e .  The  i n f l u e n c e  o f  e n v i r o n m e n t a l  
c o n d i t i o n s  a n d  c o u n t e r m e a s u r e s  was s t u d i e d .  ' 

I f ,  f o r  e x a m p l e ,  t h e  cows  were  moved from t h e  
c o n t a m i n a t e d  p a s t u r e  1  day  a f t e r  a n  i m p u l s e  
s o u r c e  t o  t h e  g r a s s ,  t h e  c u m u l a t i v e  m e a t  a n d  
m i l k  c o n c e n t r a t i o n  would be o n l y  5% o f  t h a t  
o b t a i n e d  when no  c o u n t e r m e a s u r e s  a r e  a p p l i e d .  
(111th.) 

MODEL TYPE: s y s t e m s  a n a l y s i s  w i t h  e m p i r i c a l  
t r a n s f e r  c o e f f i c i e n t s  

XMMEnT: U s e f u l  model f o r  n u c l e a r  a s s e s s m e n t s .  

<2R> 
B r e n n a n ,  R.D., C.T. d e  W i t ,  Y.A. W i l l i a m s ,  and 

E.V. Q u a t t r i n .  1970. The u t i l i t y  o f  a  
d i g i t  a 1  s i m u l a t  i o n  l a n g u a g e  f o r  e c o l o g i c a l  
m o d e l i n g .  O e c o l o g i a  ( B e r l . )  4: 113-132. 

RBSTRLCT; Dynamic m o d e l i n g  o f  e c o l o g i c a l  
p h e ~ r u e e n a  Las  b e e n  g r e a b l y  f i l o i l i t a t v d  by t h o  
r e c e n t  d e v e l o p m e n t  of c o n t i n u o u s  s y s t e m  
s i m u l a t o r  p r o g r a m s .  T h i s  p a p e r  i l l u s t r a t e s  
t h e  a p p l i c a t i o n  o f  one o f  t h e s e  p r o g r a m s ,  
s / 3 6 0  C o n t i n u o u s  Sys tem a o d e l i n g  Program 
(S/360 CSnP),  t o  f o u r  s y s t e m s  o f  g r a d u a t e d  
c o m p l e x i t y .  The  f i r s t  is a  t w o  s p e c i e s  
s y s t e m ,  w i t h  one  f e e d i n g  on  t h e  o t h e r ,  u s i n g  
d i f f e r e n t i a l  e q u a t i o n s  w i t h  c o n a t a n t  
c o e f f i c i e n t s .  The s e c o n d  and t h i r d  s y s t e m s  
i n v o l v e  t w o  c o m p e t i n g  p l a n t  s p e c i e s  i n  which 
t h e  c o e f f i c i e n t s  o f  t h e  d i f f e r e n t i a l  
e q u a t i o n s  a r e  v a r y i n g  wi th  time. The  f i n a l  
e x a m p l e  c o n s i d e r s  t h e  management o f  a  
p o s t u l a t e d  b u f f a l o  h e r d  i n  which  t h e  d y n a m i c s  
o f  t h e  h e r d  p o p u l a t i o n  a n d  c o m p o s i t i o n  by s e x  
and  a g e  is combined  wi th  v a r i o u s  s t r a t e g i e s  
t o  c o n t r o l  its s i z e  and  t o  o p t i m i z e  b u f f a l o  
p r o d u c t i o n .  (Auth.) 

nODEL TYPE: n o t  a  model. 
COMMENT: P a p e r  d i s c u s s e s  CSMP' c o m p u t e r  l a n g u a g e  

and a p p l i c a t i o n s  t o  s p e c i e s  c o m p e t i t i o n ,  
p l a n t  s i z e  d i s t r i b u t i o n  a n d  b u f f a l o  h e r d  
management.  



APPENDIX A 
Agr i  c u l t u r a l  Model s ( con t i  nued) 

< 29> 
S r o o k ,  R.R. 1975. R r a t i o n a l e  f o r  d e t e r m i n i n g  

s p a c i n g  o f  l e v e l s  i n  n u m e r i c a l  m o d e l s  o f  t h e  
a t  m o s p h e r i c  boundary  l a y e r .  Bound . - L a y e r  
I W t e r o l .  8:447-451. 

4BSTRRCT: I t  is  s u g g e s t e d  t h a t  s i n c e  d i f f u s i o n  
is t h e  p r i n c i p a l  v e r t i c a l  t r a n s f e r  mechanism 
i n  t h e  b o u n d a r y  l a y e r ,  t h e  m i x i n q - l e n g t h  
c o n c e p t  c a n  b e  u s e d  t o  d e t e r m i n e  t h e  s p a c i n g  
b e t w e e n  l e v e l s  i n  n u m e r i c a l  m o d e l s .  An 
a n a l y s i s  o f  t h e  w a n g a r a  E x p e r i m e n t  
b o u n d a r y - l a y e r  d a t a  s u g g e s t s  t h a t  f o r  t h a t  
l o c a t i o n ,  a  v e r t i c a l  s p a c i n g  of a b o u t  1 %  of 
t h e  s m a l l e s t  h o r i z o n t a l  s c a l e  is a p p r o p r i a t e  
i n  t h e  s p i r a l  l a y e r  a n d  t h a t  t h i s  is c o n s t a n t  

. w i t h  h e i g h t .  ( a a t h . )  
YODEL TYPE: mechanistic 
COMMEWT: s t u d y  c a n  a i d  i n  b o u n d a r y  l a y e r  model 

a p p l i c a t i o n s .  u s e f u l  i n  a t m o s p h e r i c  
t r a n s p o r t  o f  p o l l u t a n t s .  

<30> 
Brown, K.W. ,  and  N . J .  Rosenberg .  1973. R 

r a c i = t a n r a  nndnl t n  p r o d i r t  
e v a p o t r a n s p i r a t i o n  and  i t s  a p p l i c a t i o n  t o  a  
s u g a r  b e e t  f i e l d .  Lgron.  J. 65:3Ul-347. 

RBSTQRCV: R method i s  n e e d e d  t o  e x t r a p o l a t e  t h e  
d e t a i l e d  ~ i c r o m e t e o r o l o g i c a l  a n d  l y s i m e t r i c  
d e t e r m i n a t i o n s  o t  e v a p o t r a n s p i r a t i o n  a n 4  i t s  
d e p e n d e n c e  o n  t h e  m i c r o c l i m a t e  a n d  c r o p  
f a c t o r s  t o  f i e l d s  where  s u c h  d e t a i l e d  
m e a s u r e m e n t s  a r e  n o t  made. T h e  d e p e n d e n c e  of 
l a t e n t  h e a t  f l u x  (LE) f r o m  a  c r o p  on  c r o p  
r e s i s t a n c e  ( r ( c ) ) ,  a i r  r e s i s t a n c e  ( r ( a ) ) ,  a i r  
t e m p e r a t u r e  (T ( a ) )  , w a t e r  v a p o r  p r e s s u r e  
(9 (a )  ) , and  n e t  r a d i a t i o n  minus  s o i l  h e a t  
f l u x  ( ~ n - S )  was e v a l u a t e d  by  means of a n  
e l e c t r i c a l  r e s i s t a n c e  a n a l o g u e  o f  t h e  
t r a n s f e r  p r o c e s s  ( r e f e r r e d  h e r e  a s  t h e  modal )  
a n d  by means o f  an e n e r g y  b a l a n c e  e q u a t i o n .  
~ h s  d  i f  f  i c o l  t i es  i n h e r e n t  i n  t h e  a p p l i c a t i o n  
o f  t h e  model  t o  b o t h  t h e  s i n g l e  l e a f  a n d  t h e  
c r o p  a r e  d i s c u s s e d .  The  m a j o r  d i f f i c u l t y  i n  
a p p l y i n g  t h e  r e s i s t a n c e  model  t o  a  f i e l d  c r o p  
may b e  t h a t  t h e  s i n k s  a n d  s o u r c e s  o f  l a t e n t  
a n d  s e n s i b l e  h e a t  f l u x  may n o t  b e  i d e n t i c a l  
w i t h i n  t h e  c r o p .  H o u r l y  LE p r e d i c t e d  b y  t h e  
model a n d  d e t e r m i n e d  by  t h e  e n e r g y  b a l a n c e  
g e n e r a l l y  a g r e e d  w i t h i n  5%. D a i l y  t o t a l s  o f  
Lz, e v a l u a t e d  by t h e  two m e t h o d s ,  a g r e e d  w e l l  
on a l l  o c c a s i o n s .  D e s p i t e  t h e  o b j e c t i o n s  t o  
u s e  o f  t h i s  model  f o r  a  c r o p ,  it mimicked t h e  
b e h a v i o r  o f  t h e  i r r i g a t e d  s u g a r  b e e t  c r o p  
used  h e r e .  R s  more  d e t a i l e d  d a t a  o n  
e x p e r i m e n t a l  f i e l d s  becomes  a v a i l a b l e ,  t h e  
model  may p r o v e  u s e f u l  i n  e x t r a p o l a t i o n  t o  
e x t e n s i v e  v e g e t a t e d  a r e a s .  I t  may a l s o  he  
u s e f u l l y  i n c o r p o r a t e d  i n t o  l a r g e r  m o d e l s  o f  
t o t a l  h y d r o l o g i c  s y s t e m s  i n  which  
e v . a p o t r a n s p i r a t  i o n  is a n  i m p o r t a n t  component .  
(Ruth.)  

YODFL TYPE: m e c h a n i s t i c  . 
c CnMENT: Model o f  e v a p o t c a n s p i r a t  i o n  d e v e l o p e d  

f rom m i c r o m e t e o r o l o g i c a l  a p p r o a c h .  T h i s  
method r e q u i r e s  a e t e o r o l o g i c a l  i n p u t s  a n d  i s  
u n c o u p l e d  f r o m  a  m e c h a n i s t i c  s o i l - p l a n t  
modcl. P r o b a b l y  h a s  l i m i t c d  u s e  i n  
t e c h n o l o g y  a s s e s s m e n t .  

< 1 1 >  
B u n n e l l ,  P.L., D.E.N. T a i t .  P.W. P l a n a g a n ,  and  K .  

v a n  C l e v e .  1977. R i c r o b i a l  r e s p i r a t i o n  a n d  
s u h s t r a t e  w e i g h t  l o s s .  I .  R g e n e r a l  model 
of t h e  i n f l u e n c e s  o f  a b i o t i c  v a r i a b l e s .  S o i l  
R!, 01. Riochnm. 9 :33-40. 

REsTRRC?: R g e n e r a l  model o f  t h e  i n f l u e n c e s  of 
a b i o t i c  v a r i a b l e s  on m i c r o b i a l  r e s p i r a t i o n  
a n d  s u b s t r a t e  w e i g h t  l o s s  i s  p r e s e n t e d .  The 
model ,  a  c o m p l e x  h y p o t h e s i s  r e l a t i n g  
m i c r o b i a l  r e s p i r a t i c n  t o  t e m p e r a t u r e .  
m o i s t u r e ,  O ( 2 )  a n d  s u b s t r a t e ,  " e x p l a i n s w  
71 -96% o f  t h e  v a r i a t i o n  i n  a e r o b i c  
r e s p i r a t i o n  r a t e s  m e a s u r e d  from a  v a r i e t y  o f  
n a t u r a l  s u b s t r a t e s .  T h e  model c a n  p r o j e c t  

s e a s o n a l  p a t t e r n s  o f  w e i g h t  l o s s  a n d  t h u s  
p e r ~ i t s  e v a l u a t i o n  of l a b o r a t o r y  r e s p i r o m e t r y  
a g a i n s t  f i e l d  m e a s u r e s  u s i n g  l i t t e r  bags.  
U s i n g  d a t a  f rom s e v e r a l  c o u n t r i e s  s i m u l a t e d  
l o s s e s  d u e  t o  m i c r o b i a l  r e s p i r a t i o n  a r e  
7 0 - 9 0 1  o f  t h e  measured  l i t t e r  bag l o s s .  
(Luth.)  

MODEL TYPE: m e c h a n i s t i c  
COMMENT: Model r e q u i r e s  f o u r  e m p i r i c a l  

p a r a m e t e r s  a n d  c o u l d  b e  a d a p t e d  t o  a  r a n g e  o f  
s i t u a t i o n s .  l v a l u a t o n  o f  p h y s i c a l  
e n v i r o n m e n t  i m p a c t s  c o u l d  b e  made. 

(32) 
B u n n e l l ,  P.L., D.E.N. T a i t .  a n d  P.W. P l a n a g a n .  

1977. M i c r o b i a l  r e s p i r a t i o n  end  s u b s t r a t e  
w e i g h t  l o s s ,  11. R model  o f  t h e  i n f l u e n c e s  
o f  c h e m i c a l  c o m p o s i t i o n .  S o i l  B i o l .  B i o c h e a .  
9: 41-47. 

RBSTRLCT: T h r e e  models  o f  t h e  i n f l u e n c e s  o f  
c h e m i c a l  c o m p o s i t i o n  o n  m i c r o b i a l  r e s p i r a t i o n  
a n d  s u b s t r a t e  w e i g h t  l o s s  a r e  p r e s e n t e d .  The  
t h r e e  a p p r o a c h e s  r e p r e s e n t  d i f f e r e n t  means o f  
t n ~ n r p ~ r g t  i n 7  i n f l u e n c ~ s  ~t t o m p ~ c a t u ~ ~  and 
m o i s t u r e  upon  c h e m i c a l - s p e c i f i c  r e s p i r a t i o n  
r a t e s .  L l t h o u g h  i n f l u e n c e s  o f  t e m p e r a t u r e  
and  m o i s t u r e  d o m i n a t e  m i c r o b i a l  r e s p i r a t i o n  
p a t t e r n s ,  c h e m i c a l - s p e c i f  i c  r e s p i r a t i o n  r a t e s  
d o  e x i s t  w i t h  e t h a n o l  s o l u b l e  s u b s t r a t e  
c o m p o n e n t s  r e s p i r i n g  a b o u t  5 t o  1 0  t i m e s  a s  
r a p i d l y  a s  n o n - e t h a n o l  s o l u b l e  components  
( d e p e n d i n g  upon t e m p e r a t u r e ) .  S i m u l a t i o n  
m o d e l s  a r e  u t i l i z e d  t o  p r o j e c t  a n d  r e l a t e  t h e  
l a b o r a t o r y  m e a s u r e s  o f  m i c r o b i a l  r e s p i r a t i o n  
t o  f i e l d  m e a s u r e s  o f  s u b s t r a t e  w e i g h t  l o s s .  
u t i l i z i n g  c h e m i c a l - s p e c i f i c  . r e s p i r a t i o n  
r a t e s ,  s i m u l a t e d  r a t e s  o f  w e i g h t  l o s s  from 
e t h a n o l  s o l u b l e  a n d  n n n - e t h a n o l  n n l u h l a  
s u b s t r a t e  c o m p o n e n t s  a r e  UBX and  12% p e r  y r .  
Measured r a t e s  a r e  49% and 11%. Lft 'er  t h e  
i n i t i a l  p e r i o d  of r e l a t i v e l y  h i g h  l e a c h i n g ,  
c h a n g e s  i n  s u b s t r a t e  w e i g h t  a n d  c h e m i c a l  
c o m p o s i t i o n  r e s u l t  l a r g e l y  from c h a n g i n g  
m i c r o b i a l  r e s p i r a t i o n  r a t e s  which  a r e  
c h e m i c a l - s p e c i f i c  and i n d e p e n r l e n t l y  
i n f l u e n c e d  by t e m p e r a t u r e  and  m o i s t u r e .  
(Luth . )  

MODEL TTPE: m e c h a n i s t i c  
COMMENT: Not r e a d i l y  a p p l i e d  t o  t e c h n o l o g y  

a s s e s s m e n t  w i t h o u t  f i r s t  e x p e r i m e n t a l  
d e t e r m i n a t i o n  o f  t h e  i m p a c t  e f f e c t  on  
r e s p i r a t i o n  a n d  d e c o m p o s i t i o n .  

< 33> 
B u n t i n g ,  E.S. 1972 .  R i p e n i n g  i n  maize:  

I n t e r r e l a t i o n s h i p s  be tween  t i m e ,  w a t e r  
c o n t e n t  a n d  w e i g h t  of d r y  m a t e r i a l  i n  
r i p e n i n g  g r a i n  of a  f l i n t  x  d e n t  h y b r i d  ( I n c a  
200) .  J. L g r i c .  S c i .  Camb. 79:225-233. 

ABSTRACT: R e s u l t s  a r e  r e p o r t e d  o f  r i p e n i n g  
s t u d i e s  w i t h  maize ( v a r .  I n r a  200) a t  O x f o r d ,  
1967-69.  Sowings  were made i n  l a t e  L p r i l  o r  
e a r l y  i n  May, and c r o p s  grown a t  a  s t a n d a r d .  ' 

d e n s i t y  o f  7.2 p lan ts /m**2.  A r e a s  were  
p r o v i d e d  w i t h  c l o c h e  p r o t e c t i o n ,  f o r  a  4- t o  
5-week p e r i o d  f r o m  t i m e  & s o w i n g ,  t o  p r o d u c e  
m a t e r i a l  f o r  s t u d i e s  o f  t h e  e f f e c t s  o f  
f l o u o c i n q  b i m e  on r i p e n i n s  ~ b t t e s ~ o r  Prom 
p l a n t s  o f  known f l o w e r i n g  d a t e ,  c o l l e c t i o n s  
o f  30-40 e a r s  were t a k e n  a t  i n t e r v a l s  from 30  
u n t i l  1001 d a y s  a f t e r  s i l k i n g .  I n f o r m a t i o n  
is p r e s e n t e d  on  w a t e r  c o n t e n t ,  g r a i n  d r y  
w e i g h t  and  number o f  q r a i n s / e a r  a t  t h e  
v a r i o u s  t i m e s  o f  h a r v e s t .  R s y m p t o t i c ,  
p o l y n o m i a l  a n d  i n v e r s e - p o l  ynomia l  r e g r e s s i o n  
m o d e l s  h a v e  b e e n  f i t t e d  t o  t h e  d a t a  t o  
e l u c i d a t e  t h e  i n t e r r e l a t i o n s h i p s  b e t w e e n  t i m e  
(measured  f r o m  d a t e  o f  s i l k i n g ) ,  g r a i n  w a t e r  

c o n t e n t  a n d  g r a i n  d r y  w e i g h t .  I n  p l a n t s  
f l o w e r i n g  i n  mid-Ju ly  g r a i n  c o n t i n u e d  t o  
i n c r e a s e  i n  d r y  w e i g h t  u n t i l  w a t e r  c o n t e n t  
was r e d u c e d  t o  35%. w h e r e a s  i n  p l a n t s  
f l o w e r i n g  e a r l y  i n  R u g u s t  maximum d r y  w e i g h t  
was a t t a i n e d  a t  a  w a t e r  c o n t e n t  o f  a r o u n d  
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(33) CON'!. 
40%. Oaximum d r y  w e i g h t  o f  g r a i n  was 
a p p r o x i m a t e l y  1 0 s  h i g h e r  i n  t h e  e a r l i e r  
f l o w e r i n g  p l a n t s :  t h e  c o r o l l a r y  is t h a t  i n  
t h e  m a r g i n a l  a r e a s  o f  m a i z e  g r a i n  p r o d u c t i o n  
i n  England  m a t u r i t y  i n  s u c h  v a r i e t i e s  a s  I n r a  
200 i s  o f t e n  imposed  by t h e  e n v i r o n m e n t  w i t h  
a  c o n s e q u e n t  l o s s  i n  p o t e n t i a l  y i e l d .  I n  t h e  
e a r l y  f l o w e r i n g  p l a n t s ,  t h o  ti,me t a k e n  from 
s i l k i n g  t o  r e a c h  Lks h a r v e s t a b l e  s t a g e  o f  YO0 
g r a i n  w a t e r  c o n t e n t  was 6 9  d  i n  1 9 6 7 ,  7 9  d  i n  
1968  a n d  6U d  i n  1969.. R a t e  o f  w a t e r  l o s s  
from t h e  g r a i n  d u r i n g  r i p e n i n g  was c l o s e l y  
r e l a t e d  t o  p r e v a i l i n g  a i r  t e m p e r a t u r e s .  I n  
t h e  l a t e r  f l o w e r i n g  p l a n t s ,  d i f f e r i n g  by a n  
a v e r a g 5  o f  1 1  d  i n  t i m e  o f  s i l k i n q ,  8 d a y s  
l o n g e r  was  r e q u i r e d  t o r  g r a i n  t o  b e  r e d u c e d  
t o  40% w a t e r  c o n t e n t ,  g i v i n q  a n  a v e r a g e  
d i f f e r e n c e  o f  19 d a y s  i n  p e r m i s s i b l e  d a t e s  o f  
h a r v e s t .  The  r e s u l t s  s u g g e s t  t h a t ,  i n  
v a r i e t i e s  o f  s i m i l a r  r i p e n i n g  p a t t e r n  t o  I n r a  
200, a n  a d v a n c e  o f  a b o u t  7  d a y s  i n  f l o w e r i n g  
t i m e  i s  r e q u i r e d  t o  e s t a b l i s h  t h e  m a i z e  g r a i n  
c r o p  heyand  its p r e s e n t  c o n f i n e s  i n  s o u t h e a s t  
Pngland .  ( l o t h . )  

IODEL TYPE: s t a t i s t i c a l  
CCIIENT: R e g r e s s i o n  e q u a t i o n s  are d e v e l o p e d  f o r  

E n g l i s h  c o n d i t i o n s .  l i g h t  b e  u s e f u l  t o  
w m p a r e  w i t h  any i m p a c t  t h a t  c h a n g e s  c e r e a l  
r i p e n i n g  p a t t e r n s .  

< 30, 
B u r e a u  o f  R e c l a m a t i o n  1977. P r e d i c t i o n  of 

m i n e r a l  q u a l i t y  o f  i r r i g a t i o n  r e t u r n  f low.  
EPA-60012-77-179a. USBPL, Ada. OK. 

RBsTRrCT: T h i s  volume o f  t h e  r e p o r t  o u t l i n e s  t h e  
p u r p o s a  and  s c o p e  o f  t h e  r e t u r n  f l o w  r e s e a r c h  
and  s p e c i f i c a l l y  e x p l a i n s  t h e  c a p a b i l i t i e s  o f  
t h ~  con  j u n c t i v e  u s e  n o d e 1  f o r  p r e d i c t i n q  t h e  
m i n e r a l  q u a l i t y  of i r r i g a t i o n  r e t n r n  f  low. 
The p u r p o s e  o f  t h e  r e s e a r c h  was t o  d e v e l o p  a  
c o n j u n c t i v e  u s e  mod.el wbich  would (1) p r e d i c t  
t h e  s a l i n i t y  c o n t r i b u t i o n  f rom new i r r i g a t i o n  
p r o j e c t s  and  (2) p r e d i c t  t h e  c h a n g e  i n  r e t u r n  
f l o w  s a l i n i t y  t h a t  would r e s u l t  f rom 
o p e r a t i o n a l  c h a n g e s  on e x i s t i n g  p r o j e c t s .  
The  model  d e v e l o p e d  and d e s c r i b e d  h e r e i n  
d e s c r i b e s  t h e  c h e m i c a l  q u a l i t y  i n  t e r m s  o f  
e i g h t  i o n i c  c o n s t i t u e n t s  and  t o t a l  d i s s o l v e d  
s o l i d s .  R n o d a l  c o n c e p t  h a s  been  u s e d  t o  
f a c i l i t s t e  s u b d i v i d i n g  t h e  p r o j e c t  a r e a  a l o n g  
p h y s i c a l  or  h y d r o l o g i c  b o u n d a r i e s  a s  d e s i r e d .  
? h e  s t u d y  may be l i m i t e d  t o  1  o r  a s  many a s  
20 nodes .  L d e s c r i p t i o n  o f  t h e  V e r n a l  P i e l d  
S t u d y  which d e s c r i b e s  t h e  p h y s i c a l  s e t t i n g  
f o r  t h e  n o n e 1  t e s t i n g  i s  i n c l u d e d .  A 
n a r r a t i v e  d e s c r i b i n q  t h e  problems e n c o u n t e r e d  
111th tbs o r i g i n a l  d a t a  i n  i n a l u d u d .  h d a t a  
c o l l e c t i o n  program was i n i t i a t e d  t o  f i l l  t h e  
p p s .  The model s a t i s f a c t o r i l y  s i m u l a t e d  t h e  
new 2 - v e e r  d a t a  base.  T a b l e s  a n d  f i g u r e s  
s h o w i n g  t h e  computed-observed  c o m p a r i s o n s  
from t h e  v e r i f i c a t i o n  a r e  i n c l u d e d .  R e s u l t s  
of model o p e r a t i o n s  f o r  t h e  Cedar  B l u f f  and  
Grand V a l l e y  a r e a s  a r e  a l s o  d e s c r i b e d .  It is 
c o n c l u d e d  t h a t  t h e  model c a n  s a t i s f a c t o r i l y  
be u s e d  t o  s i m u l a t e  i r r i g a t i o n  r e t u r n  f l o w s  
i f  s u f f i c i e n t  d a t a  a r e  a v a i l a b l e ,  e s p e c i a l l y  
g r o u n d w a t e r  h y d r o l o g y  a n d  c h e m i s t r y .  T h i s  
r o p n r t  was snhmit . t .ad i n  f u l f i l l a e n t  o f  
P r o j e c t  EPA-ILG-D4-0371 by  t h e  O.S. B u r e a u  o f  
P e c l a m a t i o n ,  E n g i n e e r i n g  a n d  R e s e a r c h  C e n t e r ,  
under  t h e  s p o n o r s h i p  o f  t h e  E n v i r o n m e n t a l  
P L U L ~ G  L i * n  Lqency. (Ruth.)  

I'ODEL TYPE: mechanistic 
CClIEBT: T h i s  f i v e  volume s e r i e s  is a n  e x t e n s i v e  

model d e v e l o p m e n t  and  t e s t i n g  s t u d y  c o n c e r n e d  
w i t h  w a t e r  q u a l i t y .  It hf f i  c o n s i d e r a b l e  
u t i l i t y  i n  e v a l u a t i o n  o f  some e n e r g y  
t e c h n o l o g y  i m p a c t s .  

<35> 
B v r n q .  G.P. 1975. A s i m p l e  method of c a l e n d a r  

o u n r e r ~ i o n  i n  a a m p u t e r  a p p l i o a t i o n c  - 

D i s c u s s i o n .  Agr ic .  I e t e o r o l .  15:U19. 
ABSTRACT: A method  o f  d a t a  c o n v e r s i o n  f o r  u s e  i n  

t h e  c o m p u t e r  h a n d l i n g  o f  c l i m a t o l o g i c a l ' a n d  
s i m i l a r  d a t a  is d e s c r i b e d .  The p r o c e d u r e  
i n c o r p o r a t e s  a  test f o r  o c c u r r e n c e  o f  l e a p  
y e a r s  and a l s o  a  test f o r  a u t o m a t i c  
c o n v e r s i o n  i n  e i t h e r  d i r e c t i o n .  (Auth . )  

IODEL TYPE: a l g e b r a i c  
:ORREAT: U s e f u l  a l g o r i t h m  i n  model a p p l i c a t i o n s  

r e q u i r i n g  d a t e  c o n v e r s i o n s .  

< 36> 
C a a s s e n ,  R., a n d  S.A. B a r b e r .  1976. S i m u l a t i o n  

model  f o r  n u t r i e n t  u p t a k e  from s o i l  by a  
g r o w i n g  p l a n t  r o o t  s y s t e m .  Lgron. J. 
bR?961-qfiU. - - - - - . - - . - 

ABSTRACT: m a t h e m a t i c a l  m o d e l s  o f  n u t r i e n t  u p t a k e  
by p l a n t s  a r e  u s e f u l  f o r  i n v e s t i g a t i n g  t h e  
e f f e c t  o f  v a r i o u s  s o i l  and  p l a n t  f a c t o r s  on  
n u t r i e n t  f l u x  t o  p l a n t  toots .  The  o b j e c t i v e  
o f  t h i s  r e s e a r c h  was  t o  d e v e l o p  a  model  b a s e d  
o n  t h e o r e t i c a l  c o n s i d e r a t i o n s  o f  t h e  
p r o c e s s e s  o f  n u t r i e n t  u p t a k e  by  p l a n t  r o o t s  
g r o v i n g  i n  s o i l  a n d  t h e n  t o  t e s t  t h e  model 
e x p e r i m e n t a l l y .  The s o i l  a n d  p l a n t  f a c t o r s  
u s e d  i n  t h e  model were t o  b e  m e a s u r e d  
i n d e p e n d e n t  o f  f i n a l  n u t r i e n t  u p t a k e .  The 
model  f o r  f l u x  by mass  f low a n d  d i f f u s i o n  t o  
t h e  r o o t  was p a t t e r n e d  a f t e r  t h a t  o f  Nye a n d  
I a r r i o t t .  The  a b s o r p t i o n  k i n e t i c s  o f  t h e  
r o o t  were assumed t o  f o l l o w  I i c h a e l i s - I e n t e n  
k i n e t i c s .  T h e  R y e - I a r r i o t t  m o d e l ' g i v e s  t h e  
n u t r i e n t  c o n c e n t r a t i o n  a t  t h e  r o o t  w i t h  t i m e .  
Prom t h i s  a c c u m u l a t e d  u p t a k e  p e r  cm**2 o f  
r o o t  s u r f a c e  w i t h  t i m e  was c a l c u l a t e d .  R a t e  
o f  m o t  g r o w t h  was assumed e x p o n e n t i a l  f o r  
t h e  g r o w t h  o f  t h e  young p l a n t .  U p t a k e  p e r  
cm**2 o f  r o o t  w i t h  t i m e  was combined  
m a t h e m a t i c a l l y  w i t h  r a t e  o f  r o o t  g r o w t h  t o  
g e t  t o t a l  u p t a k e  w i t h  time by t h e  p l a n t .  The 
p r e s e n t  p rogram a s s u m e s  r o o t  h a i r s  d o  n o t  
a f f e c t  u p t a k e  and t h a t  r o o t s  n o  n o t  c o m p e t e  
f o r  n u t r i e n t s .  A c o m p u t e r  p rogram was 
w r i t t e n  f o r  s o l u t i o n  o f  t h e  m a t h e m a t i c a l  
model. The  f a c t o r s  r e q u i r e d  i n  t h e  model 
f r o m  t h e  s o i l  a r e :  e f f e c t i v e  a v e r a g e  
d i f f u s i o n  c o e f f i c i e n t ,  i n i t i a l  n u t r i e n t  
c o n c e n t r a t i o n  i n  s o l u t i o n ,  and  b u f f e r i n g  
c a p a c i t y .  Por  t h e  p l a n t  t h e y  a r e :  t h e  
r e l a t i o n  b e t w e e n  n u t r i e n t  c o n c e n t r a t i o n  i n  
s o l u t i o n  a n d  n e t  i n f l u x  i n t o  t h e  r o o t ,  w a t e r  
i n f l u x .  r o o t  r a d i u s ,  i n i t i a l  r o o t  l e n g t h ,  a n d  
r a t e  o f  r o o t  g rowth .  The model  w a s  t e s t e d  . 
f o r  m e a s u r i n g  K u p t a k e  by c o r n  (ZEA RAYS I.) 
f r o m  e i q b t  d i f f e r e n t  s o i l - K  c o m b i n a t i o n s .  
The c o r n  was grown i n  a  g r o w t h  chamber  and K 
u p t a k e  was measured  f o r  t h e  p e r i o d  o f  p l a n t  
g r o w t h  f rom U t o  10  a n d  1 3  d n y s .  The  

' c a l c u l a t e d  u p t a k e ,  y, was c o r r e l a t e d  w i t h  
o b s e r v e d  u p t a k e ,  I, by  t h e  e q u a t i o n  
y=0.155+1.566x (R**2=0.87) where y  a n d  x a r e  
m i c r o m o l e s  o f  K / p l a n t .  C a l c u l a t e d  u p t a k e  was 
o v e r e s t i m a t e d  by a b o u t  50%. p o s s i b l y  b e c a u s e  
c o m p e t i t i o n  o c c u r r e d  b e t w e e n  r o o t s  f o r  s o i l  K 
a n d  K was n o t  a b s o r b e d  by  t h e  r o o t  as f a s t  a t  
n i g h t  ar; i n  t h o  d a y .  The model s h n u l d  he 
u s e f u l  f o r  i n v e s t i g a t i n g  t h e  p r i n c i p l e s  of 
n u t r i e n t  a b s o r p t i o n  by p l a n t  r o o t s  f r o m  s o i l  
which  c a n  b e  used f o r  d e v e l o p i n g  more 
e f f i c i e n t  s y s t e m s  o f  f e r t i l i z e r  a p p l i c a t i o n .  
( AUth.) 

OODEL TYPE: m e c h a n i s t i c  
20IIERT: R e s e a r c h  model t h a t  c o u l d  b e  a d a p t e d  t o  

t r r h n n l o g y  an .wnsment .  

<37> 
C a m p b e l l ,  I . D . ,  G .S. Campbel l , .  R. Knnkel,  and 

R.T. P a p e n d i c k .  1976. A model d e s c r i b i n g  
s o i l  - p l a n t  - w a t e r  r e l a t i o n s  f o r  p o t a t o e s .  
Amer. P o t a t o  J. 53:431-991. 

RBSTRACT: A s i m p l e  s t e a d y  s t a t e  model  is d e r i v e d  
which  d e s c r i b e s  t h e  d i u r n a l  w a t e r  p o t e n t i a l  
f l u c t u a t i o n s  i n  l e a v e s  and t u b e r s  o f  
p o t a t . o e s .  T h e  m a g n i t u d e  o f  t h e s e  
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<37> CON?. f o u r - p a r a m e t e r  e q u a t i o n .  (Auth.) 
f l u c t u a t i o n s  i s  shown t o  depend  o n  IODEL TYPE: m e c h a n i s t i c  
t r a n s p i r a t i o n  r a t e ,  h y d r a u l i c  p r o p e r t i e s  o f  ZOIIENT: U s e f u l  model i n  t h e  a p p l i c a t i o n  o f  
t h e  s o i l ,  r o o t i n g  d e p t h  and d e n s i t y ,  w a s t e  h e a t  i n  d r y i n g  b i o l o g i c a l  m a t e r i a l s .  
r e s i s t a n c e  t o  f low o f  w a t e r  w i t h i n  t h e  p l a n t .  
a n d  t h e  l e a f  w a t e r  p o t e n t i a l  a t  which 
s t o m a t a 1  c l o s u r e  o c c u r s .  I o d e l  p r e d i c t i o n s  <41> 
a g r e e  q u i t e  well w i t h  m e a s u r e m e n t s  made i n  Chen, L.R., B.K. Auang, a n d  W.E. S p l i n t ' e r .  1969 .  
t h e  f i e l d  a n d  i n  t h e  g r o w t h  chamber .  T h e  D e v e l o p i n g  a  p h y s i c a l - c h e m i c a l  model f o r  a  
model  is u s e d  t o  p r e d i c t  t h e  l o w e r  l i m i t  of p l a n t  g r o w t h  s y s t e m .  T r a n s .  o f  t h e  ASAE 
r e a d i l y  a v a i l a b l e  m o i s t u r e  f o r  p o t a t o e s  a n 3  12: 698-702. 
s h o w s  t h e  i m p o r t a n t  e n v i r o n m e n t a l  and  p l a n t  ABSTRACT: Growth w a s  c o n s i d e r e d  a s  a  f u n c t i o n  o f  
f a c t o r s .  (Auth.)  t w o  m a j o r  e n e r g y  c o n v e r s i o n  p r o c e s s e s  - 

nODEL TYPE: m e c h a n i s t i c  p h o t o s y n t h e s i s  and  t e s g i t b t i o n .  A f u n c t i o n a l  
COIneNT: U s e f u l  model f o r  a s s e s s m e n t  o f  e n e r g y  r e l a t i o n s h i p  be tween  p h o t o s y n t h e s i s ,  

t e c h n o l o g y  e f f e c t s  on  w a t e r  r a l a t i o n s  o f  r e s p i r a t i o n ,  and  g r o w t h  was  d e v e l o p e d .  U n d e r  
p o t a t o e s .  p r e s e n t  s t u d i e s ,  t h e  i n f o r m a t i o n  a v a i l a b l e  

f o r  c o m p l e t e  e v a l u a t i o n  of model c o n s t a n t s  is 
n o t  s u f f i c i e n t .  A t h o r o u g h  s t u d y  on  t h e  

< 3 8 >  f o l l o w i n g  s u b j e c t s  w i l l  make t h i s  model more  
C a r b o n ,  B . A . ,  a n d  K.A. G a l b r a i t h .  1975 .  s a t i s f a c t o r y :  (1) T e m p e r a t u r e  e f f e c t  o n  r a t e  

s i m u l a t i o n  o f  t h e  w a t e r  b a l a n c e  f o r  p l a n t s  o f  p h o t o s y n t h e s i s  ( 2 )  I n t e r a c t i o n s  be tween  
g r o w i n g  cn c o a r s e - t e x t u r e d  s o i l s .  l u s t .  J. l i g h t  i n t e n s i t y  and  t e m p e r a t u r e  e f f e c t s  o n  
S o i l  Res .  13:21-31. r a t e  o f  r e s p i r a t i o n  (3)  T e m p e r a t u r e  e f f e c t  

ABSTRACT: A c o m p u t e r  s i m u l a t i o n  model  of t h e  o n  r a t e  o f  t r a n s l o c a t i o n .  (Auth. ) 
w a t e r  b a l a n c e  f o r  p l a n t s  q r o w i n g  o n  c o a r s e  UODEL TYPE: m e c h a n i s t i c  
soils was d e v e l o p e d  a n d  t e s t e d  a g a i n s t  f i e l d  ZOIIEN~: Model i s  b a s e d  o n  a  lumped v i e w  o f  
m e a s u r e m e n t s .  The i n p u t s  f o r  t h i s  model  a r e  p l a n t  g r o w t h .  Could  be  u s e f u l  f o r  
m e a s u r a b l e  p h y s i c a l  p a r a m e t e r s .  Prom t h e  a s s e s s m e n t :  however ,  o t h e r  p l a n t  g r o w t h  
c l o s e  a g r e e m e n t  be tween  s i m u l a t e d  and  m o d e l s  may b e  more s u i t a b l e .  
o b s e r v e d  r e s u l t s ,  i t  is  s u g g e s t e d  t h a t  
e v a p o r a t i o n ,  s o i l  w a t e r  s t o r a g e  a n d  d e e p  
d r a i n a g e  may b e  s a t i s f a c t o r i l y  p r e d i c t e d .  < 02) 
(Ruth.)  C h i l d s ,  S.W., a n d  R.J. Ranks.  1975. Model o f  

UODEL TYPE: m e c h a n i s t i c  s o i l  s a l i n i t y  e f f e c t s  on  c r o p  growth .  S o i l  
CCMUENT: E m p i r i c a l  model t u n e d  t o  w e s t e r n  S c i .  Sac. A m .  P roc .  39:617-622. 

R u s t r a l i a n  c o n d i t i o n s .  M a s  t h e  a d v a n t a g e  o f  ABSTRACT: The model c o n s i d e r s  p r o p e r t i e s  o f  t h e  
r e q u i r i n g  r e l a t i v e l y  few i n p u t  d a t a .  s o i l ,  w a t e r ,  p l a n t ,  a n d  a t m o s p h e r i c  s y s t e m  t o  
P r o b a b l y  n o t  r e a d i l y  a p p l i c a b l e  t o  t e c h n o l o q y  p r e d i c t  r e l a t i v e  c r o p  y i e l d ,  C r o p  y i e l d  
a s s e s s m e n t .  p r e d i c t i o n s  assume ?i 9 i x e ~ t  r e l a t i ~ u  between 

d r y  m a t t e r  p r & u c t i o n  and  t r a n s p i r a t i o n .  The  
o n l y  s a l i n i t y  e f f e c t s  c o n s i d e r e d  a r e  o s m o t i c  

< 39, p o t e n t i a l .  T h e  i n f l u e n c e  o f  i n i t i a l  s o i l  
c h a r l e s - E d w a r d s ,  D. 1.. a n d  J.R. I. T h o r n l e y .  s a l i n i t y  on c r o p  g r o w t h  d e p e n d e d  upon t h e  

1973 .  L i g h t  i n t e r c e p t i o n  b y  a n  i s o l a t e d  c r o p  t y p e  and  i r r i g a t i o n  management. 
p l a n t  - A s i m p l e  model.  Ann. Bot .  3 7 ~ 9 1 9 - 9 2 8 .  P r e d i c t i o n s  made o f  s a l t  b u i l d u p  o v e r  s e v e r a l  

ABSTRLCT: A s i m p l e  model f o r  l i g h t  i n t s r c e p t i o n  y e a r s  show t h a t  some w a t e r  management s y s t e m s  
by a n  i s o l a t e d  p l a n t  i s  p r o p o s e d .  The  model would p r o d u c e  h i g h  y i e l d s  f o r  s e v e r a l  y e a r s  
a s s u m e s  t h a t  t h e  l e a v e n  a r c  u n i f o r m l y  b e f o r e  s a l t  b u i l d u p  would d e c e e a s e  y i e l d s .  
d i s t r i b u t e d  o v e r  a  r e g i o n  o f  s p a c e  bounded  b y  P r e d i c t i o n s  show t h a t  t h e  i n f l u e n c e  of 
a n  e l l i p s o i d  and a  p l a n e ,  a n d  t h a t  l i g h t  i r r i g a t i o n  s y s t e m  u n i f o r m i t y  o n  s a l i n i t y  
t r a v e r s i n g  t h i s  r e g i o n  i s  a t t e n u a t e d  b u i l d u p  a n d  y i e l d  r e d u c t i o n  is v e r y  
a c c o r d i n g  t o  B e e r ' s  law. I t  i s  shown how t h e  i m p o r t a n t .  (Auth.) 
model  c a n  b e  e x t e n d e d  t o  e x a m i n e  a  c l o s e d  row IODEL TYPE: m e c h a n i s t i c  
of p l a n t s ,  o r  a  c l o s e d  a r r a y  o f  p l a n t s .  COIUENT: Model c o u l d  e v a l u a t e  t h e  u s e  o f  
S i m u l a t e d  l i g h t  p r o f i l e s  h a v e  been  c a l c u l a t e d  blowdoun w a t e r  f o r  c r o p  i r r i g a t i o n .  
f o r  s i n g l e  p l a n t s  w i t h  d i f f e r e n t  s h a p e s ,  and  
an i s o l a t e d  row o f  p l a n t s ,  u n d e r  u n i f o r m  and  
s t a n d s r d  o v e r c a s t  s k i e s .  (Auth.)  <43> 

I IODEL TYPE:  m e c h a n i s t i c  Chung, C.W., J. Duffy ,  and  E . L .  A i r s c h .  1974. 
CCUIENT: P r c b a b i l y  n o t  u s e f u l  i n  a s s e s s m e n t .  S y s t e m s  m a n u a l  f o r  FIELD, a  program f o r  t h e  

T h e  m e t h o d  c o u l d  be i n c o r p o r a t e d  i n t o  more s i m u l a t i o n  o f  n i t r o g e n  f l o w  i n  a  c o r n  b e l t  
w m p r e h e n s i v e  models  o f  p l a n t  f u n c t i o n .  f i e l d .  CBNS R e p o r t  Ro. 70C2, W a s h i n g t o n  

Oniv., S t .  L n u i s ,  R 0 .  
annR1, TYPE:  p a r a m e t r i c  

<UO> ZOIUENT: Very u s e f u l  model t h a t  c o u l d  be a d a p t e d  
Chen ,  C.S., and  J.T.  C l a y t o n .  1971 .  The e f f e c t  t o  e v a l u a t e  t ethnology i m p a c t s  i n  s i m i l a r  

of t e m p e r a t u r e  on s o r p t i o n  i s o t h e r m s  of s i t u a t i o n s  t o  t h e  c o r n  b e l t  f i e l d  u s e d  i n  t h e  
b i o l o g i c a l  m a t e r i a l s .  T r a n s .  o f  t h e  ASAE model d e v e l o p m e n t  and  a p p l i c a t i o n .  
10 :977-929 ,  

A8STRRCT: T h i s  p a p e r  p r e s e n t s  a n  a n a l y s i s  of 
s o r p t i o n  i s o t h e r m s  p e r t a i n i n g  t o  h y g r o s c o p i c  <04> 
a s  t e r i a l a .  Two t w o - p a r a m e t e r  a n d  o n e  C i o n c o ,  R.I. 1965. A m a t h e m a t i c a l  model  f o r  air 
t h r e e - p a  rame t e r  e m p i r i c a l  s o r p t i o n  e q u a t i o n s  f l o w  i n  a  v e g e t a t i v e  canopy.  J. Appl. 
w e r e  i n v e s t i g a t e d  f o r  a  number o f  g r a i n s .  A t  I e t e o r o l .  U:517-522. 
a  g i v e n  tempera ture- ,  C h e n ' s  e q u a t i o n  ABSTRACT:  The  o b j e c t i v e s  o f  t h i s  s t u d y  a r e  t o  
e x h i b i t e d  t h e  b e s t  f i t  o f  t h e  t h r e e  i n v e s t i g a t e  t h e  t u r b u l e n t  t r a n s f e r  of 
e q u a t i o n s .  A new f o u r - p a r a m e t e r  e q u a t i o n  momentum w i t h i n  a  v e g e t a t i v e  c a n o p y  and  a l s o  
r e l a t i n g  e q u i l i b r i u m  m o i s t u r e  c o n t e n t .  a i r  t o  d e v e l o p  a  m a t h e m a t i c a l  model which 
r e l a t i v e  h u m i d i t y ,  and  e q u i l i b r i u m  e x p r e s s e s  t h e  a e r o d y n a m i c  r o u g h n e s s  e f f e c t s  
t e m p e r a t u r e  was d e v e l o p e d  o n  t h e  b a s i s  of t h e  o f  t h e  s u r f a c e  boundary  i n  terms o f  t h e  
s i m p l i f i e d  Chen e q u a t i o n .  A p p l i c a t i o n s  t o  h e i g h t ,  d e n s i t y ,  and d r a g  c h a r a c t e r i s t i c s  o f  
p u b l i s h e d  d a t a  o n  a  number o f  m a t e r i a l s  a  v e g a t a t i v e  canopy.  To d a t e  t h r e e  
i n d i c a t e  t h a t  t h e  g o o d n e s s  o f  f i t  o f  t h e  m a t h e m a t i c a l  models  h a v e  been  f o r m u l a t e d .  
p r e d i c t e d  v a l u e s  i s  b e t t e r  t h a n  t h a t  o f  Day T h e  p r e s e n t  model r e f l e c t s  b o t h  t h e  
a n d  N e l s o n ' s  m o d i f i e d  Henderson  t h e o r e t i c a l  a n d  e m p i r i c a l  a s p e c t s  o f  t h e  t w o  
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<UU> CONT. 
p r e v i o u s  m o d e l s  a n d  o t h e r  a v a i l a b l e  c a n o p y  
o b s e r v a t i o n s .  C o a p u t e d  m i x i n g  l e n g t h  
s o l u t i o n s  showed t h a t  t h e  m i x i n g  l e n g t h .  1, 
was n e a r l y  c o n s t a n t  t h r o u g h o u t  ,mos t  o f  t h e  
c a n o p y ' s  v e r t i c a l  e x t e n t  and  a l s o  t h a t  1 
i n c r e a s e d  l i n e a r l y  w i t h  h e i g h t  a b o v e  t h e  
c3nopy.  The computed  c a n o p g  u i n d  p r o f i l e  
s o l u t i o n s  v e r i f i e d  t h a t  t h e  mix ing  l e n g t h  i s  
n e a r l y  c o n s t a n t  u i t h  h e i g h t  w i t h i n  a mature  
c o r n  p l a n t  c a n o p g  aud  t h a t  Clre s i m u l a t e d  
c 3 n o p y  wind p r o f i l e s  a g r e e d  q u i t e  w e l l  w i t h  
t h e  o b s e r v e d  c a n o p y  wind d a t a  o f  a  c o r n f i e l d .  
An i n d e p e n d e n t  c h e c k  on  t h e  model was 
p e r f o r m e d  u s i n g  wind t u n n e l  d a t a  f o r  a n  
a r t i f i c i a l  canopy:  o n c e  a g a i n  t h e  s i m u l a t e d  
canopy u i n d  p r o f i l e s  were i n  good  a g r e e m e n t  
u i t h  t h e  o b s e r v e d  d a t a .  Example p r o f i l e s  o f  
t h e  m i x i n g  l e n g t h  and  t h e  canopy wind 
p r o f i l e s  a r e  p r e s e n t e d  a l o n g  w i t h  s i m p l e  
s c a t t e r  d i a g r a m s  t o  summar ize  t h e  a n a l y s i s  o f  
t h e  model  d a t a .  (Loth . )  

RODEL TYPE: m e c h a n i s t i c  
CCnIENT: Rodel  is f o r  b a s i c  r e s e a r c h  o f  a i r  f low 

t h r o u g h  v e g e t a t i o n  and p r o v i d e s  i n s i g h t s  i n t o  
f a c t o r s  i n f l u e n c i n g  m i c r o c l i m a t e  of 
v e g e t a t i o n .  Ray h a v e  s o m e  u s e  i n  a s s e s s m e n t .  

<U5> 
C o l i g r d o ,  R.C., and  D. I. Brown. 1975. L  

b i o - p h o t o - t h e r m a l  model t o  p r e d i c t  
t a s s e l - i n i t i a t i o n  time i n  c o r n  (ZEL RATS I . ) .  
Aur ic .  R e t e o r o l .  15: 11-31.  

LBSTRICT: A b i o - p h o t o - t h e r m a l  mole1  t o  p r e d i c t  
t s s s e l - i n i t i a t i o n  t i m e  i n  c o r n  was f o r m u l t e d  
a n d  t e s t e d  u s i n g  d a t a  o b t a i n e d  f r o m  
m n t r o l l e d - e n v i r o n m e n t  s t u d i e s  and  f rom f i e l d  
p l a n t i n g - d a t e  e x p e r i m e n t s  w i t h  a n d  w i t h o u t  
l i g h t  e x t e n s i o n .  T h i s  model  i n c o r p o r a t e s  a  
g e n e t i c  f a c t o r ,  mean d a i l y  t e m p e r a t u r e .  
p h o t o p e r i o d ,  t e m p e r a t u r e  r a n g e  a n d  a  
d e v e l o p m e n t  p o t e n t i a l  f a c t o r  a s  p r e d i c t o r  
v a r i a b l e s .  The model u s e s  t h e  c o n c e p t  of 
d e l a y  f r o m  t h e  s h o r t e s t  t i m e  t o  t a s s e l  
i n i t i a t i o n  c a u s e d  by  s u b - o p t i m a l  p r e d i c t o r  
v a r i a b l e s  d e t e r m i n e d  on  a  d a i l y  b a s i s .  The 
s h o r t e s t  t i m e  w a s  o b t a i n e d  w i t h  a  mean d a i l y  
t e m p e r a t u r e  o f  2 5  deg. C, p h o t o p e r i o d  o f  10  h  
and  a  t e m p e r a t u r e  r a n g e  o f  0 deg. C  ( c o n s t a n t  
day a n d  n i g h t  t e m p e r a t u r e s ) .  Each  of t h e s e  
w n d i t i o n s  was c o n s i d e r e d  t o  h e  optimum. 
w i t h  t h e  i n c o r p o r a t i o n  o f  t h e  d e v e l o p m e n t  
p o t e n t i a l  f n c t o r ,  t h e  p r e d i c t i o n s  f rom t h e  
model were w i t h i n  o n e  d a y  o f  t h e  o b s e r v e d  
number o f  d a y s  t o  t a s s e l  i n i t i a t i o n  i n  t h e  
f i e l d .  T h e r e  w a s  a n  a v e r a g e  d e v i a t i o n  of 
0. U6 d a y .  The c o r n - h e a t - u n i t ,  t h e  
g r o w i n g - d e g r a e - d a y  and t h e  U.S. W e a t h e r  
Bureau  t h e r m a l  u n i t  m o d e l s  were t e s t e d  a s  
p r e d i c t o r s  o f  t a s s e l - i n i t i a  t i o n  t i m e  i n  c o r n  
u s i n g  t h e  same f i e l d  d a t a .  R o d i f i c a t i o n s  t o  
t h e s e  m o d e l s  w i t h  t h e  i n c l u s i o n  o f  
p h o t o p e r i o d ,  a  d e v e l o p m e n t  p o t e n t i a l  f a c t o r  
and  a  c o m b i n a t i o n  o f  b o t h  were a l s o  t e s t e d .  
The  p r e d i c t i o n s  from t h e  b i o - p h o t o - t h e r m a l  
model were f o u n d  t o  be s u p e r i o r  t o  t h e  
p r e d i c t i o n s  made f rom a n y  o n e  o f  t h e  t h e r m a l  
u n i t  m o d e l s  and  t h e i r  m o d i f i c a t i o n s .  lmong 
t h e  u n m o d i f i e d  t h e r m a l  u n i t  m o d e l s  t e s t e d ,  
t h e  c o r n - h e a t - u n i t  model q a v e  p r e d i c t  i o n s  
w i t h  t h e  l o a o t  a v o r a p o , d o v i r t i n n ,  f n l  lnwed hy 
t h e  g r o w i n g - d e g r e e - d a y  a n d  l a s t l y .  b y  t h e  
0:s. W e a t h e r  Bureau  model.  The i n t r o d u c t i o n  
of t h e  d e v e l o p m e n t  p o t e n t i a l  f a c t o r ,  
m o t o p e r i o d  f a c t o r  or b o t h  i m p r o v e d  t h e  
p r e d i c t i o n  o f  t h e  c o r n - h e a t - u n i t  a n d  t h e  O.S.  
W e a t h e r  Bureau  models. Improvement  i n  t h e  
grow i n g - d e g r e e - d a y  was a t t a i n e d  o n l y  w i t h  t h e  
i n t r o d u c t i o n  o f  t h e  p h o t o p e r i o d  f a c t o r .  T h i s  
s t n d y  h a s  d e m o n c t r a t e d  t h e  p o s s i b i 1 i t . y  nf 
p r e d i c t i o n  o f  t a s s e l - i n i t i a t i o n  t i m e  i n  c o r n  
w i t h i n  a  r e a s o n a b l e  p r a c t i c a l  l e v e l  o f  
a - c u r a c y  by t h e  u s e  o f  t h e  b i o - p h o t o - t h e r m l  
model. (Loth.)  

RODEL TYPE: r e g r e s s i o n  e q u a t i o n s  

CORREIIT: Could  b e  u s e d  t o  e v a l u a t e  some 
t e c h n o l o g y  i m p a c t s .  

< U6> 
C o l l i s - G e o r g e ,  N., a n d  R.D. M e l v i l l e .  1975. 

W a t e r  a b s o r p t i o n  b y  s w e l l i n g  s e e d s ,  I. 
C o n s t a n t  s u r f a c e  b o u n d a r y  c o n d i t i o n .  Aust. 
J. S o i l  Res .  13:lUl-158.  

ABSTRACT: Recent  a n a l y s e s  o f  w a t e r  a b s o r p t i o n  b y  
o c c d o  havo u s e d  a  n o n - s w e l l i n g  model wl t.h 
c o n s t a n t  d i f f  u s i v i t y  a n d  c o n s t a n t  s u r f  a c e  
c o n c e n t r a t i o n  b o u n d a r y  c o n d i t i o n .  L  
p h y s i c a l l y  r e a l i s t i c  m o d i f i c a t i o n  o f  s u c h  
a n a l y s e s  is d e v e l o p e d ,  w b e r e  t h e  s p h e r i c a l  
s e e d  h a s  t h e  p r o p e r t i e s  o f  n o r m a l  s w e l l i n g ,  
m o i s t u r e  c o n t e n t  d e p e n d e n t  d i f f u s i v e l y ,  a n d  a  
m o i s t u r e  c h a r a c t e r i s t i c  w h i c h  is d e s c r i b e d  b y  
t h e  d o u b l e  l a y e r  t h e o r y  r e l e v a n t  t o  c o l l o i d s  
u n d e r  m e c h a n i c a l  r e s t r a i n t .  L n a l y s i s  o f  t h i s  
model  by a  f i n i t e  d i f f e r e n c e  a p p r o x i m a t i o n  
p r o d u c e s  a  r e l a t i o n s h i p  b e t w e e n  l i n e a r i z e d  
m o i s t u r e  c o n t e n t  and  d i m e n s i o n l e s s  t i m e  which  
i s  a p p r o p r i a t e  t o  a l l  s p h e r i c a l  s w e l l i n g  
m a t e r i a l s .  L  good match w a s  o b t a i n e d  be tween  
t h i s  r e l a t i o n s h i p  a n d  e x p e r i m e n t a l  a b s o r p t i o n  
d a t a  f o r  w h e a t  s e e d .  The r e l a t i o n s h i p  g i v e n  
g r a p h i c a l l y  i n  d i m e n s i o n l e s s  form is 
a p p l i c a b l e  t o  any s w e l l i n g  s y s t e m ,  e.g. s o i l  
a g g r e g a t e s ,  w h i c h  s a t i s f y  n o r m a l  s w e l l i n g  a n d  
c o n s t r a i n e d  d o u b l e  l a  j e r  b o u n d a r y  c o n d i t i o n s .  
The a n a l y s i s  gave v a l u e s  f o r  t h e  d i f f u s i v i t y  
o f  t h e  s e e d  s i m i l a r  t o ,  b u t  l a r g e r  t h a n ,  
t h l s e  c a l c u l a t e d  f rom n o n - s w e l l i n g  models .  
T h e s e  a r e  much s m a l l e r  t h a n  mos t  v a l u e s  o f  
d i f f u s i v i t y  o f  s o i l s  i n  t h e  a v a i l a b l e  w a t e r  
r a n g e .  The  m a g n i t u d e  of t h e  maximum r a t e  a t  
which  a  s e e d  c a n  a b s o r b  w a t e r  r e l a t i v e  t o  
t h a t  which  t h e  s o i l  c a n  s u p p l y ,  p r e d i c t s  t h a t  
f o r  s e e d s  embedded i n  m o s t  s o i l s ,  t h e  
c o n s t a n t  s u r f a c e  c o n c e n t r a t i o n  b o u n d a r y  
c o n d i t i o n  u s e d  by most a u t h o r s  is  
i n a p p r o p r i a t e .  I n  terms o f  t h e  s w e l l i n g  
b e h a v i o u r  o f  most s o i l s ,  t h e  s w e l l i n g  model,  
u n l i k e  t h e  n o n - s w e l l i n g  model ,  p r e d i c t s  t h a t  
i m b i b i n g  s e e d  embedded i n  s o i l  w i l l  b e  
s u b j e c t  t o  a  m e c h a n i c a l  c o n s t r a i n t .  (Luth.) 

RODEL TYPE: m e c h a n i s t i c  
CORRENT: model is o r i e n t e d  more  t o  b a s i c  

r e s e a r c h  t h a n  a s s e s s m e n t  a p p l i c a t i o n s .  

<U7> 
Connor ,  D. J.. L.P. Brown, and  R.J. T r l i c a .  197U. 

P l a n t  c o v e r ,  l i g h t  i n t e r c e p t i o n ,  and  
p h o t o s y n t h e s i s  of s h o r t g r a s s  p r a i r i e  - L  
f u n c t i o n a l  model. P h o t o s y n t h e t i c a  8  (1) : l a -27 .  

~ B S T R L C T :  A f u n c t i o n a l  model t o  d e s c r i b e  t h e  
r e l a t i o n s h i p  be tween  communi ty  
p h o t o s y n t h e s i s ,  l e a f  a r e a  i n d e x ,  i r r a d i a n c e ,  
a m b i e n t  t e m p e r a t u r e ,  a n d  s o i l  w a t e r  p o t e n t i a l  
is p r o p o s e d  a n d  t e s t e d  w i t h  f i e l d  d a t a  
c o l l e c t e d  o n  b l u e  grama (BOQTELOUA GRLCILIS 
L a g . ) ,  t h e  d o m i n a n t  s p e c i e s  o f  s h o r t g r a s s  
p r a i r i e .  I t  i n v o l v e s  a n  a s s e s s m e n t  o f  
i a d i a t i o n  i n t e r c e p t i o n ,  o f  p h o t o s y n t h e t i c  
r e s p o n s e  u n d e r  optimum c o n d i t i o n s ,  a n d  t h e  
i n t r o d u c t i o n  o f  p r o p o r t i o n a l i t y  f a c t o r s  t o  
a c c o u n t  f o r  t h e  e f f e c t s  of non-optimum 
c o n d i t i o n s  o f  a m b i e n t  t e m p e r a t u r e  a n d  s o i l  
w a t e r  s t r e s s .  The p r e d i c t i v e  p e r f o r m a n c e  of 
t h e  node& is  com a r e d  wi th  t h a t  o f  s e v e r a l  
s t a t i s t i c a l  modees d e r i v e d  f rom t h e  s a m e  
e x p e r i m e n t a l  d a t a .  The  m u l t i p l e  c o r r e l a t i o n  
c o e f f i c i e n t  o f  0.76 f o r  t h e  f u n c t i o n a l  model 
is h i g h l y  s i g n i f i c a n t  (P l e s s  t h a n  0.01).  
(Luth . )  

RODEL TYPE: n e c h a n i s t i c  
COIIENT: T h i s  g r a s s l a n d  model c o u l d  be  a d a p t e d  

t o  e v a l u a t e  e n v i r o n a e n t a l . i m p a c t s  o f  e n e r g y  
t e c h n o l o g i e s .  

CUB> 
Connor.  D. J., and  0. C a r t l e d g e .  1970. O b s e r v e d  

and  c a l c u l a t e d  p h o t o s y n t h e t i c  r a t e s  o f  



APPENDIX A 
Agricultural Model s (continued) 

<UB> CONT. 
CHLORIS GLTLNL c o m m u n i t i e s .  J. Lppl. Ecol.  
7:  353-362. 

LBSTPRCT: P h o t o s y n t h e t i c  r a t e s  o f  CALORIS GLTLNL 
(P h o d e s  g r a s s )  c o m m u n i t i e s  were c a l c u l a t e d  
u s i n g  m a t h e m a t i c a l  m o d e l s .  The  m o d e l s  r e l a t e  
t h e  p h o t o s y n t h e t i c  c o n t r i b u t i o n  o f  t h e  l e a v e s  
t o  d i r e c t  a n d  d i f f u s e  r a d i a t i o n  a n d  t o  t h e  
d i s t r i b u t i o n  p a t t e r n  o f  t h e  f o l i a g e ,  b y  means 

, of p h o t o s y n t h e t i c  r e s p o n s e  f u n c t i o n s .  The 
c ~ l c u l a t i o n s  a r e  shown t o  a g r e e  w i t h  
p h o t o s y n t h e t i c  r a t e s  m e a s u r e d  g a s o m e t r i c a l l y  
w i t h  a  p o r t a b l e  f i e l d  chamber.  C o m m u n i t i e s  
w i t h  a  l e a f  a r e a  i n d e x  g r e a t e r  t h a n  2 . 5  c a n  
be a d e q u a t e l y  r e p r e s e n t e d  by  a  s i n g l e ,  
c o n t i n u o u s ,  h o r i z o n t a l  f o l i a g e  l a y e r .  I n  a  
w n e r a l  model,  a p p r o p r i a t e  t o  a l l  c o m m u n i t i e s  
a n d  c a p a b l e  o f  . a c c e p t i n g  m u l t i p l e  
p h o t o s y n t h e t i c  r e s p o n s e  d a t a ,  a  c o n s i d e r a t i o n  
of a l t e r n a t i v e  s t r a t e g i e s  i n d i c a t e s  t h a t  l e a f  
a n q l e  n e e d  o n l y  be s p e c i f i e d  i n  terra  a t  t h e  
mean a n g l e  p e r  l e a f  l a y e r ,  a l t h o u g h  t h e r e  i s  
a  s u g g e s t i o n  i n  some o f  t h e  d a t a .  t h a t  t h e  
i n c o r p o r a t i o n  o f  l e a f  a n g l e  d i s t r i b u t i o n  
i m p r o v e s  t h e  a c c u r a c y  o f  t h e  m a t h e m a t i c a l  
a p p r o a c h  i n  some s i t u a t i o n s .  (Auth.) 

MODEL TTPE: m e c h a n i s t i c  
CCRMENT: C o u l d  be  h e l p f u l  i n  p h o t o s y n t h e s i s  

a s s e s s m e n t s .  

< 0 9 >  
C u r r y ,  R.B. 1971. Dynamic s i m u l a t i o n  o f  p l a n t  

g rowth  - P a r t  I. Development  o f  a  model.  
Am.  s o c .  L g r i c .  Eng. T r a n s .  10  (5)  : 9U6-959. 

HODEL TTPE: m e c h a n i s t i c  
CCllMENT: P h y s i o l o g i c a l  r e s e a r c h  model  t h a t  i s  

n o t  d i r e c t l y  a p p l i c a b l e  t o  a s s e s s m e n t .  The 
model h a s  been  f u r t h e r  d e v e l o p e d  s i n c e  t h i s  
r e p o r t .  

<so> 
D a y n a r d ,  T.B. 1971. C h a r a c t e r i z a t i o n  of c o r n  

(ZEP. NAYS L.) c a n o p i e s  from m e a s u r e m e n t s  o f  
i n d i v i d u a l  p l a n t s .  Lgron.  J. 63: 133-135. 

LBSTRP.CT: B e c a u s e  o f  t h e i r  d i s t i c h o u s  g r o w t h  
h l b i t ,  t h e  f o l i a g e  s t r u c t u r e  o f  i n d i v i d u a l  
c o r n  (ZEA ILTS I.) p l a n t s  c a n  b e  d iagrammed 
by p l a c i n g  them a g a i n s t  a  f l a t  s u r f a c e  and  
o u t l i n i n g  l e a f  p o s i t i o n s  on  t h e  s u r f a c e  b y  
means o f  a  m a r k i n g  p e n c i l .  1 method i s  
d e s c r i b e d  whereb  m e a s u r e m e n t s  made i n  such  a  
m3nner a r e  u s e d  By a  c o m p u t e r  p r o g r a m  t o  
p r e d i c t  t h e  canopy c h a r a c t e r i s t i c s  o f  
i d e n t i c a l  c o r n  p l a n t s  i n  v r r i o u s  p l a n t i n g  
a r r a n g e m e n t s .  The p r o g r a m  o u t p u t  i n c l u d e s  
q u a n t i t a t i v e  t w o - d i m e n s i o n a l  d e s c r i p t i o n s  o f  
p l a n t s  p l a c e d  i n  d i f f e r e n t  row-width  p l a n t i n g  
p t t e r n s ,  p l u s  a  m e a s u r e  o f  t h e  l e a f  a r e a  a n d  
l e a f  a n g l e  c h a r a c t e r i s t i c s  o f  t h e  v a r i o u s  
v e r t i c a l  l a y e r s  o f  s u c h  c a n o p i e s .  Ty p i c a 1  
r e s u l t s  w i t h  two common h y b r i d s  a r e  
p r e s e n t e d .  (111th.) 

MODEL TYPE: m e c h a n i s t i c  
CCRMENT: l o t  d i r e c t l y  u s e f u l  b u t  c o u l d  b e  

i n c o r p o r a t e d  i n t c  more c o m p r e h e n s i v e  p l a n t  
m o d e l i n g  s t u d i e s  o f  c a n o p y  p r o c e s s e s .  

.:!31> 
d e  J a g e r ,  J.M., a n d  J.B. n a l l e t t .  1972 .  E f f e c t  

o* m o i s t u r e  s t r e s s  upon  m a i z e  p r o d u c t i o n  and  
i ts  e c o n o m i c  s i g n i f i c a n c e .  S. L f r .  J. S c i .  
68:182-186. 

LBSTRRCT: R m a t h e m a t i c a l  model  is e s t a b l i s h e d  
f o r  d e t e r m i n i n g  t h e  time of o c c u r r e n c e  and  
number o f  d a y s  o f  m o i s t u r e  s t r e s s  e x p e r i e n c e d  
by a  m a i z e  c r o p  d u r i n g  a g r o w t h  s e a s o n .  Ls  
i n p u t  d a t a  t h e  model r e q u i r e s  v a l u e s  o f  d a i l y  
e v a p o r a t i o n  and  r a i n f a l l  a n d  is a p p l i c a b l e  t o  
Doveton  ~ e r i e s  s o i l s  1.2 m i n  d e p t h .  P i e l d  
c a p a c i t y  o f  e a c h  o f  f o u r  s o i l  l a y e r s  must b e  
known a n d  t h e  m a n i p u l a t i o n s  a c c o u n t  f o r  
v a r i a t i o n s  i n  r o o t  d i s t r i b u t i o n  w i t h  c r o p  
d e v e l o p m e n t .  The  model h a s  been  c o m p u t e r i z a d  

and  a p p l i e d  t o  d a t a  from t h r e e  f a r m i n g  
r e p i o n s  i n  N a t a l .  E x p e c t e d  a v e r a g e  g r o s s  
m a r g i n s  f o r  e a c h  a r e a  were c a l c u l a t e d .  
U t i l i z i n g  a  f i g u r e  d e s c r i b i n g  t h e  d e c r e a s e  i n  
f i n a l  y i e l d  p e r  u n i t  stress d a y  e x p e r i e n c e d ,  
it was p o s s i b l e  t o  d e t e r m i n e  t h e  p r o b a b i l i t y  
o f  o c c u r r e n c e  o f  maize  y i e l d s  be tween  
s e l e c t e d  l i m i t s .  (Luth.)  

MODEL TYPE: p a r a m e t r i c  
COMMENT: l lode l  r e q u i r e s  e m p i r i c a l  d a t a  f o r  s t u d y  

a r e a .  It is  r e l a t i v e l y  s i m p l e  i n  c o n c e p t  a n d  
c o u l d  h a v e  w i d e  a p p l i c a t i o n  i n  a s s e s s m e n t .  

<52> 
Duncan,  W.G. 1971. Leaf  a n g l e s ,  l e a f  a r e a .  a n d  

c a n o p y  p h o t o s y n t h e s i s .  C r o p  S c i .  11:UB2-U05. 
ABSTRACT: For l e a f  a r e a  i n d i c e s  (LAI) of less 

t h a n  a p p r o x i m a t e l y  3.0. d i f f e r e n c e s  i n  l e a f  
a n g l e  a r e  p r e d i c t e d  by c o m p u t e r  s i m u l a t i o n  t o  
h a v e  o n l y  s m a l l  e f f e c  ts o n  c a n o p y  
p h o t o s y n t h e t i c  r a t e s .  F o r  h i g h e r  LA1 v a l u e s ,  
l a y e r s  o f  v e r t i c a l  and  b o r i z o n t a l  l e a v e s  c a n  
b e  a r r a n g e d  t o  g i v e  b o t h  t h e  h i g h e s t  a n d  
l o w e s t  p o s s i b l e  r a t e s  o f  c a n o p y  
p h o t o L y R t h b S i B  f o r  t h e  e o f i d i t i o h 8  hfiaUhed. 
T h e s e  a r r a n g e m e n t s  o f  l e a f  l a y e r s  a n d  a n g l e s  
a r e  n o t  much a f f e c t e d  by l e a f  t y p e  o r  
l a t i t u d e  w i t h i n  u s u a l  limits. The r a t i o  o f  
h i g h e s t  t o  l o w e s t  p h o t o s y n t h e t i c  r a t e  v a r i e d  
f r o m  1.1U a t  LA1 3 .0  t o  2.0 a t  LLI 10.0. 
C a l c u l a t i o n s  w i t h  o n e  set o f  c o r n  (zEL M I S  
I . )  d e s c r i p t i o n s  i n d i c a t e  t h a t  c a n o p y  
p h o t o s y n t h e t i c  r a t e s  may r a n g e  f r o m  9 2 s  o f  
t h e o r e t i c a l  maximum 3 t  LA1 3.0 t o  1 6 1  a t  LA1 
1 .0 .  

MODEL TTPE: m e c h a n i s t i c  
CORMENT: Model c o u l d  e v a l u a t e  e n e r g y  t e c h n o l o g y  

e f f e c t s  o n  l e a f  a r e a  a n d  l e a f  a n g l e  i n  terms 
o f  p l a n t  p h o t o s y n t h e s i s  c h a n g e s .  , 

(53, 
Duncan, W.G.. R.S. Loomis, W . A .  W i l l i a a s ,  and  R. 

Banau.  1967 .  A model f o r  s i m u l a t i n g  
p h o t o s y n t h e s i s  i n  p l a n t  c o m m u n i t i e s .  
B i l g a r d i a  38:181-205. 

MODEL TTOE: m e c h a n i s t i c  
COMMENT: Ln e a r l y  m e c h a n i s t i c  p l a n t  model t h a t  

h a s  been  u s e d  a s  t h e  b a s i s  o f  sore d e t a i l e d  
p l a n t  models .  Not recommended f o r  a s s e s s m e n t  
i n  view o f  more  r e c e n t  model  a v a i l a b i l i t y .  

< 5U> 
Dunham, R.J., and  P.H. Nye. 197U. The  i n f l u e n c e  

o f  s o i l  w a t e r  c o n t e n t  on  t h e  u p t a k e  o f  i o n s  
by  r o o t s .  J. Lppl .  Ecol .  11:581-595. 

ABSTRLCT: Opt a k e  and  c o n c e n t r a t i o n  g r a d i e n t s  o f  
c h l o r i d e  i n  s o i l  i n  t h e  v i c i n i t y  o f  a  p l a n e  
o f  o n i o n  r o o t s  were measured  a t  a  r a n g e  o f  
s o i l  w a t e r  c o n t e n t s .  Uptake  was  g r e a t e r  a t  
h i g h e r  w a t e r  c o n t e n t s ,  a n d  t h e  z o n e s  o f  
d e p l e t i o n  i n  t h e  s o i l  s p r e a d  f u r t h e r  f ro .  t h e  
r o o t s .  L  r c l a t i v c l y  s i m p l e  t h e o r e t i c a l  model  
o f  i o n  t r a n s p o r t  t o  r o o t s  a c c o u n t e d  f o r  t h e  
t r e n d s  among t h e  measured  c o n c e n t r a t i o n  
g r a d i e n t s  - i n c l u d i n g  a n  a c c u m u l a t i o n  o f  
c h l o r i d e  a t  t h e  r o o t  s u r f a c e  i n  o n e  c a s e  
w h e r e  t r a n s  i r a t i o n  was c o m p a r a t i v e l y  h i g h .  
L sure d e t a f l d  r d s l  uhlclg took account o f  
t b e  w a t e r  c o n t e n t  c h a n g e s  o b s e r v e d  d u r i n g  t h e  
u p t a k e  p e r i o d  s a t i s f a c t o r i l y  r e p r o d u c e d  t h e  
g e n e r a l  s h a p e  o f  t h e  measured  g r a d i e n t s ,  b u t  
t e n d e d  t o  u n d e r e s t i m a t e  t h e  s p r e a d  o f  t h e  
d e p l e t i o n  z o n e s .  L  p o s s i b l e  r e a s o n  f o r  t h i s  
was t h a t  h y d r o d y n a m i c  d i s p e r s i o n  by t h e  v a t e r  
f l u x  t o  t h e  r o o t s  i n c r e a s e d  t h e  e f f e c t i v e  
d i f f u s i o n  c o e f f i c i e n t  o f  c h l o r i d e  a n d  t h u s  
i n c r e a s e d  t h e  s p r e a d .  L l t h o u g h ,  i d e a l l y .  t h e  
r o o t  a b s o r b i n g  power u s e d  i n  t h e  model s h o u l d  
h a v e  been c o n t i n u o u s l y  a d j u s t e d  t o  t a k e  i n t o  
a c c o u n t  c h l o r i d e  c o n c e n t r a t i o n  a n d  m a t r i c  
p o t e n t i a l  c h a n g e s  a t  t h e  r o o t  s u r f a c e ,  t h e  
v a l u e s  w h i c h  g a v e  t h e  c o n c e n t r a t i o n  g r a d i e n t s  
t h a t  f i t t e d  most c l o s e l y  t o  t h e  measured  



APPENDIX A 
A g r i c u l t u r a l  Models (continued) 

<SO> CORT. 
g r a d i e n t s .  a g r e e d  w e l l  w i t h  t h e  r o o t  
a b s o r b i n g  powers  c a l c u l a t e d  from t h e  measured  
u p t a k e .  L t  h i g h e r  s c i l  w a t e r  c o n t e n t s  t h e s e  
v a l u e s  o f  t h e  r o o t  a b s o r b i n g  power a l s o  
a g r e e d  w i t h  t h o s e  o b t a i n e d  f o r  o n i o n  
s e e d l i n g s  g r o w i n g  i n  s t i r r e d  n u t r i e n t  
s o l u t i o n .  k t  l o w e r  s o i l  w a t e r  c o n t e n t s .  
however ,  when t h e  m a t r i c  p o t e n t i a l  a t  t h e  
r o o t  s u r f a c e  C e l l  t o  a b o u t  -25  b a r ,  t h e  r o o t  
a b s o r b i n g  pumer was l o w e r  ( a p p r o x .  1 0 . 2 )  t h a n  
t h a t  f o r  n u t r i e n t  s o l a t i o n .  (Auth.)  . 

MODEL TYPE: m e c h a n i s t i c  
COMMENT: M o t e l  c o n s i d e r s  o n e  d i m e n s i o n  u p t a k e  

a n d  is l e s s  u s e f u l  t h a n  t h e  work o f  Baldwin .  
Nve a n d  T i n k e r  1 9 7 3  which c o n s i d e r s  
c y l i n d r i c a l  r o o t  s i n k s  f o r  s o l u t e s .  T h i s  
p p e r  c o n t a i n s  u s e f u l  d a t a  f o r  o n i o n .  

<55> 
D u t t ,  G.R., M. J. S h a f f e r ,  a n d  Y.J. Roore. 1972. 

c o m p u t e r  s i m u l a t i o n  model o f  d y n a m i c  
b i o - p h y s i o c h e m i c a l  p r o c e s s e s  i n  s o i l s .  
T e c h n i c a l  B u l l e t  i n  196, u n i v e r s i t y  o f  
k r i z o n a ,  Tucson.  

LBSTRLCT: L d i g i t a l  c o m p u t e r  model was  d e v e l o p e d  
t o  s i m u l a t e  t h e  e f f e c t  o f  c e r t a i n  
e n v i r o n m e n t a l  a n d  m a n a g e r i a l  f a c t o r s  on 
s o i l - w a t e r - p l a n t  s y s t e m s .  Prom a n  i n i t i a l  
s t a t e  a n d  time s e q u e n t i a l  i n p u t  v a r i a b l e s ,  
t h e  model s i m u l a t e d  t h e  n o n - s t e a d y  s t a t e  
c h e m i c a l ,  p h y s i c a l ,  and  b i o l o g i c a l  c h a n g e s  
o c c u r r i n g  i n  t h e  u n s a t u r a t e d  s o i l  m a t r i x  a n d  
p e r c o l a t i n g  w a t e r .  To d e m o n s t r a t e  t h e  
u s e f u l n e s s  o f  t h e  model,  a  h y p o t h e t i c a l  
p roblem o f  e n v i r o n m e n t a l  c o n c e r n  was 
s f  m u l a t e d .  P r e d i c t i o n s  f o r  a  p e r i o d  of 
t h i r t e e n  y e a r s  w e r e  made t o  a s s e s s  t h e  e f f e c t  
of t h r e e  l e v e l s  o f  R f e r t i l i z a t i o n  o n  t h e  N 
c o n t e n t  o f  w a t e r  r e a c h i n g  t h e  w a t e r  t a b l e .  
A l l  o t h e r  f a c t o r s  were h e l d  c o n s t a n t .  I n  t h e  
p r o b l e m  c o n s i d e r e d ,  o n l y  t h e  h i g h e s t  l e v e l  o f  
f e r t i l i z a t i o n  s u b s t a n t i a l l y  i n c r e a s e d  t h e  N 
c o n t e n t  of t h e  e f f l u e n t  from t h e  s o i l .  
(Ruth . )  

RODEL TYPE: m e c h a n i s t i c  
cCIMENT: Model c o n t a i n s  c o n s i d e r a b l e  d e t a i l  a n d  

is c a l i b r a t e d  f o r  s o i l s  o f  w e s t e r n  USk w h i c h  
a r e  n o t  s t r o n g l y  a c i d  (PA > 6.5).  T h i s  work 
h a s  c o n s i d e r a b l e  u s e  f o r  a s s e s s m e n t  p u r p o s e s .  

<56> 
Eagleman, J .R.  1971. kn e x p e r i m e n t a l l y  d e r i v e d  

model f o r  a c t u a l  e v a p o t r a n s p i r a t i o n .  k g r i c .  
n e t e o r o l .  B(U-5) :385-39U. 

LBSTRLC?: E x p e r i m e n t a l  d a t a  from s e v e r a l  
d i f f e r e n t  c l i m a t i c  r e g i o n s  were used  t o  
Ueselcrp a a t a t i a t i a a l  modol f o r  a c t u a l  v a t e r  
l o s s  r a t e s  f r o m  l a n d  s u r f a c e s .  The a c t u a l  
e v a p o t r a n s p i r a t i o n  r a t e  was c o n s i d e r e d  t o  b e  
i n f l u e n c e d  by  t h e  amount o f  a v a i l a b l e  w a t e r  
i n  t h e  s o i l  and by m e t e o r o l o g i c a l  a n d  p l a n t  
c o n d i t i o n s  which  d e t e r m i n e  t h e  p o t e n t i a l  
e v a p o t r a n s p i r a t i o n  r a t e .  E x p e r i m e n t a l  
m e a s u r e m e n t s  o f  t h e s e  t h r e e  v a r i a b l e s  f r o m  
v a r i o u s  e n v i r o n m e n t a l  c o n d i t i o n s  v e r e  
combined  i n t o  a  s i n g l e  model e x p r e s s i n g  t h e  
c o m p o s i t e  r e l a t i o n s h i p .  A c t u a l  
e v a p o t r a n s p i r a t i o n  r a t e s  were  c a l c u l a t e d  f r o m  
t h i s  relations hi^ u s i n g  t h e  v a r i a b l e s  s o i l  ~ 

m o i s t u r e  and  p o t e n t i a l  e v a p o t r a n s p i r a t i o n .  
I n i t i a l  t e s t i n g  showed t h a t  t h e  model g a v e  
s a t i s f a c t o r y  r e s u l t s  when u s e d  f o r  e s t i m a t i n g  
m o i s t u r e  c h a n g e s  i n  t h e  o o i l .  (Auth.) 

RODEL TYPE: s t a t i s t i c a l  
CCMRENT: Model c o u l d  be  u s e d  f o r  t h e  c o n d i t i o n s  

t e s t e d .  C o n s i d e r a b l e  u n c e r t a i n t y  e x i s t s  f o r  
o t h e r  a p p l i c a t i o n s .  

m e a s u r e m e n t s  c a r r i e d  o u t  on  a  c r o p  o f  
HELILNTROS LHNOS. O e c o l o g i a .  P l a n t a r u m  . 
6  (1) : 51-100. 

ABSTRLCT:  The f u n c t i o n i n g  of a n  e c o s y s t e m  - a  
HELIRNTRWS kNNUS c r o p  - is s t u d i e d  f rom t h e  
p o i n t  o f  v i e w  o f :  (1) i n t e r c e p t i o n  o f  
r a d i a n t  e n e r g g  by t h e  p l a n t  c o v e r ,  (2) e n e r g g  
c o n v e r s i o n  i n  p h o t o s y n t h e s i s ,  (3) u s e  o f  
p r o d u c t s  o f  p h o t o s y n t h e s i s  i n  b u i l d i n g  up o f  
b iomass .  u i t h  s p e c i a l  r e f e r e n c e  t o  r a d i a n t  
o n o r q y  i n t  s r c a p t 4 n g  n r g a n s  a n d  ( 4 )  
r e s p i r a t i o n  i n v o l v e d  i n  m a i n t e n a n c e  a n d  
g r o w t h  e m p h a s i s  b e i n g  l a i d  on  e f f e c t s  o f  
w a t e r  s t r e s s  on  t h e s e  s y s t e m  c h a r a c t e r i s t i c s  
c o n s i d e r e d  s e p a r a t e l y  a n d  a s  a  whole. P o u r  
m e t h o d s  h a v e  been  u s e d :  t h e  e n e r g y  b a l a n c e  
method. t h e  c u v e t t e  method w i t h  a u t o m a t i c  
c o n t r o l  o f  t h e  CO(2) c o n c e n t r a t i o n ,  
t e m p e r a t n r e  a n d  h u m i d i t y  o f  t h e  a i r ,  g r o w t h  
a n a l y s i s  a n d  m a t h e m a t i c a l  modeling.  Good 
a g r e e m e n t  o f  r e s u l t s  is o b t a i n e d  when 
a p p l y i n g  t h e s e  m e t h o d s  t o  t h e  d e t e r m i n a t i o n  
o f  c a r b o n  u p t a k e  b y  t h e  e c o s y s t e m  f rom t h e  
lower a t m o s p h e r e  d u r i n g  t h e  day. V a r i a t i o n  
a b o u t  t h e i r  n o r m a l  v a l u e s  o f  v a r i o u s  
p a r a m e t e r s  r e l a t e d  t o  s t r u c t u r e  a n d  
f u n c t i o n i n g  o f  t h e  p l a n t  c o v e r  i n  s i m u l a t i o n  
e x p e r i m e n t s  w i t h  t h e  model made it p o s s i b l e  
t o  e v a l u a t e  t h e i r  r o l e  i n  n e t  p r o d u c t i o n .  
Dur ing  t h e  v e g e t a t i v e  p h a s e  a n d  u n t i l  t h e  end  
o f  f l o w e r i n g ,  d r y  m a t t e r  p r o d u c t i o n  a n d  
f i x a t i o n  o f  c h e m i c a l  e n e r g y  a r e  p r o p o r t i o n a l  
t o  t h e  f i x a t i o n  o f  c a r b o n :  from t h e n  o n ,  d r y  
m a t t e r  p r o d u c t i o n  is r e d u c e d  a n d  e n e r g y  
f i x a t i o n  i n c r e a s e d  i n  r e l a t i o n  t o  c a r b o n  
f i x a t i o n .  P h o t o s y n t h e s i s  e x p r e s s e d  a s  a  
f u n c t i o n  o f  l e a f  s u r f a c e  a r e a  is n o t  a f f e c t e d  
by w a t e r  s t r e s s  and  n o  a f t e r n o o n  d e p r e s s i o n  
is o b s e r v e d ,  t h e  p l a n t  r e a c t i n g  t o  d r o u g h t  b y  
r e s t r i c t i n g  l e a f  s u r f a c e  deve lopment , .  (Auth.) 

MODEL TYPE: m e c h a n i s t i c  
COMIERT: C o m p r e h e n s i v e  s t u d y  u s i n g  t h e  d e  W i t  

(1965)  model  f o r  p h o t o s y n t h e s i s  o f  l e a f  
c a n o p i e s .  

< 58> 
Edwards,  D.G., a n d  C. J. k s h e r .  197U. The  

s i g n i f i c d n c e  of s o l u t i o n ' f l o w  r a t e  i n  f l o w i n g  
c u l t u r e  e x p e r i m e n t s .  P l a n t  S o i l  01:161-175. 

AESTRACT: s o l u t i o n  f l o w  r a t e  is a n  i m p o r t a n t  
f a c t o r  t o  be  c o n s i d e r e d  when d e s i g n i n g  o r  
o p e r a t i n g  f l o w i n g  c u l t u r e  e q u i p m e n t .  k  
t h e o r e t i c a l  model i s  d e v e l o p e d  s h o w i n g  t h a t  
t h e  a c t u a l  f l o w  r a t e  r e q u i r e d  f o r  a  
p a r t i c u l a r  e x p e r i m e n t  w i l l  depend  upon many 
f a c t o r s ,  i m p o r t a n t  among which a r e  t h e  n a t u r e  
and  c o n c e n t r a t i o n  of t h e  i o n  u n d e r  
c o n s i d e r a t i o n ,  t h e  q u a n t i t y  o f  r o o t s  p e r  p o t ,  
a n d  t h e  e f f i c i e n s v  v f  t h e s e  r o o t s  i n  
a b s o r b i n g  t h e  test i o n  u n d e r  t h e  c o n d i t i o n s  
o f  t h e  e x p e r i m e n t .  The r e s u l t s  o f  
e x p e r i m e n t s  c o n d u c t e d  a t  l o w  c o n c e n t r a t i o n s  
o f  ammonium a n d  n i t r a t e  n i t r o g e n  c l e a r l y  
d e m o n s t r a t e  t h a t  f l o v  r a t e s  o f  t h e  o r d e r  o f  1  
l i t r e  p e r  p o t  p e r  m i n u t e  o r  g r e a t e r  may b e  
r e q u i r e d  t o  p r e v e n t  e x c e s s i v e  d e p l e t i o n  o f  
t h e  n u t r i e n t  s o l u t i o n .  A t  l o w e r  f l o w  r a t e s ,  
s o l u t i o n  d e p l e t i o n  r e s u l t e d  i n  s u b s t a n t i a l  
r e d u c t i o n s  i n  g r o w t h  a n d  n i t r o g e n  u p t a k e .  
Q u a n t i t i e s  of n u t r i e n t  s o l u t i o n  r e q u i r e d  f o r  
e x p e r i m e n t s  a t  v e r y  h i g h  f l o w  r a t e s  c a n  be  
r e d u c e d  t o  p r a c t i c a l  l e v e l s  by t h e  u s e  of 
r e c i r c u l a t i n g  f l o w i n g  c u l t u r e  s y s t e m s ,  even  
i n  i n s t a l l a t i o n s  c o n t a i n i n g  l a r g e  numbers o f  
pnt .s .  (Auth.)  

RODEL TYPE: m e c h a n i s t i c  
COIMENT: n o d e l  a p p l i e s  t o  a  f low c u l t u r e  r e g i m e  

t h a t  c o u l d  be  used i n  s p e c i a l i z e d  a s s e s s m e n t  
s t u d i e s .  

< 57> <59> 
E c k a d t ,  P .E. ,  G. A e i m ,  R. Methy, a. S a u g i e r ,  a n d  E l f v i n g ,  D.C.. R.R. Kaufmann, a n d  L.E. H a l l .  

a. R. Sauvezon. 1971. F u n c t i o n i n g  o f  a n  1972 .  I n t e r p r e t i n g  l e a f  w a t e r  p o t e n t i a l  
e c o s y s t e m  on  t h e  l e v e l  o f  p r i m a r y  p r o d u c t i o n  m e a s u r e m e n t s  w i t h  a  model o f  t h e  



APPENDIX A 
Agricultural  Models (continued) 

<59> CONT. 
s o i l - p l a n t - a t m o s p h e r e  c o n t i n u u m .  P h y s i o l .  
P l a n t .  27:161-168. 

ABSTRACT: A w a t e r  f l u x  model ,  w h i c h  a s s u m e s  t h a t  
t h e  d y n a m i c  f u n c t i o n i n g  o f  t h e  
s o  i l - p l a n t - a t m o s p h e r e  c o n t i n u u m  may b e  
d e s c r i b e d  by  a  series o f  s t e a d y  s t a t e s ,  was 
e x a m i n e d  a s  a  means f o r  i n t e r p r e t i n g  l e a f  
w a t e r  p o t e n t i a l  m e a s u r e m e n t s  i n  I V a l e n c i a *  
o r a n g e  t r e e s  (CITRUS SIAERSIS  (I.) O s b e c k ) .  
h c c o r d i n g  t o  t h e  model ,  l e a f  w a t e r  p o t e n t i a l  
s h o u l d  be  r e l a t e d  t o  t r a n s p i r a t i o n a l  f l u x ,  
which i n  t h i s  e x p e r i m e n t  was e s t i m a t e d  by t h e  
r a t i o  o f  v a p o r  p r e s s u r e  d e f i c i t  o f  t h e  
a t m o s p h e r e  t o  l e a f  d i f f u s i o n  r e s i s t a n c e  
( V P @ / r ( l e a f ) )  . L e a f  w a t e r  p o t e n t i a l s  
d e c r e a s e d  i n  a  s p e c i f i c  r e l a t i o n s h i p  w i t h  
i n c r e a s i n g  v a l u e s  o f  V P D / r ( l e a f )  p r o v i d e d  
t h a t  s o i l  w a t e r  was a d e q u a t e  a n d  s o i l  
t e m p e r a t u r e  was n o t  ?QQ l ~ w .  b u t  r r 3 g n n l l a s s  
of s e a s o n  o £  t h e  y e a r  o r  c l i m a t i c  o r  e d a p h i c  
d i f t e r e n e e s  a i o n g  3 f i e l d  l o c a t  i o n s .  When 
s o i l  w a t e r  t e n s i o n s  e x c e e d e d  0. 3 b a r  o r  when 
s o i l  t e m p e r a t u r e s  were l o w e r  t h a n  1 5  d e g .  C, 
d e v i a t i o n s  f r o m  t h e  m o d e l  o c c u r r e d  i n  t h e  
f o r m  o f  more n e g a t i v e  l e a f  w a t e r  p o t e n t i a l s  
t l l a r ~  p r e d i c t e d  by  O P W C  ( lear) .  T h e  11odBl 
p r e d i c t s  f r o m  s i m p l e  m e a s u r e m e n t s  made on  
i n t a c t  p l a n t s  t h a t  t h e s e  d i f f e r e n c e s  were i u a  
t o  t h e  m o d i f i c a t i o n  o f  f l o w  r e s i s t a n c e s  by  
c o o l  t e m p r a t u r e s  a n d  t h e  m o d i f i c a t i o n  o f  
b o t h  r e s i s t a n c e s  a n d  t h e  p o t e n t i a l  o f  w a t e r  
a t  t h e  s o u r c e  i n  t h e  c a s e  o f  s o i l  w a t e r  
d e p l + t i o n .  The model may b e  a  u s e f u l  t o o l  
f o r  i n t e r p r e t i n g  p l a n t  v a t  e r  p o t e n t i a l  d a t a  
u n d e r  c o n t r a s t i n g  e n v i r o n m e n t a l  c o n d i t i o n s .  
( R u t h . )  

5ODEL TYIE: m e c h a n i s t i c  
CCRMEAT: c o u l d  be u s e d  t o  e x a m i n e  p l a n t  w a t e r  

p o t e n t i a l  r e o p o n s e  t o  c h a n g e s  i n  
e n v i r o n m e n t a l  c o n d i t i o n s  i n d u c e d  b y  a n  e n e r g y  
t e c h n o l o g y .  

< 6 0 >  
E n f i e l d .  c.G., a n d  B .E. B l e d s o e .  1 9 7 5 .  K i n e t i c  

model  f o r  o r t h o p h o s p h a t e  r e a c t i o n s  i n  m i n e r a l  
s o i l s .  EPA 660/2-75-022. 

LBSTRhCT: T h i s  s t u d y  showed t h e  r e a c t i o n  o f  
p h o s p h o r u s  w i t h  m i n e r a l  s o i l s  is n o t  
i n s t a n t a n e o u s .  Thus,  u s i n g  e q u i l i h r i l c m  
i s o t h e r m s  w i l l  y i e l d  e r r o n e o u s  c o n c l u e i o n s  a s  
t o  t h e  a b i l i t y  o f  a  s o i l  t o  s o r b  p h o s p h o r u s .  
TI,= ~ ~ 1 1 ~ b l l l L y  uf severa i  ~1net1e mbaelS  
d e s c r i b i n g  p h o s p h o r u s  r e a c t i o n s  i n  m i n e r a l  
s o i l s  w a s  e v a l u a t e d .  Of t h e  m o d e l s  
e v a l u a t e d ,  a  d i f f u s i o n - l i m i t e d  p r o c e s s  
p r a l l e l i n g  h e a t  f l o w  t h e o r y  f o r  t h e  s t o r a g e  
of h e a t  i n  s p h e r e s  b e s t  d e s c r i b e s  t h e  
e x p e r i m e n t a l  d a t a .  C o m b i n i n g  t h e  k i n e t i c  
model  w i t h  a  mass  b a l a n c e  e q u a t i o n ,  one  
s h o u l d  h e  a b l e  t o  a c c u r a t e l y  p r e d i c t  t h e  
m i s c i b l e  d i s p l a c e m e n t  o f  p h o s p h o r u s  t h r o u g h  
m i n e r a l  s o i l s .  (Auth.) 

nOD!?L TYPE: m e c h a n i s t i c  
CCMUEN?: C o u l d  be  u s e d  i n  e v a l u a t i o n  o f  

n s t o w a t e r  d i s p o s a l  on l a n d .  

< h l >  
B n f i e l d .  C.G.. a n a  U.C. Shew. 1975. C a m p r i s o n  

of t w o  p r e d i c t i v e  n o n e q u i l i b r i u m  
o n e - d i m e n s i o n a l  models  f o r  p h o s p h o r u s  
s o r p t i o n  and  movement t h r o u g h  homogeneous  
soils. J. E n v i r c n .  Q u a l .  a: 198-202. 

ABSTRACT: Two m o d e l s  were t e s t e d  f o r  t h e i r  
a b i l i t y  t o  p r e d i c t  p h o s p h o r u s  b r e a k t h r o u g h  
c u r v e s .  The b a s i c  d i f f e r e n c e  b e t w e e n  t h e  t w o  
m o d e l s  i s  t h e  method o f  d e s c r i b i n g  t h e  
k i n e t i c s  o f  s o r p t i o n .  I t  was f o u n d ,  when 
c o m p a r i n g  t h e o r e t i c a l l y  p r e d i c t e d  
b r e a k t h r o u g h  c u r v e s  w i t h  e x p e r i m e n t a l  
b r e a k t h r o u g h  c u r v e s ,  t h a t  t h e  m o d e l  u s i n g  a  
k i n e t i c  e q u a t i o n  w i t h  power c o e f f i c i e n t s  
p r o d u c e d  a  b e t t e r  f i t  t o  t h e  e x p e r i m e n t a l  
d a t a  t h a n  a  f i r s t  o r d e r  r a t e  e q u a t i o n .  

( r u t h . )  
RODEL TYPE: m e c h a n i s t i c .  
COaMERT: U s e f u l  r e s u l t s  s h o w i n g  t h a t  a  k i n e t i c  

p h o s p h o r u s  s o r p t i o n  model s h o u l d  be i n c l u d e d  
i n  s o i l  c h e m i c a l  t r a n s p o r t  s i m u l a t o r s .  T h e  
s o r p t i o n  m o d e l  r e q u i r e s  e m p i r i c a l  c o n s t a n t s .  
T h i s  model c o u l d  b e  a p p l i e d  i n  some 
t e c h n o l o g y  a s s e s s m e n t s .  

< 6 2 >  
P a w c e t t ,  R.G., a n d  O.G. C a r t e r .  1973. U t i l i t y  

o f  a  s i m p l e  s o i l  w a t e r  b u d g e t  model i n  
a g r o n o m i c  r e s e a r c h ,  I. E f f e c t s  o f  p l a n t  
d e n s i t y ,  t i m e - o f - s o w i n g  and  f a l l o w  w a t e r  o n  
a v a i l a b l e  s o i l  w a t e r  u n d e r  s p r i n g  wheat .  
A u s t .  J. E x p t l .  A g r i c .  Anim. Ausb. 13:71U-717. 

ABSTRACT: A s i m p l e  s o i l  w a t e r  b u d g e t  model was 
u s e d  t o  e s t i m a t e  w e e k l y  c h a n g e s  i n  a v a i l a b l e  
9eil waloe  na a f f c o t e d  by y l a u L  d a u s l i y ,  rime 
o f  s o w i n g  an11 1 a w o l  o f  a v a i l a b l e  f a l l o w  v a t e r  
f o r  s p r i n g  w h e a t  c u l t i v a r s  grown on  a b l a c k  
e a r t h  i n  n o r t h e r n  New S o u t h  Wales. E s t i m a t e d  
v a l u e s  o f  a v a i l a b l e  w a t e r  w e r e  m o s t l y  w i t h i n  , 
p l u s  o r  m i n u s  10 am o f  o b s e r v e d  v a l u e s  

l ~ 9 ~ 9 i n g  t t o a  50-270 mm) o h t a i n a d  fit t o w  
n t e r v a l s  d u r i n g  t h o  g r o w i n g  s c a s o n .  The  

r e s u l t s  a r e  d i s c u s s e d  i n  r e l a t i o n  t o  b o t h  t h e  
i n t e r p r e t  a t  i o n  o f  a g r o n o m i c  f i e l d  e x p e r i m e n t s  
a n d  u s e  o f  t h e  model i n  r e g i o n s  w h e r e  
c o n s e r v e d  f a l l o w  w a t e r  c o n t r i b u t e s  
s i g n i f i c a n t l y  t o  c e r e a l  p r o d u c t i o n .  (Auth.) 

RODEL TYPE: s t  a t  i s t i c a l  
COMaENT: Rodel  t u n e d  t o  A u s t r a l i a n  c o n d i t i o n s .  

P r o b a b l y  n o t  s u i t a b l e  f o r  a s s e s s m e n t  u n d e r  
USA c o n d i t i o n s .  

(63) 
F a w c e t t ,  R . G . ,  a n d  O.G. C a r t e r .  1970. . U t i l i t y  

o f  a  . s i m p l e  s o i l  w a t e r  b u d g e t  model i n  
a g r o n o m i c  r e s e a r c h ,  111. E s t i m a t i o n  o f  t h e  
p o t e n t i a l  e v a p o t r a n s p i r a t i o n  f u n c t i o n .  L u s t .  
J. E x p t l .  A g r i c .  Anim. Ausb. 14:68u-688. 

ABSTRACT: I t  h a s  b e e n  shown t h a t  a  r e g r e s s i o n  
e q u a t i o n  r e l a t i n g  t h e  c u m u l a t i v e  p o t e n t i a l  
t r a n s p i r a t i o n  f u n c t i o n  (T/Eo) w i t h  t h e  y i e l d '  
o f  t o p s ,  week df s o w i n g  a n d  a r a i l a b l c  f a l l o w  
m o i s t u r e .  t o g e t h e r  wi th  a  s i a p l e  budget  
model ,  c a n  b e  used t o  e s t i m a t e  weekly  c b a n g e s  
i n  a v a i l a b l e  s o i l  w a t e r  u u d u r  a  whea t  c r o p .  
It is c o n c l u d e d  f r o m  t h e  d a t a  t h a t  u s e  of t h e  
e q u a t i o n  a n d  Adget a o d e l  s h n n l d  he mnst 
s u i t e d  t o ' s i t u a t i o n s  where p l a n t  d e n s i t i e s  
a r e  a b o u t  6 0  p l a n t s  p e r  m**2 a n d  t h e  
a v a i l a b l e  f a l l o w  w a t e r  is a b o u t  150  ma o r  
less. (Auth.) 

NODEL TYPE: s t a t i s t i c a l  
COaMERT: Model i s  t u n e d  t o  A u s t r a l i a n  

c o n d i t i o n s .  P r o b a b l y  n o t  s u i t a b l e  f o r  USA 
b u t  t h e  a p p r o a c h  c o u l d  b e  a p p l i e d  i n  t h e  US. 

< 60) 
Feddes.  R.A., E. B r e s l e r ,  a n d  S.P. Neuman. 197U. 

F i e l d  test o f  a  m o d i f i e d  n u m e r i c a l  model f o r  
Water u p t a k e  by  r o o t  s y s t e m s .  w a t e r  R e s o u r .  
Res .  10:1199-1206. 

ABSTRACT: Data  o b t a i n e d  from c a r e f u l  w a t e r  
balance s t u d i e s  o n  w a t e r  u p t e b e  by  t h o  root0 
o f  r e d  c a b b a g e  are compared  w i t h  r e s u l t s  
o b t a i n e d  f r o m  a  m o d i f i e d  n u m e r i c a l  model  o f  
Nimah and Aankc. I n  t h e  m o d i f i e d  model t h e  
a i r  d r y  m o i s t u r e  c o n t e n t  a t  t h e  s o i l  s u r f a c e  
may v a r y  w i t h  t i m e  d e p e n d i n g  on  
m e t e o r o l o g i c a l  c o n d i t i o n s .  The  maximum 
p o s s i b l e  r a t e  o f  e v a p o t r a n s p i r a t i o n  is 
c a l c u l a t e d  b y  c o n s i d e r i n g  b o t h  m e t e o r o l o g i c a l  
c o n d i t i o n s  a n d  c r o p  p r o p e r t i e s .  Data.  a r e  
q u o t e d  t o  s u g g e s t  t h a t  t h e  c o e f f i c i e n t  o f  t h e  
r o o t  s i n k  may s o m e t i m e s  v a r y  e x p o n e n t i a l l y  
w i t h  d e p t h .  A p e r i o d  o f  7  weeks was 
s i m u l a t e d .  a n d  t h e  c a l c u l a t e d  weekly  m o i s t u r e  
p r o f i l e s  d i d  n o t  a g r e e  c o m p l e t e l y  w i t h  t h o s e  
a e a s u t e d  i n  t h e  f i e l d .  On t h e  o t b e r  hand ,  
t h e  c a l c u l a t e d  c u m u l a t i v e  r a t e s  o f  , 



APPENDIX A  
A g r i c u l t u r a l  Models ( c o n t i  nued) 

<64> CONT. 
e v a p o r a t i o n  and t r a n s p i r a t i o n  w e r e  i n  
e x c e l l e n t  a g r e e m e n t  w i t h  t h e  f i e l d  d a t a .  Uhen 
t h e  o r i g i n a l  mcdel was u s e d  w i t h o u t  t h e  
s u g g e s t e d  m o d i f i c a t i o n s ,  t h e  a g r e e m e n t  o f  
t h e s e  r a t e s  wi th  t h e  f i e l d  d a t a  was  n o t  a s  
good ,  a n  i n d i c a t i o n  t h a t  some o f  t h e s e  
m o d i f i c a t i o n s  a c t u a l l y  i m p r o v e  t h e  p r e d i c t i v e  
c a p a b i l i t i e s  o f  t h e  model.  (Luth.)  

MODEL TYPE: m e c h a n i s t i c  
cCnnEST: T h i s  is  a  r e s e a r c h  model t h a t  c o u l d  b e  

a d a p t e d  t o  e v a l u a t e  e f f e c t s  o f  a n  e n e r g y  
t e c h n o l o g y  o n  f i e l d  w a t e r  dynamics .  

<65> 
P e r r y ,  @.I., and R. L. Olsen.  1975. O r i e n t a t i o n  

o f  c l a y  p a r t i c l e s  a s  it r e l a t e s  t o  c r u s t i n g  
o f  s o i l .  S o i l  S c i .  120: 367-375. 

LBSTRACT: L s i m p l e  model f o r  a  s o i l  c r u s t  was 
f o r m u l a t e d  and  e x p e r i m e n t a l l y  t e s t e d .  It i s  
b a s e d  upon t h e  p a r a l l e l  o r i e n t a t i o n  a n d  c l o s e  
p a c k i n g  o f  c l a y  p a r t i c l e s  p e r h a p s  l i k e  t h a t  
i n  s h a l e .  The p h y s i c a l  and  c h e m i c a l  f a c t o r s  
which d i s r u p t  t h e  o r d e r e d  a r r a n g e m e n t  o f  t h e  
p l a t e - s h a p e d  p a r t i c l e s  were  n o t e d  t o  be  t h o s e  
which  i n d u c e  a g g r e g a t e  f o r m a t i o n  a n d  which 
r e s u l t  i n  good s o i l  s t r u c t u r e .  The f a c t o r s  
which i n d u c e  g r e a t e r  o r i e n t a t i o n  a n d  p a c k i n g  
were n o t e d  t o  be t h o s e  w h i c h  i n d u c e  c r u s t  
f o r m a t i o n  and  p o o r  s o i l  s t r u c t u r e .  The 
r e s u l t a n t  d e l e t e r i o u s  e f f e c t s  upon s e e d l i n g  
g e r m i n a t i o n ,  m o i s t u r e  p e n e t r a t i o n  and  r u n o f f ,  
a e r a t i o n ,  and  p e n e t r a b i l i t y  t o  r o o t s  a r e  w e l l  
known. E x p e r i m e n t a l  a t t e m p t s  w e r e  made t o  
t e s t  t h e  v a l i d i t y  of t h e  p r o p o s e d  model. I n  
e a c h  i n s t a n c e ,  t h e  d a t a  e i t h e r  p r o v i d e d  
s u p p o r t  f o r  t h e  model o r  e l s e  c o u l d  be  
r e a s o n a b l y  r e c o n c i l e d  w i t h  t h e  model. The 
model a p p e a r s  t o  p r o v i d e  a  r e a s o n a b l e  b a s i s  
f o r  e x p l a i n i n g  c u l t u r a l  p . r a c t i c e s  which a r e  
known t o  i n f l u e n c e  s o i l  s t r u c t u r e  i n  e i t h e r  
b e n e f i c i a l  o r  d e l e t e r i o u s  ways. (Luth . )  

MODEL TYPE: m e c h a n i s t i c  
COnImT: C o u l d  be  u s e d  e m p i r i c a l l y  t o  e v a l u a t e  

c r u s t i n g  e f f e c t s  o f  e n e r g y  t e c h n o l o g y  
e f  f l u e n t s .  

<66> 
P e r y ,  R.L., and J. J a n i c k .  1971. R e s p o n s e  o f  

c o r n  (ZER IAYS L.) t o  p o p u l a t i o n  p r e s s u r e .  
m o p  sci.  11: 220-220. 

RBSTRICT: The r e s p o n s e  o f  f i e l d  a n d  sweet c o r n  
(ZEN n L Y s  L.) t o  p o p u l a t i o n  p r e s s u r e  was 
i n v e s t i g a t e d  u s i n g  s q u a r e  a n d  row s p a c i n g  
a r r a n g e m e n t s  w i t h  p o p u l a t i o n  l e v e l s  r a n g i n g  
from 2 , 3 7 5  t o  151 ,957  p l a n t s  p e r  ha ( 9 6 1  t o  
61 ,496  p l a n t s  p e r  a c r e ) .  G r a i n  y i e l d  p e r  
w ~ l t  a r e a  peaked  a t  a  C I I I I L F  pupulaL1011 
l e v e l ,  w h i l e  t o t a l  t o p  y i e l d  a p p e a r e d  t o  be 
a s y m p t o t i c a l l y  r e l a t e d  t o  p l a n t  p o p u l a t i o n .  
Of t h e  v a r i o u s  m o d e l s  t e s t e d  o n l y  t h e  
" m o a i f i e d  r e c i p r o c a l "  a d e q u a t e l y  d e s c r i b e d  
t h e  r e s p c n s e  o f  b o t h  g r a i n  a n d  t o t a l  t o p  
y i e l d  p e r  p l a n t  t o  c h a n g e s  i n  p l a n t  d e n s i t y .  
One e m p i r i c a l  c o n s t a n t  c a n  be  e s t i m a t e d  from 
y i e l d  c h a n g e s  wi th  p l a n t  d e n s i t y .  L n o t h e r  
c o n s t a n t  may b ~  u s e f u l  b o t h  a s  a  s e l e c t i o n  
c r i t e r i o n  i n  b r e e d i n g  f o r  i n c r e a s e d  y i e l d  and  
a s  a p a r a m e t e r  i n  p o p u l a t i o n  and  p l a n t  
d i s t r i b u t i o n  s t n d i  e s .  (Lut  h.) 

noDEL TYPE: r e g r e s s i o n  e q u a t i o n  
CORRmT: E m p i r i c a l  f u n c t i o n  f i t t e d  t o  f i e l d  

e x p e r i m e n t a l  d a t a .  n i g h t  b e  u s e f u l  i n  a  c r o p  
p o p u l a t i o n  s u d a l  LhaL s i m u l a t e s  e n v i r o n m e n t a l  
e f f e c t s  on p l a n t  d e n s i t y .  

<67> 
P i c k ,  G.W., W.L. W i l l i a m s ,  a n d  R.S. Loomis. 

1973. Computer  s i m u l a t i o n  o f  d r y  m a t t e r  
d i s t r i b u t i o n  d u r i n g  s u g a r  b e e t  g rowth .  C r o p  
S c i .  13:U13-017. 

RBSTRRCT: S e a s o n a l  g rowth  c u r v e s  o f  s u g a r  b e e t  
(BETA VULGRRIS L.) were  s i m u l a t e d  b y  a  CSnP 

c o m p u t e r  m o d e l  c a l l e d  SUBGRO. The  h y p o t h e s i s  
on which t h e  s i m u l a t i o n s  were b a s e d  was a  
h i e r a r c h y  o f  p r i o r i t i e s  f o r  p h o t o s y n t h a t e  
p a r t i t i o n i n g .  I n  o r d e r  o f  i m p o r t a n c e ,  t h e s e  
p r i o r i t i e s  were a s  f o l l o w s :  r e s p i r a t i o n ,  t o p  
g r o w t h ,  f i b r o u s  r o o t  g r o w t h ,  a n d  s t o r a g e  r o o t  
g r o w t h  i n c l u d i n g  s u c r o s e  a c c u m u l a t i o n .  
S i m u l a t i o n s  a g r e e d  w e l l  u i t h  f i e l d  
o b s e r v a t i o n s  when t h e s e  p r i o r i t i e s  were  used.  
S i m u l a t e d  g r o w t h  d i d  n o t  match  f i e l d  
o b s e r v a t i o n s  i f  t h e  s e q u e n c e  was changed .  
The r a t e  o f  u s e  by e a c h  s i n k  was f u r t h e r  
r e g u l a t e d  by its g r o w t h  p o t e n t i a l  a n d  b y  its 
e n v i r o n m e n t .  P u n c t  i o n a l  l e a f  a n d  
f i b r o u s - r o o t  s u r f a c e s  p l a y e d  k e y  r o l e s  i n  
r e g u l a t i n g  t h e  g r o w t h  r a t e s  t h r o u g h  a  
q u a n t i t a t i v e l y  e x p r e s s e d  s e t  o f  p a r t i t i o n i n g  
f u n c t i o n s .  To t e s t  t h e  p a r t i t i o n i n g  
h y p o t h e s i s ,  s i m u l a t e d  r e c o v e r y  p a t t e r n s  f r o m  
p a r t i a l  d e f o l i a t i o n  o r  r o o t  p r u n i n g  w e r e  
C O ~ P B F B ~  t o  e x p e r i m e n t a l  o b s e r v a t i v n s .  
S i m u l a t e d  r e c o v e r y  was s i m i l a r  t o  t h a t  o f  
r e a l  p l a n t s .  (Luth.)  

nODEL TYPE: m e c h a n i s t i c  
COMOERT: n o d e l  used  t o  t e s t  h y p o t h e s i s  a b o u t  

p l a n t  g r o w t h .  m e  t e s t e d  model c o u l d  form 
t h e  b a s i s  f o r  e v a l u a t i o n  o f  p o l l u t a n t  o r  
i r r i g a t i o n  e f f e c t s  o n  s u g a r  b e e t  growth.  

< 68> 
P i s c u s .  E. L. 1975. The  i n t e r a c t i o n  b e t w e e n  

o s m o t i c -  a n d  p r e s s u r e - i n d u c e d  w a t e r  f l o w  i n  
p l a n t  r o o t s .  P l a n t  P h y s i o l .  55: 917-922. 

ABSTRLCT: T h i s  p a p e r  p r e s e n t s  a  g e n e r a l  model 
f o r  c o u p l e d  s o l u t e  and  w a t e r  f l o w  t h r o u g h  
p l a n t  r o o t s  b a s e d  o n  t h e  t h e r m o d y n a m i c s  o f  
i r r e v e r s i b l e  p r o c e s s e s .  The  model  e x p l a i n s  
i n  a  s t r a i g h t f o r w a r d  manner s u c h  
e x p e r i m e n t a l l y  o b s e r v e d  phenomena a s ,  c h a n g e s  
i n  r o o t  r e s i s t a n c e ,  i n c r e a s e d  s o l u t e  f l n x ,  
and  a p p a r e n t  n e g a t i v e  r e s i s t a n c e ,  which  h a v e  
b e e n  r e p o r t e d  f o r  r o o t  s y s t e m s  u n d e r  t h e  
i n f l u e n c e  o f  a  h y d r o s t a t i c  p r e s s u r e  g r a d i e n t .  
T h e s e  a p p a r e n t  a n o m a l i e s  a r e  e x p l a i n e d  on 
t h e  b a s i s  o f  t h e  i n t e r a c t i o n  b e t w e e n  t h e  
o s m o t i c  a n d  h y d r o s t a t i c  d r i v i n g  f o r c e s  and 
t h e  w e l l  known "sweeping  awayw o f  d i l u t i o n  
e f f e c t .  We show t h a t  wi th  a  c o n s t a n t  
h y d r a u l i c  c o n d u c t i v i t y  t h e  o n l y  f e a t u r e s  
n e c e s s a r y  t o  e x p l a i n  t h e s e  phenomena a r e  some 
t y p e  o f  membrane o r  m e m b r a n e l i k e  s t r u c t u r e  
and a  mechanism f o r  a c t i v e l y  a c c n m u l a t i n g  
s o l u t e s .  ( ~ u t h . )  

NODEL TYPE: m e c h a n i s t i c  
CORNENT: R o d e l  is  used  f o r  t h e o r e t i c a l  a n a l y s i s  

and  is n o t  r e a d i l y  a d a p t e d  t o  t e c h n o l o g y  
a s s e s s m e n t .  

< 69> 
P i t z p a t r i c k ,  E.A.. and  R.A. Nix.  1969. R model 

f o r  s i m u l a t i n g  s o i l  w a t e r  r e g i m e  i n  
a l t e r n a t i n g  f a l l o w - c r o p  s y s t e m s .  L g r i c .  
n e t e o r o l .  6:303-319. 

RBSTRLCT: I n  d e v e l o p i n g  a  methodology  f o r  
q u a n t i t a t i v e  a g r o c l i m a t i c  a s s e s s m e n t  w i t h i n  a  
sub-humid t o  s e m i - a r i d  r e g i o n  i n  c e n t r a l  
Q u e e n s l a n d  w i t h  s p a r s e  m e t e o r o l o g i c a l  and 
a g r o n o m i c  d a t a ,  a  set o f  s i m p l e  w o r k i n g  
f u n c t i o n s  d e p i c t i n g  e v a p o r a t i v e  l o s s e s  of a n  
a l t e r n a t i n g  f a l l o w - c r o p  s y s t e m  was d e r i v e d .  
G i v e n  weekly  r a i n f a l l  and  e s t i m a t e s  o f  
p o t e n t i a l  e v a p o r a t i o n  a s  b a s i c  i n p u t s ,  t h e s e  
f u n c t i o n s  a r e  u s e d  t o  g e n e r a t e  a  c o n t i n u o u s  
s i m u l a t i o n  o f  week- to-week  c h a n g e s  i n  o o i l  
w a t e r .  D e s p i t e  d a t a  i n a d e q u a c i e s ,  a  c l o s e  
s i m u l a t i o n  o f  t e m p o r a l  c h a n g e s  i n  s o i l  w a t e r  
r e g i m e  was o b t a i n e d  u s i n g  d i s t i n c t i v e  
f u n c t i o n s  f o r  f a l l o w e d  and  c r o p p e d  i n t e r v a l s ,  
and by m a k i n g  e v a p o t r a n s p i r a t i o n  r a t e s  
d e p e n d e n t  upon  s t a g e  o f  c r o p  d e v e l o p m e n t  a n d  
s t a t u s  o f  a v a i l a b l e  s o i l  w a t e r  o b t a i n e d  a s  a  
f e e d b a c k  f r o m  t h e  model. The l e v e l s  o f  
s t e p p e d  f u n c t i o n s  used  i n  t h e  model t o  
e x p r e s s  e v a p o r a t i v e  l o s s  3 u r i n g  f a l l o w e d  and  



APPENDIX A 
A g r i c u l t u r a l  Models (continued) 

<G9> CONT. 
c r o p p e d  i n t e r v a l s  were f i t t e d  i n  p a r t  by 
a p p l y i n g  p r e v i o u s  f u n c t i o n s  p r e s e n t e d  b y  
S l a t y e r  ( 1 9 6 0 b ) .  a n d  i n  p a r t  b y  i t e r a t i v e  
p r o c e d u r e s .  u s i n g  s o i l  w a t e r  e x t r a c t i o n  a s  
d e t e r m i n e d  by  g r a v i m e t r i c  s a m p l i n g  a n d  
p h e n o l o g i c a l  d a t a  from a n  e x p e r i m e n t a l  s i t e  
w i t h i n  t h e  r e g i o n .  S u f f i c i e n t  d a t a  were 
a v a i l a b l e  t o  e n a b l e  t h e  f o r m u l a t i o n  o f  
f u n c t i o n s  f o r  c o t t o n ,  g r a i n  s o r g h u m ,  a n d  
wheat .  The model t a k e s  a c c o u n t  o f  p r e v a i l i n g  
a g r o n o m i c  ~ r a c t i c e s  and  dynamic  a s p e c t s  o f  ~ 

c r o p  g r o u t h  a n d  d e v e l o p m e n t .  a n d  makes  
p r o v i s i o n  f o r  f u t u r e  r e f i n e m e n t s  i n  a v a i l a b l e  
d a t a .  (Auth . )  

RODEL TYPE: p a r a m e t r i c  
COMREN?: R o d e l  c o u l d  form t h e  b a s i s  o f  a n  

a s s e s s m e n t  model w i t h  t h e  i n t r o d u c t i o n  o f  
a p p r o p r i a t e  r e s p o n s e  f u n c t i o n s .  

< l o >  
Pogel .  R.M. .  L. D u c k s t e i n ,  a n d  C.C. K i s i e l .  

1970. M o d e l i n g  t h e  h y d r o l o g i c  e f f e c t s  
r e s u l t i n g  f r o m  l a n d  m o d i f i c a t i o n .  T r a n s .  o f  
bho AGAR 1 7 1  1006- t010 ,  

ROBBL TTPCr parametric 
CCMMmT: T e c h n o l o g y  e f f e c t s  on l a n d  u s e  c h a n g e  

a n d  h y d r o l o g i c  c o n s e q u e n c e s  c o u l d  b e  examined .  

< l  l b  
P c l l e t t ,  R.P., R . R .  A l l m a r a s ,  a n d  G . L .  Reichman. 

197U. D i s t r i b u t i o n  o f  c o r n  r o o t s  i n  s a n d y  
s o i l  w i t h  a  d e c l i n i n g  w a t e r  t a b l e .  Lgron.  J .  
66:2BB-292. 

LBSTPAC?: The p u r p o s e  o f  t h i s  s t u d y  was  t o  
r e l a t e  t h e  d i s t r i b u t i o n  o f  c o r n  (ZEA RAYS L.) 
r o o t s  t o  d e p t h  o f  a  d e c l i n i n g  w a t e r  t a b l e  i n  
a  s a n d y  6011 a o s o c i a t i o n .  Knowledge o f  r o o t  
r e s p o n s e  t o  d e c l i n i n g  w a t e r  t a b l e s  is 
i m p o r t a n t  f o r  p r o p e r  c r o p  p r o d u c t i o n  
manaqcmcnt.  R o o t s  from 10 m o n o l i t h s  (91 nm 
d s e p ) ,  c e n t e r e d  o v e r  a n d  p e r p e n d i c u l a r  t o  t h e  
c o r n  row,  were o b t a i n e d  a t  a b o u t  f u l l  s i l k  
( R u g u s t  26) f rcm c o r n  g r o w i n g  i n  91-cm rows. 
W a t e r  t a b l e  d e p t h s  r a n g e d  f r o m  1 . 3 3  t o  2.6U m 
a t  s i l k i n g  a f t e r  d e c l i n i n g  a t  t h e  r a t e  o f  
a b o u t  1.3 cmlday  s i n c e  J u l y  1. About 20% o f  
t h e  e v a p o t r a n s p i r a t i o n  w a s  s u p p l i e d  b y  
n a t u r a l  p r e c i p i t a t i o n  w i t h  t h e  r e m a i n i n g  80% 
f r o m  s o i l  u a t e r  d e p l e t i o n  a n d  t h e  w a t e r  t a b l e  
'or t h e  ~ e r i o d  f  con J u l y  1  t o  S e p t e m b e r  16  
( f i n a l  I r u ~ b e s L ) .  S l ~ u u t  y ~ u w ~ h  was naX1mUm a t  
i n t e r m e d i a t e  w a t e r  t a b l e  d e p t h s .  Ln e q u a t i o n  
d e s c r i b i n g  r o o t  d i s t r i b u t i o n  was o b t a i n e d  
f r o m  a  r e g r e s s i o n  f i t  o f  r o o t  d e p t h  (Y) a s  a  
f u n c t i o n  of w a t e r  t a b l e  d e p t h  ( X ( 1 ) )  and  
c u m u l a t i v e  r o o t  w e i g h t  ( X  ( 2 ) ) .  A s i m i l a r  E i t  
was  made u s i n g  r o o t  l e n g t h  a s  X ( 2 ) .  I n  n o  
r n s ~  wr!q more t h a n  10% o f  t h e  t o t a l  measured  
r o o t  w e i g h t  o r  more t h a n  20% o f  t h e  t o t a l  
m e a s u r e d  r o o t  l e n g t h  b e l o w  75 cm. The 
d i s t r i b u t i o n  o f  r o o t s  w i t h  d e p t h  i n d i c a t e s  
n t e r  r e q u i r e m e n t s  f o r  c o r n  i n  t h p q e  gandy 
s o i l s  m u s t  b e  s u p p l i e d  t o  a  r o o t  z o n e  w i t h  
uaximum d e p t h  of a b o u t  100  cm. R e t a r d e d  r o o t  
g r o w t h  w a s  o b s e r v e d  w h e r e  s o i l  oxygen  
d i f f u s i o n  r a t e  (O.D.R.) was l e s s  t h a n  2 6  
g/cs**2/10**8 min. Such O.D.R. v s l u e s  were 
o b + a i n e d  a t  d e p t h s  g r e a t e r  t h a n  30 cm a t  t h e  
s h a l l o w  w a t e r  t a b l e  site. A p p a r e n t  n o r m a l  
m o t  d e v e l o p m e n t  o c c u r r e d  when O.D. R. v a l u e s  
w e r e  g r e a t e r  t h a n  30 g/cm**2/10**8 min and  
m a t r i c  s u c t i o n s  were a b o u t  100  mb. (111th.) 

RODEL TYPE: r e g r e s s i o n  e q u a t i o n  
CCRRENT: Q u n c t i c n  f i t t e d  t o  e x p e r i m e n t a l  r e s u l t s  

c o u l d  t e  u s e d  i n  whole p l a n t  model. 

<72> 
P r e n k i e l ,  F.N., a n d  P.S. K l e b a n o f f .  1975 .  On 

t h e  l o g n o r m a l i t y  o f  t h e  s m a l l - s c a l e  s t r u c t u r e  
of t u r b u l e n c e .  Bound. -Layer  M e t e o r o l .  
R: 1 7 7 - 2 0 0 .  

ABSTRRC?: H i g h e r - o r d e r  moments o f  t u r b u l e n t  

' v e l o c i t y  g r a d i e n t s  a n d  t h e i r  b e h a v i o r  w i t h  
R e y n o l d s  number were  measured  i n  t h e  n e a r l y  
i s o t r o p i c  t u r b u l e n t  f i e l d  g e n e r a t e d  by a  
s q u a r e - m e s h  g r i d  a n d  i n  a  t u r b u l e n t  b o u n d a r y  
l a y e r  a l o n g  a  f l a t  p l a t e  w i t h  z e r o  p r e s s u r e  
g r a d i e n t .  ~ o t - w i r e  anemometry  a n d  
i n s t r u m e n t a t i o n  c o m b i n i n g  a n a l o g  and  d i g i t a l  
m e t h o d s  w e r e  used t o  measure  moments up t o  
t h e  f o u r t e e n t  h  o r d e r .  R e a s u r e m e n t s  o f  s u c h  
h i g h - o r d e r  moments r e q u i r e d  t h a t  p a r t i c u l a r  
a t t e n t i n n  b e  g i s o n  t o  t h e i r  v a l i d i t y .  
I n v o l v e d  h e r e i n  w a s  t h e  e v a l u a t i o n  o f  s u c h  
e f f e c t s  a s  n o n l i n e a r i t y ,  a v e r a g i n g  i n t e r v a l s ,  
and  t h e  a d e q u a c y  o f  t h e  s t a t i s t i c s  f o r  t h e  
t a i l s  o f  t h e  p r o b a b i l i t y  d e n s i t y  
d i s t r i b u t i o n s .  The r e s u l t s  o b t a i n e d  a r e  
compared  w i t h  t h o s e  o f  o t h e r  i n v e s t i g a t o r s  
f o r  a  v a r i e t y  o f  f l o w  c o n f i g u r a t i o n s  i n  t h e  
l a b o r a t o r y  a s  u e l l  a s  i n  t h e  a t m o s p h e r e .  The 
c o n c e p t  o f  t h e  i n t e r m i t t e n c y  o f  t h e  
s m a l l - s c a l e  s t r u c t u r e  a n d  t h e  t h e o r e t i c a l  
a p p r o a c h  i n v o l v i n g  l o g n o r m a l i t y  o f  t h e  
p r o b a b i l i t y  d e n s i t y  d i s t r i b u t i o n  o f  t h e  
d i s s i p a t i o n  r a t e  a r e  e v a l u a t e d .  (Luth.)  

MODEL TYPE: m e c h a n i s t i c .  
COnaENz! T h & o r e t l c a l  a n a k y s i s  with  no a s s e s s m e n t .  

a p p l i c a t i o n  i n  p r e s e n t  form. 

<73> 
P r c r e ,  R.11.. C.L. O n s t a d ,  and H. H. Hol tan .  1Y'YS. 

m a q r  l c u l t u r a l  c h e m i c a l  t r a n s p o r t  model. 
ARS-H-3, Agr ic .  Res .  Ser . ,  OSDL. 

ABSTRLCT: The  u s e  of c h e m i c a l s  i s  a n  i m p o r t a n t  
f e a t u r e  o f  modern a g r i c u l t u r e .  b u t  t h e  
movement o f  t h e  c h e m i c a l  f r o a  i ts  p o i n t  o f  
a p p l i c a t i o n  c o n s t i t u t e s  a  p o t e n t i a l  hazard .  
The  e v a l u a t i o n  o f  t h i s  h a z a r d  is v e r y  . 
d i f f i c u l t  b e c a u s e  t h e  a g r i c u l t u r a l  w a t e r s h e d  
c o n t a i n s  many complex  p r o c e s s e s  t h a t ,  
d y n a m i c a l l y  r e s p o n d  t o  w e a t h e r  e l e m e n t s .  T o  
a i d  i n  e v a l u a t i n g  t h i s  h a z a r d ,  a  m a t h e m a t i c a l  
r o d e l  h a s  b e e n  d e v e l o p e d  and  a  c o m p u t e r  
p rogram w r i t t e n  t h a t  d e s c r i b e s  t h e  movement 
o f  c h e m i c a l s  i n  a n d  a c r o s s  a n  a g r i c u L t o r a 1  
w a t e r s h e d .  F o r  e a c h  s t o r m  i n  series t h e  
o b j e c t i v e  is t o  u s e  t h e  model t o  p r e d i c t  t h e  
c o n c e n t r a t i o n  o f  a  c h n m i c a l  i n  t h e  r u n o f f  
w a t e r .  t h e  t d t n l  a n o v n t  c a t z i o d  by t h e  r a n o f f  
w a t e r  and s e d i m e n t ,  a n d  t h e  l o c a t i o n  a n d  
c o n c e n t r a t i o n  o f  t h e  c h e m i c a l  r e m a i n i n g  o n  
t h e  w a t e r s h e d .  T h i s  r e p o r t  d e s c r i b e s  t h e  
r a t i o n a l e  u s e d  t o  d e v s l ~ p  t h e  model a s  wel l  
a s  a  c o u p l e  o f  t e s t s  o f  t h e  model t h a t  
i l l u s t r a t e  a n d  e v a l u a t e  its use.  (Auth.) 

MODEL TYPE: p a r a m e t r i c  
COMMENT: Very u s e f u l  i n  a s s e s s m e n t  o f  p o l l u t a n t  

t r a n s p o r t  f r o m  t e c h n o l o g y  s o u r c e s .  The  
c h e m i c a l  t r a n s p o r t  h a s  been  added  o n t o  t h e  
h y d r o l o g i c  s i m u l a t o r  o f  H o l t a n  a n d  Lopez  
( 1 9 7 1 ) .  

<7U> 
P r i o o e l ,  n * J . .  P. P o e l s t r a ,  dud P. R e i n i q e r .  

1970. r h r o m a t o g r a p h i c  t r a n s p o r t  t h r o u g h  
s o i l s ,  111. L s i m u l a t i o n  model f o r  t h e  
e v a l u a t i o n  o f  t h e  a p p a r e n t  d i f f  u s i o n  
c o e f f i c i e n t  i n  u n d i s t u r b e d  s o i l s  w i t h  
t r i t i a t o d  v a t  e r .  P l a o t  S o i l  33: 1.61- 176.  

4BSTRACT: A s i m u l a t i o n  model,  w r i t t e n  i n  CSMP, 
is d s s c r i h e d  p e r m i t t i n g  t h e  c a l c u l a t i o n  o f  
c h r o m n t n g r a p h i c  t r a n s p o r t  i n  h e t c r o g e n e o u s  
s y s t e m s  l i k e  s o i l s .  B r e a k t h r o u g h  c u r v e s  o f  
t r i t i a t e d  w a t e r  were d e t e r m i n e d  on  
u n d i s t u r b e d ,  u a t e r - u n s a t u r a t e d  s o i l  c o l u m n s  
( 1 0 0  cm l e n g t h ,  1 2  cm diam.) .  With t h e  
model ,  t o r t u o s i t y  a n 3  d i s p e r s i o n  f a c t o r s  w e r e  
c a l ~ l a t e d  f o r  t b r e e  s o i l s  - a  s a n d ,  a  c l a y  
a n d  a  l o e s s .  The mean v a l u e s  f o r  t h e  
t o r t u o s i t y  were 0 .3 ,  0 .2 ,  and 0.2 and  f o r  t h e  
d i s p e r s i o n  0.7. 0.8,  a n d  6 cm, f o r  t h e  t b r e e  
s o i l s  r e s p e c t i v e l y .  Prom t h e s e  v a l u e s  it 
a p p e a r s  t h a t  u s u a l l y  d i s p e r s i o n  is t h e  main 
f a c t o r  i n  f o r m i n g  t h e  d i s t r i b u t i o n  p a t t e r n  i n  
s o i l ,  t h e  c o n t r i b u t i o n  o f  i o n i c  d i f f u s i o n  
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<74> CONT. 
b e i n g  r a t h e r  s m a l l .  I n  many c a s e s  good 
a p p r o x i m a t i v e  v a l u e s  o f  t h e  d i s p e r s i o n  
c o e f f i c i e n t  may be  o b t a i n e d  w i t h  a n  
a n a l y t i c a l  s o l u t i o n  o f  t h e  c h r o m a t o g r a p h y  
e q u a t i o n  a s s u m i n g  a n  a v e r a g e d  homogeneous 
s y s t e m .  / (Auth.) 

RODEL TYPE: m e c h a n i s t i c  
COIOEN?: C o u l d  b e  u s e f u l  i n  t e s t i n g  p r o t o c o l s  

f o r  po l  1 l i t a n t  c h e m i c a l s  from e n e r q v  
t e c h n o l o g i e s .  

<75> 
G a t e s ,  D.M. 1965. Energy ,  p l a n t s ,  a n d  e c o l o g y .  

E c o l o g y  U6:l-13. 
RBSTRAC?: The  e n v i r o n m e n t a l  f a c t o r p  a f f e c t i n g  

t h e  f l o w  o f  e n e r q y  be tween  a  p l a n t  a n d  its 
e n v i r o n m e n t  a r e  d e s c r i b e d .  These  f a c t o r s  a r e  
s o l a r  a n d  t h e r m a l  r a d i a t i o n ,  a i r  t e m p e r a t u r e ,  
w a t e r  v a p o r  d e n s i t y  o f  t h e  s i r ,  and wind 
m e e d .  The mechanisms  o f  r a d i a t i o n ,  
c o n v e c t i o n .  and t r a n s p i r a t i o n  which t r a n s f e r  
e n e r q y  b e t w e e n  t h e  p l a n t  a n d  t h e  e n v i r o n m e n t  
a r e  e x p r e s s e d  i n  a n a l y t i c a l  form. Ln e x a m p l e  
is g i v e n  of a  2U-hour c y c l e  f o r  a  p l a n t  
i l l u s t r a t i n g  t h e  d a i l y  v a r i a t i o n  o f  e a c h  of 
t h s s e  f a c t o r s  a n d  o f  t h e  r e s u l t i n g  p l a n t  
t e m p e r 3 t n r e .  B a s i c  p l a n t  p r o p e r t i e s .  s u c h  a s  
a b s o r p t a n c e  t o  r a d i a t i o n ,  c o n v e c t i o n  
c o e f f i c i e n t ,  and  w a t e r  v a p o r  a i f f u s i o n  
r e s i s t a n c e .  d e t e r m i n e  t h e  e x t e n t  t o  which t h e  
e n v i r o n m e n t  i n f l u e n c e s  t h e  e n e r g y  c o n t e n t  a n d  
t e m p e r a t u r e  o f  t h e  p l a n t .  P h o t o s y n t h e s i s  i s  
l i g h t  a n d  t e m p e r a t u r e  d e p e n d e n t .  a n d  o t h e r  
p h y s i o l c g i c a l  p r o c e s s e s  a r e  t e m p e r a t u r e  
d e p e n d e n t  o n l y .  nax ima a n d  minima i n  
p h o t o s y n t h e t i c  a c t i v i t y  o c c u r  d u r i n g  a  d a g  a s  
a  c o n s e q u e n c e  o f  c h a n g e s  i n  l i g h t  i n t e n s i t y  
and l e a f  t e m p r a t u r e  p r o d u c e d  by v a r y i n g  
e n v i r o n m e n t a l  c o n d i t i o n s .  The  e c o l o g i c a l  
s i g n i f i c a n c e  o f  t h e s e  e n v i r o n m e n t a l l y  
i n f l u e n c e d  p h y s i o l o g i c a l  p r o c e s s e s  is 
e n o r m o u s  i n  t e r m s  o f  p r o d u c t i v i t y  and  
c o m p e t i t i o n .  (Auth.)  

NODEL TYPE: m e c h a n i s t i c  
CCnMENT: B a s i c  p r i n c i p l e s  o f  e n e r g y  t r a n s p o r t  

and  t r a n s f o r m a t i o n .  work c a n  be  a d a p t e d  t o  
e v a l u a t i c n  of t e c h n o l o g y  i m p a c t s .  

<76> 
G e r v i t z ,  A:, and E.R. Page.  1974. An e m p i r i c a l  

a a t h e m a t i c a l  model t o  d e s c r i b e  p l a n t  r o o t  
s y s t e m s .  J. Appl. Ecol. 2 ( 2 )  :773-781. 

RBSTRACT: A s u r v e y  h a s  been made o f  t h e  
l i t e r a t u r e  i n  which  t h e  r o o t  s y s t e m s  o f  
v e g e t a b l e  c r o p s ,  c e r e a l s  a n d  g r a s s e s  have  
k e n  i . n v o s t i a a t e d  by v e ~ i p u s  t e c h n i q u e s ,  
i n c l u d i n g  e x c a v a t i o n  a n d  t h e  u s e  o f  
n n i o a c t i v e  t r a c e r s .  An e m p i r i c a l  model was 
u s e d  t o  s t a n d a r d i z e  t h e  d a t a .  One form o f  
t h e  a o d e l  is - P=100+(1-e**( -£1) )  - i n  which 
P  r e p r e s e n t s  t h e  p e r c e n t a g e  o f  r o o t s  
c o n t a i n e d  i n  a  d e p t h  o f  s o i l  x  cm. f  is a  
p r a m e t e r ,  s u c h  t h a t  l / f  is e q u a l  t o  t h e  
d e p t h  n f  s a i l  w h i c h  c o n t a i n s  63% o f  t h s  t o t a l  
r o o t  mass.  The e f f e c t s  o f  s o i l  m o i s t u r e ,  
f e r t i l i t y ,  p l a n t  a g e ,  w e i g h t  a n d  s p e c i e s  a s  f  
a r e  c o n s i d e r e d .  S e v e n t y  o n e  o a t  o f  t h e  101  
s t s  o f  d a t a  f i t t e d ' t h e  model v e r y  
s a t i s f a c t o r i l y .  I t  is e x p e c t e d  t h a t  t h e  
model w i l l  b e  u s e f u l  i n  c o n s t r u c t i n g  
m a t h e m a t i c a l  m o d e l s  t o  s i m u l a t e  p l a n t  g rowth .  
(Both . )  

R O D E L  TYPE:  r e g r e s s i o n  e q u a t i o n  
CORnEsT: D e r i v e d  f u n c t i c n  c o u l d  h e  used  i n  whole 

p l a n t  g r o w t h  models .  

<77> 
G i l b e r t ,  O.L. 1970. A b i o l o g i c a l  s c a l e  f o r  t h e  

e s t i m a t i o n  o f  s u l p h u r  d i o x i d e  p o l l u t i o n .  New 
Ph y t o l .  69:629-63U. 

ABSTRACT: By o b s e r v i n g  t h e  d i s t r i b u t i o n  of 
l i c h e n s  and h r y o p h y t c r  i n  a n  a r e a  where 

l e v e l s  o f  S o ( 2 )  a r e  w e l l  known it h a s  been, 
p o s s i b l e  t o  p r o d u c e  a  s c a l e  f r o m  which a n n u a l  
a v e r a g e  l e v e l s  of t h i s  p o l l u t a n t  c a n  b e  
e s t i m a t e d .  I n s t r u c t i o n s  on  how t o  u s e  t h e  
s c a l e  are g i v e n  a n d  i ts  a c c u r a c y  a n d  p o s s i b l e  
u s e f u l n e s s  a r e  d i s c u s s e d .  (Ruth . )  

RODEL TYPE: r e s p o n s e  o f  i n d i c a t o r  p l a n t s  
COnnENT: u s e f u l  f i e l d  s u r v e y  t o o l .  

< 18 )  
G i n s b u r g ,  A. 1971. n o d e l  f o r  i s o - o s m o t i c  w a t e r  

f l o w  i n  p l a n t  r o o t s .  J. Theor .  B i o l .  
32: 147-158. 

ABSTRLCT: The  d i f f e r e n t  i n t e r p r e t a t i o n s  o f  
i s o - o s m o t i c  w a t e r  f l o w  i n  p l a n t  r o o t s  a r e  
r e v i e w e d  a n d  a  model based  on t h e  symplasm 
t h e o r y  is p r o p o s e d  t o  e x p l a i n  t h i s  phenomenon 
a c c o r d i n g  t o  t h e  t h e r m o d y n a m i c s  o f  
i r r e v e r s i b l e  p r o c e s s e s .  A n a l y s i s  o f  d a t a  
f r o m  t h e  l i t e r a t u r e  w i t h  the  mndnl l e a d  t o  
t h e  f o l l o w i n g  c o n c l u s i o n s :  (1) d i f f e r e n t  
r e f l e c t i o n  c o e f f i c i e n t s  ( s i g m a )  a t  t h e  
symplasm boundary  membranes a r e  s u f f i c i e n t  t o  
a c c o u n t  f o r  t h e  i n w a r d l y  d i r e c t e d  i s o - o s m o t i c  
w a t e r  f l o w  o b s e r v e d  i n  m a i z e  r o o t s :  (2) t b e  
d i f f e r e n c e  b e t w e e n  t h e  h y d r a u l i c  
c o n d u c t i v i t i e s  (Lpl a n d  t h e  d i f f e r e n c e  
be tween  s i g m a  Lp a t  t h e  b o u n d a r y  membranes 
c a n  e i t h e r  i n c r e a s e  o r  d e c r e a s e  i s o - o s m o t i c  
w a t e r  f l o w  d e p e n d i n g  on  e x t e r n a l  c o n d i t i o n s  
( i . e .  h y d r o s t a t i c  p r e s s u r e ,  c o n c e n t r a t i o n  o f  

p e r m e a b l e  a n d  i m p e r m e a b l e  s o l u t e s )  : (3) t h e  
model is c o n s i s t e n t  w i t h  a n a t o m i c a l  a n d  
p h y s i o l o g i c a l  d a t a  f r o m  t h e  l i t e r a t u r e  and it 
a l s o  e x p l a i n s  h w  m e t a b o l i s m  i s  i n v o l v e d  i n  
i s o - o s m o t i c  w a t e r  f low.  The  p r o b a b l e  
i m p o r t a n c e  o f  i s o - o s m o t i c  w a t e r  f l o w  f o r  
whole  p l a n t s  i s  b r i e f l y  d i s c u s s e d .  (Auth . )  

NODEL TYPE: m e c h a n i s t i c  
COnnENT: . D e t a i l e d  model o f  c e l l u l a r  p r o c e s s e s  

t h a t  is n o t  s u i t a b l e  f o r  t e c h n o l o g y  
a s s e s s m e n  t . 

<79> 
G o u d r i a a n ,  J., a n d  P.E. Yaggoner.  1972. 

S i m u l a t i n g  b o t h  a e r i a l  m i c r o c l i m a t e  a n d  s o i l  
t e m p e r a t u r e  f r o m  o b s e r v a t i o n s  a b v e  t h e  
f o l i a r  c a n o p y .  Neth. J.  Agric .  S c i .  
20: 104-124. 

RBSTRRCT: R s i m u l a t i o n  model is  d e s c r i b e d  ' for  
t h e  d a i l y  c o u r s e  o f  m i c r o c l i m a t i c .  
c h a r a c t e r i s t i c s  o f  f o l i a r  c a n o p y  a n d  t h e  s o i l  
u n d e r n e a t h .  The i n d e p e n d e n t  d r i v i n g  f o r c e s  
a r e  t h e  m e t e o r o l o g i c a l  o b s e r v a t i o n s  a b o v e  t h e  
c a n o p y .  The  c a n o p y  i s  d e s c r i b e d  by i t s  
g e o m e t r i c a l ,  o p t i c a l  and  p h y s i o l o g i c a l  
p r o p e r t i e s ,  t h e  s o i l  by i ts t h e r m a l  a n d  
hparaUliC p r o p e r t i e s .  C u m y a ~ l s u t ~  .ALlr  r e 6 1  
d a t a  shows a  good a g r e e m e n t  f o r  c r o p  
t r a n s p i r a t i o n ,  s o i l  e v a p o r a t i o n  a n d  s o i l  h e a t  
f l u x ,  and t o  a  lesser d e g r e e  f o r  a i r  
t e m p e r a t u r e  a n d  h u m i d i t y  a n d  l e a f  
t e m p e r a t u r e .  The s i m u l a t i o n s ,  c o v e r i n g  a  
f u l l  d a y ,  w e r e  e x e c u t e d  w i t h  a  s t r a t i f i e d  
model .  The  e f f e c t  o f  s t r a t i f i c a t i o n  was 
i n v e s t i g a t e d  by a  c o m p a r i s o n  w i t h  a model 
c o n t i n u o u s  i n  h e i g h t .  (Auth.) 

MODEL TYPE: m e c h a n i s t i c  
COnIENT: v e r y  u s e f u l  model t h a t  c o u l d  e v a l u a t e  

m i c r o c l i m a t e  c h a n g e s  i n d u c e d  by  t e c h n o l o g y .  

<80> 
G r e e n ,  R.E., a n d  J.C. Corey .  1971. C a l c u l a t l u ~ t  

o f  h y d r a u l i c  c o n d u c t i v i t y :  A f u r t h e r  
e v a l u a t i o n  o f  some p r e d i c t i v e  methods.  S o i l  
S c i .  Soc. Am.  P roc .  35: 3-8. 

RESTRICT: L c o m p u t a t i o n a l  method b a s e d  o n  t h e  
p o r e - i n t e r a c t i o n  model o f  O a r s h a l l  was shown 
t o  c o m p a r e  f a v o r a b l y  w i t h  m o d i f i e d  methods  o f  
M i l l i n g t o n  a n d  Q u i r k  a n d  o f  m a r s h a l 1  f o r  
p r e d i c t i o n  o f  h y d r a u l i c  c o n d u c t i v i t y  v s .  
w a t e r  c o n t e n t  o n  a  number o f  s o i l s  a n d  a  
g l a s s  bead  s y s t e m .  R 1 1  m e t h o d s  r e q u i r e d  
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< 8 0 >  CONT. f r e q u e n c y  o f  t h e  h o m o r y g o t e s  a n d  t h e  v a r i a n c e  
m a t c h i n g  o n e  p o i n t  o n  t h e  c a l c u l a t e d  o f  t h e  a l l e l e - f r e q u e n c y  b y  a n  i n c r e a s e  o f  
h y d r a u l i c  c o n d u c t i v i t y  c u r v e  t o  a n  i n c r e m e n t s  f o r  a l l  g e n e r a t i o n s .  (Ruth.)  
e x p e r i m e n t a l l y  measured  h y d r a u l i c  MODEL TTPE: st a t  i s t i c a l  
c o n d u c t i v i t y  v a l u e .  The  c a l c u l a t i o n  m t h o d  COMMENT:. T h e o r e t i c a l  a n a l y s i s  n o t  s u i t a b l e  f o r  
a 3 e u u a t e l y  p r e d i c t e d  t h e  e x p e r i m e n t a l l y  t e c h n o l o g y  a s s e s s m e n t  i n  p r e s e n t  form. 
m e a s u r e d  v a l u e s  and  p r o v i d e  s a t i s f a c t o r y  
c o n d u c t i v i t y  d a t a  f o r  many a p p l i c a t i o n s .  An 
a d v a n t a g e  of t h e  p r o p o s e d  method  is its <82> 
i n d e p e n d e n c e  o f  t h e  v a l u e  c h o s e n  f o r  t h e  GKenetZ, P.S., a n d  A. L i s t .  1973. A model f o r  
e x p o n e n t  o n  t h e  p o r o s i t y  term i n  t h e  p r e d i c t i n g  g r o w t h  r e s p o n s e s  i n  p l a n t s  t o  
p r e d i c t  i o n  e q u a t i o n .  (Auth.)  c h a n g e s  i n  e x t e r n a l  w a t e r  p o t e n t i a l :  ZEA 

MODEL TYPE: m e c h a n i s t i c  MATS p r i m a r y  r o o t s .  J. T h e o r .  B i o l .  39:29-US. 
CcflnEUT: The  method is u s o f u l  i n  s o i l  w a t e r  f l o w  ABSTRLCT: I n  r e s p o n s e  t o  o s m o t i c  s t e p  c h a n g e s ,  

m o d e l s  f  c r  r e p r e s e n t a t i o n  o f  s o i l  h y d r a u l i c  t h r e e  d i s t i n c t  p h a s e s  h a v e  been  n o t e d  i n  t h e  
p r o p e r t i e s . .  g r o w t h  r e s p o n s e  o f  ZEA IAIS p r i m a r y  r o o t s .  

They  a r e  c e s s a t i o n  o r  s l o w i n g  of g r o w t h  o v e r  
a  p e r i o d  o f  15-20 m i n u t e s ,  t i s s u e  

< 8 1 >  c o n t r a c t i o n ,  a n d  a  damped o s c i l l a t o r y  r e t u r n  
G r e g o r i u s ,  R.R., and  G .  M u l l e r .  1975 .  G e n e t i c  t o  n e a r l y  n o r m a l  g r o w t h  r a t e ,  a l l  w i t h i n  a  

s t r u c t u r e s  i n  f i n i t e ,  o p e n - p o l l i n a t e d  p l a n t  p e r i o d  o f  a b o u t  o n e  hour .  A s y s t e m  model o f  
p o p u l a t i o n s :  R model a n d  its a p p l i c a t i o n  t o  t h e  t i s s u e  r e s p o n s e  i s  p r e s e n t e d  t o  e x p l a i n  
s e e d  o r c h a r d s .  Theor. Appl. G e n e t .  s u c h .  b e h a v i o r  and  t o  s e r v e  i n  a  p r e d i c t i v e  
U6:295-305. c a p a c i t y  t o  g o v e r n  f u t u r e  e x p e r i m e n t s  I t  i s  

LBSTRACT:  A model h a s  been  c o n s t r u c t e d  t o  s u p p o s e d  t h a t  f o r  t u r g o r  p r e s s u r e  i n  e x c e s s  
i n v e s t i g a t e  t h e  c o n s e q u e n c e s  o f  t h e  r a t e  o f  o f  a  c e l l  w a l l  y i e l d  t h r e s h o l d ,  p l a s t i c  f l o w  
s e l f  - f e r t i l i z a t i o n ,  p o l l e n - d i s p e r s a l ,  is t h e  m a j o r  component  o f  w a l l  d e f o r m a t i o n ,  
p o p u l a t i c n - s i z e .  a n d  number o f  c l o n e s  o n  t h e  a n d  t h a t  when t u r g o r  f a l l s  below y i e l d  
g e n e t i c  s t r u c t u r e  o f  f i n i t e  s e e d  p l a n t  t h r e s h o l d ,  e last ic d e f o r m a t i o n  is dominant .  
p o ~ u l a t i o n s .  D e r i v a t i o n s  h a v e  b e e n  p e r f o r m e d  The  e q u a t i o n s  o f  t h e  model d e s c r i b e  g r o w t h  
f o r  t w o  d i f f e r e n t  c a s e s :  (A) P a r e n t a l  r a t e  a s  a  f u n c t i o n  o f  t i m e  i n  terms o f  t h e  
qe n e t i c  s t r u c t u r e  e x p l i c i t l y  g i v e n :  f o l l o w i n g  p r o p e r t i e s :  p l a s t i c  f l o w ,  e l a s t i c  
i n f e r e n c e s  f o r  t h e  e x p e c t e d  g e n e t i c  s t r u c t u r e  d e f o r m a t i o n ,  p e r m e a b i l i t y  t o  w a t e r ,  a n d  
o f  t h e  r e s u l t i n g  s e e d  p o p u l a t i o n :  (8) s o l u t e  u p t a k e .  They a r e  d e r i v e d  f rom b a s i c  
E x t e n s i o n  o f  c a s e  A t o  s e v e r a l  s q u a t  i o n s  o f  f e e d b a c k  i n t e r a c t i o n s  b e t w e e n  
n o n - o v e r l a p p i n g  g e n e r a t  i o n s .  I f  random i n t e r n a l  o s m o t i c  p r e s s u r e  and  g r o w t h  r a t e ,  
c r o s s - f e r t i l i z a t i o n  is assumed f o r  c a s e  A t h e  a n d  between w a l l  s o f t e n i n g ,  t u r g o r  a n d  g r o w t h  
g e n e t i c  c o m p o s i t i o n  d o e s  n o t  c h a n g e  a n d  t h e  r a t e .  The  model p r e d i c t s  o s c i l l a t o r y  g r o u t h  
g e n e t i c  d i s t a n c e  be tween  t h e  c o r r e s p o n d i n g  r a t e  r e g u l a t i o n .  a n d  p h a s e  a n d  a m p l i t u d e  
Rardy-weinberg-structure and  t h e  e x p e c t e d  r e l a t i o n s h i p s  be tween  t u r g o r  p r e s s u r g  and  
o f f s p r i n g - s t r u c t u r e  is 0  i f  t h e  r a t e  of g r 0 u t . h  r a t e .  The s i m p l e s t  model u h i c h  
s e l f - f e r t i l i z a t o n  is e q u a l  t o  1/N a c c o u n t s  f o r  a l l  o b s e r v a t i o n s  is t h a t  o f  
( u = p o p u l a t i o n - s i z e )  : a n y  d e v i a t i o n  f rom 1/N b i p h a s i c  d e f o r m a t i o n .  t w o  modes o f  w a l l  
c a u s e s  a n  i n c r e a s e  i n  g e n e t i c  d i s t a n c e .  I n  s o f t e n i n g ,  a n d  a  d u a l  f e e d b a c k  s y s t e m  
c a s e  B t h e  e x p e c t e d  g e n e t i c  s t r u c t u r e s  h a v e  i n v o l v i n g  o s m o t i c  and  y i e l d  t h r e s h o l d  c o n t r o l  
been  d e r i v e d  f o r  a l l  g e n e r a t i o n s  a n d  it u a s  o f  g r o w t h  r a t e .  I t  s h o u l d  be n o t e d  t h a t  t o  
p o s s i b l e  t o  e s t a b l i s h  a  c o m p a r a t i v e l y  s i m p l e  p r e d i c t  t h e  time c o u r s e  o f  t u r g o r  p r e s s u r e .  
d e p e n d e n c e  o n  t h e  c o e f f i c i e n t  o f  i n b r e e d i n g .  o s m o t i c  p r e s s u r e ,  y i e l d  p r e s s u r e ,  a n d  g r o w t h  
I n  a d d i t i o n  t h e  v a r i a n c e  o f  t h e  r a t e ,  two i n i t i a l  c o n d i t i o n s  and  s i x  s y s t e r  
a l l e l e - f r e q u e n c y  h a s  b e e n  p r e s e n t e d .  A 1 1  t h e  p a r a m e t e r  v a l u e s  a r e  s u f f i c i e n t .  S o  f a r  o n l y  
a b o v e  i n f l u e n t i a l  c o m p o n e n t s  c a n  b e  t h e  i n i t i a l  v a l u e s  o f  g r o w t h  r a t e  a n d  its 
summar ized  b y  a  s i n g l e  q u a n t i t y ,  c a l l e d  I. d e r i v a t i v e  c a n  b~ o b t a i n e d  f o r  ZtA MRTS 
kf t e r  p r o v i n g  t h a t  1/M c a n  be  c o n c e i v e d  a s  p r i m a r y  r o o t s .  Rouever ,  v a l u e s  f o r  w a l l  
t h e  e f f e c t i v e  p o p u l a t i o n - s i z e ,  a l l  t h e  s o f t e n i n g  a n d  h a r d e n i n g  c o e f f i c i e n t s  
r e s u l t s  o b t a i n e d  c o u l d  b e  p r e s e n t e d  d e p e n d i n g  ( i n c l u d i n g  t h e  s t r a i n  and  t u r g o r  i n d e p e n d e n t  
on t h i s  e f f e c t i v e  s i z e  a n d  t h e  a v e r a g e  r a t e  c o m p o n e n t ) ,  p l a s t i c  e x t e n s i b i l i t y ,  w a t e r  
of s e l f - f e r t i l i z a t i o n  o n l y .  A p p l y i n g  t h e  p e r m e a b i l i t y  and d i l u t i o n  r a t e  c o e f f i c i e n t s  
f i n d i n g s  o f  t h e  model t o  t h e  s i t u a t i o n  h a v e  n o t  b e e n  o b t a i n e d  a s  y e t  f o r  ZEA r o o t s .  
~ a l i z o d  a p p r o x i m a t e l y  i n  a  s e e d - o r c h a r d ,  t h e  V a l u e s  f o r  some o f  t h e s e  p a r a m e t e r s  h a t e  been  
f o l l o w i n g  s t a t e m e n t s  c a n  b e  made: C a s e  (A) o b t a i n e d  f o r  o t h e r  r o o t s ,  c o l e o p t i l e s ,  and  
h q a i n  a s s u m i n g  random c r o s s - f e r t i l i z a t i o n ,  a  g i a n t  a l g a l  c e l l s .  L e s t  t h e  r e a d e r  d e s p a i r ,  
d e v i a t i o n  c f  t h e  p a r e n t a l  p o p u l a t i o n  f r o m  t h e  it s h o u l d  b e  p o i n t e d  o u t  t h a t  e x p e r i m e n t a l  
c o r r e s p o n d i n g  ~ardy-we inberg -propor t ions  c a n ,  o b s e r v a t i o n s  c o u p l e d  w i t b  s i m u l a t i o n  s t u d i e s  
w i t h  i n c r e a s i n g  r a t e  o f  s e l f - f e r t i l i z a t o n ,  b e  w i l l  h e l p  e s t a b l i s h  r e s t r i c t e d  r a n g e s  o f  
e x c e e d e d  by t h e  r e s p e c t i v e  d e v i a t i o n  o f  t h e  v a l u e s  t h a t  t h e  s y s t e m  p a r a m e t e r s  m i g h t  
s e e d  p o p u l a t i o n .  c a s e  ( 8 )  The  i n f l u e n c e  of a s s u r e .  T h e s e  c a n  t h e n  b e  c o d p a r e d  w i t h  
p o l l e n  d i s p e r s a l  on  t h e  e f f e c t i v e  p o p u l a t i o n  known v a l u e s  i n  t h e  l i t e r a t u r e  a n d  v a l u e s  
s i z e  h a s  b e e n  l a v e s t i y a t e d ,  a s s u a i n y  nu e x p e r i m e n t a l l y  o b t a i n e d  i n  t h e  f u t u r e .  
v a r i a t i o n  o f  t h e  i n d i v i d u a l  r a t e s  of (Ruth.)  
s e l f - f e r t i l i z a t i o n  p o l l e n  and  s e e d  MODEL TTPE: m e c h a n i s t i c  
p r o d u c t i o n  w i t h i n  t h e  p o p u l a t i o n .  Only CORMBNT: L b a s i c  p l a n t  p h y s i o l o g i c a l  b o d e l  o f  
e x t r e m e l y  s m a l l  d i f f e r e n c e s  be tween  e f f e c t i v e  d o u b t f u l  a p p l i c a t i o n  i n  t e c h n o l o g y  a s s e s s m e n t .  
and  a c t u a l  p o p u l a t i o n  s i t e  were o b t a i n e d ,  
w h i c h  i n d i c a t e s  t h a t  t h e  i n f l u e n c e  of p o l l e n  
d i s p e r s a l  is o f  minor  i m p o r t a n c e  i n  t h i s  <83> 
case. P c r  d i f f e r e n t  r a t e s  o f  A a c k e t t ,  C.. a n d  D.L. Rose. 1972. A model o f  . 
s e l f - f e r t i l i z a t i o n ,  s i g n i f i c a n t  d i f f e r e n c e s  t h e  e x t e n s i o n  and b r a n c h i n g  o f  a  s e n i n a l  r o o t  
i n  t h e  i n c r e m e n t s  p e r  g e n e r a t i o n  f o r  t h e  o f  b a r l e y ,  a n d  its u s e  i n  s t u d y i n g  r e l a t i o n s  . 
c o e f f i c i e n t s  o f  i n b r e e d i n g ,  a s  w e l l  a s  t h e  be tween  r o o t  d i m e n s i o n s ,  11. R e s u l t s  a n d  
f r e q u e n c y  o f  homozygotes .  w e r e  o b t a i n e d  f o r  i n f e r e n c e s  f rom m a n i p u l a t i o n  o f  t h e  model.  
t h e  f i r s t  g e n e r a t i c n  o n l y .  D e c r e a s i n g  number L u s t .  J. B i o l .  S c i .  25:681-690. 
o f  c l o n e s  i n f l u e n c e s  t h e  r a t e  o f  ABSTRACT: A m o d e l  o f  r o o t  g r o w t h  u a s  u s e d  t o  
s e l f - f e r t i l i z a t i o n  a n d  t h e  e f f e c t i v e  i n v e s t i g a t e  why t h e  a v e r a g e  l e n g t h  (1) o f  
p o p u l a t i o n  s i z e  s i m u l e t  a n e o u s l y  by i n c r e a s i n g  c e r e a l  r o o t  members r e m a i n s  r o u g h l y  c o n s t a n t .  
t h e  f i r s t  a n d  d e c r e a s i n g  t h e  l a t t e r .  T h i s  i s  T a k i n g  a s  a  s t a n d a r d  t h e  model r o o t  which 
? r  a n s f e r r e d  t o  t h e  c o e f f i c i e n t  o f  i n b r e d i n g  , a g r e e d  w i t h  a c t u a l  r o o t s  f rom a n  e x p e r i m e n t ,  



APPENDIX A 
A g r i c u l t u r a l  Model s (cont inued) 

< 8 3 >  CONT. E v a p o r a t i o n  f r o m  t h e  s o i l  is a s s u m e d  t o  
t h e  n i n e  v a r i a b l e s  i n  t h e  m o d e l  w e r e  a l t e r e d  d e c r e a s e  w i t h  t h e  s q u a r e  r o o t  o f  t i m e  a f t e r  
s i n g l y  + c  s e e  w h i c h  had  g r e a t e s t  i n f l u e n c e  o n  w e t t i n g  a s  w e l l  a s  w i t h  t h e  s t a g e  o f  g r o w t h .  
1. T h e  r e s u l t s  showed t h a t  t h e  c o n s t a n c y  o f  T h e  s h a p e  o f  t h e  r e l a t i v e  y i e l d - w a t e r  u s e  
1 was d u e  p r i m a r i l y  t o  t h e  e x i s t e n c e  o f  c u r v e  was f o u n d  t o  be s e n s i t i v e  t o  t h e  
c p i l i n g s  t o  t h e  r a t e s  a t  w h i c h  e a c h  c l a s s  o f  e v a p o r a t i o n  a n d  t r a n s p i r a t i o n  a s s u m p t i o n s  
r o o t  memte r  c a n  Ex tend .  T h e s e  c e i l i n g s  a r e  made. b u t  i n s e n s i t i v e  t o  t h e  r e l a t i o n  u s e d  t o  
t h o u g h t  t o  b e  d e t e r m i n e d  by a  p r o p e r t y  d e s c r i b e  t h e  i n f l u e n c e  o f  s o i l  w a t e r  s t a t u s  
a s s o c i a t e d  w i t h  t h e  d i a m e t e r  o f  t h e  r o o t  o n  t r a n s p i r a t  i o n .  (Ru th . )  
member. a l s o  o f  i m p o r t a n c e  was t h e  t i m i n g  o f  ~ O D E L  T Y P E :  p a r a m e t r i c  
t h e  o n s e t  o f  e a c h  o r d e r  o f  b r 3 n c h i n g .  T h i s  CORIlENT: E m p i r i c a l  m o d e l  w i t h  b r o a d  a p p l i c a t i o n  
t i m i n g  w a s  r e l a t e d  t o  t h a t  a t  w h i c h  t h e  t o  t e c h n o l o g y  e f f e c t s  o n  c r o p  p r o d u c t i o n .  
p a r e n t  members ,  a s  a  p o p u l a t i o n ,  h e g a n  t o  C o u l d  h e  r e a d i l y  a d a p t e d  t o  e v a l u a t e  
i n c r e a s e  r o u q h l y  l i n e a r l y  i n  v o l u m e .  R i r r i g a t i o n  w i t h  b l o w d o u n  w a t e r ,  a l t h o u g h  
t s n t a t i v e  e x p l a n a t i o n  o f  t h e  c o n c o m i t a n c e  i s  s a l i n i t y  e f f e c t s  wou ld  n e e d  t o  b e  i n c l u d e d .  
p u t  f o r w a r d .  U n d e r s t a n d i n g  o f  t h e  phenomenon  
was a d v a n c e d  b y  t h e  s t u d y ,  b u t  a  f u l l  
e x p l a n a t i o n  was n o t  a c h i e v e d ,  m a i n l y  b e c a u s e  < 8 6 >  
o f  t h e  l a c k  c f  i n f o r m a t i o n  a b o u t  c e r t a i n  H a n s e n ,  G.K. 1 9 7 5 .  R d y n a m i c  c o n t i n u o u s  
a s p e c t s  c f  r o o t  d e v e l o p m e n t .  (Ru th . )  s i m u l a t i o n  m o d e l  of  w a t e r  s t a t e  a n d  

nODEL '?YPE: m e c h a n i s t i c  t r a n s p o r t a t i o n  i n  t h e  s o i l - p l a n t - a t m o s p h e r e  
CCRREN?: n o d e 1  e v a l u a t e s  p l a n t  p h y s i o l o q i c a l  s y s t e m ,  I. T h e  m o d e l  a n d  its s e n s i t i v i t y .  

b e h a v i o r  of r o o t s  a n d  is n o t  r e a d i l y  a p p l i e d  A c t a , & g r i c .  s c a n d .  2 5 : 1 2 9 - l u g .  
t o  t e c h n o l o g y  a s s e s s m e n t .  RBSTRRCT: T h r o u g h  a  c o n t i n u o u s  s i m u l a t i o n  model .  

a  s y n t h e s i s  o f  q u a n t i t a t i v e  i n t e r r e l a t i o n s  o f  
w a t e r  s t a t e  a n d  t r a n s p o r t a t i o n  i n  t h e  

<RU> s o i l - p l a n t - a t m o s p h e r e  s y s t e m  is d e s c r i b e *  f o r  
H a c k e t t .  C., a n d  D.R. R o s e .  1972 .  R mode l  o f  a  g r o w i n g  c r o p  u n d e r  r e a l i s t i c  f i e l d  

t h e  e x * . e n s i o n . a n d  b r a n c h i n g  o f  a  s e a i r u l  r o o t  c o n d i t i o n s .  I n  t h e  m o d e l ,  v e r t i c a l  w a t e r  
of b a r l e y ,  a n d  i ts  u s e  i n  s t u d y i n g  r e l a t i o n s  f l u x  i n  t h e  s o i l  i s  b a s e d  o n  D a r c y g s  l a w  f o r  
b e t w e e n  r o o t  d i m e n s i o n s ,  I. T h e  mode l .  f l o w  i n  p o r o u s  me3 ia .  w a t e r  f l o w  is b a s e d  o n  
R u s t .  J. B i o l .  S c i .  25:669-679.  G a r d n e r ' s  m o d e l  ( 1 9 6 0 )  f o r  w a t e r  f l o w  t o  

4BSTRRCT: P r e v i o u s  p a p e r s  h a v e  r e p o r t e d  t h a t  s i n g l e  r o o t s ,  b u t  m o d i f i e d  t o  s t e a d y  r a t e .  
r e l a t i o n s  b e t w e e n  t h e  t o t a l  number ,  l e n g t h ,  T h e  p h y s i o l o g i c a l  p l a n t  p a r a m e t e r s  are b a s e d  
s u r f a c e  a r e a ,  a n d  vo lume  o f  g r a m i n a c e o u s  r o o t  o n  e x p e r i m e n t a l l y  d e r i v e d  f u n c t i o n s .  T h e  
members  t e n d  t o  r e m a i n  r o u g h l y  c o n s t a n t  a t m o s p h e r i c  p a r t  o f  t h e  mode l  i s  b a s e d  o n  t h e  
b r i n g  v e g e t a t i v e  g r o w t h .  T h r o u g h  t h e  u s e  o f  m o d e l  o f  n o n t e i t h  ( 1 9 6 5 ) .  T h e  m o d e l  is 
a  mode l  o f  t h e  e x t e n s i o n  a n d  b r a n c h i n g  o f  a  w r i t t e n  i n  DYNRRO 11. The  s i m u l a t i o n  r u n s .  
S m i n a l  r o o t  o f  b a r l e y  (HORDEOR VULGRRE L . ) .  w i t h  a  f i x e d  t i m  i n t e r v a l  o f  0 . 0 0 1  d a y .  T h e  
w h i c h  w a r  d e v e l o p e d  f o r  t h e  p u r p o s e ,  a n  b e h a v i o u r  o f  t h e  m o d e l  is d e m o n s t r a t e d  by a  
a t t e m p t  h a s  now b e e n  made  t o  d e t e r m i n e  t h e  g r o w t h  p e r i o d  o f  2 0  g a y s  w i t h o u t  
p r o p e r t i e s  o f  r o o t  g r o w t h  r e s p o n s i b l e  f o r  t h e  p r e c i p i t a t i o n .  R e s u l t s  o f  t h e  s i m u l a t i o n  a r e  
p lenomenon .  T h e  p r e s e n t  p a p e r  i n t r o d u c e s  t h e  shown f o r  t w o  d i f f e r e n t  s o i l s  a n d  a t  t h r e e  
s t u d y  a n d  d e s c r i b e s  t h e  model .  T h e  m o d e l  v a l u e s  o f  e v a p o r a t i v e  demand .  It is  
t a k e s  a d v a n t a g e  o f  t h e  f a c t  t h a t  t h e  c o n c l u d e d  t h a t  t h e  m o d e l  i s  a b l e  t o  p r e d i c t  
e x t e n s i o n  a n d  t r a n c h i n g  o f  c e r e a l  r o o t  w a t e r  s t a t e  a n d  w a t e r  f l o w  i n  s o i l  a n d  p l a n t ,  
members  g r o w n  i n  h o m o g e n e o u s  med ia  p r o z e e d s  q u a n t i t a t i v e l y  a s  w e l l  a s  q u a l i t a t i v e l y .  
a t  a p p r o x i m a t e l y  c o n s t a n t  r a t e s  f o r  l e n g t h y  NODEL TYPE: m e c h a n i s t i c  
p r i o d s .  T h e  o v e r a l l  d i m e n s i o n s  o f  r o o t s  c a n  ZOnIlENT: l o d e 1  i s  r e s e a r c h  o r i e n t e d  a n d  
t h e r e f o r e  t e  d e t e r m i n e d  b y  r e f e r e n c e  t o  e x p e n s i v e  t o  r u n .  Not  r ecommended  f o r  
f o r m u l a e  r e p r e s e n t i n g  t i m e  a n d  a  l i m i t e d  a s s e s s m e n t  . 
number  c f  p r o p e r t i e s  o f  e a c h  t y p e  o f  r o o t  
member. T h e  v a l i d i t y  o f  t h e  m o d e l  f o r  t h e  
u s e  i n t e n d e d  i s  d e m o n s t r a t e d  by t e s t i n g  t h e  <87 > 
u n d e r l y i n g  a s s u m p t i o n s  a n d  c h e c k i n g  t h e  m o d e l  H a r i ,  P. 1972 .  P h y s i o l o g i c a l  s t a g e  o f  
a g a i n s t  a c t u a l  d a t a .  O t h e r  p o s s i b l e  r o l e s  d e v e l o p m e n t  i n  b i o l o g i c a l  m o d e l s  o f  g r o w t h  
f o r  t h e  m o d e l  a r e  s u g g e s t e d .  P a r t  I1 o f  t h e  a n d  m a t u r a t i o n .  Rnn. Bot. P e n n i c i  9 :  107-115 .  
s e r i e s  ( R a c k e t t  a n d  R o s e  1 9 7 2 )  r e p o r t s  t h e  ABSTRLCT: T i m e  is f r e q u e n t l y  u s e d  t o  d e s c r i b e  
r e s u l t s  a n d  i n f e r e n c e s  f rom m a n i p u l a t i o n  o f  t h e  d e v e l o p m e n t a l  s t a g e  o f  a  p l a n t  o r  a n i m a l  
t h e  modol .  ( R u t h . )  i n  b i o m a t h e m a t i c a l  m o d e l s .  However ,  t h e s e  i s  

 PEL TYPE: m e c h a n i s t i c  o f t e n  a n o t a b l e  d i o c r e p a n c y  b e t w e e n  t h e  
cornEN1: n o d e 1  d e s c r i b e s  r o o t  g r o w t h  a n d  t h r o u g h  c h r o n o l o g i c a l  a g e  a n d  ' t h e  b i o l o g i c a l  a g e '  o f  

c h a n g e  i n  p a r a m e t e r s ,  e n v i r o n m e n t a l  e f f e c t s  a n  o r g a n i s m ,  o w i n g  t o  d i f f e r e n t  r a t e s  o f  
c o u l d  b e  s i m u l a t e d .  d e v e l o p m e n t  u n d e r  d i f f e r e n t  e n v i r o n m e n t a l  

c o n d i t i o n s .  I n  t h e  p r e s e n t  p a p e r  a  v a r i a b l e  
is  d e f i n e d  t h a t  s h o u l d  s e r v e  b e t t e r  t h a n  a g e  

< 8 5 >  t o  d e n o t e  t h e  s t a g e  o f  d e v e l o p m e n t .  T h e  
Hanks ,  P.J. 1974 .  n o d e l  f o r  p r e d i c t i n g  p l a n t  p h y s i o l o g i c a l  s t a g e  o f  d e v e l o p m e n t  d e f i n e d  

y i e l d  a s  i n f l u e n c e d  by w a t e r  u s e .  Lgron .  J .  h e r e  c a n  b e  u s e d  t o  c o n s t r u c t  a n d  test 
66 :660-665 .  v a r i o u s  h y p o t h e s e s  c o n c e r n i n g  g r o w t h  a n d  

RBSTRRCT: R mode l  h a s  b e e n  d e v i s e d  t o  p r e d i c t  d e v e l o p m e n t .  Rs a n  e x a m p l e ,  a n  a p p l i c a t i o n  
p l a n t  y i e l d ,  b o t h  t o t a l  d r y  m a t t e r  a n d  g r a i n ,  o f  t h e  p h y s i o l o g i c a l  s t a g e  o f  d e v e l o p m e n t  t o  
a s  a  f u n c t i o n  o f  w a t e r  u s e .  T h e  m o d e l  is a  m a t h e m a t i c a l  mode l  o f  t h e  d a i l y  i n c r e m e n t  
s i m p l e  a n d  i n e x p e n s i v e  t o  r u n  o n  a  c o m p u t e r  o f  p i n e  s e e d l i n g s  is p r e s e n t e d .  T h e  s a m e  
t3 d e t e r m i n e  s e a s o n a l  y i e l d s  a s  i n f l u e n c e d  b y  v a r i a b l e  ( p h y s i o l o g i c a l  s t a g e )  s h o u l d  b e  
i r r i g a t i c n  f r e q u e n c y  a n d  amount .  r a i n f a l l ,  e q u a l l y  u s e f u l  i n  many o t h e r  b i o l o g i c a l  
a n d  s a i l  i a t e r  s l b r a q r .  R g o o d  f i t  o f  m o d e l s .  ( R u t h . )  
p r e d i c t e d  v s .  m e a s u r e d  d r y  m a t t e r  y i e l d  o f  HODEL TYPE: p a r a m e t r i c  
s o r g h u m  (SORGRUn VOLGRRE L.) i n  C o l o r a d o ,  COPlflEN?: E m p i r i c a l  m o d e l  t b a t  c a n  b e  u s e d  i n  
c o r n  (ZEA MRYS L.)  d r y  m a t t e r  a n d  g r a i n  c o m p r e h e n s i v e  p l a n t  m o d e l s .  t o  r e p r e s e n t  p l a n t  
y i e l d s  i n  I s r a e l ,  a n d  c o r n  g r a i n  y i e l d s  i n  d e v e l o p m e n t .  
N e b r a s k a .  w i t h  v a r i o u s  w a t e r  a p p l i c a t i o n  
t r e a t m e n t s .  was found .  R  b a s i c  a s s u m p t i o n  i s  
t h a t  t h e  r a t i o  o f  a c t u a l  t o  p o t e n t i a l  d r y  <Be>  
m a t t e r  y i e l d  is d i r e c t l y  r e l a t e d  t o  t h e  r a t i o  H a r r i s ,  G. P. 1972 .  T h e  e c o l o g y  o f  c o r t i c o l o u s  
o f  a c t u a l  t o  p o t e n t i a l  t r a n s p i r a t  i o n .  l i c h e n s ,  111. R s i m u l a t i o n  m o d e l  o f  



APPENDIX A 
Agricultural Model s (continued) 

<BB> COAT. 
p r o d u c t i v i t y  a s  a  f u n c t i o n  o f  l i g h t  i n t e n d t y  
a n d  w a t e r  a v a i l a b i l i t y .  J. E c o l .  60: 19-UO. 

ABSTRACT: A m a t h e m a t i c a l  s i m u l a t i o n  model  f o r  
p r e d i c t i n g  e p i p h y t i c  c o r t i c o l o u s  l i c h e n  
p r o d u c t i v i t y  h a s  b e e n  b u i l t  r e l a t i n g  l i c h e n  
p r o d u c t i v i t y  t o  e n v i r o n m e n t a l  c o n d i t i o n s  a t  
S h a u g h ,  S. Devon. N e t  c a r b o n  a s s i m i l a t i o n  
m t e s  v e r e  c a l c u l a t e d  f o r  PARnELIA CAPERATA 
(L.) Ach. a t  s i x  h e i g h t s  i n  a  model  o a k  t r e e .  
f o r  a  s i m u l a t e d  time p e r i o d  o f  2  y e a r s .  
Weekly t o t a l s  of n e t  c a r b o n  a s s i m i l a t i o n  u e r e  
c i l c u l t e d  f o r  l i c h e n s  a t  e a c h  h e i g h t .  Tbe 
model  h a s  b e e n  c o n s t r u c t e d  a s  a  series o f  
b l o c k s  e a c h  o f  which  r e l a t e s  t o ,  a n d  was  
t e s t e d  a g a i n s t ,  c b s e r v e d  f i e l d  d a t a .  T h e s e  
b l o c k s  a r e  a s  f o l l o w s .  ( a )  I la in  p r o g r a m  - 
r s s p o n s i b l e  f o r  s e t t i n g  u p  a r r a y s ,  r e a d i n g  
de t a  and c a L 1 i n q  s u b r o u t i n e s .  (b )  R a d i a t i o n  
i n t e n s i t y  s u b r o u t i n e  - u s i n g  i n p u t  p a r a m e t e r s  
o f  time of  y e a r ,  time o f  d a y ,  c l o u d  CoVBf a n d  
r a d i a t i o n  d r o p  i n s i d e  t h e  t r e e  c a n o p y :  
r a d i a t i o n  l e v e l s  w e r e  c a l c u l a t e d  f o r  e a c h  o f  
t h e  s i x  h e i g h t  z o n e s  i n  t h e  t r e e .  ( c )  
W e t t i n e - u p  s u b r o u t i n e  - r a t e s  o f  w e t t i n g  o f  
d i f f e r e n t  p a r t s  of t h e  tree d u r i n g  r a i n  were 
o b s e r v e 3  i n  t h e  f i e l d  u s i n g  p a p e r - g r i d  
c o n d u c t i v i t y  s e n s o r s  a n d  a  p o r t a b l e  1 2 - t r a c k  
c h a r t  r e c o r d e r .  A new t e c h n i q u e  f o r  
m o d e l l i n g  r a i n f a l l / t h r o u g h f a l l  was used  t o  
s i m u l a t e  t h e  w e t t i n g - u p  s y s t e m  and  was  t e s t e d  
a g a i n s t  o b s e r v e d  d a t a ,  w i t b  good  a g r e e m e n t .  
(d) m e a s u r e m e n t s  o f  e v a p o r a t i o n  were c a r r i e d  
o u t  i n  t h e  f i e l d  u s i n g  t h e  p a p e r - g r i d  
c o n d u c t i v i t y  s e n s o r s  a n d  s m a l l  c a p i l l a r y  
w a p o r i m e t e r s .  C a l c u l a t i o n s  o f  e v a p o r a t i o n  
by Penman ' s  method were u s e d  t o  e s t i m a t e  
e v a p o r a t i o n  r a t e s  f r o m  t h e  e n t i r e  t r ee  
c a n o p y .  V a r i o u s  m e t h o d s  of a p p o r t i o n i n g  the 
e v a p o r a t i o ~ ~  r a t e s  w i t h i n  t h e  c a n o p y  a r e  
d i s c u s s e d .  (e )  C a l c u l a t i o n s  o f  t h a l l u s  
p h y s i o l o g y  a r e  b a s e d  on  d a t a  p u b l i s h e d  i n  a  
p r e v i o u s  p a p e r  i n  t h i s  series. The  model  
a p p e a r s  t o  g i v e  a  c a l c u l a t e d  r e s u l t  which  
c o m p a r e s  f a v o u r a b l y  w i t h  t h e  v e r t i c a l  
d i s t r i b u t i o n  o f  P. CAPERATA m e a s u r e d  i n  t h e  
f i e l d .  V a r i a t i o n  i n  w e e k l y  n e t  c a r b o n  
a s s i m i l a t i c n  t o t a l s  a r e  s h o u n  t o  h e  h i g h l y  
v a r i a b l e  a n d  a r e  t h o u g h t  t o  be  c o r r e l a t e d  
w i t h  w a t e r  a v a i l a b i l i t y  i n  t h e  e n v i r o n m e n t .  
C h a n g e s  i n  t h e  v e r t i c a l  e v a p o r a t i o n  g r a d i e n t  
a r e  shown t o  h a v e  a  s t r o n g  e f f e c t  on  t h e  
v e r t i c a l  d i s t r l b u t l u u  u f  r h i s  s y e c l e s .  
(Ruth . )  

YODEL TYPE: m e c h a n i s t i c  
CCIlIlENT: U s e f u l  model t h a t  c o u l d  b e  a d a p t e d  t o  

s i m u l a t e  p o l l u t a n t  e f f e c t s .  R e s u l t s  c o u l d  b e  
c o m p a r e d  w i t h  f i e l d  s u r v e y s  o f  l i c h e n s  which 
a r e  g o o d  p o l l u t a n t  i n d i c a t o r s .  T h i s  model 
h a s  i n d i r e c t  a p p l i a a t i o n  t o  t e c h n o l o g y  
i m p a c t s  o n  a g r l c u l t u r a l  e c u s y s t e m s .  

<I392 
Heck, W . W . ,  and D.T. T ingey .  1971 .  Ozone.  

T i m e - c o n c e n t r a t i o n  model  t o  p r e d i c t  a c u t e  
f o l i a r  i n j u r y .  Proc.  S e c o n d  I n t .  C l e a n  Air 
Congr. ,  ~ p .  2U9-255, Academic  P t e s S s ,  New 
P o r k .  

nuuKL r n  v s :  p n r a m e t r i c  
COnnENT: An e q u a t i o n  w h i c h  p r e d i c t s  a c u t e  

e f f e c t s  c f  p o l l u t a n t s  on  p l a n t s  w h e r e  b o t h  
time a n d  c o n c e n t r a t i o n  a r e  i n d e p e n d e n t  
v a r i a b l e s .  R e l a t i o n s h i p  c o u l d  b e  i n c l u d e d  i n  
morn c o m p r e h e n s i v s  p l a n t  models .  

< 90, 
Helmy, R . K . ,  E.A. P e r r e i r o ,  a n d  N. Peinemann. 

1975. P l a n t  r o o t s  a s  m u l t i - z o n a l  membranes. 
2 .  P f l a n z e n p h y s i o l .  76. S: 299-299. 

ABSIRRCT: By u s i n g  p l a n t  r o o t s  o f  b a r l e y ,  whea t ,  
t a l l  w h e a t g r a s s ,  p e a s  a n d  c u c u m b e r  a s  
membranes i n  a  c o n c e n t r a t i o n  c e l l  i n  which 
t h e  same KC1 c o n c e n t r a t i o n  is p l a c e d  on  b o t h  
d d e s  o f  t h s  r o o t ,  i t  was f o u n d  t h a t  f o r  a l l  

t h e  p l a n t s  t h o  measured e l e c t r i c  p o t n n t % a l s  
a r e  p o s i t i v e  a t  low KC1 c o n c e n t r a t i o n ,  t h e y  
become n e g a t i v e  a t  h i g h  KC1 c o n c e n t r a t i o n  a n d  
v a n i s h  a t  a n  i n t e r m e d i a t e  KC1 c o n c e n t r a t i o n .  
The  d a t a  c o u l d  be e x p l a i n e d  b y  a  t h e o r e t i c a l  
model t h a t  t r e a t s  t h e  r o o t  a s  a  m u l t i z o n a l  
membrane, i . e .  composed of z o n e s  w i t h  
d i f f e r e n t  e l e c t r o c h e m i c a l  p r o p e r t i e s .  (Auth.l - - 

RODEL TYPE: m e c h a n i s t i c  
COBIENT: B a s i c  p l a n t  p h y s i o l o g i c a l  model  w i t h  no  

a p p l i c a t i o n  t o  a s s e s s m e n t  a t  t h i s  s t a g e .  

<91> 
Hem, J.D. 1976 .  G e o c h e m i c a l  c o n t r o l s  o n  l e a d  

c o n c e n t r a t i o n s  i n  s t r e a m  w a t e r  a n d  s e d i m e n t s .  
Geochim. Cosmochim. A c t a  00:599-609. 

ABSTRLCT: The  e q u i l i b r i u m  d i s t r i b u t i o n  o f  l e a d  
i n  s o l u t i o n  and  a d s o r b e d  on  c a t i o n  e x c h a n g e  
s i tes i n  s e d i m e n t  t h e o r e t i c a l l y  may be 
C a l c u l a t e d  f r o m  e q u a t i o n s  r e p r e s e n t i n g  
s e l e c t i v i t i e s  o f  s u b s t r a t e  f o r  l e a d  o v e r  
A*,Ca(Z*) a n d  Na*, a n d  t h e  s t a b i l i t i e s  o f  
l e a d  s o l u t e  s p e c i e s .  Such c a l c u l a t i o n s  
i n c l u d e  c o n s i d e r a t i o n  o f  t o t a l  c o n c e n t r a t i o n s  
o f  m a j o r  i o n s ,  c a t i o n  e x c h a n g e  c a p a c i t y  (CEC) 
o f  s u b s t r a t e ,  and  pH, a t  v a l u e s  e x p e c t e d  i n  
v a r i o u s  n a t u r a l  s y s t e m s .  n e a s u r e m e n t s  o f  CEC 
a n d  s e l e c t i v i t y  c o e f f i c i e n t s  were  made f o r  
s y n t h e t i c  h a l l o y s i t e ,  a  f i n e l y  d i v i d e d  
amorphous  1  :1 c l a y  p r e p a r e d  by p r e c i p i t a t i o n  
f r o m  a  m i x t u r e  o f  s o l u t i o n s  o f  a luminum a n d  
s i l i c a .  Where s u s p e n d e d  s e d i m e n t  h a v i n g  t h e  
same p r o p e r t i e s  i s  p r e s e n t  i n  c o n c e n t r a t i o n s  
o f  10-1.000 mg/l a t  pa  6 - 8 ,  more t h a n  9 0 1  o f  
t h e  l e a d  p r e s e n t  c a n  b e  a d s o r b e d  o n  s e d i m e n t  
s u r f a c e s .  The  c a t  i o n  e x c h a n g e  b e h a v i o r  of 
l e a d  a n d  o t h e r  minor  c a t i o n i c  s p e c i e s  i n  
n a t u r a l  s y s t e m s  c o u l d  be  p r e d i c t e d  by  t h i s  
t y p e  o f  model  i f  e n o u g h  o t h e r  E u p p o r t i n g  
i n f o r m a t i o n  were a v a i l a b l e .  I n f o r m a t i o n  o f  
t h e  t y p e  n e e d e d  d e s c r i b i n g  n a t u r a l  s t r e a m  
s e d i m e n t s ,  however,  is  p r e s e n t l y  i n a d e q u a t e  
f o r  a c c u r a t e  p r e d i c t i o n s .  ( A u t h  ) , 

NODEL TYPE: m e c h a n i s t i c  
COIlIENT: U s e f u l  model t h a t  may h a v e  t o o  mncb 

d e t a i l  f o r  a s s e s s m e n t  p u r p o s e s .  

<92> 
Rexem, R.W. ,  V . A .  S p o s i t o ,  and E.O. Ready. 1976. 

A p p l i c a t i o n  o f  a  t w o - v a r i a b l e  I l i t s c h e r l i c h  
r u r l c l l o n  I n  the e e t r l y e l a  o f  
y i e l d - w a t e r - f e r t i l i z e r  r e l a t i o n s h i p s  f o r  
c o r n .  W a t e r  Resour .  Res. 12: 6- 10. 

ABSTRACT: V a r i a t i o n s  o f  m o d e l s  d e v e l o p e d  by E. A. 
n i t s c h e r l i c h  i n  t h e  e a r l y  p a r t  o f  t h i s  
c e n t u r y  a r e  p e r i o d i c a l l y  u s e d  f o r  e s t i m a t i n g  
i n p u t - o u t p u t  r e l a t i o n s h i p s  f o r  p l a n t s .  
n i t s c h e r l i c h * s  work f o c u s e d  o n  a  s i n g l e  
* a l l a b l e .  r l t l l e  t h e s b  e r b u l t s n t i a l  m a d c l o  
i n c o r p o r a t e  f e a t u r e s  o f  t h e o r e t i c a l  a p p e a l .  
t h e  p r o c e d u r e s  f o r  q u a n t i f y i n g  t h e  models  a r e  
r e l a t i v e l y  c o m p l e x  when t w o  o r  more 
i n d e p e n d e n t  v a r i a b l e s  a r e  i n c l u d e d .  I n  f i t s  
o f  H i t s c h o r l i c h  *nd p o l y n o m i a l  f o r m s  t o  
y i e l d - w a t e r - f e r t i l i z e r  d a t a  f o r  c o r n  grown 
u n d e r  e x p e r i m e n t a l  c o n d i t i o n s  it1 C o l o r a d o  a n d  
Kansas ,  test s t a t i s t i c s  f o r  t h e  p o l y n o m i a l  
1 1 8 1  m- dl. nh ~11115 6s ~r beLLer  than t h o =  f o r  
t h e  more c o m p l e x  n i t s c h e r l i c h  models .  (Luth . )  

MODEL TYPE: p a r a m e t r i c  
:OnHE#T: E m p i r i c a l  f u n c t i o n  t h a t  c o u l d  b e  u s e d  

i n  a  p l a n t  s o l u t e  u p t a k e  model. T h e  f u n c t i o n  
h a s  l i m i t e d  u s e  f o r  a s s e s s m e n t  a s  i t  s t a n d s .  

<93> 
Hillel ,  0.. 8. T a l p a r ,  a n d  R. v a n  Keulen.  1976. 

A m a c r o s c o p i c - s c a l e  model  o f  w a t e r  u p t a k e  by  
a  n o n u n i f o r m  r o o t  s y s t e m  a n d  o f  w a t e r  and  
s a l t  aovement  i n  t h e  s o i l  p r o f i l e .  S o i l  S c i .  
1 2 1  ( U )  :2U2-255. 

NRSTRICT: L d y n a m i c  n u m e r i c a l  model,  b a s e d  o n  
t h e  t r a n s p o r t  e q u a t i o n s  f o r  w a t e r  a n d  
n o n i n t e r a c t i n g  s o l u t e s  i n  a  p o r o u s  medium a n d  



APPENDIX A 
Agricultural Models (continued) 

< 9 3 >  CONT. 
w r i t t e n  i n  IBU S/360 CSMP l a n g u a g e .  was  
d e s i g n e d  t o  c o m p u t e  t h e  movement o f  u a t e r  a n d  
s a l t s  i n  a  s o i l  p r o f i l e  i n  t h e  p r e s e n c e  o f  a n  
a c t i v e  r o o t  s y s t e m .  T h e  i n p u t s  a r e :  s o i l  
a n d  r o o t  s y s t e m  h y d r a u l i c s ,  i n i t i a l  w a t e r  
c o n t e n t  a n d  s o l u t e  c o n c e n t r a t i o n ,  3 e n s i t y  a n d  
d i s t r i b u t i o n  o f  a c t i v e  r o o t s  i n  t h e  s o i l  
p r o f i l e ,  a n d  t h e  c l i m a t i c a l l y  i m p o s e d  
w a p o t r a n s p i r a t i c n  r a t e  u i t h  i ts  d i u r n a l  
f l u c t u a t i o n .  T h e  o u t p u t  p r o v i d e s  t h e  
p t t e r n s  of  s o i l  m o i s t u r e  d e p l e t i o n  a n 1  o f  
n ter p o t e n t i a l  d i s t r i b u t i o n  i n  t h e  s o i l  a n d  
t h e  w a t e r  p o t e n t i a l  i n  t h e  p l a n t  a s  n e e d e d  t o  
m a i n t a i n  v a r i o u s  t r a n s p i r a t i o n  r a t e s ,  a s  w e l l  
a s  t h e  f l o w  o f  w a t e r  a n d  s a l t  t h r o u g h  t h e  
b o t t o m  o f  t h e  r o o t  z o n e .  T h e  m o d e l  is 
i l l u s t r a t e d  f o r  a  number o f  c o m b i n a t i o n s  o f  
r o o t  d e n s i t i e s  a n d  r e s i s t a n c e s .  p r o f i l e  
d e p t h s ,  i n i t i a l  s o i l  w a t e r  c o n t e n t s .  s o l u t e  
c o n c e n t r a t i o n s ,  a n d  e v a p o r a t i v i t y  l e v e l s .  
l l t r  p h t t + r e  01 s o i l  m o i s t u c e  d e p l e t i o i i  a i ~ d  
p l a n t - w a t e r  s t a t u s  is s e e n  t o  b e  a  c o m b i n e d  
f u n c t i o n  o f  s o i l ,  p l a n t .  a n d  c l i m a t i c  f a c t o r s  
w h i c h  c a n  t e  mapped o u t  s y s t e m a t i c a l l y  a n d  
q u a n t i t a t i v e l y  by d y n a m i c  s i m u l a t i o n ,  f o r  a  
v i d e  r a n g e  o f  e n v i r o n m e n t a l  c o n d i t i o n s .  
However ,  much e x p e r i m e n t a l  r e s e a r c h  i s  y e t  
r e q u i r e d  t o  o b t a i n  t h e  a p p r o p r i a t e  i n p u t  
i n f o r m a t i o n  f o r  m o d e l s  o f  t h i s  k i n d  a n d  t o  
v a l i d a t e  t h e i r  r e s u l t s .  (Lu th .  ) 

RODEL TYPE: m e c h a n i s t i c  
COUMENT: u s e f u l  i n  e v a l u a t i o n  o f  t e c h n o l o g y  

i m p a c t s  o n  s o i l  w a t e r  a n d  c h e m i c a l  movement  
a l t h o u g h  e x p e r i m e n t a l  i n p u t  d a t a  a r e  r e q u i r e d  
a s  n o t e d  b y  t h e  a u t h o r s .  

<9U> 
H i l l e l ,  n.. C. G. E. a. v a n  Beek ,  a n d  H. T a l p a z .  

1 9 7 5 .  R m i c r o s c o p i c - s c a l e  mode l  o f  s o i l  
u a t e r  u p t a k e  a n d  s a l t  movement  t o  p l a n t  
r o o t s .  S o i l  S c i .  120: 385-399 .  

4BSTRRCT: A n u m e r i c a l  m o d e l ,  b a s e d  o n  t h e  
t r a n s p o r t  e q u a t i c n s  f o r  w a t e r  a n d  
n o n i n t e r a c t i n g  s o l u t e s  a n d  u r i t t e n  i n  IBU 
S /36n  CSUP l a n g u a g e ,  was  d e s i g n e d  t o  c o m p u t e  
t h e  r a d i a l  movement  o f  w a t e r  a n d  s a l t s  t o  
p l a n t  r o c t s .  T h e  i n p u t s  a r e :  t h e  s o i l ' s  
s u c t i o n  a n d  c o n d u c t i v i t y  f u n c t i o n s .  t h e  s o i l  
s o l u t i o n ' s  c o n t e n t  a n d  c o n c e n t r a t i o n ,  r o o t  
d e n s i t y  a n d  p e r m e a b i l i t y ,  a n d  t h e  r e q u i r e d  
u p t a k e  r a t e  ( w h e t h e r  c o n s t a n t  o r  d i u r n a l l y  
f l u c t u a t i n g ) .  T h e  o u t p u t  p r o v i d e s  t h e  
t i m e - d e p e n d e n t  d r a u d o v n  o f  m a t r i c  a n d  o s m o t i c  
p o t e n t i a l s  i n  t h e  i m m e d i a t e  v i c i n i t y  of  t h e  
r o o t .  t h e  g r a d i e n t s  a n d  f l o w  r a t e s  o f  w a t e r  
a n d  s o l u t e s  i n  t h e  s o i l .  a n d  t h e  p l a n t  w a t e r  
p o t e n t i a l s  n e e d e d  t o  m a i n t a i n  d i f f e r e n t  
u p t a k e  r a t e s .  T h e  m o d e l  is i l l u s t r a t e d  f o r  
v a r i o u s  r o o t i n g  d e n s i t i e s  a n d  v a r i o u s  i n i t i a l  
u a t e r  c o n t e n t s  a n d  s a l t  c o n c e n t r a t i o n s .  m e  
e f f e c t  o f  i n c r e a s i n g  r o o t  d e n s i t y  a n d  
p e r m e a b i l i t y  is s e e n  t o  b e  s i m i l a r  t o  t h e  
e f f e c t  o f  i n c r e a s i n g  w a t e r  c o n t e n t  o r  
r e d u c i n g  t r a n s p i r a t i o n a l  demand.  (Auth . )  

RODEL TYPE: m e c h a n i s t i c  
CCUHENT: work i s  t n n  d e t a i . l e r l  t n r  a s s e s s m e n t  

p u r p o s e s .  

< 9 5 >  
R i l l e l .  D . I . .  C. R. fi. van  B a v e l ,  a n d  H. T a l p a z .  

1 9 7 5 .  Dynamic  s i m u l a t i o n  o f  u a t e r  s t o r a g e  i n  
f a l l o w  s o i l  a s  a f f e c t e d  b y  mulch  o f  
h y d r o p h o b i c  a g g r e g a t e s .  S o i l  S c i .  Soc .  Am. 
P r o c . ,  3 9 ( 5 )  :826 -833. 

ABSTRACT: R w c h a n i s t i c  n u m e r i c a l  mode l ,  b a s e d  
on f u n d a m e n t a l  p h y s i c a l  p r i n c i p l e s  a n d  
w r i t t e n  i n  IBU S / 3 6 0  CSRP l a n g u a g e .  was  
d e s i q n e d  t o  c o m p u t e  t h e  d y n a m i c  b ~ l a n c z  o f  
n t e r  i n  a  f a l l o w  s o i l  t h r o u g h  r e p e a t e d  
c y c l e s  o f  i n f i l t r a t i o n  a n d  e v a p o r a t i o n .  The  
n e c e s s a r y  i n p u t s  a r e :  ( i )  h y d r a u l i c  
c h a r a c t e r i s t i c s  o f  t h e  s o i l  and  o f  t h e  
s u r f a c e  c r u s t  o r  mulch  l a y e r ;  ( i i )  d u r a t i o n  

a n d  i n t e n s i t y  c h a r a c t e r i s t i c s  o f  r a i n s t o r m s  
o r  i r r i g a t i o n s :  a n d  ( i i i )  t h e  p o t e n t i a l  ' 

e v a p o r a t i o n  r a t e  a s  it v a r i e s  d i u r n a l l y  a n d  
f rom d a y  t o  d a y .  T h e  o u t p u t  p r o v i d e s  
t i m e - d e p e n d e n t  r a t e s  a n d  c u m u l a t i v e  
q u a n t i t i e s  o f  i n f i l t r a t i o n ,  r u n o f f ,  s u r f a c e  
d e t e n t i o n ,  e v a p o r a t i o n ,  i n t e r n a l  d r a i n a g e ,  
a n d  c h a n g e s  i n  w a t e r  c o n t e n t  o f  d i f f e r e n t  
l a y e r s  a n d  o f  t h e  p r o f i l e  a s  a  w h o l e .  
C o m p u t a t i o n s  c a r r i e d  o u t  f o r  a  u - d a y  
s i m u l a t i o n  ( i n c l u d i n g  t w o  r a i n s t o r m s  a n d  f o u r  
e v a p o r a t i o n  c y c l e s )  i l l u s t r a t e  t h e  use of t h e  
m o d e l  f o r  u n i f o r m .  c r u s t e d ,  o r  m u l c h e d  s o i l :  
a n d  p r e d i c t  t h a t  t h e  p r e s e n c e  o f  a  m u l c h  o f  
h y d r o p h o b i c  a g g r e g a t e s ,  s e v e r a l  c e n t i m e t e r s  
t h i c k ,  c a n  g r e a t l y  i n c r e a s e  t h e  q u a n t i t y  o f  
w a t e r  a b s o r b e d  a n d  r e t a i n e d  i n  t h e  p r o f i l e .  
T h i s  f i n d i n g  a c c o r d s  w i t h  p r e v i o u s l y  
p u b l i s h e d  e x p e r i m e n t a l  r e s u l t s  a n d  i n d i c a t e s  
a  p r o m i s i n g  a p p r o a c h  t o  s o i l  management  f o r  
w a t e r  c o n s e r v a t i o n  i n  d r y l a n d  a n d  i r r i g a t e d  
f a r m i n g .  (Auth.)  

NODEL TYPE: m e c h a n i s t i c  
COUMENT: Model  c o u l d  b e  u s e d  i n  i n f i l t r a t i o n  

a n a l y s i s  i n c l u d i n g  t h e  e f f e c t s  o f  c r u s t i n g  o f  
s o i l  s u r f a c e .  

< 96> 
H o l f o r d ,  I.C.R., a n d  G.E.G. U a t t i n g l y .  1976 .  R 

m o d e l  f o r  t h e  b e h a v i o u r  o f  l a b i l e  p h o s p h a t e  
i n  s o i l .  P l a n t  S o i l  UU:219-229. 

ABSTRLCT: T h e  La n q m u i r  t w o - s u r f a c e  a d s o r p t i o n  
e q u a t i o n  is u s e d  t o  d e r i v e  a  p h o s p h a t e  
a d s o r p t i ~ n  c h a r a c t e r i s t i c ,  t h e  maximum b u f f e r  
c a p a c i t y ,  u h i c h  i n t e g r a t e s  t h e  i n t e n s i v e  a n d  
e x t e n s i v e  c o m p o n e n t s  o f  a d s o r p t i o n  a n d  is 
i n d e p e n d e n t  o f  P s a t u r a t i o n .  C h a n g e s  i n  t h e  
i n t e n s i t i e s  a n d  q u a n t i t i e s  o f  l a b i l e  P  a n d  
e q u i l i b r i u m  b u f f e r  c a p a c i t i e s  r e s u l t i n g  f r o m  
f e r t i l i z a t i o n  o f  a  g r o u p  o f  2U s o i l s  a r e  
shown t o  b e  r e l a t e d  t 6  t h e  L a n g m d i e  
h i g h - e n e r g y  a d s o r p t i o n  p a r a m e t e r s  a n d  i n  
p a r t i c u l a r  t h e  maximum b u f f e r  c a p a c i t y .  
(Auth . )  

UODEL TYPE: a e c h a n i s t i c  
COUUENT: T h e  f u n c t i o n  c a n  b e  u s e d  i n  more  

c o m p r e h e n s i v e  soil w a t e r - s o l u t e  t r a n s p o r t  
m o d e l s .  

< 9 7 >  
H o l f o r d .  I .C.R. ,  R.W.U. W e d d e r b u r n ,  a n d  G.E.J. 

U a t t i n g l y .  197U. A L a n g m u i r  t w o - s u r f a c e  
e q u a t i o n  a s  a  m o d e l  f o r  p h o s p h a t e  a d s o r p t i o n  
by s o i l s .  J .  S o i l  S c i .  25:2U2-255. 

ABSTRLCT: F o r  f o r t y - o n e  s o i l s  (pH g r e a t e r  t h a n  
5 .0 )  f r o m  s o u t h e r n  E n g l a n d  a n d  e a s t e r n  
l u s t r a l i a ,  t h e  L a n g m u i r  e q u a t i o n  was  a n  
e x c e l l e n t  mod e l  f o r  d e s c r i b i n g  P  a d s o r p t i o n  
f r o m  s o l u t i o n s  l e s s  t h a n  l o * *  (-3) M P ,  i f  it 
was a s s u m e d  t h a t  a d s o r p t i o n  o c c u r s  o n  t w o  
t y p e s  o f  s u r f a c e  o f  c o n t r a s t i n g  b o n d i n g  
e n e r g i e s .  P o r  mos t  o f  t h e s e  s o i l s ,  u h i c h  
w e r e  r e l a t i v e l y  u n d e r s a t u r a t e d  u i t h  P, more 
t h a n  9 0 %  o f  t h e  n a t i v e  a d s o r b e d  P  o c c u r r e d  o n  
t h e  h i g h - e n e r g y  s u r f a c e .  (Auth.)  

nnnEL TYPE: m e c h a n i s t i c  
COUUENT: The  p r o p o s e d  f u n c t i o n  c a n  b e  r e a d i l y  

i f i c l u d e d  i n  s o i l  c h e m i s t r y  mode l s .  T h e  
e m p i r i c a l  c o n s t a n t s  n e e d  t o  h e  e v a l u a t e d  f o r  
t h e  s o i l  o f  i n t e r e s t .  

< 9 8 >  
H u g q i n s ,  L.P., J.R. B u r n e y ,  P.S. Rundu,  a n d  E.J .  

Uonke. 1973 .  S i m u l a t i o n  o f  t h e  h y d r o l o g y  o f  
u n g a g e d  w a t e r s h e d s .  T e c h n i c a l  R e p o r t  No. 38,  
P u r d u e  U n i v e r s i t y  W a t e r  R e s o u r c e s  R e s e a r c h  
C e n t e r .  West L a f a y e t t e .  I N .  

ABSTRACT: T h e  o v e r a l l  o b j e c t i v e  o f  t h e  r e s e a r c h  
p r o j e c t  r e p o r t e d  h e r e i n  w a s  t h e  d e v e l o p m e n t  
o f  a  w a t e r s h e d  mode l  c a p a b l e  o f  a c c u r a t e l y  
p r e d i c t i n g  h y d r o l o g i c  b e h a v i o r  o f  n a t u r a l  
w a t e r s h e d s  f o r  u h i c h  d a t a  c o n c e r n i n g  
h i s t o r i c a l  r e l a t i o n s h i p s  b e t w e e n  r a i n f a l l  a n d  
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C982 COAT. 
r u n o f f  e v e n t s  a r e  u n a v a i l a b l e ,  i.e. ungaged 
c a t c h m e n t s .  T h i s  o b j e c t i v e  was a c c o m p l i s h e d  
by a  c o m b i n a t i o n  o f  l a b o r a t o r y  s t u d i e s  
r e l a t e d  t o  o v e r l a n d  f l o w  and  o f  t h e  c o n t i n u e d  
d s v e l o p m e n t  o f  a  w a t e r s h e d  model  u s i n g  
m m p u t e r  s i m u l a t i o n s  o f  r e a l  s t o r m  e v e n t s  o n  
g a g e d  c a t c h m e n t s  t o  d e t e r m i n e  a  r a n g e  o f  
a p p r o p r i a t e  p a r a m e t e r  v a l u e s  f o r  t h e  model. 
m e  c o m p u t e r  p rogram u s e d  t o  i m p l e m e n t  t h e  
w a t e r s h e d  model t o g e t h e r  w i t h  s a m p l e  d a t a  a n d  
i ts  o u t p u t  is g i v e n .  T h e  w a t e r s h e d  model 
d e v e l o p e d  i n  t h e  r e s e a r c h  r e p o r t e d  b e l o w  u s e s  
a  d i s t r i b u t e d  a n a l y s i s  a p p r o a c h  r l t h e r  t h a n  
t h e  more commonly e m p l o y e d  lumped s y s t e m  
a n a l y s i s .  The  model i n v o l v e s  t h e  s u b d i v i s i o n  
o f  a  c a t c h m e n t  i n t o  a g r i d  o f  s m a l l  e l e m e n t a l  
a r e a s ,  t h e  m a t h e m a t i c a l  characterization o r  
m o d e l l i n g  o f  t h e  v a r i o u s  p h y s i c a l  p r o c e s s e s  
o c c u r r i n g  w i t h i n  e a c h  e l e m e n t  a n d  t h e  
n u m e r i c a l  i n t e g r a t i o n  o f  t h e  r e s p o n s e s  f rom 
e a c h  w a t e r s h e d  e l e m e n t  i n t o  a  c o m p r e h e n s i v e  
d e s c r i p t i o n  o f  n o t  on11 t h e  d i s c h a r g e  a t  t h e  
o u t l e t ,  t u t  o f  t h e  c o m p l e t e  h y d r o l o g i c  
r e s p o n s e  o f  e v o r y  e l e m e n t  o f  which  t h e  
c s t c h m e n t  i s  composed.  The p r i m a r y  
a a v a n t a g e s  o f  t h e  d i s t r i b u t s d  w a t e r s h e d  model 
a r e  its p o t e n t i a l  f o r  i n c r e a s e d  a c c u r a c y  d u e  
t o  its i n h e r e n t  c a p a b i l i t y  t o  e v a l u a t e  
s p a t i a l l y  v a r i a b l e  f a c t o r s  w i t h i n  a  w a t e r s h e d  
a n d  i t s  c o m p r e h e n s i v e  d e s c r i p t i o n  o f  t h e  
t o t a l  w a t e r s h e d  b e h a v i o r .  T h i s  l a t t e r  
a a v a n t a g e  i s  o f  i n c r e a s i n g  i m p o r t a n c e  i n  
p r o v i d i n g  a  means o f  e v a l u a t i n g .  i n  a  v e r y  
b r o a d  c o n t e x t ,  t h e  p o t e n t i a l  e n v i r o n m e n t a l  
e f f e c t s  o f  a l t e r n a t e  p r o g r a m s  f o r  r e s o u r c e  
d e v e l o p m e n t .  The p r i m a r y  d i s a d v a n t a g e  o f  
d i s t r i b u t e d  m o d e l s  i s  t h e  g r e a t l y  i n c r e a s e d  
m m p o t a t i o n a l  c t f o r t  r c q u i r o d  t o  u t i l i e c d  
them.  l lowever,  l a r g e  c o m p u t e r s  h a v e  l a r g e l y  
removed t h e  e c o n o m i c  l i m i t a t i o n s  a s s o c i a t e 3  
w i t h  t h i s  a p p r o a c h .  a t  l e a s t  f o r  r e l a t i v e l y  
s m a l l  w a t e r s h e d s .  (Auth. ) 

HODEL TYPE: p a r a m e t r i c  
CORNEI-: P o t e n t i a l l y  v e r y  u s e f u l  i n  a s s e s s m e n t  

s i n c e  it c a n  a l l o w  e v a l u a t i o n  o f  s i t u a t i o n s  
w i t h  l i m i t e d  d a t a  s o u r c e s .  A p p l i c a t i o n s  t o  
a g r i c u l t u r a l  w a t e r s h e d s  a r e  i n c l u d e d .  

< 9 9 >  
I n c r o p e r a ,  P.P. 1975. L e a f  p h o t o s y n t h e s i s :  The 

i n , f l u e n c e  c f  e n v i r c n m e n t a l  v a r i a b l e s .  J. 
E n v i r o n .  Q u a l .  4: 940-447. 

APSTRRCT: A model i s  p r e s e n t e d  f o r  t h e  e f f e c t s  
o f  l i g h t  i n t e n s i t y  a n d  a m b i e n t  t e m p e r a t u r e ,  
r e l a t i v e  h u m i d i t y .  a n d  c a r b o n  d i o x i d e  
c o n c e n t r a t i o n  on  l e a f  p h o t o s y n t h e s i s .  The 
model t r e a t s  d i f f u s i o n  a n d  c h e m i c a l  p r o c e s s e s  
o z c u r r i n q  w i t h i n  t h e  l e a f ,  a s  w e l l  a s  t h e  
t r a n s f e r  o f  mass a n d  e n e r g y  b e t w e e n  t h e  l e a f  
a n d  i ts e n v i r o n m e n t .  C a l c u l a t i o n s  h a v e  b e e n  
p r f o r m e d  f o r  ZEA NAYS L. ( m a i z e )  which  
s u g g e s t  t h e  i n f l u e n c e  o f  e n v i r o n m e n t a l  
c h a n g e s .  Rl thoogh l e a f  e n e r g y  e x c h a n g e  
p r o c e s s e s  a c t  t o  m o d e r a t e  t h e  e f f e c t  o f  
c h a n g e s  i n  t h e  a t m o s p h e r i c  t e m p e r a t u r e ,  a  
s e v e r e  c o o l i n g  t r e n d  may c a u s e  a s ,  much a s  20% 
r e d u c t i o n  i n  p h o t o s y n t h e s i s .  Under  mos t  
c o n d i t i o n s .  t h e  r a t e  o f  p h o t o s y n t h e s i s  is 
f u r t h e r  d i m i n i s h e d  by  a  r e d u c t i o n  i n  r e l a t i v e  
h u m i d i t y .  I n  c o n t r a s t .  a  20% i n c r e a s e  i n  t h e  
a t m o s p h e r i c  CO(2) c o n c e n t r a t i o n ,  w h i c h  i f  
p r o j e c t e d  f o r  t h e  y e a r  2000, w i l l  i n c r e a s e  
p h o t o s y n t h e s i s  by a p p r o x i m a t e l y  151. The 
c a l c u l a t i o n s  a l s o  s u g g e s t  optimum a m b i e n t  
c o n d i t i o n s  f o r  c o n t r o l l e d  q r o w t h  
e n v i r o n m e n t s ,  s u c h  a s  a  g r e e n h o u s e .  I n  
a d d i t i o n  t c  a  s a t u r a t i n g  l i g h t  i n t e n s i t y  of 
a p p r o x i m a t e l y  700  W/m**2, t h e s e  c o n d i t i o n s  
i n c l u d e  a  t e m p e r a t u r e  a n d  r e l a t i v e  h u m i d i t y  
of a p p r o x i m a t e l y  30C a n d  901,  r e s p e c t i v e l y ,  
a n d  a  CO (2) c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  
1, 500 ppm. (111th.) 

MODEL TYPE: m e c h a n i s t i c  
CCRNEPT: P h y s i o l o g i c a l  r e s e a r c h  model  wi,th t o o  

much d e t a i l  f o r  a s s e s s m c n t  p u r p o s e s .  

< l o o >  
J a c k s o n ,  J.E., a n d  J . W .  P a l m e r .  1972. 

I n t e r c e p t i o n  o f  l i g h t  b y  model hedgerow 
o r c h a r d s  i n  r e l a t i o n  t o  l a t i t u d e ,  t i m e  o f  
y e a r  a n d  hedgerow c o n f i g u r a t i o n  a n d  
o r i e n t a t i o n .  J.  Appl.  Ecol .  9:341-357. 

IIBSTRACT: L i g h t  i n t e r c e p t i o n  b y  model hedgerow 
o r c h a r d s  a n d  l i g h t  d i s t r i b u t i o n  o v e r  t h e i r  
s u r f a c e s  w e r e  i n v e s t i g a t e d  u s i n g  a  c o m p u t e r  
f o r  t h e  d i r e c t  l i g h t  c a l c u l a t i o n s  a n d  a  
g r a p h i c a l  t e c h n i q u e  t o  s t u d y  t h e  d i s t r i b u t i o n  
o f  d i f f u s e d  l i g h t  u n d e r  b o t h  u n i f o r m l y  
l u m i n o u s  a n d  s t a n d a r d  o v e r c a s t  s k i e s .  l o d e 1  
h e d g e r o w s  o f  t r i a n g u l a r ,  t r u n c a t e d  
t r i a n g u l a r ,  a n d  r e c t a n g u l a r  s e c t i o n ,  e a c h  
w i t h  t h r e e  d i f f e r e n t  r a t i o s  o f  hedgerow 
h e i g h t  t o  a l l e y w a y  w i d t h  were c o n s i d e r e d  a t  
l a t i t u d e s  51.3 deg., 4 5  deg. a n d  30 deg. U. 
When o n l y  h a l f  t h e  g r o u n d  a r e a  is c o v e r e d  
w i t h . h e d g e r o w  and t h e  hedgerow h e i g h t  is 
e q u a l  t o  t h e  a l l e y w a y  w i d t h ,  o v e r  8 0 %  o f  
a v a i l a b l e  l i g h t  c a n  b e  i n t e r c e p t e d .  A s  t h e  
r a t i o  o f  h e d g e  h e i g h t  t o  a l l e y  w i d t h  i s  
i n c r e a s e d ,  d i r e c t  l i g h t  i n t e r c e p t i o n  i s  
i n c r e a s e d  i n  much s m a l l e r  p r o p o r t i o n .  L i g h t  
i n t e r c e p t i o n  is r e d u c e d  w i t h  d e c r e a s i n g  a n g l e  
o f  t h e  h e d g e  s i d e s  t o  t h e  h o r i z o n t a l  a n d  a t  
l o w e r  l a t i t u d e s  e s p e c i a l l y  f o r  e a s t - w e s t  
o r i e n t e d  hedgerows .  Whi le  t h e r e  i s  l i t t l e  
c h a n g e  i n  p e r c e n t a g e  i n t e r c e p t i o n  by 
n o r t h - s o u t h  o r i e n t e d  h e d g e s  a s  t h e  s e a s o n  
p r o g r e s s e s ,  t h e r e  is a  marked s e a s o n a l  
p a t t e r n  o f  i n t e r c e p t i o n  by e a s t - w e s t  h e d g e s  
and  t h i s  v a r i e s  w i t h  l a t i t u d e s .  A s  h e d g e  
h e i g h t  is i n c r e a s e d  s o  i s  t h e  p r o p o r t i o n  o f  
p o o r l y  i l l u m i n a t e d  o u r f a c c  and  a o  t h o  a n g l o  
t o  t h e  h o r i z o n t a l  is d e c r e a s e d  t h e  e v e n n e s s  
o f  i l . l u m i n a t i o n  o v e r  a  hedgerow s i d e  i s  
i n c r e a s e d .  I l l u m i n a t i o n  o f  t h e  s o u t h  f a c e s  o f  
e a s t - w e s t  h e d g e s  is  r e l a t i v e l y  e v e n l y  
d i s t r i b u t e d .  t h e  u n i f o r m i t y  b e i n g  g r e a t e r  f o r  
s h o r t  t h a n  t a l l  h e d g e s ,  s l o p i n g  t h a n  v e r t i c a l  
s i d e s  and a t  low l a t i t u d e s  t h a n  a t  h i g h  
l a t i t u d e s ,  b u t  it v a r i e s  c o n s i d e r a b l y  w i t h  
time o f  y e a r  f o r  some hed e r o w  
c o n f  i q u r a t i o n s .  t n t e r c e p t f o n  and d i s t r i t u t i o n  
o f  d i f f u s e  l i g h t  is r n t . h c r  s i m j l a r  t o  t .hnt  o f  
d i r e c t  l i g h t  f o r  n o r t h - s o u t h  hedgerows .  The  
e f f e c t s  o f  l a t i t u d e  on  l i g h t  i n t e r c e p t i o n  a n d  
d i s t r i b u t i o n  o v a  hedgeruw s y s t e m s  o f  
d i f f e r i n g  p r o p o r t  i o n s  a p p e a r  l a r g e  enough t o  
i n f l u e n c e  s i g n i f i c a n t l y  t h e  v a l u e  o f  
d i f f e r e n t  s y s t e m s  o f  p l a n t i n g .  T h i s  w i l l  
a p p l y  t o  o t h e r  row c r o p s  a s  well a s  hedgerow 
o r c h a r d s .  (Auth.) 

NODEL TYPE: m e c h a n i s t i c  
COHHERT: R o d e l  c o u l d  b e  u s e d  t o  e v a l u a t e  s h a d i n g  

e f f e c t s  o f  s t r u c t u r e s  o n  a g r i c u l t u r a l  s y s t e m s .  

<101> 
J a h n k e ,  L. S., a n d  D.B. L a u r e n c e .  1965. 

I n f l u e n c e  o f  p h o t o s y n t h e t i c  crown s t r u c t u i e  
o n  p o t e n t i a l  p r o d u c t i v i t y  o f  v e g e t a t i o n ,  
b a s e d  . p r i m a r i l y  o n  m a t h e m a t i c a l  models .  
E c o l o g y  46: 319-326. 

RBSTRLCT: P r o d u c t i v i t y  s t u d i e s  h a v e  shown t h a t  
p l a n t s  w i t h  marked v e r t i c a l  e x t e n s i o n  o f  
p h o t o s y n t h e t i c  crown c a n  b e  more  p r o d u c t i v e  
p e r  u n i t  a r e a  o f  l a n d  o r  w a t e r  o c c u p i e d  t h a n  
p l a n t s  whose p h o t o s y n t h e t i c  s u r f a c e  is s p r e a d  
i n  a  t h i n  h o r i z o n t a l  s h e e t  on t h e  e a r t h ' s  
s u r f a c e  i f  e n v i r o n m e n t a l  f a c t o r s  a r e  n o t  
o t h e r w i s e  l i m i t i n g .  O e o m e t r i c  m o d e l s  
i n c l u d i n g  a  f l a t  d i s c  a n d  c o n e s  o f  s e v e r a l  
h e i g h t s  b u t  c o n s t a n t  b a s e  r a d i u s  show t h a t  
h e i g h t e n i n g  c o n e s  i n t e r c e p t  p r o g r e s s i v e l y  
more  l i g h t .  Amount o f  c h l o r o p h y l l  d i s p l a y e d  
p e r  u n i t  a r e a  o f  e a r t h ' s  s u r f a c e  c a n  a l s o  
i n c r e a s e  g r e a t l y  w i t h  v e r t i c a l  e x t e n s i o n  o f  
a e r i a l  mown.  T h e s e  o b s e r v a t i o n s  s u g g e s t  
t h a t  t h i c k n e s s ,  g e o m e t r i c  c o n f i g u r a t i o n ,  a n d  
c h l o r o p h y l l  c o n t e n t  o f  t h e  p h o t o s y n t h e t i c  
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< l o 1  > COAT. 
p o r t i o n  o f  t h e  v e g e t a t i o n  p e r  u n i t  a r e a  of 
e a r t h ' s  s u r f a c e ,  a n d  l i g h t  i n t e n s i t y  i n c i d e n t  
on s u r f a c e s  a t  r i g h t  a n g l e s  t o  s u n ' s  r a y s  
s h o u l d  b e  measured  and d e s c r i b e d  a s  b a s i c  
d a t a  i n  p r i m a r y  p r o d u c t i v i t y  s t u d i e s .  (Auth.) 

IODEL TYPE: m e c h a n i s t i c  
CCMMENT: P r o b a b l y  n o t  u s e f u l  s i n c e  o t h e r  more 

c o m p r e h e n s i v e  m o d e l s  a r e  a v a i l a b l e .  

< 102> 
J a k o b s e n ,  B. P. 1973. I n t e r r e l a t i o n s  o f  s o i l  

p h y s i c a l  c b a  r a c t e r i s t i c s .  Act a  R g r i c .  Scand.  
23 :165-172. 

ABSTRACT: Water  r e t e n t i o n ,  h y d r a u l i c  
c o n d u c t i v i t y ,  a n d  oxygen  d i f f u s i o n  a t  
d i f f e r e n t  s o i l  b u l k  d e n s i t i e s .  and s o i l  
c o m p a c t a b i l i  t y  a t  d i f f e r e n t  w a t e r  c o n t p n t s  o f  
a  loam s o i l  were  measured.  T h e r m a l  
c h a r a c t e r i s t i c s  were  c a l c u l a t e d  a t  d i f f e r e n t  
b u l k  d e n s i t i e s  a n d  w a t e r  c o n t e n t s .  
b t h e m a t i c a l  e x p r e s s i o n s  f o r  t h e  r e l a t i o n s  
and  i n t e r r e l a t i o n s  were  found  f o r  t h e  u s e  i n  
c o n s t r u c t i o n  o f  models  f o r  p l a n t  g r o w t h ,  a n d  
f o r  a n  a t t e m p t  t o  o p t i m i z e  t h e  s o i l  s t r u c t u r e  
f o r  p l a n t  g rowth  under  g i v e n  c l i m a t i c a l  
c o n d i t i o n s .  The s y s t e m  may be a p p l i e d  t o  
o t h e r  s o i l s  n o t  t o o  low i n  c l a y  c o n t e n t  an*  
o f f e r s  p o s s i b i l i t i e s  o f  s u r v e y i n g  and  
h s n d l i n g  t h e  p r o b l e m s  o f  c h a n g e s  i n  s o i l  
s t r u c t u r e .  Der i  v a t e a  o f  t h e  i n t e r r e l a t i o n s  
be tween  s o i l  f a c t o r s  may y i e l d  good e s t i m a t e s  
o f  c h a n g e s  i n  s o i l  c o n d i t i o n s  c a u s e d  by  a  
c h a n g e  i n  o n e  f a c t o r .  (Auth.)  

HODEL TYPS: p a r a m e t r i c  
CCMMENT: Approach  p r o v i d e s  a  means of e s t i m a t i n g  

s o i l  p r o p e r t i e s  u s u a l l y  r e q u i r e d  i n  d e t a i l e d  
s o i l  p r o c e s s  m o d e l s  and t h u s ,  is u s e f u l  i n  
e x t e n d i n g  t h e  r a n g e  o f  m o d e l i n g  a p p l i c a t i o n s  
w h e r e  l i m i t e d  s o i l  d a t a  a r e  a v a i l a b l e .  

<103> 
J a n s s e n ,  J.G.M. 1979. S i m u l a t i o n  o f  g e r m i n a t i o n  

of w i n t e r  a n n u a l s  i n  r e l a t i o n  t o  m i c r o c l i m t e  
and  m i c r o d i s t r i b u t i o n .  O e c o l o g i a  
( B e r l . )  19:197-228. 

RBSTRRCT: A s i m u l a t i o n  program o n  t h e  
g e r m i n a t i o n  o f  w i n t e r  a n n u a l s  is w r i t t e n  i n  
s u c h  a  way t h a t  t h e  i n f l u e n c e  o f  c h a n g i n g  
e n v i r o n m e n t a l  c o n d i t i o n s  on g e r m i n a t i o n  
c h a r a c t e r i s t i c s  s u c h  a s  t h e  time o f  
g e r m i n a t i o n ,  t h e  p e r c e n t a g e  o f  g e r m i n a t i o n  
a n d  t h e  d i s t r i b u t i o n  f u n c t i o n  o f  g e r m i n a t i o n  
is d e s c r i b e d  a s  w e l l  a s  p o s s i b l e  i n  
a c c o r d a n c e  w i t h  e x p e r i m e n t a l  d a t a .  The 
c h a n q i n g  e n v i r o n m e n t a l  c o n d i t i o n s  a r e  
s i m ~ ~ l a t e d  by  n  program t h a t  d e s c r i b e s  t h e  
c h a n g e s  o f  t h e  m i c r o c l i m a t o l o g i c a l  
c h a r a c t e r i s t i c s ,  t e m p r a t o r e  a n d  m o i s t u r e  
c o n t e n t  o f  t h e  s o i l ,  d u r i n g  a  number o f  d a y s  
d e p e n d i n g  on l o c a l  c o n d i t i o n s  a n d  macro- 
e t e o r o l o g i c a l  d a t a .  The  s i m u l a t e d  
d i f f e r e n c e s  i n  g e r m i n a t i o n  b e t w e e n  t h e  two 
w i n t e r  a n n u a l s  VERONICL ARVENSIS L. and  
lROSOTIS RRMOSISSIMA R o c h e l  ex S c h u l t .  a t  
d i f f e r e n t  s i t e s  a r e  d i s c u s s e d  i n  r e l a t i o n  t o  
d i f f e r e n c e s  i n  t h e i r  m i c r o d i s t r i b u t i o n .  A 
way is i n d i c a t e d  t o  c h a r a c t e r i z e  i n  
e c o l o g i c a l  s t u d i e s  t h e  m i c r o c l i m a t l o q i c a l  
s i t u a t i o n  o f  a  s i t e  i n  t h e  f i e l d .  (Auth.)  

NOnEL TYPE: m e c h a n i s t i c  
COMMRJT: The r e p r e s e n t a t i o n  o f  t e m p e r a t u r e  and  

w a t e r  ~ f f ~ c t s  on g e r m i n a t i o n  c o u l d  b e  used  i n  
a s s e s s m e n t  s t u d i e s . .  

<1OU> 
J g n e s ,  J.W., R.P. Colwick ,  and E.D. T h r e a d g i l l .  

1972. R s i m u l a t e d  e n v i r o n m e n t a l  model of 
t e m p e r a t u r e ,  e v a p o r a t i o n ,  r a i n f a l l  a n d  s o i l  
m o i s t u r e .  T r a n s a c t i o n s  o f  t h e  ASRE 
15 (2)  : 366-312. 

ABSTRACT: W e a t h e r  i s  a  p r i m a r y  f o r c i n g  f u n c t i o n  
for d e c i s i o n s  c o n c e r n i n g  c r o p  p r o d u c t i o n .  

P l a n t  m o d e l s  h a w  b e e n  d e v e l o p e d  t o  s i m u l a t e  
p l a n t  p r o d u c t i o n  b a s e d  upon t h e  w e a t h e r  t h a t  
is imposed  upon t h e  " c o B p u t e r  p l a n t " .  F o r  
s t u d y i n g  a  c o m p l e t e  c r o p  p r o d u c t i o n  s y s t e m ,  
i t  is  d e s i r a b l e  t o  h a v e  a n  e n v i r o n m e n t a l  
model  t o  p r o v i d e  s i m u l a t e d  f i e l d  c o n d i t i o n s  
f o r  a  p a r t i c u l a r  l o c a t i o n .  i n  which  t h e  
"computer  p l a n t "  is t o  b e  grown. T h i s  s t u d y  
was d e s i g n e d  t o  d e v e l o p  a n  e n v i r o n m e n t  model 
f o r  c r o p '  p r o d u c t i o n  o r  o t h e r  hiolnqi-rznl  
s y s t e m s  t o  p r o v i d e  i n p u t s  o f  d a i l y  r a i n f a l l ,  
t e m p e r a t u r e ,  e v a p o r a t i o n ,  a n d  s o i l  m o i s t u r e  
v a r i a t i o n s  w i t h  d e p t h .  Review o f  t h e  
l i t e r a t u r e  r e v e a l e d  t h a t  s t u d i e s  h a d  been  
c o n d u c t e d  t o  d e s c r i b e  t e m p e r a t u r e  a n d  
r a i n f a l l  d i s t r i b u t i o n s  a t  o t h e r  l o c a t i o n s  
a l t h o u g h  n o  s i m i l a r  work  was  f o u n d  f o r  
e v a p o r a t i o n  d  i s t r i b u t i o n .  S t u d i e s  i n v o l v i n g  
u n s a t u r a t e d  s o i l  m o i s t u r e  t r a n s f e r  w e r e  f o u n d  
but  most  o f  t h e s e  s t u d i e s  were c o n f i n e d  t o  
l a b o r a t o r y  c o n d i t i o n s .  The  s y s t e m a t i c  
c o m b i n a t i o n  o f  r e s u l t s  from t h e  p r e v i o u s  
s t u d i e s  w i t h  r e s u l t s  f r o m  t h i s  r e s e a r c h  
p r o v i d e d  a  model  f o r  s i m u l a t i n g  t h e s e  
s e l e c t e d  e n v i r o n m e n t a l  p a r a m e t e r s  u n d e r  
n a t u r a l  c o n d i t i o n s .  P u n c t  i o n a l  r e l a t i o n s h i p s  
w e r e  d e v e l o p e d  f o r  e a c h  e n v i r o n m e n t a l  f a c t o r .  
T h e s e  r e l a t i o n s h i p s  i n d i c a t e d  t h e  
i n t e r d e p e n d e n c e  among t h e  v a r i a b l e s  o f  
t e m p e r a t o r e ,  r a i n f a l l ,  e v a p o r a t i o n ,  a n d  s o i l  
m o i s t u r e  c o n t e n t .  L c t u a l  v e a t h e r  r e c o r d s  f o r  
s t a t e  C o l l e g e ,  ass., were used  t o  d e v e l o p  
m o d e l s  f o r  t h e  w e a t h e r  s i m u l a t i o n .  I n  
g e n e r a l ,  r a i n f a l l  and  time i n  t h e  y e a r  were 
i m p o r t a n t  i n  s i m u l a t i n g  w e a t h e r  v a r i a b l e s .  
It was f o u n d  t h a t  d a i l y  r a i n f a l l  a m o u n t s  d i d  
n o t  f o l l o w  a n y  s e a s o n a l  t r e n d  f o r  S t a t e  
. C o l l e g e ,  b u t  r a i n f a l l  p r o b a b i l i t i e s  d i d  
d e p e n d  upon t h e  t i m e  i n  y e a r .  The  Monte 
C a r l o  method of s i m u l a t i o n  was u s e d  t o  
a c c o u n t  f o r  i n f l u e n c e s  af o t h e r  v a r i a b l e s  n o r  
c o n s i d e r e d  i n  t h e  h y p o t h e s i z e d  f u n c t i o n a l  
r e l a t i o n s h i p s .  The w e a t h e r  model was r u n  on 
t h e  c o m p u t e r  and  1 0  y e a r s  o f  s i m u l a t e d  d a t a  
were  shown t o  c o m p a r e  v e r y  c l o s e l y  w i t h  
o b s e r v e d  d a t a  f o r  S t a t e  C o l l e g e .  The  s o i l  
m o i s t u r e  model  p roduced  r e s u l t s  t h a t  f e l l  
w i t h i n  1 0  p e r c e n t  o f  t h e  o b s e r v e d  d a t a  f o r  a t  
l e a s t  4 3  d a y s .  It was c o n c l u d e d  t h a t  t h e  
m o d e l s  d e v e l o p e d  i n  t h i s  p a p e r  c a n  b e  used  t o  
p r o v i d e  b a s i c  e n v i r o n m e n t a l  v a r i a b l e s  f o r  u s e  
i n  c r o p  p r o d u c t i o n  s i m u l a t i o n s  f o r  s t u d y i n g  
c o m p l e t e  s y s t e m s  a t  v a r i o u s  l o c a t i o n s .  r he 
m e t h o d s  o f  s i m u l a t i o n  d e v e l o p e d  i n  t h i s  p a p e r  
show p r o m i s e  f o r  s t u d y i n g  and  p r o j e c t i n g  
e n v i r o n m e n t a l  f a c t o r s .  (Autb.) 

MODEL TYPE: s t o c h a s t i c  
CoaaENT: U s e f u l  r a i n f a l l  a n d  t e m p e r a t u r e  

s i m u l a t o r  d e v e l o p e d  f o r  n i s s i s s i p p i  
c o n d i t i o n s .  V a l u a b l e  f o r  a s s e s s m e n t .  

<105> 
J u r i n a k ,  J . J . ,  S.B. L a i ,  a n d  J. J. R a s s e t t .  1973. 

C a t i o n  t r a n s p o r t  i n  s o i l s  and  f a c t o r s  
a f f e c t i n g  s o i l  c a r b o n a t e  s o l u b i l i t y .  
EPR-R2-73-235, O.S. E n v i r o n m e n t a l  P r o t e c t i o n  
Agency, R o b e r t  S. Kerr E n v i r o n m e n t a l  R e s e a r c h  
L a b o r a t o r y ,  P.O. Box 1198,  Rda, OK 70820. 

ABSTRACT: A p r e d i c t i v e  model o f  c a t i o n  t r a n s p o r t  
i n  s o i l s  was  d e v e l o p e d  and  t e s t e d .  T h i s  
model  i n v o l v e d  t h e  d e f i n i t i o n  o f  t h e  c a t i o n  
e x c h a n g e  p r o c e s s  i n  s o i l  c o l u m n s  d u r i n g  t h e  
m i s c i b l e  d i s p l a c e m e n t  o f  c a t i o n  s o l u t i o n s .  A 
mass  b a l a n c e  e q u a t i o n  w a s  f o r m u l a t e d  which 
i n c l u d e d  a  g e n e r a l  n o n l i n e a r  e x c h a n g e  
f u n c t i o n .  The  s o l u t i o n  o f  t h e  e q u a t i o n  was 
a c c o m p l i s h e d  by  n u m e r i c a l  methods .  The  method 
was a p p l i e d  t o  t h e  t r a n s p o r t  o f  c a t i o n s  
t h r o u g h  a n  e x c h a n g e r  u s i n y  f i v e  d i f f e r e n t  
t y p e s  o f  e x c h a n g e  f u n c t i o n s .  The  model  was 
f u r t h e r  t e s t e d  by c o n d u c t i n g  s o i l  c o l u m n  
s t u d i e s  w h e r e  b o t h  h o m o v a l e n t  and  
h e t e r o v a l e n t  . exchange  o c c u r r e d .  The 
a g r e e m e n t  b e t w e e n  p r e d i c t e d  c a t i o n  t r a n s p o r t  
i n  s o i l s  a n d  e x p e r i m s n t a l  d a t a  was good. 



APPENDIX A 
Agricultural Models (continued) 

< 1 0 5 >  CONT. 
L a b o r a t o r y  s t u d i e s  were a l s o  c o n d u c t e d .  u s i n g  
t h e  c a r b o n a t e  s a t u r o m e t e r ,  t o  a s s e s s  t h e  
e f f e c t  o f  n g t 2  i o n  o n  t h e  s o l u b i l i t y  o f  
ma l c a r e o o s  m a t e r i a l s .  C a r b o n a t e  s o l u b i l i t y  
i n  t h e  p r e s e n c e  o f  0 g t 2  i o n  was f o u n d  t o  v a r y  
w i t h  t h e  s u r f a c e  a r e a  o f  t h e  s o l i d  p h a s e .  t h e  
m i n e r a l o g y  o f  t h e  c a r b o n a t e  m a t e r i a l .  a n d  t h e  
d e g r e e  o f  s a t u r a t i o n  o f  t h e  w a t e r  w i t h  
r e s p e c t  t o  a  g i v e n  c a r b o n a t e  m i n e r a  1. 
C a l c i t e  g e n e r a l l y  i n c r e a s e 4  i n  s o l u b i l i t y .  
when Mg+2 w a s  p r e s e n t ,  i n  w a t e r s  which were 
u n s a t u r a t e d  w i t h  r e s p e c t  t o  c a l c i t e .  
C a r b o n a t e  m a t e r i a l  which  c o n t a i n e d  magnesium 
a s  a  c o n s t i t u e n t  i o n .  e -q . .  d o l o m i t e ,  
d e c r e a s e d  s o l u b i l i t y  a s  R q t 2  c o n c e n t r a t i o n  
i n c r e a s e d  i n  w a t e r s  which  were n e a r  
s a t u r a t i o n  w i t h  r e s p e c t  t o  c o l o m i t e .  (Luth . )  

RODEL TYPE: m e c h a n i s t i c  
C o n n m T :  n o d e l  a p p l i e s  t o  s a t u r a t e d  c o n d i t i o n s  

a n d  c o u l d  b e  u s e d  f o r  a s s e s s m e n t  o f  f l o o d e d  
s o i l s  a n d  g r o u n d w a t e r  i m p a c t s  o f  t e c h n o l o g y .  

< 1 0 6 ?  
R a b e l ,  R.L., A . R .  O'Del l ,  N .  T a h e r i ,  a n d  D . V .  

D a v i s .  1976. R p r e l i m i n a r y  model  o f  g a s e o u s  
p o l l u t a n t  u p t a k e  by  v e g e t a t i o n .  CLES 
P u b l i c a t i o n  No. 055-76,  C e n t e r  f o r  Lir 
E n v i r o n m e n t  S t u d i e s .  T h e  P e n n s y l v a n i a  S t a t e  
U n i v e r s i t y .  U n i v e r s i t y  P a r k ,  PL 16802. 

RBSTRLC?: The o b j e c t i v e  o f  t h i s  r e s e a r c h  is t o  
i n v e s t i q a t e  t h e  v a r i o u s  mechanisms  a n d  
f i c t o r s  which c o n t r o l  g a s  u p t a k e  by 
v e g e t a t i o n  a n d  t o  d e v e l o p  q u a n t i t a t i v e  
m e t h o d s  f o r  p r e d i c t i n g  t h e  u p t a k e  r a t e .  
S u l f u r  d i o x i d e  ( S O ( 2 ) )  is u s e d  a s  a n  e x a m p l e  
p o l l u t a n t  o f  i n t e r e s t .  F i r s t ,  t h e  t h r e e  
r e s i s t a n c e s  t o  u p t a k e  - a e r o d y n a m i c ,  
s t o m a t a l ,  a n d  m e s o p h y l l i c  - a r e  d e s c r i b e d  and  
t h e n ,  c h a r a c t e r i z e d  i n  terms o f  c o n t r o l l i n g  
m r a m e t e r s .  T h i s  a p p r o a c h  t o  g a s  e x c h a n g e  
h a s  b e e n  u s e d  by p l a n t  p h y s i o l o g i s t s  s i n c e  
G a a s t r a  (1959)  o r  e a r l i e r .  F a c t o r s  which . 
c o n t r o l  t h e  i n d i v i d u a l  l e a f  a e r o d y n a m i c  
r e s i s t a n c e ,  r ( a ) ,  a r e  wind  s p e e d .  l e a f  s i z e  
a n d  g e o m e t r y ,  and g a s  v i s c o s i t y  a n d  
d i f f u s i v i t y .  The s t o m a t a l  r e s i s t a n c e ,  r ( 8 .  
is a  f u n c t i o n  of t h e  s t o m a t a l  o p e n i n g ,  which 
i n  t u r n  is  a f f e c t e d  by w a t e r  d e f i c i t ,  CO(2) 
c o n c e n t r a t i o n ,  and  l i q h t  i n t e n s i t y .  T h e  
s ~ s o p h y l l i c  r e s i s t a n c e ,  r ( m ) ,  is r e l a t e d  t o  
gns s n l 1 1 t i l i t . p  I n  wnter.  a a s - l i q u i d  
d i f f u s i o n ,  a n d  u l t i m a t e  r e m o v a l  o f  t h e  g a s  by  
l e a f  h v d r o d y n a m i c s  a n d  c h e m i c a l  r e a c t i o n s .  
The t h r e e  r e s i s t a n c e s .  which  a r e  b a s e d  o n  t h e  
l e a f  s u r f a c e ,  a r e  summed a n d  d i v i d e d  i n t o  t h e  
a t n o s v h e r i c  g a s  c o n c e n t r a t i o n  d i f f e r e n c e  t o  
y i e l d  t h e  u p t a k e  r a t e  p e r  u n i t  l e a f  a r e a .  
T h e r e f o r e .  i f  t h e  l e a f  c h a r a c t e r i s t i c s  and  
s n v i r o n m e n t a l  p a r a m e t e r s  which c o n t r o l  t h e  
r e s i s t a n c e s  - wind s p e e d ,  a t m o s p h e r i c  
m o i s t u r e ,  t e m p e r a t u r e .  a n d  l i q h t  i n t e n s i t y  - 
a r e  known, t h e  g a s  u p t a k e  r a t e  by t h e  l e a f  
c a n  be  e s t i m a t e d .  1s an i n i t i a l  test o f  t h e  
model ,  e s t i m a t e s  o f  g a s  u p t a k s  h y  v e g e t a t i o n  
a r e  c o m p a r e d  wi th  p u b l i s h e d  r e s u l t s .  When 
t h e  u p t a k e  r a t e  by l e a v e s  is knoun, t h e  
n m o v a l  c f  sO(2)  o r  o t h e r  p o l l u t a n t  g .ases  
o v e r  v a s t  v e g e t a t e d  t r a c t s  may b e  c a l c u l a t e d .  
t h p a .  t h e  i m p a c t  o f  v e g e t a t i o h ,  C 6 h d i d e r e d  
a s  a  n a t u r a l  s i n k  f o r  a t m o s p h e r i c  p o l l u t a n t s ,  
c a n  b e  o s 3 e 3 3 e d .  (Luth . )  

nOD2L ?PIE: m e c h a n i s t i c  
c O a n m T :  U s e f u l  model f o r  a s s e s s m e n t  p u r p o s e s .  

< 107) 
K a l l i s ,  1.. a n d  A .  Tooming. 197U. E s t i m a t i o n  of 

t h e  i n f l u e n c e  oE l e a f  p h o t o s y n t h e t i c  
p-irilmeters, s p e c i f i c  l e a f  w e i g h t  a n d  growth  
f u n c t i o n s  o f  y i e l d .  P h o t o s y n t h e t i c a  
B( 2) : 91- 103.  

sBS7RAcT: C h a n g e s  i n  t h e  g r o w t h  r a t e  a n d  i n  t h e  
c r o p  g r a i n  y i e l d  d u e  t o  t h e  v a r i a t i o n s  i n  
p a r a m e t e r s  o f  p h o t o s y n t h e t i c  a n d  r e s p i r a t o r y  

f u n c t i o n s ,  a n d  t h e  s p e c i f i c  l e a f  w e i g h t  a n d  
g r o v t h  f u n c t i o n s  o f  d i f f e r e n t  o r g a n s  o f  
p l a n t s  a t  v a r i o u s  r e g i m e s  were s t u d i e d  u n d e r  
t h e  a s s u m p t i o n  t h a t  o t h e r  e n v i r o n m e n t a l  
c o n d i t i o n s  w e r e  n o t  l i m i t i n g .  The  s y s t e m  o f  
g r o u t b  e q u a t i o n s  d e r i v e d  by  R o s s  (1967)  a n d  
t h e  m a t h e m a t i c a l  model  o f  p l a n t  p r o d n c t i v i t y  
which  t o o k  i n t o  a c c o u n t  a d a p t a t i o n  . t o  
i r r a d i a n c e  w e r e  u s e d  i n  c r o p  g r o w t h  a n d  y i e l d  
a n a l y s e s .  R s  an e x a m p l e  y i e l d  c a l c u l a t i o n s  
were  made w i t b  g r o w t h  f u n c t i o n s  o f  b a r l e y  
(AORDEUO VULGARE L. cV. Domen) a s  b a s i c  
p a r a m e t e r s .  L c c o r d i n g  t o  t h e s e  c a l c u l a  t i o n s  
a n  i n c r e a s e  i n  g r a i n  y i e l d  nay be  e x p e c t e d  
o n l y  a t  optimum c o m b i n a t i o n s  o f  t h e  
p h o t o s  n t h e t i c  a c t i v i t y .  r e s p i r a t o r y  economy, specific l e a f  w e i g h t  o f  l e a v e s  a n d  growth  
f u n c t i o n s ,  p r o v i d i n g  a n  optimum l e a f  a r e a  
i n d e x  of c r o p s  and  t h e i r  h i g h  n e t  
p h o t o s y n t h e t i c  r a t e  a s  a Whole. (ku th . )  

HODEL TYPE: m e c h a n i s t i c  
COnOENT: Rodel  c o n t a i n s  p h y s i o l o g i c a l  d e t a i l  a n d  

is a p p l i c a b l e  t o  r e s e a r c h  o n  p h o t o s y n t h e s i s .  

< 108> 
R a t z n e l s o n ,  J. 1977. P h o s p h o r u s  i n  t h e  

s o i l - p l a n t - a n i m a l  e c o s y s t e m .  O e c o l o g i a  
( B e r l . )  26: 325-33U. 

LBSTRLCT: L c o m p a r t m e n t a l  m03el o f  p h o s p h o r u s  i n  
s o i l - p l a n t  -an i m a l  ecosystem is  d e s c r i b e d .  I t  
c o n s i s t s  o f  1 7  compar tments .  f i v e  i n  soi l .  
s i x  i n  p l a n t ,  t h r e c  i n  a b o v e g r o u n d  f a u n a  a n d  
t h r e e  i n  s o i l  o r g a n i s m s  and  m i c r o o r g a n i s m s .  
Comaon a m o u n t s  and  r a t e s  of t u r n o v e r  i n  e a c h  
o f  t h e s e  c o m p a r t m e n t s  is p r e s e n t e d .  Though 
t h e  t o t a l  amount o f  P  i n  t h e  e c o s y s t e m  is 
l a r g e ,  o n l y  a  v e r y  s m a l l  p a r t  o f  i t  is b e i n g  
c y c l e d ,  a n d  p r e s e n t e d  d a t a  show t h a t  r e m o v a l  
o f  P  from an a g r i c u l t n r a l  p a s t o r a l  e c o s y s t e m  
is v e r y  s l i g h t .  Most o f  t h e  a v a i l a b l e  
p h o s p h o r u s  which is  a b s o r b e d  by p l a n t  r o o t s  
i s  g r a d u a l l y  f i x e d  i n  f o r m s  o f  l o n g - r a n g e  
u n a v a i l a b i l i t y .  b o t h  by p l a n t s  a n d  by  
a n i m a l s .  T h i s  p r o c e s s  o f  biological f i x a t i o n  
is c o u n t e r b a l a n c e d  m a i n l y  b y  t h e  a c t i v i t y  o f  
s o i l  m i c r o o r g a n i s m s .  Q u a n t i t i e s  o f  
i n p u t - o u t p u t  o f  P i n  i n t e n s i v e  p a s t o r a l  
e c o s y s t e m s  a r e  a l s o  p r e s e n t e d ,  a n d  some 
a g r o n o m i c a l  a n d  e c o l o g i c a l  i m p l i c a t i o n s  a r e  
c o n s i d e r e d .  The m a n i p u l a t i o n  o f  s o i l  
m i c r o o r g a n i s m s  a n d  c h a n g e  t o u a r d s  D o t e  
d e s i r a b l e  P  r e l e a s i n  s t r a i n s  o t  s p e c i e s  may 
d e c r e a s e  n e e d  o f  f e r z i l i z a t i o n ,  l o w e r  t h e  
r i s k  o f  e u t r o p h i c a t i o n  and e n h a n c e  
p r o d u c t i v i t y  of s u c h  e c o s y s t e m s .  Such 
m a n i p u l a t i o n s .  however ,  c a n  b e  a c h i e v e d  o n l y  
a f t e r  a p p r o p r i a t e  r e s e a r c h .  (Luth.  ) 

HODEL TrPE: p a r a m e t r i c  
CORaENT: n o d e 1  i s  t u n e d  t o  d a t a  from l i t e r a t u r e  

a n d  is used  t o  i n v e s t i g a t e  p r i n c i p l e s  i n  
e c o s y s t e m  a n a l y s i s .  The method c o u l d  b e  
a d a p t e d  t o  a s s e s s m e n t  p u r p o s e s .  

< 109> 
K e r c h e r ,  J.R. 1917. GROUl: A c r o p  g r o w t h  model  

f o r  a s s e s s i n g  i m p a c t s  o f  g a s e o u s  p o l l u t a n t s  
f rom g e o t h e r m a l  t e c h n o l o g i e s .  OCRL-52207. 
L a w r e n c e  L i v e r m o r e  L a b o r a t o r y ,  C a l i f o r n i a .  

LB'l'HAC1': A p ~ e l l m l ~ i a ~ y  model of p h o t u s y u t h h s l e  
a n d  g r o w t h  o f  f i e l d  c r o p s  was  d e v e l o p e d  t o  
a s s e s s  t h e  e f f e c t s  of g a s e o u s  p o l l u t a n t s ,  
p a r t i c u l a r l y  a i r b o r n e  s u l f u r  compounds,  
r e s u l t i n g  f r o m  e n e r g y  p r o d u c t i o n  from 
g e o t h e r m a l  r e s o u r c e s .  The model s i m u l a t e s  
p h o t o s y n t h e s i s  a s  a  f u n c t i o n  o f  s u c h  
v a r i a b l e s  a s  i r r a d i n n c e ,  Cll  (2) d i f f u s i o n  
r e s i s t a n c e s ,  and  i n t e r n a l  b i o c h e m i c a l  
p r o c e s s e s .  The model  a l l o c a t e s  t h e  p r o d u c t s  
o f  p h o t o s y n t h e s i s  t o  s t r u c t u r a l  ( l e a f ,  stem, 
r o o t .  and f r u i t )  a n d  s t o r a g e  c o m p a r t m e n t s  o f  
t h e  p l a n t .  T h e  s i m u l a t i o u s  e n c o m p a s s  t h e  
e n t i r e  g r o w i n g  s e a s o n  f r o m  g e r m i n a t i o n  t o  
s e n e s c e n c e .  we d e s c r i b e  t h e  model 
c o n c e p t u a l l y  and  m a t h e m a t i c a l l y  a n d  p r o v i d e  
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<109> CONT. 
e x a m p l e s  o f  model o u t p u t  f o r  v a r i o u s  l e v e l s  
of p o l l u t a n t  s t r e s s .  Also ,  we o u t l i n e  f u t u r e  
d e v e l o p m e n t s  t h a t  would improve  t h i s  
p r e l i m i n a r y  model a n d  d i s c u s s  its 
a p p l i c a t i o n s .  

MODEL TYPE: m e c h a n i s t i c  
COMaEHT: V r y  u s e f u l  model d e v e l o p m e n t  f o r  

a s s e s s m k n t  o f  a i r  p o l l u t a n t  e f f e c t s  o n  c r o p s  
w i t h  e m p h a s i s  on t h e  p h o t o s y n t h e s i s  p t w e s s .  

< ? l o >  
K e r c h e r ,  J.R ., a n d  i.~. S h u g a r t .  1975. T r o p h i c  . 

s t r u c t u r e ,  e f f e c t i v e  t r o p h i c  p o s i t i o n ,  and  
c o n n e c t i v i t y  i n  f o o d  webs. La. Hat.  
109: 191  -205. 

RBSTRLCT: R new m e a s u r e  o f  d i s t a n c e  f r o m  t h e  
f o o d  s o u r c e  t o  a n y  member o f  a  f o o d  ueb i s  
i n t r o d u c e d .  T h i s  m e a s u r e  i s  r e f e r r e d  t o  a s  
e f f e c t i v e  t r o p h i c  p o s i t i o n .  E f f e c t i v e  
t r o p h i c  F o s i t i o n  i s  d e f i n e d  a s  a  f u n c t i o n  o f  
e n e r g y  i n g e s t e d  p e r  u n i t  time b y  a  p o p u l a t i o n  
a n d  t h e  p r o d u c t i o n  o f  t h e  a u t o t r o p h s  
n e c e s s a r y  t o  m a i n t a i n  t h a t  p o p u l a t i o n .  
h o p h i c  p o s i t i o n  t h u s  d e f i n e d  is a  
g e n e r a l i z a t i o n  o f  t h e  t r o p h i c - l e v e l  c o n c e p t .  
Rn a l g o r i t h m  is d e v e l o p e d  t o  c o n s t r u c t  f o o d  
webs w i t h  e c o l o g i c a l  c o n s t r a i n t s  t o  e x a m i m  
s t a t i s t i c a l  d i s t r i b u t i o n s  o f  t h e  s t a n d i n g  
c r o p s  and  t r o p h i c  p o s i t i o n s  i n  f o o d  webs. 
E c o l o g i c a l  c o n s t r a i n t s  a r e  imposed on f o o d  
c h a i n  l e n g t h  and o n  t h e  r a n g e  o f  t r a n s f e r  
e f f i c i e n c i e s  i n  f o o d  v e b s .  A Monte C a r l o  
t e c h n i q u e  was u s e d  t o  g e n e r a t e  model f o o d  
v e b s  w i t h  a n  a r b i t r a r y  number o f  i n t e r n a l  
c o n n e c t i o n s .  The number o f  c o n n e c t i o n s  r a n g e s  
f rom t h e  minimum p o s s i b l e  ( c o r r e s p o n d i n g  t o  
s i m p l e  €cod c h a i n s )  t o  t h e  aaximum p o s s i b l e  
( e x t r e m e l y  c o n n e c t e d  f o o d  webs) .  The  
r e l a t i o n s h i p  be tween  b i o m a s s  a n d  t r o p h i c  ' 

p o s i t i o n  d i s t r i b u t i o n s  o f  f o o d  webs were  
examined .  The moments o f  t h e s e  d i s t r i b u t i o n s  
a r e  d e t e r m i n e d  i n  p a r t  b y  t h e  c o n n e c t i v i t y  o f  
food  webs,  a n d  a  p o s s i b l e  a p p l i c a t i o n  i s  t h e  
e s t i m a t i o n  o f  c o n n e c t i v i t y  and  t r o p h i c  
p o s i t i o n  d i s t r i b u t i o n s  by m e a s u r i n g  t h e  
b i o m a s s  d i s t r i  b u t i o n s .  R e g r e s s i o n s  were 
found r e l a t i n g  food-web c o n n e c t i v i t y  t o  t h e  
moments o f  t h e  b i o m a s s  d i s t r i b u t i o n s  a n d  t h e  
d i s t r i b u t i o n s  a l o n g  t h e  e f f e c t i v e  t r o p h i c  
p o s i t i o n  s c a l e .  The  Monte C a r l o  r e s u l t s  
i n d i c a t e  t h a t  f o o d  web s t a n d i n g  c r o p s  s h n u l d  
be  l o g  P e a r s o n  Type  I d i s t r i b u t e d .  A s i m i l a r  
s e s u l t  i s  f o u n d  i n  f i e l d  m e a s u r e s  o f  f o o d  
ue bS. 

MODEL TYPE: s t o c h a s t i c  
CoaamT:  T h e o r e t i c a l  a n n l y n l s  of food  web model 

c h a r a c t e r i s t i c s .  Not d i r e c t l y  a p p l i c a b l e  t o  
t e c h n o l o s y  a s s e s s m e n t .  

< I l l >  
K l i n e ,  J. R. 1973. R a t h e m a t i c a l  s i m u l a t i o n  o f  

s o i l - p l a  n t  r e l a t i o n s h i p s  and  s o i l  g e n e s i s .  
S o i l  S c i .  115: 2U0-2U9. 

ABSTRACT: M a t h e m a t i c a l  s i m u l a t i o n  i s  a  t e c h n i q u e  
drawn f rom t h e  e n g i n e e r i n g  d i s c i p l i n e s  which 
s h o v s  p r o m i s e  i n  d e a l i n g  v i t h  some p r o b l e m s  
i n  s o i l - ~ l a n t  r e l a t i o n s h i p s  and  s o i l  g e n e s i s .  
Its p o t e n t i a l  u s e f u l n e s s  i s  d e r i v e d  f r o m  t h e  
f a c t  t h a t  it o f f e r s  t h e  p o s s i b i l i t y  o f  = k i n g  
p r e d i c t i o n s  a b o u t  s o t l - p l a n t  s y s t e m s  i n  
s i t u a t i o n s  which make it u n r e a l i s t i c  t o  
o b t a i n  d a t a  by d i r e c t  m e a s u u e s c n t .  The 
p r e d i c t i o n @  a r e  b a s e d  o n  s i m u l a t i o n  of s y s t e m  
p r o c e s s e s  r a t h e r  t h a n  on  s t a t i s t i c a l  
e x t r a p o l a t i o n .  I n  t h i s  p a p e r  t b r e e  e x a m p l e s  
a r e  p r e s e n t e d  i n  which  f a i r l y  r e a l i s t i c  
si m u l a t i c n s  o f .  t h e  e f f e c t s  o f  r a d i o a c t i v e  
f a l l o u t  and  f e r t i l i z a t i o n  i n  s o i l - p l a n t  
s y s t e m s  h a v e  been  made. F i n a l l y .  a  p r o p o s a l  
is made f o r  a n  i n i t i a l  a p p r o a c h  t o  t h e  
s i m u l a t i o n  o f  some a s p e c t s  o f  s o i l  f o r m a t i o n .  
1 f  a d e q u a t e  s i m u l a t i o n  m o d e l s  c a n  be  d e v i s e d  
t o r  s o i l  f o r n a t i u u  or s y s t e m  p e c t h c b a t i o n s ,  

i t  o p e n s  t h e  p o s s i b i l i t y  f o r  c o m p u t e r  
"gaming* e x e r c i s e s .  Such e x e r c i s e s  may make 
i t  p o s s i b l e  t o  examine  t h e  e f f e c t s  o f  
i n d e p e n d e n t  v a r i a b l e s ,  s u c h  a s  c l i m a t e  and 
v e g e t a t i o n ,  o n  s o i l  g e n e s i s  i n  a n  
e x p e r i m e n t a l  s e t t i n g  o r  t o  o p t i m i z e  
management s t r a t e g i e s  i n  t h e  u s e  o f  
f e r t i l i z e r s  a n d  p e s t i c i d e s  i n  a g r i c u l t u r e .  
(Auth.) 

MODEL TYPE: p a r a m e t r i c  
:O!IBENT: P a p e r  c o n t a i n s  e x a m p l e s  o f  s y s t e m s  

a n a l y s i s  m o d e l s  r e l e v a n t  t o  a s s e s s a e n t  
p u r p o s e s .  

<112> 
K r a e g e r  Rovey, C.E. 1975. N u m e r i c a l  model o f  

f l o w  i n  a  s t r e a m - a q u i f e r  sys tem.  . B y d r o l o g y  
p a p e r s  No. 74 ,  C o l o r a d o  S t a t e  U n i v e r s i t y ,  P t .  
C o l l i n s ,  CO. 

ABSTRACT: R t h r e e - d i m e n s i o n a l ,  f i n i t e  d i f f e r e n c e  . 
model was d e v e l o p e d  f o r  s i m u l a t i n g  s t e a d y  a n d  
u n s t e a d y ,  s a t u r a t e d  a n d  u n s a t u r a t e d  f l o w  i n  a  
s t r e a m  a q u i f e r  s y s t e m .  The  b a s i s  o f  t h e  
model  is  t h e  f i n i t e  d i f f e r e n c e  form o f  
R i c h a r d ' s  e q u a t i o n  f o r  u n s a t u r a t e d  and  
s a t u r a t e d  s u b s u r f a c e  f low. E f f e c t s  o f  
s t r e a m  flow on groundw a t e r  movement a r e  
t r e a t e d  by a p p l y i n g  t h e  a p p r o p r i a t e  b o u n d a r y  
c o n d i t i o n s  t o  R i c h a r d e s  e q u a t i o n .  
C o n t r i b u t i o n s  o f  g r o u n d w a t e r  t o  r i v e r  f l o w  
a r e  q u a n t i f i e d  by i n c l u d i n g  s e e p a g e  r a t e s  i n  
t h e  c o m p u t a t i o n  o f  r i v e r  d i s c h a r g e .  T h e  . 
t h r e e - d i m e n s i c n a l  model v a s  d e v e l o p e d  f o r  u s e  
i n  t h i s  s t u d y  t o  i n t e r a c t  w i t h  
t w o - d i m e n s i o n a l  model s e g m e n t s ,  v h i c h  were  
i n t e r f a c e d  w i t h  t h e  t h r e e - d i m e n s i o n a l  model 
o n  i t s  u p s t r e a m  and  downst ream e n d s .  The  
model p r o d u c e d  r e s u l t s  which match  o b s e r v e d  
d a t a  f o r  t h e  s t u d y  a r e a .  which c o n s i s t e d  o f  a  
40 mile r e a c h .  o f  t h e  L r k a n s a s  V a l l e y  o f  
S o u t h e a s t e r n  C o l o r a d o .  Computed e s t i m a t e s  of 
r i v e r  d i s c h a r g e  a t  e a c h  e n d  o f  t h e  s t u d y  a r e a  
a n d  w a t e r  t a b l e  e l e v a t i o n s  t h r o u g h o u t  t h e  
r e g i o n  a g r e e d  r e a s o n a b l y  w e l l  v i t h  o b s e r v e d  
d a t a .  Ln a n a l y s i s  o f  t h e  s e n s i t i v i t y  o f  
r e s u l t s  p r o d u c e d  by t h e  model t o  v a r i a t i o n  i n  
t h e  v a l u e s  o f  s e v e r a l  i n p u t  p a r a m e t e r s  was 
i n c l u d e d  a s  p a r t  of  t h e  s t u d y .  (Auth.)  

MODEL TYPE: m e c h a n i s t i c  
COMMENT: D e t a i l e d  w a t e r  f l w  model w i t h  

p o t e n t i a l  u s e  i n  a s s e s s m e n t  a l t h o u g h  d e t a i l e d  
s i t e  d a t a  a re  r g q u i r e d  f o r  i n p u t s .  

<113> 
L a r s e n ,  R.I., and  W . W .  Heck. 1976. An a i r  

q u a l i t y  d a t a  a n a l y s i s  s y s t e m  f o r  
i n t e r r e l a t i n g  e f f e c t s ,  s t a n d a r d s .  a n d  needed  
s o u r c e  r e d u c t i o n s :  P a r t  3. V e g e t a t i o n  
i n j u r y .  J .  Air P o l l u t i o n  C o n t r o l  L s s o c .  
26: 325-333. 

LBSTRACT: A c u t e  l e a f  i n j u r y  d a t a  a r e  a n a l y z e d  
Lor 19  p l a n t  s p e c i e s  e x p o s e d  t o  o z o n e  o r  
s u l f u r  d i o x i d e .  lPle d a t a  c a n  be d e p i c t e d  by 
a  n e v  l e a f  i n j u r y  m a t h e m a t i c a l  model  w i t h  t w o  
r - h a r a c - t e l ' i s t i c s :  (1 ) a  c o n s t a n t  p e r c e n t a g e  
o f  l e a f  s u r f a c e  is i n j u r e d  by a n  a i r  
p o l l u t a n t  c o n c e n t r a t i o n  t h a t  is  i n v e r s e l y  
p r o p o r t i o n a l  t o  e x p o s u r e  d u r a t i o n  r a i s e d  t o  
an e x p o n e n t :  (2) f o r  a  g i v e n  e x p o s u r e  
d u r a t i o n ,  t h e  p e r c e n t  l e a f  i n j u r y  a s  a  
f u n c t i o n  o f  p o l l u t a n t  c o n c e n t r a t i o n  t e n d s  t o  
f i t  a  l o g n o r m a l  f r e q u e n c y  d i s t r i b u t i o n .  Leaf  
i n j u r y  a s  a  f u n c t i o n  o f  l a b o r a t o r y  e x p o s u r e  
d u r a t i o n  is modeled  a n d  compared  v i t h  a m b i e n t  . 
a i r  p o l l u t a n t  c o n c e n t r a t i o n  m e a s u r e m e n t s  f o r  
v a r i o u s  a v e r a g i n g  t i m e s  t o  d e t e r m i n e  which 
e x p o s u r e  d u r a t i o n s  a r e  p r o b a b l y  m o s t  
i m p o r t a n t  f o r  s e t t i n g  a m b i e n t  a i r  q u a l i t y  
s t a n d a r d s  t o  p r e v e n t  o r  r e d u c e  v i s i b l e  l e a f  
i n j u r y .  T h e  8 h o u r  a v e r a g e  a p p e a r s  t o  be 
mos t  i m p o r t a n t  f o r  mos t  o f  t h e  p l a n t s  
i n v e s t i g a t e d  f o r  most  sites, 1 h r  
c o n c e n t r a t i o n s  a r e  i m p o r t a n t  f o r  mos t  p l a n t s  
a t  a  feu a i t e e ,  and  3 h r  S O ( 2 )  concentrations 
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< 3 1 3 >  03". 
a r e  i m p o r t a n t  f o r  some p l a n t s ,  e s p e c i a l l y  
t h o s e  e x p o s e d  t o  i s o l a t e d  p c i n t  s o u r c e s  o f  
t h e  p o l l u t a n t .  The 1, 3,  a n d  8  h r  t h r e s h o l d  
i n j u r y  c o n c e n t r a t i o n s  a r e  l i s t e d  f o r  e a c h  of 
t h e  1 9  p l a n t  s p e c i e s  s t u d i e d .  To p r e v e n t  o r  
r e d u c e  a c u t e  l e a f  i n j u r y ,  f i x e d ,  
n o n o v e r l a p p i n g  a m b i e n t  a i r  q u a l i t y  
m e a s u r e m e n t s  and s t a n d a r d s  a r e  recommended 
f o r  a v e r a g i n g  t i m e s  o f  1. 3, a n d  8  h r .  
( n u t h . )  

MODEL TYPE: p a r a m e t r i c  
CCRREVT: U s e f u l  e m p i r i c a l  d a t a  s o u r c e  a n d  

r e p r e s e n t a t i v e  f u n c t i o n  t h a t  c a n  b e  u s e d  t o  
p r e d i c t  v i s i b l e  p l a n t  r e s p o n s e  t o  a i r  
p o l l u t i o n .  

< 11U> 
L a v o r s l ,  J. 1976. n a t r i x  a n a l y s i s  o f  t h e  oxyqen  

e v o l v i n g  s y s t e m  of p h o t o s y n t h e s i s .  J. Theor .  
Biol . .  57: 171-185 .  

RBSTRRCT: R l i n e a r  f o u r - s t e p  model is c u r r e n t l y  
a 3 o p t e 4  t o  i n t e r p r e t  t h e  k i n e t i c  b e h a v i o u r  o f  
t h e  o x y g e n  e v o l v i n g  s y s t c m  of h i g h e r  p l a n t s '  
p h o t o s y n t h e s i s .  L p p l y i n g  m a t r i x  a n a l y s i s  t o  
t h i s  ,model a l l o w s  o n e  t o  d e r i v e  t h r e e  
s y m m e t r i c a l  f u n c t i o n s  o f  t h e  t r a n s i t i o n  
p r o b a b i l i t i e s  o f  t h e  model.  I t  is  shown t h a t  
t-hey c o n s t i t n t e  i n  g e n e r a l  t h o  o n l y  
i n f o r m a t i o n  c o n c e r n i n g  t h e  model  w h i c h  c a n  be 
e x t r a c t e d  f r o m  e x p e r i m e n t a l  d a t a .  The  
a n a l y s i s  i s  a p p l i e d  t o  a  s e r i e s  o f  p u b l i s h a d  
d a t a .  New p r o p e r t i e s  o f  t h e  o x y g e n  e v o l v i n g  
s y s t e m  a r e  t h u s  d i s c l o s e d .  (Ruth . )  

MODEL TIPS:  m e c h a n i s t i c  
CCIRENT: B a s i c  p l a n t  p h y s i o l o g i c a l  model w i t h  no 

a p p l i c a t i c n  i n  a s s e s s m e n t .  

< 1 1 5 >  
L e t t a n ,  B. 1971. D e t e r m i n a t i o n  o f  t h e  t h e r m a l  

d i f f u s i v i t y  i n  t h e  u p p e r  l a y e r s  o f  a  n a t u r a l  
g r o u n d  c c v e r .  S o i l  S c i .  112: 173-177. 

RBSTRRCT: It h a s  been shown t h a t  t h e  t e m p e r a t u r e  
v a r i a t i o n  i n  a n  i n h o m o g e n e o u s  medium c a n  be 
r e p r e s e n t e d  q u i t e  well by a s s u m i n g  t h a t  t h e  
v e r t i c a l  h e a t  f l u x  d i v e r g e n c e  which  p r o d u c e s  
t h e  l o c s l  t e m p e r a t u r e  c h a n g e  is composed  of 
t w c  tsrms: a  c l a s s i c a l  t e r m  i n c o r p o r a t i n g  
t h e  c u r v a t u r e  o f  t h e  t e m p e r a t u r e  p r o f i l e ,  a n d  
a  g r a d i e n t  term ( h e r e  d e f i n e d )  i n c o r p o r a t i n g  
t h u  v e ~ r l u a i  v a r l a r l o n  or r n e  r n e r a a l  
c o n d u c t i v i t y .  R l t h o u q h  t h e  d i f f e r e n t i a l  
e q u a t i o n  o f  t e m p e r a t u r e  a s  a  f u n c t i o n  o f  t i m e  
m y  n o t  b e  s o l v e d  a n a l y t i c a l l y ,  t h e  t e m p o r a l  
v a r i a t i o n  may be s y n t h e s i z e 4  b y  n u m e r i c a l  
i n t e g r a t i o n .  The model  h a s  a  d i r e c t  p h y s i z a l  
i n t e r p r e t a t i o n  and d o e s  n o t  r e q u i r e  t h e  
i n  t r o f l u c t i o n  o f  m a t h e m a t i c a l  a r t i f i c e s  s u c h  
a s  a  d i u r n a l l y  v a r y i n g  t h e r m a l  d i f f u s i v i t y  o r  
a  n e g a t i v e  t h e r m a l  d i f f u s i v i t y .  The model 
f u r t h e r m o r e  a c c u r a t e l y  r e p r o d u c e s  t h e  a  h i e  n t  
t h e r m a l  F r o c e s s e s ,  and t h e  d e r i v e d  r e s u l t s  
a r e  n o t  a m t i g u o u s  i n  t h e  s e n s e  o f  p a r a m e t e r s  
d e r i v e d  s e p a r a t e l y  f r o m  t h e  a m p l i t u d e  
d e c r e a s e  and  t h e  p h a s e  l a g  o f  a n  a p p l i e d  
s u r f a c e  t e m p e r a t u r e  wave. (Ruth . )  

MODEL TYPE: m e c h a n i s t i c  
COMRENT: The  e f f e c t s  o f  w a s t e  h e a t  on  s o i l  

t h e r m a l  p r o p e r t i e s  c o u l d  be e v a l u a t e d  w i t h  
t h i s  model. 

< 116> 
L i n d s t r o m .  8 . J . .  R . I .  P a p e n d i c k ,  a n d  P.E. 

K o e h l e r .  1976. R model  t o  p r e d i c t  w i n t s r  
w h e a t  e m e r g e n c e  a s  a f f e c t e d  b y  s o i l  
t e m p e r a t u r e .  w a t e r  p o t e n t i a l ,  a n d  d e p t h  o f  
p l a n t i n q .  AgrOn. J. 6 8  (1):  137-1U1. 

ABSTRACT: E s t a b l i s h m e n t  o f  a d e q u a t e  s t a n d s  o f  
w i n t e r  w h e a t  (TRITICUR RESTIVVM L.) i n  
n o r t h w e s t  USA is o f t e n  hampered b y  low s o i l  
t e m p e r a t u r e  o r  m o i s t u r e ,  o r  by d e e p  p l a n t i n g  
t o  r e a c h  m o i s t u r e  s u f f i c i e n t  f o r  e m e r g e n c e .  
B a c n u s e  o f  t h e  v i d e  v a r i a b i l i t y  a n d  

i n t e r  a c t i v e  e f f e c t s  among t h e s e  f a c t o r s ,  it 
i s  o f t e n  d i f f i c u l t  t o  p r e d i c t  t h e  r a t e  and  
e x t e n t  o f  e m e r g e n c e  o f  f i e l d  p l a n t i n g s .  L 
model  was d e v i s e d  t o  p r e d i c t  e m e r g e n c e  t i m e  
o f  * n c C a l l g  a n d  ' A u g a i n e s e  w i n t e r  w h e a t  a s  a  
f u n c t i o n  o f  s o i l  t e m p e r a t u r e  be tween  5  and 2 5  
C. w a t e r  p o t e n t i a l  down t o  -10 b a r s ,  a n d  
p l a n t i n g  d e p t h .  P r e d i c t i o n s  were  r e a s o n a b l y  
g o o d  when compared  w i t h  f i e l d  m e a s u r e m e n t s ,  
p a r t i c u l a r l y  a t  h i g h  w a t e r  pot .antia1.s  and  
w i t h  s h a l l o w  p l a n t i n g .  I n  g e n e r a l ,  t h e  
e m e r g e n c e  r a t e  p r o g r e s s i v e l y  d e c r e a s e d  w i t h  
l o w e r i n g  o f  w a t e r  p o t e n t i a l ,  l o w e r i n g  o f  
t e m p e r a t u r e  f r o m  2 5  C, o r  w i t h  i n c r e a s e  i n  
p l a n t i n g  d e p t h .  The l o w e r  l i m i t  o r  minimum 
w a t e r  p o t e n t i a l  f o r  e m e r g e n c e  i n c r e a s e d  w i t h  
i n c r c a 3 i n g  t e m p e r a t u r e .  BoLll rlteats 
r e s p o n d e d  s i m i l a r l y  t o  t e m p e r a t u r e  d e c r e a s e s ;  
however ,  t h e  a e a r ~ ~ n c 9  r a t e  o f  e a c h  v a r i o t y  
r e s p o n d e d  d i f f e r e n t l y  t o  c h a n g e  i n  w a t e r  
p o t e n t i a l .  D i f f e r e n c e s  i n  v a r i e t a l  r e s p o n s e  
t o  w a t e r  p o t e n t i a l  c a n  p o s s i b l y  b e  
c h a r a c t e r i z e d  i n  t e r m s  o f  t w o  p a r a m e t e r s  i n  
t h e  f u n c t i o n  d e s c r i b i n g  t h e  w a t e r  p o t e n t i a l  
e f f e c t  on emergence .  (Auth. ) 

MODEL TYPE: p a r a m e t r i c  
CORIENT: n o d e l  c o u l d  b e  u s e d  t o  e v a l u a t e  

t e m p e r a t u r e  e f f e c t s  o n  whea t  e m e r g e n c e  i n  
n o r t h w e s t e r n  DSA. 

<117> 
L u n g l e y ,  D.R. 1973. The g r o w t h  o f  r o o t  s y s t e m s  - R n u m e r i c a l  c o m p u t e r  s i m u l a t i o n  model.  

P l a n t  S o i l  3 8  (1): lUS-159. 
RBSTRRCT: R s i m u l a t i o n  model  o f  t h e  g r o w t h  o f  

t h e  p l a n t  r o o t  s y s t e m  i s  d e s c r i b e d .  F i r s t l y ,  
t h e  numbers  and  l e n g t h s  o f  t h e  l a t e r a l s  
d e r i v e d  f rom a s i n g l e  a x i s  a r e  o b t a i n e d  from 
s p u c l ? i e a  r a t e s  o f  e l o n g a r i o n  a n a  Brareh i f ig .  
S e c o n d l y ,  t h e . v e r t i c a 1  d i s t r i b u t i o n  o f  
f i l a m e n t  l e n g t h  i s  o b t a i n e d .  a f t e r  s p e c i f y i n g  
t h e  r a t e  o f  i n i t i a t i o n  o f  a x e s  a t  t h e  crown 
o f  t h e  p l a n t  and  t h e  o r i e n t a t i o n  o f  
s u c c e s s i v e ,  s h o r t  s t r a i g h t  s e g m e n t s  
r e p r e s e n t i n g  t h e  c u r v e d  r o o t s .  D i a g r a m s  o f  
t h e  n e t w o r k  c a n  b e  produced  u s i n g  t h e  
g r a p h - p l o t t i n g  f a c i l i t y  of c o m p u t e r ,  a n d  
o t h e r  p r o p e r t i e s  s u c h  a s  t h e  d i s t r i b u t i o n  o f  
l e n g t h  o f  f i l a m e n t  o f  g i v e n  a g e  a n d  t h e  
d i s t r i b u t i o n  o f  a p i c e s  c a n  be computed .  The  
model  h a s  s u f f i c i e n t  f l e x i b i l i t y  t o  
i n c o r p o r a t e  i n f o r m a t i o n  on  t h e  t e m p o r a l  
v a r i a t i o n  o r  l o c a l  s p a t i a l  v a r i a t i o n  i n  r a t e s  
o f  g r o w t h  f o u n d  u n d e r  n o p - u n i f o r m  c o n d i t i o n s .  
The u t i l i t y  o f  t h e  model i n  a g r o n o m i c  
s t u d i e s  i s  i l l u s t r a t e d  by u s i n g  i t  t o  
c a l c u l a t e  t h e  e f f e c t s  o f  f e r t i l i z e r  
t r e a t m e n t s  o n  t h e  r o o t  d i s t r i b u t i o n ,  g i v e n  
c e r t a i n  g r o w t h  r e s p o n s e s  e x p r e s s e d  i n  t.aroa 
o f  r a t e s  o f  e l o n g a t i o n  a n 3  b r a n c h i n g .  The 
e x a m p l e s  c o n s i d e r e d  p e r t a i n  t o  ( a )  t h e  
e n r i c h m e n t  o f  a  l a y e r  i n  t h e  s o i l  w i t h  a  
f e r t i l i z e r  s u p p l y i n g  a  s c a r c e  n u t r i e n t  and  
(b)  a  d e f e r r e d  a p p l i c a t i o n  o f  a  f e r t i l i z e r  
s u p p l y i n g  a  s c a r c e  n u t r i e n t .  (Ruth.)  . 

MODEL TYPE: p a r a m e t r i c  
CONRENT: C o u l d  b e  a d a p t e d  t o  e v a l u a t e  p o l l u t a n t  

e f f e c t s  o n  r o o t  d e v e l o p m e n t .  

< l l A >  
L u p t o n ,  P.G.H. 1972. F u r t h e r  e x p e r i m e n t s  on 

p h o t o s y n t h e s i s  and  t r a n s l o c a t i o n  i n  wheat.  
Lao. Appl. B i o l .  71 :69-79. . . 

RBSTRRCT: A model  is d e v e l o p e d  r e l a t i n g  
p h o t o s y n t h e s i s  t a k i n g  p l a c e  i n  s u c c e s s i v e  
l a y e r s  o f  t h e  c a n o p y  of a  w h e a t  c r o p  t o  t h e  
i n t e n s i t y  o f  t h e  r a d i a t i o n  i n c i d e n t  o n  t h e  
c r o p ,  t h e  e l e v a t i o n  o f  t h e  s u n ,  a n d  t o  t h e  
a n g l e  t o  t h e  h o r i z o n t a l  and  p h o t o s y n t h e t i c  
a r e a  o f  e a r s ,  l e a v e s  and  l e a f  s h e a t h s .  The 
v a l i d i t y  o f  t h e  model  is t e s t e d  by c o m p a r i n g  
t h e  r a t e  o f  p h o t o s y n t b e s i s ,  p a t t e r n  o f  
t r a n s l o c a t i o n  and s o l i d  g e o m e t r y  o f  a  
s e m i - d r a w f  w h e a t  (TL 365a/25)  v i t h  t h b s e  o f  a  
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<11B> COAT. 
w r i e t y  o f  c o n v e n t i o n a l  h e i g h t  
( C a p p e l l e - D e s p r e z )  . T h e  mode l  g i v e s  
r e a l i s t i c  e s t i m a t e s  of  c r o p  y i e l d  a n d  
i n d i c a t e s  t h a t  t h e  g r e a t e r  y i e l d  o f  t h e  . 
= m i - d w a r f  s e l e c t i o n  is c a u s e d  by f a s t e r  
p h o t o s y n t h e s i s ,  d e s p i t e  l e s s  p h o t o s y n t h e t i c  
s u r f a c e s  o f  e a r s  a n d  l e a v e s .  I t  a l s o  
i n d i c a t e s  t h a t  s e l e c t i o n  f o r  e r e c t  l e a v e s  map 
l e a d  t o  f u r t h e r  i n c r e a s e s  i n  y i e l d .  (Auth . ) .  

#ODEL TYPE: m e c h a n i s t i c  
CONRENT: B a s i c  p l a n t  p h y s i o l o g i c a l  m o d e l  v i t h  n o  

d i r e c t  a p p l i c a t i o n  i n  a s s e s s m e n t  s t u d i e s .  

< 1 1 9 >  
Luxmoore ,  R.J . ,  C.L. B e g o v i c h ,  and  K.R. Dixon .  

1978 .  l c d e l l i n g  s o l u t e  u p t a k e  a n d  
i n c o r p o r a t i o n  i n t o  v e g e t a t i o n  a n d  l i t t e r .  
E c o l .  R o d e l l i n g  5: 137-171.  

BBSTRACT: T h e  c o n c e p t s  a n d  a l . q o r i . t h m s  o f  t h e  
B a l d w i n ,  Nye a n d  T i n k e r  m o d e l  d e s c r i b i n g  
s o l u t e  movement  f r o m  b u l k  s o i l  s o l u t i o n  i n t o  
m o t s  (DIPRAS) and  a  m o d e l  o f  s o l u t e  d y n a m i c s  
a n d  a c c u m u l a t i o n  i n  p l a n t  t i s s u e s  a n d  l i t t e r  
(DRYRDS) a r e  p r e s e n t e d .  P o l i a r  u p t a k e  o f  
s o l u t e s  a n d  g a s e s  a r e  i n c l u d e d  i n  t h e  DRYADS 
c o d e .  T h e s e  m o d e l s  f o r m  c o m p o n e n t s  i n  a  
c o u p l e d  s y s t e m  o f  m o d e l s  h a v i n g  h o u r l y  
r e s o l u t i c n  o f  c a r b o n .  w a t e r ,  a n d  s o l u t e  
d y n a m i c s  i n  t e r r e s t r i a l  e c o s y s t e m s .  
A p p l i c a t i o n s  s h o w i n g  s u c c e s s i v e  h o u r l y ,  
m o n t h l y ,  a n d  a n n u a l  r e s u l t s  i l l u s t r a t e  t h e  
u t i l i t y  c f  t h e  mode l s .  T h e  DRTADS mode l  
s e n s i t i v e  t o  b o t h  l e a f  s o l u t e  c o n d u c t i v i t y  
a n d  r o o t  s o l u t e  c o n d u c t i v i t y  p a r a m e t e r s  
s u g g e s t  t h e  i m p o r t a n c e  o f  c a r e f u l  
e r p e r i m e n t a l  d e t e r m i n a t i o n  o f  t h e s e  p l a n t  
p r o p e r t i e s .  T h e  t i s s u e s  o f  s o l u t e  e n t r y  
( l e a v e s .  r o o t s )  i n i t i a l l y  a c c u m u l a t e  s o l u t e s  
i n  a  f i x e d  f o r m  i n  p r e f e r e n c e  t o  t h o  more 
r e m o t e  t i s s u e s  ( s t e m s ,  f r u i t s ) .  l o d e 1  
a p p l i c a t i o n  r e s u l t s  show t h a t  r o o t  s a p w o o d  is 
t h e  f i r s t  m a j o r  s i t e  o f  t r a c e  c o n t a m i n a n t  
a c c u m u l a t i o n  f r o m  s o i l - b o r n e  p o l l u t a n t s .  The 
a l g o r i t h m s  d e s c r i b i n g  s o l u t e  movement  a l o n g  a  
c o n c e n t r a t i o n  g r a d i e n t  i n  p h l o e m  a n d  a s  m a s s  
Elow i n  t h e  xy lem t r a n s p i r a t i o n  s t r e a m  r e s u l t  
i n  h i g h  m o b i l i t y  o f  s o l u t e s  i n  v e g e t a t i o n .  
T h e  s i m u l a t e d  d i u r n a l  p a t t e r n  o f  r o o t  s o l u t e  
u p t a k e  s h o v e d  t h a t  more  t h a n  8 5 s  o f  s o l u t e s  
were  t a k e n  u p  d u r i n g  t h e  d a y l i g h t  h o u r s .  T h e  
s i m u l a t . i o n s  f u r t h e r  showed  t h a t  c o n t a m i n a n t s  
h a d  t h e  g r e a t e s t  e f f f e c t  on t h e  l i t t e r  
s y s t e m .  T o x i c  e f f e c t s  o f  c o n t a m i n a n t s  o n  
d e c o m p o s i t i o n  r e s u l t e d  i n  l o w e r  
m i n e r a l i z a t i o n  l o s s e s  a n d  a c c u m u l a t i o n  of  
w n t a m i n a n t  i n  l i t t e r  w i t h  c o n t i n u i n g  
d e  p o s i t i c n .  

RUDBL T ~ Y E :  m e e n a n i s r i c  
CCllEVT: u s e f u l  f o r  s i m u l a t i o n  o f  p a r t i c u l a t e  

a n d  g a s e o u s  p o l l u t a n t  t r a n s p o r t  a n d  e f f e c t s  
i n  s o i l - ~ l a n t  s y s t e m s .  Example  o f  h e a v y  m e t a l  
a n d  s u l f u r  d i o x i d e  u p t a k e  g i v e n .  

< 1 2 @ >  
Luxmoore .  R. J., J. L. S t o l z y ,  a n d  J.T. ho ldeman .  

1 9 7 6 .  s c m e  s e n s i t i v i t y  a n a l y s e s  o f  a n  h o u r l y  
s o i l - p l a n t - w a t e r  r e l a t i o n s  mode l .  
ORNL/Tl-5343. Oak R i d g e  N a t i o n a l  Lab. ,  TN. 

RBSTRACT: N i n e t e e n  p a r a m e t e r s  r e p r e s e n t i n g  
l a n d s c a p e ,  p l a n t ,  a n d  s o i l  c h a r a c t e r i s t i c s  
w e r e  e x a m i n e d  f o r  t h e i r  i n f l u e n c e  o n  m i d d a y  
p l a n t  w a t e r  r e l a t i c n s ,  d a i l y  f l u x e s  a n d  
m o n t h l y  w a t e r  b a l a n c e  c o m p o n e n t s  p r e d i c t e d  b y  
a  s o i l - p l a n t  - w a t e r  r e l a t i o n s  m o d e l  h a v i n g  
h o u r l y  r e s o l u t i o n .  A s t a n d a r d  s e t  o f  
p a r a m e t e r s  was  c h o s e n  t o  r e p r e s e n t  a  h a r d w o o d  
f o r e s t  o n  r i d g e  t o p  s o i l  i n  t h e  Oak R i d g e ,  
? e n n e s s e e  a r e a  d u r i n g  a  r e p r e s e n t a t i v e  summer  
month ( J u l y ) .  Each p a r a m e t e r  was v a r i e d  
t h r o u g h  a  r a n g e  w i t h  a l l  o t h e r  p r a m e t e r s  
h e l d  a t  t h e  s t a n d a r d  v a l u e .  The r e s u l t s  of 
t h e  s t u d y  showed  t h a t  t h e  m o d e l  w a s  s e n s i t i v e  
t o  n i n e  p l a n t  p a r a n e t e r s  i n  noon.  d a i l y  a n d  

. m o n t h l y  r e s u l t s .  T h e  t e n  o t h e r  p a r a m e t e r s  
had  p a r t i a l  o r  no i n f l u e n c e  o n  t h e  
s i m u l a t i o n s .  Tvo l e a f  c h a r a c t e r i s t i c s  a n d  
t w o  l a n d s c a p e  p r o p e r t i e s  c a u s e  t h e  n o d e 1  t o  
b e  s e n s i t i v e  i n  m i d d a y  v a l u e s  b u t  l e s s  
s e n s i t i v e  i n  m o n t h l y  r e s u l t s  d u e  t o . t h e  
n e g a t i v e  f e e d b a c k  a s p e c t s  o f  t h e  mode l .  P i v e  
p a r a m e t e r s  h a d  a l m o s t  n o ' i n f l u e n c e  o n  t h e  
m o d e l  r e s u l t s  i n  t h e  c a s e  e x a m i n e d .  T h e  
o a n o p y  i n t e r c e p t i o n  p a r a m e t e r  h a d  a l m o s t  n o  
i n f l u e n c e  o n  t h e  m o d e l  r e s u l t s  o n  s u n n y  d a y s .  
b u t  w a s  a  s i g n i f i c a n t  . c o m p o n e n t  o f  t h e  
m o n t h l y  w a t e r  b a l a n c e .  T h e  s t u d y  h i g h l i g h t e d  
t h e  i m p o r t a n c e  o f  t h e  r o o t  a n d  stem 
r e s i s t a n c e s  t o  w a t e r  f l o w  i n  i n f l u e n c i n g  
p l a n t  w a t e r  s t a t u s  a n d  t h e  m o n t h l y  w a t e r  
b a l a n c e .  T h i s  s t u d y  h a s  p r o v i d e d  a n  
a s s e s s m e n t  o f  t h e  a o d e l  s t a b i l i t y  t o  w i d e  
r a n g e s  o f  p a r a m e t e r  v a l u e s  a n d  s u g g e s t s  t h e  
a o d e l ' s  u t i l i t y  i n  a  r a n g e  o f  a p p l i c a t i o n s .  
T h e s e  w o u l d  i n c l u d e  f o r e s t  a n d  a g r i c u l t u r a l  
c r o p s  o n  m o s t  s o i l s  a n d  i n  d i v e r s e  l a n d s c a p e  
s i t u a t i o n s .  P u r t h e r ,  t h e  c o n s e q u e n c e s  o f  
u s i n g  p a r a m e t e r s  w i t h  h i g h  u n c e r t a i n t y  i n  a n  
a p p l i c a t i o n  may b e  p a r t i a l l y  e v a l u a t e d  f r o m  
t h e s e  s e n s i t i v i t y  t e s t s .  (Auth . )  

RODEL TYPE: m e c h a n i s t i c  
CONlEUT: R e s u l t s  f r o m  s t u d y  c o u l d  b e  u s e d  i n  

a s s e s s m e n t  t o  e v a l u a t e  p o s s i b l e  e f f e c t s  o f  
e n v i r o n m e n t a l  c h a n g e s  o n  p l a n t  w a t e r  
r e l a t i o n s h i p s .  

< 121>  
Luxmoore ,  R.J., L.n. S t o l z y .  a n d  J. L e t e y .  1970 .  

Oxygen d i f f u s i o n  i n  t h e  s o i l - p l a n t  s y s t e m .  
I. R model .  Agron. J .  62:317-322.  

ABSTRACT: L m o d e l  f o r  s t e a d y  s t a t e ,  i s o t h e r m a l  
o x f g e n  d i f f u s i o n  i n t o  a  c y l i n d r i c a l  r o o t  
s u r r o u n d e d  by a  w a t e r  f i l m  o f  u n i f o r m  
t h i . c k n n s s  is p r o p o s e d .  E q u a t i o n s  a r e  
d e v e l o p e d  w h i c h  a c c o u n t  f o r  l o n g i t u d i n a l  
o x y g e n  f l u x  t h r o u g h  t h e  i n t e r c u l l u l a r  g a s  
s p a c e s ,  r a d i a l  f l u x  t h r o u g h  t h e  w a t e r  f i l m ,  
a n d  a  r e s p i r a t o r y  o x y g e n  s i n k  w h i c h  is 
d e f i n e d  a s  a  f u n c t i o n  o f  o x y g e n  
c o n c e n t r a t i o n .  A m e t h o d  o f  c o m p u t e r  a n a l y s i s  
i s  o u t l i n e d  w h e r e b y  t h e  l a w  o f  c o n t i n u i t y  is 
a p p l i e d  s e q u e n t i a l l y  t o  s n a l l  s e c t i o n s  o f  
r o o t .  s u c h  t h a t  t h e  a m o u n t  o f  o x y g e n  
d i f f u s i n g  i n t o  a  s e c t i o n  is e q u a t e d  w i t h  t h e  
o x y g e n  d i f f u s i n g  o u t  p l u s  t h e  r e s p i r a t o r y  
c o n s u m p t i o n .  The s o l u t i o n  f o r  t h e  m o d e l  
d e f i n e s  a  s e r i e s  o f  o x y g e n  c o n c e n t r a t i o n s  
a l o n g  t h e  r o o t  l e n g t h .  Prom t h e s e  d a t a  t h e  
a m o u n t  o f  o x y g e n  c o n s u m e d  i n  r e s p i r a t i o n  
w h i c h  d i f f u s e s  i n t o  a  t o p  o f  t h e  r o o t  ( p l a n t  
a e r a t i o n )  a n d  t h e  amount  d i f f u s i n g  r a d i a l l y  
from t h e  s o i l  ( s o i l  a e r a t i o n )  may b e  
u a l c u l a l e J ,  b i d  i f f ~ t  LS of se l l  a n d  p l a n t  
c h a r a c t e r i s t i c s  e x a m i n e d .  (Ru th . )  

ROFEL TYPE: m e c h a n i s t i c  
COlREsT: Rny t e c h n o l o g y  i m p a c t  o n  p l a n t  o r  

e n v i r o n m e n t a l  p r o p e r t i e s  u s e d  i n  t h e  m o d e l  
c o u l d  b e  e v a l u a t e d .  R o d e l  is m a i n l y  
c o n c e r n e d  w i t h  p h y s i o l o g i c a l  r e s e a r c h .  

< 122> 
l a y ,  P. P., A.R. T i l l ,  a n d  l.il. Cumming. 1972. .  

S y s t e m s  a n a l y s i s  o f  3 5 S u l p h u r  k i n e t i c s  i n  
p a s t u r e s  g r a z e d  b y  s h e e p .  J. Appl .  E c o l .  
9:25-U9. 

ABSTRACT: R m a t h e m a t i c a l  mode l  t o  r e p r e s e n t  t h e  
s u l p h u r  c y c l e  i n  a  g r a z e d  p a s t u r e  w a s  
p rogrammed  o n  t o  a n  a n a l o g  c o m p u t e r  to 
s i m u l a t e  t h e  r e s u l t s  o f  a  p u b l i s h e d  f i e l d  
e x p e r i m e n t  i n  w h i c h  o b s e r v a t i o n s  w e r e  made o n  
t h e  i n c o r p o r a t i o n  o f  r a d i o a c t i v i t y  i n t o  w o o l  
f o l l o w i n g  a  s i n g l e  a p p l i c a t i o n  o f  ( 3 5 S ] g y p s u m  
. t o  p a s t u r e .  T h e  b e h a v i o u r  o f  p a r t s  o f  t h e  
s y s t e m  n o t  d i r e c t l y  m e a s u r a b l e  a n d  its 
r e s p o n s e s  t o  p o s s i b l e  e m p i r i c a l  m a n i p u l a t i o n s  
w e r e  s t u d i e d  o n  t h e  c o m p u t e r  t o  s u g g e s t  
e x p e r i m e n t a l  tests o f  t h e  mode l .  T h e  r e s u l t s  
o f  t h e  s t u d y  s h o w ,  t h a t :  (1) T h e  o b s e r v e d  



APPENDIX A 
Agricultural Models (continued) 

< 1 2 2 >  CONT. 
t r a n s i e n t  b e h a v i o u r  o f  t h e  s p e c i f i c  a c t i v i t y  
of w o o l  is c o n s i s t e n t  w i t h  a  c l o s e d - s y s t e m  
r e c y c l i n g  p r o c e s s  i n v o l v i n g  c. 6 0 %  o f  t h e  
t o t a l  s u l p h u r  i n  t h e  s y s t e m .  (2) Up t o  90% 
of t h e  c y c l i n g  s u l p h u r  may be h e l d  i n  o r g a n i c  
r e s i d u e s  i n  f o r m s  n o t  d i r e c t l y  a v a i l a b l e  t o  
p l a n t s .  (3) The  r a t e  o f  r e l e a s e  o f  o r g a n i c  
s u l p h u r  from t h e s e  r e s i d u e s  i n  f o r m s  s u i t a b l e  
f o r  p l a n t  u p t a k e  i s  a  m a j o r  d e t e r m i n a n t  o f  
t h e  s u l p h u r  s u p p l y  t o  p l a n t  a n d  a n i m a l  
c o m p a r t m e n t s  o f  t h e  s y s t e m .  (U) The 
p r o d u c t i v e  p o t e n t i a l  o f  t h e  s y s t e m  is i n  
g e n e r a l  d e t e r m i n e d  by t h e  r a t e  o f  s u l p h u r  
t r a n s p o r t  b e t w e e n  c o m p a r t m e n t s  r a t h e r  t h a n  
t h e  a m o u n t  p r e s e n t  i n  a n y  c o m p a r t m e n t  a t  any  
time. (Auth . )  

qODEL ?YPEI p n r a m o t r i c  
CCnnENT: v e r y  u s e f u l  model f o r  a s s e s s m e n t  of 

c h e m i c a l  t r a n s f e r  i n  p l a n t - a n i m a l  s y s t e m s .  

< 1 2 3 >  
! 9 c C u l l o u g h ,  E.C.. a n d  W.P. P o r t e r .  1971. 

C o m p u t i n g  c l e a r  day s o l a r  r a d i a t i o n  s p e c t r a  
f o r  t h e  t e r r e s t r i a l  n c o l o g i c a l  e n v i r o n m e n t .  
E616qp 52:lUoM-1015. 

RESTRICT: c l e a r  s k y  ( c l o u d -  f r e e )  h o r i z o n t a l  
p l a n e  t e r r e s t r i a l  s o l a r  r a d i a t i o n  s p e c t r a l  
f l u x e s  c a n  be  computed  f o r  any t i m e  o f  d a y  
and  y e a r ,  g e o g r a p h i c  l o c a t i o n  ( l a t i t u d e  and 
l o n g i t u d e )  , a n d  e l e v a t i o n  upon i n p u t t i n g  t h e  
o p t i c a l  p r o p e r t i e s  o f  t h e  a t m o s p h e r e  a n d  
r e f l e c t i n g  p r o p e r t i e s  o f  t h e  u n d e r l y i n g  
s u r f a c e .  C o n s i d e r a t i o n  is g i v e n  t o  t h e  
problem o f  d i f f u s e  t e r r e s t r i a l  r a d i a t i o n  
s p e c t r a  f c r  non-sea  l e v e l  e l e v a t i o n s  a n d  
w h e r e  t h e  t e r r e s t r i a l  a t m o s p h e r e  c a n n o t  b e  
r e o a r d e d  a s  b e i n g  p u r e l y  a  R a y l e i g h  
a t m o s p h e r e .  C o m p u t a t i o n  o f  ' t e r r e s t r i a l  
s p e c t r a  f o r  " l a r g e n  z e n i t h  a n g l e s  (2 g r e a t e r  
t h a n  o r  e g u a l  t o  7 2  deg . )  i s  c o n s i d e r e d  a l o n g  
w i t h  a  d i s c u s s i o n  o f  i r r a d i a t i o n  p a t t e r n s  
p e c u l i a r .  t o  p o l a r  z o n e s  ( i .o . ,  l o n g  d a y s  and 
n i g h t s ) .  S e l e c t e d  r e s u l t s  from t h e  
i n t e g r a t i o n  of t h e s e  c o n c e p t s  i n t o  a  c o m p u t e r  
p r o g r a m  i n c l u d e  t h e  c o m p u t a t i o n  o f  t o t a l  
d i f f u s e - t o - d i r e c t  f l u x  r a t i o s  f o r  r a d i a t i o n  
f r o m  a  S a y l e i g h  a t a o s p h e r e  a t  a n y  s o l a r  
z e n i t h  a n g l e ,  and  s e l e c t e d  e l e v a t i o n s  w i t h  
t y  p i c a 1  mean g r o u n d  a l b e d o s .  C o m p a r i s o n s  o f  
i n t e g r a t e d  e n e r g y  p r e d i c t i o n s  w i t h  
m e a s u r e m e n t s  i n  t h e  l i t e r a t u r e  a g r e e  
r a v a r a n l y .  (ku tn .1  

NODEL TYPE: m e c h a n i s t i c  
ConneuT: n s e f u l  i n  e v a l u a t i o n  o f  s p e c t r a l  

c h a n g e s  i n  i r r a d i a t o n  which  c o u l d  b e  i n d u c e d  
by t e c h n o l o g y  i m p a c t s  o n  t h e  o p t i c a l  
p r o p e r t i e s  o f  t h e  a t m o s p h e r e .  

< I LU>  
n i l l e r ,  E.E.,  a n d  J.M. Norman. 1971 .  L  s u n f l e c k  

t h e o r y  f c r  p l a n t  c a n o p i e s .  I .  L e n g t h s  of 
s u n l i t  s e g m e n t s  a l o n g  a  t r a n s e c t .  Lgron.  J. 
63 (11 $735-730 .  

ABSTRACT: The  s i z e  d i s t r i b u t i o n  o f  s u n f l e c k s  
u n d e r  a  p l a n t  canopy c a n  be r e p r e s e n t e d  b y  
t h e  l e n g t h  d i s t r i b u t i o n  o f  s u n l i t  s e g m e n t s  
a l o n g  a  s t r a i g h t  - l i n e  t r a n s e c t  d rawn u n d e r  
t h e  conopy.  A m a t h c m a t i o a l  c o n n e c t i o n  is 
d e d u c e d  t e t w e e n  t h i s  s u n l i t - l e n g t h  
d i s t r i b u t i o n  a n d  t h e  p r o b a b i l i t y ,  a s  a  
f u n c t i o n  o f  l e n g t h ,  t h a t  a  s h o r t  l i n e  p l a c e d  
r a n d o m l y  u n d e r  t h e  c a n o p y  w i l l  b e  e v e r y w h e r e  
i n  s u n l i g h t .  I n  t u r n ,  t h i s  p r o b a b i l i t y  
d i s t r i b u t i o n  i s  d e d u c e d  f o r  r a n d o m l y - p l a c e d  
l e a v e s ,  f rom which t h e  a b o v e - m e n t i o n e d  
m n n e c t i o n  y i e l d s  t h e  d e s i r e d  s u n l i t - l e n g t h  
d i s t r i b u t i o n .  . I n  s u b s e q u e n t  p a p e r s  t h i s  
b a s i c  r e s u l t  w i l l  be  u s e d  t o  p r e d i c t  t h e  
e f f e c t  o f  Fenumbra - f u z z y  shadow e d g e s  
c a u s e d  b y  t h e  f i n i t e  a n g u l a r  s i z e  o f  t h e  s u n  
- upon t h e  l i g h t  i n t e n s i t y  d i s t r i b u t i o n s  
w i t h i n  o r  b e n e a t h  c a n o p i e s ,  a s  a  f u n c t i o n  o f  
l e a f  s i z e ,  s h a p e .  h e i g h t ,  d e n s i t y ,  and  

o r i e n t a t i o n .  (Auth.)  
nOnEL TYPE: m e c h a n i s t i c  
COnnEIiT: T h e o r e t i c a l  a n a l y s i s  t h a t  c o u l d  h a v e  

s o m e  a s s e s s m e n t  a p p l i c a t i o n s .  However, i n  
terms o f  p h o t c s y n t h e s i s  p r e d i c t i o n ,  t h e  
penumbra e f f e c t s  d o  n o t  c o n t r i b u t e  
s i g n i f i c a n t l y .  

< 1 2 5 >  
miller, E.E., and  J.M. Norman. 1971. A s u n f l e c k  

t h e o r y  f o r  p l a n t  c a n o p i e s ,  11. Penumbra 
e f f e c t :  I n t e n s i t y  d i s t r i b u t i o n s  a l o n g  
s u n f l e c k  s e g m e n t s .  Lgron .  J. 63: 739-793. 

ABSTRLCT: The  f i n i t e  (1 /2  d e g . )  a n g u l a r  d i a m e t e r  
o f  t h e  s u n  c a u s e s  t h e  f u z z i n e s s  o f  t h e  shadow 
c a s t  o n t o  t h e  ground by a  l e a f  e d g e  t o  
i n c r a a c a  i n  p r o p n r t  i n n  t n  4 n n r e a s p  i n  h e i g h t  
o f  t h e  l e a f .  When a  s t r a i g h t - l i n e  s u n f l e c k  
s e g m e n t  is t e r m i n a t e d  by  a  l e a f  e d g e  t h a t  
c u t s  a c r o s s  it a t  a  s l a n t ,  t h e  a p p a r e n t  w i d t h  
o f  t h e  p e n u m b r a l  f r i n g e  d i s p l a y e d  upon t h e  
s e g m e n t  is  s t r e t c h e d  by  t h e  s l a n t .  I n  t h i s  
p a p e i  t h e  i n t e n s i t y  d i s t r i b u t i o n  a l o n g  a  
s l a n t i n g  t r a v e r s e  o f  a  p e n u m b r a l  shadow e d g e  
i s  computed ,  t h e  st.atist.Cc.-.l d i s t r i b u t i o n s  o f  
l e a f - u d y t .  a l ~ y l e s  a t  t h e  e u d s  of a e g a e l r t s  arc 
a n a l y z e d ,  a n d  t h e s e  t w o  d i s t r i b u t i o n s  a r e  
combined  i n t o  a  s t a t i s t i c a l l y - a v e r a g e d  
i n t e n s i t y  d i s t r i b u t i o n  a l o n g  t h e  s e g m e n t ,  t h e  
d i s t r i b u t i o n  b e i n g  d e p e n d e n t  upon t h e  s e g m e n t  
l e n g t h .  When t h i s  i n t e n s i t y  d i s t r i b u t i o n  is 
i n c o r p o r a t e d  i n t o  t h e  s e g m e n t  l e n g t h  
d i s t r i b u t i o n  from t h e  p r e c e d i n g  p a p e r  o f  t h i s  
s e r i e s ,  a  u s e f u l  p r e d i c t i o n  is o b t a i n e d  f o r  
t h e  c o m p l e t e  d i s t r i b u t i o n  o f  i n t e n s i t y  w i t h i n  
a  p l a n t  c a n o p y .  (Auth.)  

RODEL TYPE: m e c h a n i s t i c  
COnRENT: T h e o r e t i c a l  a n a l y s i s  t h a t  c o u l d  h a v e  

some a s s e s s m e n t  a p p l i c a t i o n s . .  However. i n  
t e r m s .  o f  p h o t o s y n t h e s i s  p r e d i c t i o n  t h e  
penumbra e f f e c t s  d o  n o t  c o n t r i b u t e  
s i g n i f i c a n t l y  . 

< 126) 
n i l l e r ,  E.L., a n d  Q.D. S h r a d e r .  1976. n o i s t u r e  

c o n s e r v a t i o n  p o t e n t i a l  w i t h  c o n s e r v a t i o n  
t i l l a g e  t r e a t n e n t s  i n  t h e  t h i c k  loess a r e a  o f  
w e s t e r n  Iowa. Lgron.  J. 6 8 ( 2 )  :34U-378.  

LBSTRLCT: n o i s t u r e  is u s u a l l y  i n  s h o r t  s u p p l y  
' f o r  p r o d u c t i o n  of c o r n  (ZEA nLIS L.) on  t h i c k  
l o e s s  d e r i v e d  s o i l s  i n  w e s t e r n  Iowa. 
? r a c L l ~ u  L l l a L  LullbeTfe m u l z t r i ~ e  s h ~ i i l d  
i n c r e a s e  c r o p  y i e l d s  b u t  q u a n t i t a t i v e  d a t a  is 
v e r y  s c a r s e .  The o b j e c t i v e s  were  t o  d e v e l o p  a  
y i e l d  r e s p o n s e  c u r v e  f o r  m o i s t u r e  a p p l i c a b l e  
i n  w e s t e r n  Iowa a n d  e v a l u a t e  t h e  p o t e n t i a l  
e f f e c t  o f  c o n s e r v a t i o n  t i l l a g e  s y s t e m s  on  
c o r n  y i e l d s .  C o m p u t e r i z e d  m o d e l i n g  
t e c h n i q u e s  wore  u s e d  t o  d e v e l o p  t h e  y i e l d  
~capulkae L U L  f e  uird tu r r a l d a L c  o a n a e e v a t i a n  
p r a c t i c e s .  l o i s t u r e  stress i n d i c e s ,  which  
were  h i g h l y  c o r r e l a t e d  w i t h  m e a s u r e d  c o r n  
y i e l d s ,  were  used t o  e v a l u a t e  t h e  
e t f u c t i v e n e s s  of modeled t i l l a g e  t r e a t m e n t s  
i n  t e r m s  o f  c o r n  y i e l d .  The model b u d g e t e d  
d a i l y  s o i l  a o i s t u r e  u s e  b a s e d  on  i n i t i a l  s o i l  
m o i s t u r e  meaSUremefltS, a c t u a l  w e a t h e r  d a t a ,  
and  s i m u l a t e d  h y d r o l o g i c  p r o c e s s e s .  T h e  
a p p r o p r l a c e  h y d r o l o g i c  p r o c e s s e s  were  
a o d i f i e d  t o  a p p r o x i m a t e  t h e  t i l l a g e  s y s t e m  
u n d e r  s t u d y .  The h y d r o l o g i c  p r o c e s s e s  
assumed most  a l t e r e d  b y  c o n s e r v a t i o n  t i l l a g e  
management were  s u r f a c e  r u n o f f  a n d  s u r f  a c e  
e v a p o r a t i o n  i n  t h e  s p r i n g  f a l l o w  p e r i o d .  The  
m o d e l e d  t i l l a g e  p r a c t i c ~ s  were e v a l u a t . e d  a t  
t h r e e  assumed s p r i n g  s o i l  m o i s t u r e  l e v e l s  i n  
c o m b i n a t i o n  w i t h  a c t u a l  l o n g  term Webthar 
r e c o r d s .  When s p r i n g  s o i l  m o i s t u r e  l e v e l s  
were  a t  1 0 0 %  o f  t h e  p l a n t - a v a i l a b l e  w a t e r  
c a p a c i t y  (PAPC) , t i l l a g e  p r a c t i c e s  had  l i t t l e  
e f f e c t  on e s t i m a t e d  c o r n  y i e l d s .  L t  t h e  
medium and  low s p r i n g  s o i l  m o i s t u r e  l e v e l s ,  
a o d o l o d  c o n s o r v a t  i o n  t i l l a g e  was  e f  f a c t  i v e  i n  
i n c r e a s i n g  y i e l d  e s t i m a t e s  o v e r  t h o s e  



APPENDIX A 
A g r i c u l t u r a l  Models (continued) 

<126> CONT. 
o b t a i n e d  w i t h  c o n v e n t i o n a l  t i l l a g e .  (Auth.) 

MODEL TYPE: p a r a m e t r i c  
COMMENT: E m p i r i c a l  model t h a t  c o u l d  b e  a d a p t e d  

f o r  a s s e s s m e n t  o f  t e c h n o l o g y  i m p a c t s  i n  
c r e s t e r n  Iowa. 

<127> 
M i l l e r ,  J. E.. J. H a s s e t t ,  D. E. Koeppe, G.L. 

R o l f e .  and  G.L. a h o e l e r .  lP7U. s f f e c t s  o f  
s o i l  p r o p e r t i e s  on P b  u p t a k e  b y  c o r n  a n d  
e f f e c t s  o f  P t  a n d  Cd o n  c o r n  r o o t  e l o n g a t i o n .  
I n :  T. Novakov (ed . ) ,  T r a c e  c o n t a m i n a n t s  i n  
t h e  e n v i r o n m e n t ,  pp. 290-296. 101-3217.  
Lawrence  B e r k e l e y  L a b o r a t o r y ,  B e r k e l e y ,  CA. 
3 6 5  pp. 

RBSTRRCT: The  u p t a k e  o f  P b  i n t o  t h e  s h o o t s  of 
s i x  week-o ld  c o r n  p l a n t s  was f o u n d  t o  
d e c r e a s e  w i t h  an i n c r e a s e  i n  s o i l  pH. c a t i o n  
= c h a n g e  c a p a c i t y  (CEC) , and  a v a i l a b l e  
p h o s p h o r u s .  The @ b  e f f e c t 6  on g r o w t h  o f  tho 
c o r n  p l a n t s  uere' n o t  a s  c l e a r l y  r e l a t e d  t o  
t h e s e  s o i l  p r o p e r t i e s  a s  was t h e  u p t a k e  o f  
Fb, a l t h o u g h  t h e  g r e a t e s t  r e d u c t i o n  o f  g r o w t h  
was s e e n  i n  t h e  low CEC and low pN s o i l s .  An 
e x p e r i m e n t  o n  c o r n  r o o t  g rowth  i n d i c a t e d  t h a t  
c o n c e n t r a t i o n s  o f  P b  a n d  Cd which by  
t h e m s e l v e s  would n o t  i n h i b i t  r o o t  e l o n g a t i o n  
d i d  c a u s e  a n  i n h i b i t i o n  when a d d e d  t o g e t h e r .  
A p r e l i m i n a r y  model o f  t h e  Pb a n d  Cd e f f e c t s  
on r o o t  g rowth  i s  p r e s e n t e d .  (Luth . )  

NODEL TYPE: p a r a m e t r i c  
cCnnENT: An e x p o n e n t i a l  g r o w t h  f u n c t i o n  w i t h  a  

growth  r a t e  p a r a m e t e r  d e p e n d e n t  on  cadmium 
a n d  l e a d  c o n c e n t r a t i o n  c o u l d  b e  a d a p t e d  f o r  
a s s e s s m e n t  p u r p o s e s .  

< 128> 
H i l l e r ,  P.C., and  a. A. S t o n e r .  1976. A model o f  

s t a n d  p h o t o s y n t h e s i s  f o r  t h e  wet lneadov 
t u n d r a  a t  Bar row,  A l a s k a .  E c o l o g y  57:Ull-430.  

RBSTRLCT: L mcpel o f  r a d i a t i o n ,  a i r  t e m p e r a t u r e ,  
and  v a p o r  d e n s i t y  i n  t h e  v e g e t a t i o n  canopy,  
p l a n t  w a t e r  r e l a t i o n s ,  and  p h o t o s y n t h e s i s .  
d e v e l o p e d  i n  t h e  p r i m a r y  p r o d u c t i o n  r e s e a r c h  
program o f  t h e  O.S. Tundra  Biome, IBP,  is  
d e s c r i b e d  and  r e s u l t s  f o r  t h e  y e a r s  1 9 7 0  
t h r o u g h  1973 p r e s e n t e d .  The  model c a l c u l a t e s  
d a i l y  c o u r s e s  of d i r e c t  and d i f f u s e  s o l a r  
r a d i a t i o n :  i n f r a r e d  r a d i a t i o n :  wind: a i r  
t e m p e r a t u r e  a n d  humidi ty :  l e a f  t e m p e r a t u r e s :  
c o n v e c t i o n a l  and  t r a n s p  i r a t  iona  1 e x c h a n g e  b y  
l e a v e s .  s t e m s .  and  d e a d  m a t e r i a l :  l e a f  H(2)O 
c o n t e n t ,  l e a f  w a t e r  p o t e n t i a l :  l e a f  
r e s i s t a n c e  t o  R(2)O l o s s :  i n t e r n a l  r e s i s t a n c e  
t o  C0 (2)  d i f f u s i o n :  and  n e t  p h o t o s y n t h e s i s .  
C l i m a t e  v a r i e d  f r o m  y e a r  t o  y e a r :  1970  a n 3  
1971 wmra si .ml. l .ar ,  1972 W M  r e l a t i v e l y  vora 
and d r y ,  and  1973 was r e l a t i v e l y  c o l d  a n d  
wet.  n l a n t  p a r a m e t e r s  were o b t a i n e d  f o r  
CAREX RQOATILIS, DUPONTIA PISCHERI, 
ERIOPAOROM ANGOSTIPOLIOM , a n d  SALI X POLCHRR. 
Leaf a r e a  i n d i c e s  v a r i e d  by s p e c i e s  and  by 
y s a r .  Leaf  a r e a s  o f  a l l  s p e c i e s  w e r e  l o w e s t  
i n  1973 .  Of t h e  i n c o m i n g  s o l a r  r a d i a t i o n  
a p p r o x i m a t e l y  20% 3.n r e f l e c t e d  b a c k  and  
321-53s  a b s o r b e d  by t h e  canopy,  i n c r e a s i n g  
wi th  l e a f  a r e a  i n d e x .  I n  t h e  c a n o p y  5-10 
times more h e a t  is  l o s t  by w n v e c t i o n  t h a n  by 
w a p o r a t  ion .  T o t a l  s e a s o n a l  v a s c u l a r  p l a n t  
03 (2) u p t a k e  r a n g e d  from 400-627 g  
CO ( 2 ) .  m ( G )  ** (- 2) ( s u b s c r i p t  G r e f e r s  t o  
g r o u n d ) .  I n  1971  c u v e t t e  e s t i m a t e s  f o r  t o t a l  
s r a s o n a l  v a s c u l a r  p l a n t  CO(2) u p t a k e  w e r e  6 0 2  
w h i l e  t h e  model p r e d i c t e d  627. I n d i v i n u a l  
s p e c i e s  i n c o r p o r a t e d  a b o u t  U q  
co (2)  . m ( G )  **(- 2) .day(-  1 )  a t  mos t .  The d a i l y  
Co(2) i n c o r p o r a t i o n  was l a r g e r  t h a n  t h e  
downward CO(2) f l u x  h o m  t h e  a t m o s p h e r e ,  
i m p l y i n g  t h a t  s o i l  r e s p i r a t i o n  i s  a  s o u r c e  o f  
CO (2) f o r  t h e  v a s c u l a r  p l a n t s .  P h o t o s y n t h e s i s  
i n c r e a s e d  w i t h  s o l a r  r a d i a t i o n ,  a i r  and  
ground t e m p r a t u r e s ,  a n d  a i r  v a p o r  d e n s i t y  
and  d e c r e a s e d  w i t h  i n c r e a s i n g  i n f r a r e d  

r a d i a t i o n  f o r  t h e  s k y  a n d  r o o t  r e s i s t a n c e  t o  
w a t e r  u p t a k e .  P a c t o r s  i n c r e a s i n g  
t r a n s p i r a t i o n  w i t b o u t  d i r e c t l y  a f f e c t i n g  
p h o t o s y n t h e s i s  t e n d  t o  d e c r e a s e  
p h o t o s y n t h e s i s  b e c a u s e  o f  t h e  e f f e c t  on  w a t e r  
s t r e s s .  Net p h o t o s y n t h e s i s  is  h i g h e r  a t  t h e  
t o p  of t h e  c a n o p y ,  i n  s p i t e  o f  more  f a v o r a b l e  
t e m p e r a t u r e s  w i t h i n  t h e  c'anopy, b e c a u s e  o f  
l i g h t  l i m i t  a t  i o n .  T o t a l  a c c u m u l t e d  c a r b o n  
d i o x i d e ,  a f t e r  s u b t r a c t i n g  g r o w t h  c o s t s  o f  
l e a v e s .  becomes  p o s i t i v e  l a t e  i n  t h e  Lieason 
and is h i g h e s t  a t  t h e  l o w e r  l e v e l s  b e c a m e  o f  
t h e  l o n g e r  d u r a t i o n  o f  l e a f  a r e a  a t  t h e s e  
' l e v e l s .  P h o t o s y n t h e s i s  s e e m s  a d j u s t e d  t o  
maximize c a r b o n  g a i n  u n d e r  t h e  mos t  f r e q u e n t  
c o n d i t i o n s  b u t  n o t  u n d e r  a l l  c o n d i t i o n s  o r  
e x t r e m e  c o n d i t i o n s .  (Auth. ) 

nODEL TYPE: m e c h a n i s t i c  
CONMERT: Very u s e f u l  model  t h a t  c o u l d  be  a p p l i e d  

i n  a s s e s s m e n t  o f  t e c h n o l o g y  e f f e c t s  on  c r o p  
w a t e r  u s e  and  p h o t o s y n t h e s i s .  

<129> 
8012. P.J., a n d  I .  Renson. 1970. E x t r a c t i o n  

t e r m  models  o f  s o i l  m o i s t u r e  u s e  by  
t r a n s p i r i n g  p l a n t s .  w a t e r  Resour.  Bes. , 
6 ( 5 )  : l3U6-1356. 

ABSTRLCT: L m a t h e m a t i c a l  model i s  d e v e l o p e d  
d e s c r i b i n g  m o i s t u r e  r e m o v a l  f r o m  s o i l  by t b e  
r o o t s  o f  t r a n s p i r i n g  p l a n t s .  The  model  u s e s  
a m a c r o s c o p i c  e x t r a c t i o n  t e r m  i n  t h e  
o n e - d i m e n s i o n a l  s o i l  m o i s t u r e  f l o w  e q u a t i o n .  
It d e s c r i b e s  b o t h  m o i s t u r e  r e m o v a l  by t h e  
p l a n t  and i n d u c e d  m o i s t u r e  movement t h r o u g h  
t h e  s o i l .  A n u m e r i c a l  p r o c e d u r e  b a s e d  on t h e  
D o u g l a s - J o n e s  p r e d i c t o r - c o r r e c t o r  method is 
u s e d  t o  s o l v e  t h e  model,  a n d  s o l u t i o n s  a r e  
compared  w i t h  e x p e r i m e n t a l  d a t a .  T h e  r e s u l t s  
i n d i c a t e  t h a t  e x t r a c t i o n  t e r m '  m o d e l s  . a r e  
c o m p u t a t i o n a l l y  a n d  p h y s i c a l l y  f e a s i b l e  a n d  
g i v e  i n s i y h C  i ~ l t o  t h e  m e c h a n i c s  o f  t h e  
o v e r a l l  m o i s t u r e  e x t r a c t i o n  p r o c e s s .  (Auth. ) 

MODEL TYPE: m e c h a n i s t i c  
COMNENT: B a s i c  p h y s i o l o g i c a l  model f o r  

u n d e r s t a n d i n g  p l a n t  mechanisms. Not 
recommended f o r  a s s e s s m e n t .  

<133> 
Molz, P.J . ,  a n d  I .  Remson. 1971. A p p l i c a t i o n  o f  

an e x t r a c t i o n - t e r m  model t o  t h e  s t u d y  o f  
m o i s t u r e  f low t o  p l a n t  r o o t s .  Agron. J. 
63:72-77. 

IBSTRLCT: A o n e - d i m e n s i o n a l  e x t r a c t i o n - t e r m  
model  is u s e d  t o  s i m u l a t e  t h e  m o i s t u r e  flow 
and  r e m o v a l  p r o c e s s  i n  t h e  v i c i n i t y  o f  p l a n t  
r o o t s .  T h e  d e p e n d e n c e  o f  model  r e s u l t s  on 
r o o t  d e p t h  a n d  s o i l  t y p e  a r e  i n v e s t i g a t e d .  
M o i s t u r e  c o n t e n t s ,  r o o t  m o i s t u r e  a b s o r p t i o n  
r a t e s  and  s o i l - m o s i t u r e  f l u x e s  a r e  computed  
and d i s c u s s e d  f o r  s e v e r a l  h y p o t h e t i c a l  r o o t  
s y s t e m s  i n  a  s a n d y  s o i l  a n d  i n  a  c l a y  s o i l .  
The model is s o l v e d  n u m e r i c a l l y  w i t h  a  
p r o c e d u r e  b a s e d  o n  t h e  D o u g l a s - J o n e s  
p r e d i c t o r - c o r r e c t o r  method. R e s u l t s  i n d i c a t e  
t h a t  m o i s t u r e  e x t r a c t i o n  by t h e  r o o t s  from 
s o i l  i n  t h e i r  i m m e d i a t e  v i c i n i t y  is t h e  
d o m i n a n t  p r o c e s s  w i t b  D a r c i a n  f l o w  i n  t h e  
r o o t  zone  p l a y i n g  a  s m a l l e r  b u t  o f t e n  
s i g n i f i c a n t  r o l e .  E x t r a c t i o n - t e r m  models  a r e  
v e r s a t i l e  and  seem t o  d e s c r i b e  many o f  t h e  
phenomena a s s o c i a t e d  w i t b  m o i s t u r e  r e m o v a l  b y  
t h e  r o o t s  o f  t r a n s p i r i n g  p l a n t s .  (Auth.) 

MODEL TYPE: m e c h a n i s t i c  
COMnENT: P h y s i o l o g i c a l  model t h a t  c o u l d  b e  

i n c o r p o r a t e d  i n t o  a  more c o m p r e h e n s i v e  model 
o f  s o i l - p l a n t  w a t e r  f l o w .  A s  it s t a n d s  t h e  
model  h a s  l i t t l e  d i r e c t  a p p l i c a t i o n  f o r  
a s s e s s m e n t  p u r p o s e s .  

<131> 
M o n t e i t h ,  J.L. 1965. L i g h t  d i s t r i b u t i o n  and 

p h o t o s y n t h e s i s  i n  f i e l d  c r o p s .  Ann. Bot. 'BS 
29: 17-37. 



APPENDIX A 
Agr i cu l t u ra l  Model s (continued) 

< 1 3 1 >  COPT. 
ABSTRACT: I n  a  new m o d e l  o f  l i g h t  d i s t r i b u t i o n  

i n  f i e l d  c r o p s ,  a  p a r a m e t e r  s is t h e  f r a c t i o n  
o f  l i g h t  p a s s i n g  t h r o u g h  u n i t  l e a f  l a y e r  
w i t h o u t  i n t e r c e p t i o n .  R a d i a t i o n  p r o f i l e s  
m e a s u r e d  w i t h  s o l a r i m e t e r s  a n d  p h o t o c e l l s  
g i v e  v a l u e s  o f  s f r o m  0 .7  f o r  g r a s s e s  t o  0.U 
f o r  s p e c i e s  w i t h  p r o s t r a t e  l e a v e s .  Knowing 
s. l e a f  t r a n s m i s s i o n  t a u  a n d  l e a f - a r e a  i n d e x  
L, t h e  l i g h t  d i s t r i b u t i o n  i n  a  f i e l d  c r o p  may 
be d e s c r i b e d  b y  a  b i n o m i a l  e x p a n s i o n  o f  t h e  
f o r m  (s+ ( I - s ) t a u ) L .  T o  c a l c u l a t e  c r o p  
p h o t o s y n t h e s i s  a t  g i v e n  l i g h t  i n t e n s i t y  t h i s  
e x p a n s i o n  i s  c o m b i n e d  w i t h  t w o  p a r a m e t e r s  
d e s c r i b i n g  t h e  s h a p e  o f  t h e  l i g h t - r e s p o n s e  
c u r v e  o f  s i n g l e  l e a v e s .  F i n a l l y .  t h e  
a s s u m p t i c n  t h a t  s o l a r  r a d i a t i o n  v a r i e s  
s i n u s o i d a l l y  a l l o w s  d a i l y  t o t a l  
p h o t o s v n t h e s i s  t o  b e  e s t i m a t e d  f r o m  d a y l e n g t h  
a n d  i n s o l a t i o n .  T h e  t h e o r y  p r e d i c t s  a b o u t  
? h e  s a m e  p o t e n t i a l  p h o t o s y n t h e s i s  i n  a  c l o u d y  
t e m p e r a t e  c l i m a t e  w i t h  l o n g  d a y s  a s  i n  a  more 
s u n n y  e q u a t o r i a l  c l i m a t e  w i t h  s h o r t  d a y s .  
When L  ( 3 ,  p h o t o s y n t h e s i s  i n c r e a s e s  a s  s 
d e c r e a s e s .  i . e .  a s  l e a v e s  b a c o m e  m o r e  
p r o s t r a t e :  b u t  when L  > 5 ,  p h o t o s y n t h e s i s  
i n c r e a s e s  a s  s i n c r e a s e s ,  1.e. a s  l e a v e s  
become  m o r e  e r e c t .  A s s u m i n g  t h a t  r e s p i r a t i o n  
is p r o p o r t i o n a l  t o  l e a f  a r e a ,  e s t i m a t e d  
d r g - m a t t e r  p r o d u c t i o n  a g r e e s  well w i t h  f i e l d  
m e a s u r e m e n t s  o n  s u g a r - b e e t ,  s u g a r - c a n e .  k a l e ,  
a n d  s u b t e r r a n e a n  c l o v e r .  E s t i m a t e s  o f  
maximum g r o s s  p h o t o s y n t h e s i s  ( f o r  s u g a r - c a n e  
a n d  m a i z e )  r a n g e  f r o m  6 0  t o  9 0  g/m**2/day 
d e p e n d i n g  o n  i n s o l a t i o n .  (Auth . )  

IODEL TYPE: m e c h a n i s t i c  
COnnEHT: V e r y  u s e f u l  m o d e l  t h a t  h a s  b e e n  

i n c o r p o r a t e d  i n t o  p l a n t  g r o w t h  m o d e l s .  C o u l d  
be a p p l i e d  t o  e v a l u a t e  t e c h n o l o g y  e f f e c t s  o n  
t h e  l e a f  o v e r l a p  p a r a m e t e r  5 a n d  c a n o p y  
p b o t o a y n t h e a i a .  

< 1 3 2 >  
Y u r p h y .  B.O. 1976 .  T h e  i n f l u e n c e  o f  g r o u n d  

c o v e r  o n  t h e  d r y  d e p o s i t i o n  r a t e  o f  g a s e o u s  
m a t e r i a l s .  OCCNDXSD-19. Oak R i d g e  N a t i o n a l  
L a b o r a t o r y .  Oak R i d g e ,  TN 377U8. 

A B S T R A C T :  we d i s c u s s  d r y  d e p o s i t i o n  r a t e s  f o r  
g a s e o u s  p o l l u t a n t s  s u c h  a s  SO(2)  o n  v e g e t a t e d  
s u r f a c e s .  Prom t h e  d i s c u s s i o n  t h e r e  f  o l l o w s  
a  s c h e m e  f o r  c a l c u l a t i n g  d e p o s i t i o n  v e l o c i t y .  
T h i s  s c h e m e  t a k e s  i n t o  a c c o u n t  t h e  e q u a l l y  
i m p u r t a t t t  ~ u i e s  uf a e u u ~ y r t a m l c  a t ~ d  s u r L a u e  
p r o c e s s e s .  I n  t r e a t i n g  t h e  s u r f a c e - d e p e n d e n t  
p l r t  o f  t h e  p r o b l e m ,  we h a v e  i d e n t i f i e d  t h o s e  
f e a t u r e s  which  a r e  o f  m a j o r  i m p o r t a n c e  a n d  we 
d i s c u s s  t h e i r  p a r a m e t e r i z a t i o n .  R e s u l t s ,  
d e r i v e d  f o r  t y p i c a l  s i t u a t i o n s ,  s h o w  t h e  
m a n n e r  i n  u h i c h  t h e  k i n d  a n d  c o n d i t i o n  o f  
s u r f a c e  c o v e r  a f f e c t s  d e p o s i t  i o n  r a t e .  T h e  
c o n c l u d i n g  s e c t i o n  p o i n t s  o u t  t h e  n e c e s s i t y  
f o r  e m p i r i c a l  v a l i d a t i o n ,  p a r t i c u l a r l y  f o r  
t h e  c a s e  o f  f o r e s t  c o v e r .  (Auth . )  

!lOnel. TYPE: n e c h s n i s t i c  
c C O ~ E N T :  U s e f u l  mode l  f o r  p o l l u t a n t  d e p o s i t i o n  

o n t o  v c g c t a t e d  s u r f a o c s .  

< 1 3 3 >  
N b k a n h ,  I . .  a n d  R. P. nuermann .  1 9 7  I. L 

s t a t i s t i c a l  me thod  f o r  a n a l y s i s  o f  d i f f u s i o n  
i n  s o i l s .  S o i l  S c i .  Soc .  R e .  P r o c .  
35 :397-402 .  

ABsTPAc-: R s p e c i a l  Monte  E a r l o  m e t h o d  f o r  us?  
i n  i n v e s t i g a t i n g  p r o b l e m s  u h i c h  i n v o l v e  
r a n d o m  p r o c e s s e s  i s  d e v e l o p e d .  T h i s  a p p r o a c h  
d i f f e r s  f r o m  t h e  u s u a l  n o n t e  C a r l o  me thod  f o r  
s o l u t i o n  o f  d i f f e r e n t i a l  e q u a t i o n s  i n  t h a t  
t h e  r andom p r o c e s s  i t s e l f  i s  c o n s t r u c t e d  
d i r e c t l y .  T h e  p c w e r  o f  t h i s  a p p r o a c h  i s  
d e m o n s t r a t e d  b y  a p p l i c a t i o n  o f  t h e  me thod  
u s i n g  t w o  e x a m p l e s .  I n  o n e  c a s e ,  t h e  e f f e c t  
o f  t h e r m a l  g r a d i e n t  o n  i o n i c  d i f f u s i o n  
t h r o u g h  t h i n  f i l m s  o f  i n t e r f a c i a l  w a t e r  i n  
f r o z e n  c l a y  is e x a m i n e d .  T h e  p r e d i c t e d  i o n i c  

d i s t r i b u t i o n  is i n  a g r e e m e n t  b o t h  w i t h  
e x ~ e r i m e n t a l  d a t a  a n d  w i t h  t h e  r e s u l t  
o b t a i n e d  by e x a c t  s o l u t i o n  of  t h e  d i f f u s i o n  
e q u a t i o n .  I n  t h e  s e c o n d  e x a m p l e ,  t h e  
d i s t r i b u t i o n  o f  a c e t o n e  d e p o s i t e d  i n  s o i l  
n e a r  t h e  s o i l - a t m o s p h e r e  i n t e r f a c e  is 
c a l c u l a t e d  f o r  a  t w o - l a y e r  p r o f i l e  i n  w h i c h  
t h e  a d s o r p t i o n  c o e f f i c i e n t  a n d  v o i d - p o r o s i t y  
o a r  y  b e t w e e n  h o r i z o n s .  (Auth . )  

MODEL TYPE: s t a t i s t i c a l  
COnnENT: R e s e a r c h  m o d e l  t h a t  c o u l d  b e  a d a p t e d  t o  

e v a l u a t e  p o l l u t a n t  g a s  movement  i n t o  s o i l .  

<13U> 
N a N a g a r a ,  T., R.E. P h i l l i p s ,  a n d  J. E. L e g g e t t .  

1976 .  D i f f u s i o n  a n d  m a s s  f l o w  o f  
n l t r n t o - n i t r n g o n  i n t n  r n g n  r o o t %  grown n n a o r  
f i e l d  c o n d i t i o n s .  Agron .  J .  68: 67-72 .  

ABSTRACT: N i t r a t e - n i t r o g e n ,  t h e  m o s t  i m p o r t a n t  
s o u r c e  o f  N o f  n o n - l e g u m i n o u s  p l a n t s ,  13 
s o l u b l e  i n  s o i l  w a t e r  a n d  is t r a n s p o r t e d  t o  
p l a n t  r o o t s  b y  b o t h  m a s s  f l o w  a n d  d i f f u s i o n .  
It is, t h e r e f o r e ,  i m p o r t a n t  t o  e v a l u a t e  t h e  
r e l a t i v e  i m p o r t a n c e  o f  e a c h  o f  t h e s e  t w o  
m e c h a n i s m s  o f  t r a n s p o r t  o f  RO(3)-N t o  p l a n t  
r u u t s  a n d  r l t e  u rn  l ~ u t t m u ~ ~ r a l  c u a d l r l u ~ ~ s  u t t d u ~  
w h i c h  e a c h  is t h e  d o m i n a n t  m e c h a n i s m s  o f  
t r a n s p o r t .  T h e  o b j e c t i v e  o f  t h i s  p a p e r  was  
t o  p r e s e n t  m e a s u r e m e n t s  o f  p l a n t  a n d  s o i l  
p a r a m e t e r s  n e c e s s a r y  f o r  e s t i m a t i n g  
a c c u m u l a t i o n  o f  N g r o w n  u n d e r  f i e l d  
c o n d i t i o n s  w i t h  t h e  u s e  o f  a  t h e o r e t i c a l  
m o d e l  a n d  t o  c o m p a r e  e s t i m a t e s  o f  
a c c u m u l a t i o n  o f  N i n  t h e  c o r n  p l a n t  w i t h  
m e a s u r e d  a c c u m u l a t i o n  i n  t h e  p l a n t .  P l a n t  
a n d  s o i l  p a r a m e t e r s  w e r e  m e a s u r e d  3 7 ,  U9, 7 6  
a n d  9 7  d a y s  a f t e r  p l a n t i n g  o n  c o r n  g r o w n  
u n d e r  f i e l d  c o n d i t i o n s  f o r  u s e  i n  t h e  
t h c o r c t i o a l  m o d c l  t o  p r c d i o t  u p t a k c  o f  U by 
t h o  DOOCO. @ h e  p l a n *  a n d  ooil p s r a m o b o r a  
m e a s u r e d  w e r e  v o l u m e t r i c  s o i l  w a t e r  c o n t e n t ,  
c o n c e n t r a t i o n  o f  NO(3) -N i n  s o i l  s o l u t i o n ,  
p o r o u s  d i f f u s i o n  c o e f f i c i e n t  o f  NO()) - N  i n  
s o i l ,  a v e r a g e  m a c r o s c o p i c  v e l o c i t y  o f  s o i l  
w a t e r  a t  p l a n t  r o o t  s u r f a c e ,  r a d i u s  o f  r o o t .  
t r a n s p i r a t i o n  r a t e ,  a n d  p l a n t  r o o t  l e n g t h .  
I n  t h e  d e r i v a t i o n  o f  t h e  t h e o r e t i c a l  m o d e l  it 
was  a s s u m e d  t h a t  t h e  f l u x  o f  NO(3)-N i n t o  t h e  
r o o t  was p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  
NO(3)-N i n  t h e  s o i l  s o l u t i o n  s u r r o u n d i n g  t h e  
r o o t :  t h e  c o n s t a n t  o f  p r o p o r t i o n a l i t y ,  k, 
r e l a t i n g  t h e s e  t w o  q u a n t i t i e s  h a s  b e e n  
~ r f e r l u l l  Lu a s  Cllu a a L s o ~ L l u y  puwer u f  L L ~  
r o o t . "  L l i n e a r  r e l a t i o n s h i p  b e t w e e n  f l u x  
a n d  c o n c e n t r a t i o n  w a s  f o u n d  t o  e x i s t  u p  t o  a  
c o n c e n t r a t i o n  a s  h i g h  a s  1 6 0  m i c r o g r a m  
~ 0 ( 3 ) - ~ / c m * * 3  o f  s o i l  s o l u t i o n  f o r  c o r n  g r o w n  
u n d e r  f i e 1  d  c o n d i t i o n s .  T h e  p r o p o r t i o n a l i t y  
c o n s t a n t ,  k ,  w a s  f o u n d  t o  d e c r e a s e  w i t h  time 
a n d / o r  a g e  o f  t h e  p l a n t ;  k  v a l u e s  o f  0.51,  
0 . 3 5  a n d  0 .26  cm**2/sec w e r e  f o u n d  f o r  t h r e e  
h a r v e s t  d a t e s  c o r r e s p o n d i n g  t o  3U t o  U9, U9 
t o  76 ,  a n d  7 6  t o  9 7  d a y s  a f t e r  p l a n t i n g ,  
r e s p e c t i v e l y .  T h e  e r r o r s  o f  t h e  p r e d i c t e d  
u p t a k e  o f  N a s  c o m p a r e d  v i t h  m e a s u r e d  
a c c u m u l a t i o n  were  a s  l a r g e  a s  5 0 %  f o r  t h e  
i n d i v i d u a l  h a r v e s t  p e r i o d s .  Aowever ,  t h e  
e r r o r  u a s  g r e a t l y  r e d u c e d  when t h e  p r e d i c t e d  
v a l u e s  a n d  m e a s u r e d  v a l u e s  w e r e  summed o v e r  
? h e  r , h r p p  h a r v r s r  p e r l n f l s .  I n  g e n e r a l ,  t h e  
p r e d i c t e d  u p t a k e  v a l u e s  were  s m a l l e r  t h a n  t h e  
m e a s u r e d  v a l u e s  when t h e  m e a s u r e d  v a l u e s  o f  
a c c u m u l a t i o n  w e r e  l e s s  t h a n  1 , 2 0 0  mg o f  
N / p l a n t :  t h e  r e v e r s e  w a s  t r u e  when t h e  
m e a s u r e d  v a l u e s  o f  a c c u m u l a t i o n  w e r e  g r e a t e r  
t h a n  1 , 2 0 0  mg o f  N. (Au th . )  

YODEL TYPE: m e c h a n i s t i c  
C O ~ ~ E N T :  set o f  p a r a m e t e r  v a l u e s  d e t e r m i n e d  f o r  

c o r n  c o u l d  b e  u s e d  i n  a s s e s s m e n t  a p p l i c a t i o n s .  

(135)  
Nimah,  R.N.. a n d  R. J. Hanks.  1973 .  n o d e l  f o r  

e s t i m a t i n g  s o i l  w a t e r .  p l a n t ,  a n d  a t m o s p h e r i c  
i n t e r r e l a t i o n s ,  I. D e s c r i p t i o n  a n d  
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Ag r i cu l t u ra l  Model s (continued) 

< 1 3 5 >  CONT. 
s e n s i t i v i t v .  S o i l  S c i .  Soc.  A m .  P roc .  
37 :522-527: 

ABSTPRCT: A model and its n u m e r i c a l  s o l u t i o n  
w e r e  d e v e l o p e d  t o  p r e d i c t  w a t e r  c o n t e n t  
p r o f i l e s ,  e v a p o t r a n s p i r a t i o n ,  w a t e r  f l o w  f r o m  
or  t o  t h e  u a t e r  t a b l e ,  r o o t  e x t r a c t i o n ,  a d  
r o o t  w a t e r  p o t e n t i a l  u n d e r  t r a n s i e n t  f i e l d  
w n d i t i o n s .  S o i l  p r o p e r t i e s  n e e d e d  a r e  
h y d r a u l i c  c o n d u c t i v i t y  a n d  s o i l  w a t e r  
p o t e n t i a l  a s  f u n c t i o n s  o f  w a t e r  c o n t e n t .  
P l a n t  p r o p e r t i e s  n e e d e d  a r e  r o o t i n g  d e p t h  a n d  
l i m i t i n g  r o o t  w a t e r  p o t e n t i a l .  C l i m a t i c  
p r o p e r t i e s  n e e d e d  a r e  p o t e n t i a l  e v a p o r a t i o n  
and  p o t e n t i a l  t r a n s p i r a t i o n .  The  model 
p r e d i c t e d  s i g n i f i c a n t  c h a n g e s  i n  r o o t  
ex t r a c t i c n ,  e v a p o t r a n s p i r a t i o n ,  and d r a i n a g e  
d u e  t o  t h e  v a r i a t i o n s  i n  p r e s s u r e  h e a d - w a t e r  
m n t e n t  r e l a t i c n s  and  r o o t  d e p t h .  V a r i a t i o n s  
i n  t h e  l i m i t i n g  r o o t  w a t e r  p o t e n t i a l  had a  
s m a l l  i n f l u e n c e  on e s t i m a t e d  
e v a p o t r a n s p i r a t i o n ,  d r a i n a g e .  and  r o o t  
e x t r a c t i o n .  (Ruth.)  ..>. 

MODEL TYPE: m e c h a n i s t i c  " 
CCMMEN?: Model d o e s  n o t  a l l o w  d i f f e r e n t  s o i l  

h v d r a u l i c  p r o p e r t i e s  f o r  l a y e r e d  s o i l s  and  
h s  l i m i t e d  f l e x i b i l i t y .  

< 1 3 6 >  
Nimah, M . N . ,  and B.J. Hanks. 1973. Model f o r  

e s t i m a t i n g  s o i l  water .  p l a n t .  a n d  a t m o s p h e r i c  
i n t e r r e l a t i o n s ,  11. ~ i e l d  test o f  modei. 
S o i l  sci. Soc. Lm. Proc.  37:528-532. 

RBsTPRCT: R m a t h e m a t i c a l  model was d e v e l o p e d  t o  
p r e d i c t  w a t e r  c o n t e n t  p r o f i l e s ,  
e v a p o t r a n s p i r a t i o n ,  w a t e r  f l o w  f rom o r  t o  t h e  
n t e r  t a b l e ,  r o o t  e x t r a c t i o n .  and  r o o t  w a t e r  
p o t e n t i a l  a t  t h e  s u r f a c e  u n d e r  t r a n s i e n t  
w n d i t i o n s .  The  model was  f i e l d  t e s t e d  i n  
1970 a n d  1971. With a l f a l f a  (OBDICAGO SATIVL 
L.) a s  t h e  c r o p ,  p r e d i c t e d  and computed w a t e r  
c o n t e n t - d e p t h  p r o f i l e s  show b e s t  a g r e e m e n t  U8 
h o u r s  a f t e r  a n y  u a t e r  a d d i t i o n .  The  p o o r e s t  , 

a g r e e m e n t  f o r  a l l  c r o p s  t e s t e d  was r i g h t  
a f t e r  i r r i g a t i o n .  The computed  c u m u l a t i v e  
upward w a t e r  f l o w  from t h e  w a t e r  t a b l e  was 
U.80 cm a s  compared  t o  0.0 cm measured  f o r  
t h e  whole  1971  s e a s o n  o f  116 d a y s .  (Luth.)  

. MODEL TYPE: m e c h a n i s t i c  
COMMRJT: u s e f u l  d a t a  s o u r c e  f o r  a s s e s s m e n t  ' 

a p p l i c a t i o n s  i n v o l v i n g  a l f a l f a  on  s a n d y  loam 
s o i l s .  

<137> 
Pcrman,  J. n.. E. E. M i l l e r ,  a n d  C.B. Tanner .  

1971 .  L i g h t  i n t e n s i t y  a n d  s u n f l e c k - s i z e  
3 i s t r i h u t i o n s  i n  p l a n t  c a n o p i e s .  Rqron. J. 
63:9b3-*98. 

RBSTRRCT: 1 t h e o r y  p r e d i c t i n g  t h e  g a p - s i z e  
d i s t r i b u t i o n  o f  a  canopy of h o r i z o n t a l ,  
a z i m u t h a l l y  s y m m e t r i c ,  r a n d o m l y  l o c a t e d ,  f l a t  
l e a v e s  o f  a n y  s h a p e  is c o m p a ~ e d  t o  
m e a s u r e m e n t s  i n  sumac (RHOS TYPHINA I . ) ,  
sunf  l o w e r  (HELILNTRUS LNNUUS I . ) ,  a n d  a n  
a r t i f i c i a l  canopy. L i g h t  i n t e n s i t y  
d i s t r i b u t i o n s  o f  t h e  s o l a r  beam c o m p o n e n t  o n  
a  h o r i z o n t a l  s u r f a c e  below t h e s e  c a n o p i e s  a r e  
p r e d i c t e d  by con  b i n i n g  t h e  g a p - s i z e  
d i s t r i b u t i o n  t h e o r y  wi th  p e n u m b r a l  e f f e c t s  o f  
t h e  f i n i t e  s o l a r  d i s c .  T h e s e  p r e d i c t i o n s  o f  
t h e  beam-component d i s t r i b u t i o n  a r e  t h e n  
combined  w i t h  a v e r a g e  d i f f u s e  p e n e t r a t i o n  
t h e o r y  and  a  new s c a t t e r i n g  t h e o r y  t o  p r o d u c e  
a  f i n a l  l i g h t  i n t e n s i t y  d i s t r i b u t i o n  f o r  
c o m p a r i s o n  w i t h  m e a s u r e m e n t s  i r o n  a  m i n i a t u r e  
l i g h t  s e n s o r  i n  v i s i b l e  and  n e a r - i n f r a r e d  
m v e l e n g t h  bands .  The a g r e e m e n t  i s  good a n d  
i n d i c a t e s  t h a t  s i z a b l e  penumbra e f f e c t s  o c c u r  
i n  c a n o p i e s  o n l y  2 a i n  h e i g h t .  (Auth.)  

~ O D E L  TYPE: m e c h a n i s t i c  
CCMMENT: P r o v i d e s  p h y s i c a l  r e l a t i o n s h i p s  t h a t  

c o u l d  be  i n c l u d e d  i n  w h o l e  p l a n t  models .  
T h i s  d e t a i l  is p r o b a b l y  n o t  needed  i n  ' 
a s s e s s m e n t  a p p l i c a t i o n s .  

<13B> 
O'Connor, G. L . ,  M.T. v a n  G e n u c h t e n ,  a n d  P.J. 

W i e r e n g a .  1976. P r e d i c t i n g  2.4.5-T movement 
i n  s o i l  c o l u m n s .  J. E n v i r o n .  Qual.  5:375-378. 

LBSTRLCT: I s o l u t e  model  d e v e l o p e d  by van 
Genuchten  a n d  Wierenga  was u s e d  t o  c a l c u l a t e  
2.9.5-T e f f l u e n t  d a t a  from s o i l  c o l u m n s .  The 
model had b e e n  p r e v i o u s l ~  shown t o  a d e q u a t e l y  
p r e d i c t  e f f l u e n t  d a t a  g i v e n  model p a r a m e t e r s  
c u r v e  f i t  t o  a  p o r t i o n  o f  t h e  e f f l u e n t  c u r v e .  
The  p r e s e n t  work  s h o w s  t h a t  2.4.5-T e f f l u e n t  
c u r v e s  may be  a d e q u a t e l y  p r e d i c t e d  w i t h o u t  
p r i o r  knowledge  o f  t h e  e f f l u e n t  c u r v e s  f o r  a  
p a r t i c u l a r  s o i l  co lumn g i v e n :  ( i )  model  
p a r a m e t e r s  d e r i v e d  f rom 2,4,5-T e f f l u e n t  
c u r v e s  f o r  o t h e r  s o i l  c o l u m n s ,  o r  ( i i )  model 
p a r a m e t e r s  o b t a i n e d  f r o m  t r i t i u m  e f f l u e n t  
c u r v e s  f o r  t h e  same co lumns .  The  d a t a  
s u g g e s t  t h a t  o n c e  t h e  p h y s i c a l  model 
p a r a m e t e r s  h a v e  b e e n  c h a r a c t e r i z e d  f o r  a  
s o i l .  r e a s o n a b l e  p r e d i c t i o n s  of 2,U,S-T (and  
p e r h a p s  o t h e r  s o l u t e s )  t r a n s p o r t  c a n  be  made 
g i v e n  t h e  a d s o r p t i o n  c o e f f i c i e n t  f o r  t h e  
s o l u t e .  (Ruth . )  

MODEL TYPE: m e c h a n i s t i c  
COMMENT: u s e f u l  f o r  s i m u l a t i o n  o f  c h e m i c a l  

movement t h r o u g h  s o i l  c o l u m n s .  b u t  c a n n o t  be  
r e l i e d  upon f o r  f i e l d  c h e m i c a l  b e h a v i o r .  

<139> 
OeGara ,  P.J. 1922. s u l f u r  d i o x i d e  a n d  fume 

p r o b l e m s  a n d  t h e i r  s o l u t i o n s .  J. I n d .  Eng. 
Chem. 1U:lUu. 

ABSTRRCT: R s e v e n  y e a r  s t u d y  o f  SO(2) e f f e c t s  o n  
t h e  g r o w t h  o f  a b o u t  2 0 0  p l a n t  s p e c i e s  u n d e r  
v a r y i n g  f i e l d  c o n d i t i o n s - o f  l i g h t ,  
t e m p e r a t u r e ,  h u m i d i t y  and s t a g e  o f  g r o w t h  h a s  
r e s u l t e d  i n  t h e  d i s c o v e r v  o f  ' the  l a w  o f  a a s  
a c t i o n  on  t h e  p l a n t  cell:" T h i s  l a w  , s t a t &  
t h a t  w i t h  a l l  e n v i r o n n e n t a l  f a c t o r s  r e m a i n i n g  
t h e  same, t h e  a c t i v e  p a r t  o f  a  g a s  n e c e s s a r y  
t o  p r o d u c e  a  c e r t a i n  e f f e c t  on  t h e  p l a n t  
c e l l ,  m u l t i p l i e d  by  t h e  time t h r o u g h  which i t  
a c t s ,  is c o n s t a n t .  

MODEL TYPE: p a r a m e t r i c  
COMMENT: T h i s  l a w  h a s  been  u s e d  e x t e n s i v e l y  t o  

r e p r e s e n t  p o l l u t a n t  e f f e c t s .  

< 1uo> 
O ' P e i l l ,  R.V., a n d  O.W. Burke.  1971. L s i m p l e  

s y s t e m s  model  f o r  DDT and DDE movement i n  t h e  
human f o o d c h a i n .  ORNL-IBP-71-9, Oak Ridge  
N a t i o n a l  Lab. ,  Oak R i d g e ,  TN. 

ABSTRACT: T h i s  r e p o r t  d o c u m e n t s  a  model o f  DDT 
and DDE movement i n  human f o o d c h a i n s .  The 
model  was d e v e l o p e d  f r o m  d a t a  s u p p l i e d  by t h e  
A d v i s o r  C a m m i t t e e  o n  DDT, E n v i r o n m e n t a l  
P r o t e c t f o n  Rgency and .  a t t e m p t s  t o  f o r e c a s t  
p e s t i c i d e  c o n c e n t r a t i o n s  i n  man u n d e r  
a l t e r n a t i v e  a s s u m p t i o n s  a b o u t  DDT a p p l i c a t i o n  
i n  t h e  U n i t e d  S t a t e s .  (Luth . )  

MODEL TYPE: p a r a n e t r i c  
COMMENT: The method c o u l d  be a d a p t e d  t o  

a s s e s s m e n t  of e n e r g y  t e c h n o l o g y  i m p a c t s .  

<1U1> 
Osman, R. M. 1971.  D r y - m a t t e r  p r o d u c t i o n  o f  a  

w h e a t  c r o p  i n  r e l a t i o n  t o  l i g h t  i n t e r c e p t i o n  
a n d  p h o t o s y n t h e t i c  c a p a c i t y  o f  l e a v e s .  Ann. 
Bot. 35:1017-1035. 

RBSTRACT: In a  w h e a t  c r o p  i n  t h e  f i e l d ,  t h e  
r e l a t i o n s h i p  be tween  l e a f - a r e a  i n d e x  a n d  t h e  
t r a n s m i s s i o n  o f  v i s i b l e .  i n f r a - r e d ,  a n d  t o t a l  
r a d i a t i o n  was found  t o  he  c l o s e  t o  B e e r ' s  
l a w :  however ,  t h e r e  was  a n  i n d i c a t i o n  o f  
c u r v i l i n e a r i t y  i n  t h e  v i s i b l e  r a d i a t i o n  
p r o f i l e  a t  t h e  b o t t o a  l a y e r s  o f  a  d e n s e  c r o p .  
The e x t i n c t i o n  c o e f f i c i e n t  f a t  v i s i b l e ,  
i n f r a - r e d ,  a n d  t o t a l  r a d i a t i o n  was  f o u n d  t o  
v a r y  w i t h  t i n e  i n  a  less d e n s e  c r o p .  s ( v )  
t h e  f r a c t i o n  of v i s i b l e  r a d i a t i o n  t h a t  p a s s e s  



APPENDIX A 
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< l U l >  CONT. 
t h r o u g h  u n i t  l e a f  l a y e r  w i t h o u t  i n t e r c e p t i o n ,  
w a s  f o u n d  t o  i n c r e a s e  w i t h  i n c r e a s e  i n  t h e  
l e a f - a r e a  i n d e x  o f  t h e  t w o  c r o p s .  The 
a o n t e i t h  m o d e l  was u s e d  t o  c a l c u l a t e  t h e  
g r o s s  p h c t o s y n t h e s i s  o f  l e a v e s .  T h e  
c o n t r i b u t i o n  by stems a n d  e a r s  a n d  t h e  
m s p i r a t i o n  l o s s e s  o f  a l l  o r g a n s  o f  t h e  p l a n t  
v e r e  t a k e n  i n t o  a c c o u n t  when c a l c u l a t i n g  t h e  
d r y - w e i g h t  i n c r e a s e s  a n d  t h e  i m p o r t a n c e  o f  
t h e i r  v a r i a t i o n  was  a s s e s s e d .  A s a t i s f a c t o r y  
a g r e e m e n t  b e t w e e n  t h e  e s t i m a t e d  a n d  m e a s u r e d  
i n c r e a s e s  w a s  f o u n d .  T h e  s i g n i f i c a n c e  o f  
v a r i a t i o n  i n  t h e  e x t i n c t i o n  c o e f f i c i e n t s  and  
s ( v )  o n  g r o s s  p h o t o s y n t h e s i s  o f  l e a v e s  was 
e x p l o r e d .  T h e  v a r i a t i o n  i n  t h e  v i s i b l e  
r a d i a t i o n - r e s p o n s e  c u r v e s  o f  d i f f e r e n t  l e a v e s  
w 3 s  f o u n d  t o  h a v e  a  l a r g e  e f f e c t  o n  t h e  g r o s s  
p h o t o s y n t h e s i s  o f  l e a v e s .  T h e  t o t a l  
r e s p i r a t i o n  o f  t h e  m a s s  o f  l e a v e s  i n  t h e  
c a n o p y  was  f o u n d  t o  b c  o f  g r c a t  significance 
i n  d r y - w e i g h t  i n c r e a s e s .  A g e n e r a l  
d e p e n d e n c e  o f  t h e  d r y - m a t t e r  p r o d u c t i o n  o f  
t h e  a m o u n t  o f  t o t a l  i n c o m i n g  v i s i b l e  
r a d i a t i o n  w a s  found .  ( L u t h . )  

noocl; TYPE: m e c l r o n i a t i z  
COnnENT: T h i s  i s  a n  a p ~ l i c a t i o n  o f  t h e  n o n t e i t h  

(1  965)  m o d e l .  

< l U 2 >  
P a g e ,  E.R.. a n d  A. G e r w i t z .  1974 .  M a t h e m a t i c a l  

m o d e l s ,  b a s e d  o n  d i f f u s i o n  e q u a t i o n s ,  t o  
d e s c r i b e  r o o t  s y s t e m s  o f  i s o l a t e d  p l a n t s ,  row 
c r o p s ,  a n d  s w a r d s .  P l a n t  S o i l  U 1: 2U3-25U. 

ABSTRACT: R a t h e m a t i c a l  m o d e l s  t o  d e s c r i b e  t h e  
d e n s i t y  c f  p l a n t  r o o t s  i n  t h e  s o i l  h a v e  b e e n  
d e v e l o p e d  b y  a n a l o g y  f r o m  t h e  e q u a t i o n s  
d e s c r i b i n g  d i f f u s i o n  o r  h e a t  f l o w .  R e s u l t s  
f r o m  a n  e x p e r i m e n t  w i t h  i s o l a t e d  p l a n t s  
( l e t t u c e s )  s h o w 3  t h a t  t h c  e q u a t i o n  f o r  
d i f f u s i o n  f r o m  a  p o i n t  s o u r c e  a p p l i e s ,  w h i l e  . r e s u l t s  f r o m  a  row c r o p  ( o n i o n s )  i n d i c a t e  
t h a t  wnen  a l l o w a n c e  is made  f o r  t h e  a s s y m e t r y  
r e s u l t i n g  f r o m  a  p r e f e r r e d  d i r e c t i o n  c f  
g r o w t h ,  t h e  e q u a t i o n  d e s c r i b i n g  d i f f u s i o n  
f r o m  a l i n e  i n t o  a  s e m i - i n f i n i t e  medium c a n  
k a p p l i e d .  R e s u l t s  r e p o r t e d  by o t h e r  
w o r k e r s  f o r  r y e g r a s s  a r e  u s e d  t o  d e m o n s t r a t e  
t h a t  f o r  a  s w a r d  t h e  a p p r o p r i a t e  e q u a t i o n  i s  
t h a t  d e s c r i b i n g  d i f f u s i o n  f r o m  a  p l a n e  i n t o  a  
s ?  m i - i n f i n i t e  medium. (Ru th . )  

n7DEL TYPE: parametric 
C O n n M T :  n o d e l  is n o t  d i r e c t l y  a p p l i c a b l e  i n  

a s s e s s m e n t .  

<1U3> 
P a l t r i d g e ,  G.W. 1970.  R m o d e l  o f  a  g r o w i n g  

p a s t u r e .  R g r i c .  f l e t e o r o l .  7 :93-130 .  
ABSTRACT: An a t t e m p t  is made  t o  m o d e l  a  

d e v e l o p i n g  p a s t u r e  i n  a  m a n n e r  r e q u i r i n g  no 
e x p e r i m e n t a l  d a t a  o n  d e p e n d e n t  v a r i a b l e s .  
T h e  t e r m  " p a s t u r e "  h e r e  i n c l u d e s  a l l  f o r m s  o f  
u n i f o r m  v e g e t a t i o n  w h i c h  c a n  b e  c h a r a c t e r i z e d  
p r i m a r i l y  b y  l e a v e s  a n d  r o o t s .  T h e  m03e l  i s  
b a s e d  o n  t h s  c o n c e p t  o f  L i m i t i n g  v a l u e s .  R t  
a n y  t i m e  a t  a  p a r t i c u l a r  l e v e l  i n  t h e  c a n o p y ,  
g r o w t h  i s  d e t e r m i n e d  b y  o n e  o f  t h r e e  
p l r a m e t e r s  ( r a d i a t i o n  a v a i l a b l e ,  c a r b o n  
d i o x i d e  a v a i l a b l e .  o r  t h e  c a p a c i t y  o f  
i n d i v i d u a l  l e a v e s  t o  c a r r y  o u t  t h e  
p h o t o s y n t h e t i c  c o n v e r s i o n )  w h i c h  a r e  
c a l c u l a b l e  f r o m  t h e  d e f i n e d  a b o v e - c r o p  
e x t e r n a l  c o n d i t i o n s  a n d  t h e  p a r a m e t e r s  o f  t h e  
p l a n t  w h i c h  h a v e  b e e n  s e l e c t e d  a s  
i n d e p e n 3 e n t .  B e c a u s e  t h e  m o d e l  d o e s  n o t  r e l y  
on f i e l d  d a t a .  i t  is p o s s i b l e  t o  u s e  s i m p l e  
e v o l u t i o n a r y  c o n s t r a i n t s  t o  e n a b l e  t h e  
p a s t u r e  t o  g e n e r a t e  its own a r c h i t e c t u r e  a s  
t h e  a h o t o s y n t h e s i z e d  m a t e r i a l  b e c o m e s  
a v a i l a b l e .  S o i l  w a t e r  s t a t u s  i s  i n c l u g e d ,  s o  
t h a t  t h e  e f f e c t  o f  w a t e r  d e f i c i t  o n  t h e  
g r o w t h  p a t t e r n  o f  b o t h  l e a v e s  a n d  r o o t s  c a n  
be i n v e s t i g a t e d .  T h e  t r i a l s  o f  t h e  m o d e l  s o  
f a r  h a v e  n o t  b e e n  t r u e  s i m u l a t i o n s  i n  t h e  

s e n s e  t b a t  t h e  l e a v e s  a n d  r o o t s  h a v e  b e e n  
i d e n t i f i e d  w i t h  a  p a r t i c u l a r  c r o p .  Rowever ,  
t h e  mos t  o b v i o u s l y  u s e f u l  a g r o m e t e o r o l o q i c a l  
c o n c e p t s  h a v e  b e e n  i n c o r p o r a t e d ,  s o  t h a t  f o r  
a  p a r t i c u l a r  s i m u l a t i o n  a t t e m p t  i t  is o n l y  
n e c e s s a r y  t o  d e v i s e  s u i t a b l e  p h y s i c a l  
d e s c r i p t i o n s  o f  l e a f  s h a p e  a n d  o r i e n t a t i o n  
w h i c h  a t  t h e  s a m e  time e n a b l e  c a l c u l a t i o n  o f  
t h e  n e c e s s a r y  d e p e n d e n t  v a r i a b l e s  ( f o r  
i n s t a n c e ,  t h e  v e r t i c a l  m a s s  t r a n s f e r  
c o e f f i c i e n t  a n d  t h e  r a d i a t i o n  f l u x ) .  
I l l u s t r a t i v e  t r i a l s  o f  t h e  m o d e l  c o m p a r e  w e l l  
( i n  t h o s e  a s p e c t s  w h e r e  c o m p a r i s o n  is 
p o s s i b l e  w i t h o u t  d i r e c t  s i m u l a t i o n )  w i t h  r e a l  
p a s t u r e s ,  a n d  r e v e a l  b e h a v i o u r - p a t t e r n s  w h i c h  
may h e l p  t o  d i r e c t  e x p e r i m e n t a l  r e s e a r c h  i n  
t h e  f i e l d .  (Auth.)  

MODEL TYPE: m e c h a n i s t i c  
ZORnENT: R e s e a r c h  m o d e l  a d d r e s s i n g  p h y s i o l o g i c a l  

q u e s t i o n s  a n d  n o t  s u i t a b l e  f o r  a s s e s s m e n t .  

< 1UU> 
~ a l t r i d g e ,  G.Q. .  a n d  J .V.  ~ e n h o i m .  1974 .  P l a n t  

y i e l d  a n d  t h e  s w i t c h  f r o m  v e g e t a t i v e  t o  
r e v r o d u ~ t i v ~  a r o u t l r b  dr T l ~ b r i C ~  11i.01. 
UU:  23-3U. 

ABSTRACT: Hany p l a n t s  h a v e  a  f a i r l y  s h a r p  
d i v i s i o n  b e t w e e n  t h e i r  v e g e t a t i v e  a n d  
r e p r o d u c t i v e  p h a s e s  o f  y r u w t h .  S w i t c h - o v e r  
d o e s  n o t  n e c e s s a r i l y  o c c u r  a t  t h e  o g t i a u a  
time, and  t h e  r e s u l t a n t  d r o p  i n  y i e l d  may b e  
e s s e n t i a l l y  i n d e p e n d e n t  o f  a n y  v a r i a t i o n  i n  
b a s i c  p h o t o s y n t h e t i c  a b i l i t y .  I f  t h i s  is s o ,  
it may b e  n e c e s s a r y  t o  c o m p a r e  t h e  m e a s u r e d  
y i e l d  i n  a n y  a g r i c u l t u r a l  t r i a l  w i t h  t h e  
e q u i v a l e n t  o p t i m u m  y i e l d  f o r  t h e  p a r t i c u l a r  
c r o p .  A b a s i c  m a t h e m a t i c a l  m o d e l  o f  a  
t w o - p h a s e  s y s t e m  i s  d e v e l o p e d  w h i c h  i n v o l v e s  
t h e  r a t e s  o f  g r o w t h  o f  g r e o n  m a t e r i a l  a n d  
g r a i n . ,  a n d  t a k e s  l e a f  s e n e s c e n c e  a n d  t h e  
e f f e c t  o f  t h e  e n v i r o n m e n t  o n  p h o t o s y n t h e s i s  
i n t o  a c c o u n t .  T h e  a p p l i c a t i o n  o f  t h e  m o d e l  
is d i s c u s s e d  by r e f e r e n c e  t o  a  
w e l l - d o c u m e n t e d  w h e a t  c r o p .  (Ruth.)  

NODEL TYPE: m e c h a n i s t i c  
COMllENT: n o d e 1  d e s i g n e d  t o  e x a m i n e  p h y s i o l o g i c a l  

q u e s t i o n s  a n d  n o t  s u i t a b l e  f o r  a s s e s s m e n t .  

( 1 4 5 )  
P a r k h u r s t ,  D.P., P.R. Duncan ,  D.N. G a t e s ,  a n d  P. 

U r e i t h .  1 9 6 8 .  W i n d - t u n n e l  m o d e l l i n q  o f  
c o n v e c t i o n  o f  h e a t  b e t w e e n  a i r  a n d  b r o a d  
l e a v e s  o f  p l a n t s .  R g r i c .  n e t e o r o l .  5: 33-U7. 

hBSTRACT: R m e t h o d  is  d e s c r i b e d  f o r  c a l c u l a t i n g  
c o n v e c t i o n  c o e f f i c i e n t s  f o r  t h i n  b r o a d  l e a v e s  
o f  a r b i t r a r y  s h a p e ,  u s i n g  e x i s t i n g  e q u a t i o n s  
f o r  r e c t a n g u l a r  f l a t  p l a t e s .  
E l e c t r i c a l l y - h e a t e d  m o d e l s  p l a c e d  i n  a  wind  
t u n n e l  p r o v i d e  e x p e r i m e n t a l  s u p p o r t  f o r  t h e  
m e t h o d .  E f f e c t i v e  d i m e n s i o n s  f o r  s e v e r a l  
r e a l  a n d  i d e a l i z e d  l e a f  s h a p e s  a r e  p r e s e n t e d .  
E x p e r i m e n t a l  d a t a  f r o m  l o n g ,  n a r r o w  l e a f  
m o d e l s  show t h a t  c o n v e c t i o n  i n  f l o w  
p e r p e n d i c u l a r  t o  t h e  l e a f  s u r f a c e  may b e  
a l m o s t  d o u b l e  t h e  v a l u e  f o r  p a r a l l e l  f l o w .  
T h r e e  e x a m p l e s  a r e  d i s c u s s e d .  (Auth.)  

RODEL TYPE: p a r a m e t r i c  
COnnENT: U s e f u l  m e t h o d  t o  i n c l u d e  i n  m o d e l s  o f  

p l a n t - p h y s i c a l  e n v i r o n m e n t  i n t e r a c t i o n s .  

< 1 4 6 >  
P a s s i o u r a ,  J.B. 1963 .  R m a t h e m a t i c a l  m o d e l  f o r  

t h e  u p t a k e  o f  i o n s  f r o m  t h e  s o i l  s o l u t i o n .  
P l a n t  S o i l  18 :225-238 .  

ABSTRACT: R  m o d e l  is d e v e l o p e d  i n  w h i c h  t h e  
u p t a k e  o f  i o n s  which  e x i s t  w h o l l y  i n  t h e  s o i l  
s o l u t i o n  is d e s c r i b e d  i n  t e r m s  o f  t b e i r  n e t  
movement  t o w a r d s  t h e  s u r f a c e s  o f  r o o t s .  T h e  
i o n s  a r e  a s s u m e d  t o  move e i t h e r  b y  d i f f u s i o n ,  
o r  i n  t h e  m a s s  f l o w  o f  w a t e r  t o w a r d s  t h e  
r o o t s ,  and .  g i v e n  t h e s e  t w o  w a y s  o f  movement ,  
t h e  m o d e l  is t a s e d  o n  f i v e  m a i n  a s s u m p t i o n s .  
T h e  v a l i d i t y  o f  t h e s e  a s s u m p t i o n s  i s  



APPENDIX A 
Agricultural Model s (continued) 

< 1 4 6 >  CONT. 
d i s c u s s e d .  t o g e t h e r  w i t h  s o m e  o f  t h e  m o d e l ' s  
i a p l i c a t i o n s ,  a n d  a  f e u  e x p e r i m e n t s  a r e  
s u g g e s t e d  t y  w h i c h  it c o u l d  b e  t e s t e d .  
(AUth.) 

MODEL TIBE: m e c h a n i s t i c  
CCMMENT: An e a r l y  m o d e l  f o r  s o l u t e  u p t a k e  t h a t  

b s b e e n  s u p e r c e d e d  b y  l a t e r  d e v e l o p m e n t s .  
e g .  B a l w i n  Nye a n d  T i n k e r  ( 1 9 7 3 ) .  

<1U7> 
P a t e f i e l d ,  Y.I., a n d  R.B. A u s t i n .  1971.  A m o d e l  

f o r  t h e  s i m u l a t i o n  o f  t h e  g r o w t h  o f  BETA 
OTILGARIS L .  Ann. B o t .  35 :1227-1250 .  

RBSTRAC?: A s i m p l e  e x p l a n a t o r y  m o d e l  f o r  t h e  
s i m u l a t i o n  o f  t h e  g r o w t h  o f  BETA is 
d e s c r i h e d .  It t a k e s  a c c o u n t  o f  
p h o t o s y n t h e s i s ,  r e s p i r a t i o n ,  a n d  t h e  
l i g h t - i n t e r c e p t i n g  p r o p e r t i e s  o f  t h e  f o l i a g e ;  
b u t  u s e s  t h e  o b s e r v e d  d i s t r i b u t i o n  p a t t e r n  o f  
d r y  m a t t e r .  A c r o p  o f  BETA was g r o w n  a n d ,  b y  
p e r i o d i c  s a m p l i n g  o f  p l a n t s ,  q r o w t h  c u r v e s  
w e r e  o b t a i n e d .  T h e s e  a r e  c o m p a r e d  w i t h  
s i m u l a t e d  g r o w t h  c u r v e s  a n d  t h e  r e a s o n s  f o r  
t h e  d i s c r e p a n c i e s  a r e  d i s c u s s e d .  P rom 
s i m u l a t l o n s  w i t h  d i f f e r e n t  v a l u e s  o f  t h e  
c o n s t a n t s  o f  t h e  m o d e l ,  t h e  e f f e c t s  o n  y i e l d  
o f  v a r i a t i o n s  i n  t h e s e  c o n s t a n t s  a r e  
p r e d i c t e d .  (Auth.  ) 

MODEL TYPE: p a r a m e t r i c  
CCMIEVT: Mode l  c o u l d  b e  a d a p t e d  f o r  a s s e s s m e n t  

of i m p a c t s  o n  s u g a r  b e e t  c r o p s .  

<1U8> 
P e n n i n g  de' Vries, P.P.T. 1 9 7 2 .  A m o d e l  f o r  

s i m u l a t i n g  t r a n s p i r a t i o n  o f  l e a v e s  w i t h  
s p e c i a l  a t t e n t i o n  t o  s t o m a t a l  f u n c t i o n i n g .  
J. Appl .  E c o l .  9:57-77. 

ABSTRACI: A d y n a m i c  m o d e l  o f  a  u a t e r - c o n t a i n i n g  
a n d  v a t  e r - c o n d u c t i n g  s y s t e m  is  d e s e  r i b e d ,  
r e p r e s e n t i n g  a  n o n - g r o w i n g ,  t r a n s p i r i n g  l e a f  
w i t h  a n  a t t a c h e d  r o o t  i n  a  n u t r i e n t  s o l u t i o n .  
The s i m u l a t e d  t r a n s p i r a t i o n  r a t e  is 
. d e t e r m i n e d  b y  e n v i r o n m e n t a l  c o n d i t i o n s  a n d  
l e a f  c o n d u c t i v i t y ,  t h e  l a t t e r  b e i n g  a a i n l y  
u n d e r  s t o m a t a l  c o n t r o l .  A b y p o t h e s i s  of  
s t o m a t a l  f u n c t i o n i n g  b a s e d  upon  t h e  
i n t e r a t i c n  b e t w e e n  g u a r d  c e l l s  a n d  s u b s i d i a r y  
c e l l s  is p r e s e n t e d .  The c o n t r o l  mechan i sm o f  
t h e  g u a r d  c e l l s  is s u p p o s e d  t o  b e  a f f e z t e d  
b o t h  b y  p r e s e n t  a n d  p a s t  p l a n t  w a t e r  s t a t u s ,  
l i q h t  i n t e n s i t y  a n d  CO(2) c o n c e n t r a t i o n  i n  
t h e  l e a f ,  w h i c h  d e p e n d s  o n  p h o t o s y n t h e s i s  a n d  
d i f f o s i o n  r a t e s .  T h e  f u n c t o n  o f  s u b s i d i a r y  
c e l l s  i s  t a k e n  t o  b e  a f f e c t e d  o n l y  b y  p r e s e n t  
a n d  p a s t  p l a n t  w a t e r  s t a t u s .  E x p e r i m e n t s  a r e  
s i m u l a  t s d  t o  e v a l u a t e  t h e  m o d e l .  T h e  mode l  
is w r i t t e n  i n  t h e  c o m p u t e r  s i m u l a t i o n  
l a n g u a g e  CSMP a n d  is p r e s e n t e d  i n  s u c h  a  way 
t h a t  t h e  a d d e d  l i s t i n g  o f  i t  may b e  
u n d e r s t o o d  a f t e r  s t u d y i n g  t h i s  p a p e r  w i t h o u t  
p r e v i o u s  k n o w l e d g e  o f  p r o g r a m a i n g .  (Auth.)  

IOEEL TYPE: m e c h a n i s t i c  
CCMMENT: S i m i l a r  m o d e l s  a r e  a v a i l a b l e .  T h i s  

work i s  o r i e n t e d  t o  p h y s i o l o g i c a l  r e s e a r c h  
r a t h e r  t h a n  a s s a s s m e n t  h u t  c n ~ i l d  h e  a d a p t a d  
t o  e v a l u a t e  some  t e c h n o l o q y  i m p a c t s .  

<1U9> 
R a i ,  D. ,  a n d  Y.L. L i n d s a y .  1975.  A 

t h e r m o d y  n a m i c  m o d e l  f o r  p r e d i c t i n g  t h e  
f o r m a t i o n ,  s t a b i l i t y .  a n d  w e a t h e r i n g  o f  
common scil m i n e r a l s .  S n i l  S c i .  SK. A m .  
P r o c .  39 :991-996 .  

RBSTRACT: Numerous  w o r k e r s  h a v e  e x a m i n e d  t h e  
w e a t h e r i n g  p r o d u c t s  o f  s o i l  m i n e r a l s  a n d  h a v e  
p r o p o s e d  e m p i r i c a l  w e a t h e r i n g  s e q u e n c e s .  T h e  
p r e s e n t  p a p e r  o u t l i n e s  t h e  d e v e l o p m e n t  o f  a  
t h e r m o d y n a m i c  m o d e l  t h a t  p r e d i c t s  i n  a  
s y s t e a a t i c  way s e v e r a l  a i n e r a l  ' 

t r a n s f o r m a t i o n s  t h a t  c a n  o c c u r  i n  s o i l s .  
A c c o r d i n g  t o  t h i s  m o d e l ,  t h e  s t a b i l i t y  o f  
p r i m a r y  m i n e r a l s  i n c r e a s e s  i n  t h e  o r d e r :  

R a - g l a s s ,  K - g l a s s .  p y r o x e n e ,  a n a l c i m e ,  
a n o r t h i t e ,  l o w  a l b i t e ,  m u s c o o ' i t e ,  a i c r o c l i h e ,  
a n d  q u a r t z .  The s t a b i l i t y  o f  s e c o n d a r y  c l a y  
m i n e r a l s  d e p e n d s  o n  s o l u b l e  s i l i c a .  A t  pR 6  
w i t h  h i g h  s i l i c a  ( n e a r l y  e q u a l s  lo** (-3)M) 
t h e  o r d e r  o f  i n c r e a s i n g  s t a b i l i t y  is: 
c h l o r i t e .  h a l l o y s i t e ,  g i b b s i t e ,  i l l i t e ,  
d i c k i t e ,  b e i d e l l i t e ,  k a o l i n i t e ,  a n d  
m o n t m o r i l l o n i t e :  a t  l o w  s i l i c a  ( n e a r l y  e q u a l  
lo**(-5)  I )  t h e  o r d e r  is: c h l o r i t e ,  
h a l l n y n f . t e ,  i l l i t e ;  b o i d e l l i t o .  
m o n t a o r i l l o n i t e ,  d i c k i t e ,  k a o l i n i t e ,  a n d  
g i b b s i t e .  T h e  s t a b i l i t y  o f  b o t h  p r i m a r y  a n d  
s e c o n d a r y  m i n e r a l s  i n c r e a s e s  w i t h  pR. T h e  
o b s e r v e d  w e a t h e r i n g  o f  v o l c a n i c  a s h  a g r e e s  
w e l l  w i t h  t h e  p r e d i c t i o n s  o f  t h i s  m o d e l .  The  
m o d e l  m a k e s  u s e  o f  i m p o r t a n t  t h e r m o d y n a m i c  
d a t a  a c t x m u l a t e d  f o r  s o i l  m i n e r a l s  a n d  h e l p s  
t o  p i n p o i n t  d e f i c i e n c i e s  i n  t h e s e  d a t a .  T h e  
n e e d  t o  e x a m i n e  t h e  k i n e t i c s  o f  m i n e r a l  
t r a n s f o r m a t i o n s  i n  m i l s  i n  g r e a t e r  d e t a i l  
a l s o  b e c o m e s  o b v i o u s  f r o m  t h i s  mode l .  (Auth.)  

MODEL TTPE: m e c h a n i s t i c  
COIMENT: T h e  A l - S i  d i a g r a m s  p r e d i c t i n g  m i n e r a l  

f o r m a t i o n  may b e  u s e f u l  i n  e v a l u a t i o n  o f  a c i d  
r a i n  a n d / o r  p o l l u t a n t  e f f e c t s  o n  s o i l  
n i n e r o l o g y .  

< 1 5 0 >  
Reed ,  K. I., a n d  R.R. P a r i n g .  197U. C o u p l i n g  o f  

e n v i r o n m e n t  t o  p l a n t  r e s p o n s e :  A s i m u l a t i o n  
m o d e l  of  t r a n s p i r a t i o n .  E c o l o g y  55: 62-72.  

ABSTRACT: A l o w - r e s o l u t i o n  s i m u l a t i o n  m o d e l  o f  
t r a n s p i r a t  i o n  w a s  d e v e l o p e d  a n d  r u n ,  w i t h -  
d a t a  f r o m  f i e l d  s t u d i e s  i n  s o u t h w e s t e r n  
O r e g o n .  T h e  o u t p u t  o f  t h e  m o d e l  s e r v e d  a s  a  
m e a n s  o f  r e l a t i n g  e n v i r o n m e n t a l  v a r i a b l e s  t o  
p l a n t  r e s p o n s e .  T h i s  r e l a t i o n  w a s  u s e d  t o  
d e f i n e  a n  o r d i n a t e  w h i c h ,  i n  c o n j u n c t i o n  w i t h  
p r e v i o u s l y  d e v e l o p e d  e c o s y s t e m  o r d i n a t e s .  
p r o v e d  h e l p f u l  f o r  c o m p a r i n g  e c o s y s t e m s ,  
p r e d i c t i n g  c o m m u n i t y  c o m p o s i t i o n  a n d ,  i n  
s p e c i a l  c a s e s ,  g r o w t h .  The  d a t a  r e q u i r e m e n t s  
o f  t h e  a o d e l  a r e  m o d e s t :  we d e l i b e r a t e l y  
d e v e l o p e d  a  m o d e l  t b a t  c a n  b e  u s e d  o n  d a t a  
o b t a i n e d  f r o m  f i e l d  s t u d i e s  w h e r e  e l e c t r i c  
p o w e r  is u n a v a i l a b l e  a n d  u s e  o f  s o p h i s t i c a t e d  
i n s t r u ' m e n t a t i c n  i s  i m p o s s i b l e .  T h e  m o d e l  
r e q u i r e s  i n p u t s  o f  a i r  a n d  s o i l  . t e m p e r a t u r e ,  
a t m o s p h e r i c  h u m i d i t y ,  s e a s o n a l  p l a n t  wa ter 
p o t e n t i a l  ( e x p r e s s e d  a s  p l a n t  m o i s t u r e  
stress, t h e  a b s o l u t e  v a l u e  o f  p l a n t  w a t e r  
p o t e n t i a l ) ,  a n d  a  m o d e l  o f  s t o m a t a l  b e h a v i o r .  
w h e r e  i t  u a s  i m p o s s i b l e  . t o  o b t a i n  a c c u r a t e  
d a t a ,  s t o c h a s t i c  m o d e l s  w e r e  u s e d  t o  p r o v i d e  
t h e  n e c e s s a r y  i n p u t .  T h e  m o d e l  s i m u l a t e d  
b o t h  p o t e n t i a l  a n d  a c t u a l  t r a n s p i r a t i o n ,  t h e  
r a t i o  o f  w h i c h  is t h e  m o s t  v a l u a b l e  s i n g l e  
i n d e x  o f  t h e  s e a s o n a l  m o i s t u r e  r e g i m e .  U h e r e  
n o  m e a s u r a b l e  s t o m a t a l  c o n t r o l  was  e x e r t e d  b y  
D o u g l a s - f i r ,  t h e  r a t i o  was 1.F. i n d i c a t i n g  
t h a t  a d e q u a t e  w a t e r  was  a v a i l a b l e  t o  meet t h e  
t r a n s p i r a t i o n  demand.  The r a t i o  a p p r o a c h e d  
0 .3  o n  t h e  d r i e r  l o c a t i o n s .  S i g n i f i c a n t  
c h a n g e s  i n  v e g e t a t i o n  a n d  g r o w t h  w e r e  
a s s o c i a t e d  w i t h  t h i s  i n d e x .  (Auth . )  

IODEL TYPE: p a r a m e t r i c  
ZOMnENT: c o u l d  b e  u s e f u l  i n  a s s e s s m e n t  w h e r e  

l i m i t e d  d a t a  a r e  a v a i l a b l e .  

< 1 5 1 >  
R e i n e r s ,  W.k. 1 9 6 8 .  C a r b o n  d i o x i d e  e v o l u t i o n  

f r o a  t h e  f l o o r  o f  t h r e e  I i n n e s o t a  f o r e s t s .  
m n l n q y  Q ~ : U ~ I - U R ? .  

ABSTRACT: C a r b o n  d i o x i d e  e v o l u t i o n  r a t e s  f r o m  
f o r e s t  f l o o r s ,  m e a s u r e d  a p p r o x i m a t e l y  w e e k l y  
f o r  5U w e e k s  i n  o a k  f o r e s t ,  m a r g i n a l  f e r n ,  
a n d  c e d a r  swamp, w e r e  c l o s e l y  r e l a t e d  t o  s o i l  
t e m p e r a t u r e  a n d  s e c o n d a r i l y  t o  m o i s t u r e  
c o n d i t i o n s .  A s  a  r e s u l t ,  m i c r o c l i m a t i c  a n d  
d r a i n a g e  c h a r a c t e r i s t i c s  o f  t h e  t h r e e  f o r e s t s  
p r o d u c e d  s e a s o n a l  d i f f e r e n c e s  i n  c a r b o n  
r e l e a s e .  However,  c o m p e n s a t o r y  f a c t o r s  
p r o d u c e d  n e a r l y  e q u a l  c u m u l a t i v e  a n n u a l  
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(151 ,  CONT. 
t o t a l s  o f  CO ( 2 )  e v o l u t i o n .  T o t a l  CO(2) 
e v o l u t i o n  w a s  o v e r  t h r e e  t i m e s  h i g h e r  t h a n  
e x p e c t e d  f r o m  a n  e q u i v a l e n t  amount  o f  c a r b o n  
r e l e a s e  f r o m  a n n u a l  l i t t e r  f a l l .  R e s p i r a t i o n  

t r e e  r o o t s  was  s u s p e c t e d  a s  t h e  m a j o r  
c o n t r i h u t o r  t o  t h i s  d i s p a r i t y  a l t h o u g h  
m e t h o d o l o g i c a l  p r o b l e m s  r e l a t e d  t o  f l o w  r a t e  
a r e  s t i l l  o p e n  t o  q u e s t i o n .  (Ru th . )  

IODEI  TYP!?: r e g r e s s i o n  
ConMwT:  P e g r e s s i o n  f u n c t i o n  c o u l d  b e  used  i n  a  

c a r b o n  b u d g e t  model .  

< 1 5 2 >  
R i t c h i e ,  J.?. 1972 .  a o d e l  f o r  p r e d i c t i n g  

e v a p o r a t i c n  i r o n  a  r o w  c r o p  w i t h  i n c o m p l e t e  
c o v e r .  W a t e r  R e s o u r .  Res .  8: 120U-1213.  

RBSTRACT: A m o d e l  i s  p r e s e n t e d  f o r  c a l c u l a t i n g  
t h e  d a i l y  e v a p o r a t i o n  r a t e  f r o m  a  c r o p  
s u r f a c e .  I t  a p p l i e s  t o  a  r o w  c r o p  c a n o p y  
s i t u a t i o n  i n  w h i c h  t h e  s o i l  w a t e r  s u p p l y  t o  
t h e  p l a n t  r o o t s  is  n o t  l i m i t e d  a n d  t h e  c r o p  
h s s  n o t  come i n t o  an a d v a n c e d  s t a g e  o f  
ma t u r a  t i c n  o r  s e n e s c e n c e .  T h e  c r o p  
e v a p o r a t i o n  r a t e  is c a l c u l a t e d  b y  a d d i n  t h e  
s o i l  s u r f a c e  a n d  p l a n t  s u r f a c e  c o m p o n e n ? s  
( e a c h  o f  t h e s e  r e q u i r i n g  d a i l y  n u m b e r s  f o r  
t h e  l e a f  a r e a  i n d e x ) ,  t h e  p o t e n t i a l  
e v a p o r a t i o n ,  t h e  r a i n f a l l .  a n d  t h e  n e t  
r a d i a t i o n  a b o v e  t h e  c a n o p y .  T h e  e v a p o r a t i o n  
from t h e  s o i l  s u r f a c e  E ( s ) .  is c a l c u l a t e d  i n  
t v o  s t a q e s :  ( 1 )  t h e  c o n s t a n t  r a t e  s t a q e  i n  
w h i c h  E ( s )  i s  l i m i t e d  o n l y  by t h e  s u p p l y  o f  
e n e r q y  t c  t h e  s u r f a c e  a n d  ( 2 )  t h e  f a l l i n g  
r a t e  s t a q e  i n  w h i c h  w a t e r  movement  t o  t h e  
e v a p o r a t i n g  s i tes  n e a r  t h e  s u r f a c e  is 
c o n t r o l l e d  b y  t h e  h y d r a u l i c  p r o p e r t i e s  of  t h e  
s o i l .  T h e  e v a p o r a t i o n  f r o m  t h e  p l a n t  
s u r f a c e s  r ( p )  is p r e d i c t e d  b y  u s i n g  a n  
e m p i r i c a l  r e l a t i o n  b a s e d  o n  l o c a l  d a t a ,  u h i c h  
s h o w s  how ~ ( p )  i s  r e l a t e d  t o  E ( o )  t h r o u g h  t h e  
l c a f  a r c a  i n d e x .  T h e  m o d e l  was  u s e d  t o  
o b t a i n  t h e  t o t a l  e v a p o r a t i o n  r a t s  E = E ( s ) + E ( p )  
o f  a  d e v e l o p i n g  g r a i n  s o r g h u m  (SORGHUM 
BIcoLOR L.) c a n o p y  i n  c e n t r a l  T e x a s .  The  
r e s u l t s  a g r e e d  w e l l .  w i t h  v a l u e s  f o r  E  
m e a s u r e d  d i r e c t l y  w i t h  a  w e i q h i n q  l y s i m e t e r .  
( R u t h . )  

MODEL TYPE: m e c h a n i s t i c  
CCnnENT: v e r y  u s e f u l  m o d e l  f o r  a s s e s s m e n t  o f  

a g r i c u l t u r a l  i m p a c t s .  

< 1 5 3 >  
A o g o v s k i ,  R.S. 1971 .  W a t e r s h e d  p h y s i c s :  n o d e l  

o f  t h e  s o i l  m o i s t u r e  c h a r a c t e r i s t i c .  W a t e r  
P e s o u r .  Res .  7: 1575- 1 5 8 2 .  

nRSTRRCT: T h e  p r o c e d u r e  is p r o p o s e d  b y  w h i c h  
r e a s o n a b l e  e s t i m a t e s  o f  t h e  s o i l  m o i s t u r e  
c h a r a c t e r i s t i c  c a n  b e  o b t a i n e d  when a  
r e l i a b l e  c u r v e  i s  n o t  a v a i l a b l e .  n o i s t u r a  
c u n t e n t  a n d  p r e s s u r e  a t  a i r  e n t r y  a n d  a t  1 5  
b a r s  c o n s t i t u t e  t h e  r e q u i r e d  i n p u t  
p ~ r a m c t c r s .  T h e  p a r a m e t e r s  a r e  e a s i l y  
d e t e r m i n e d  a n d  a t  times c a n  b e  r e a d i l y  
a b s t r a c t e d  f r o m  l i t e r a t u r e  o r  e s t i m a t e d  f r o m  
p u b l i s h e d  d a t a .  k p p l i c a b i l i t y  o f  t h e  m o d e l  i s  
t e s t e d  o n  g r a d e d  s a n d  a n d  e i g h t  s o i l s .  
( 4 u t h . )  

noDaL TYPE: p a ~ a m w t d c  
C o n a m  T: n s e f u l  met  hod f o r  r e p r e s e n t a t i o n  of  

s o i l  h y d r a u l i c  p r o p e r t i e s  r e q u i r e d  i n  s o i l  
va t e r  i l o v  m o d e l s .  

< I S & >  
R o g o w s k i .  A .  S. 1972 .  E s t i m a t i o n  o f  t h e  s o i l  

no i s t u r e  c h a r a c t e r i s t i c  a n d  h y d r a u l i c  
c o n d u c t i v i t y :  C c m p a r i s o n  o f  m o d e l s .  S o i l  
S c i .  11U:U23-429. 

RBsTRRCT: T h r e e  ways o f  m o d e l i n g  t h e  m o i s t u r e  
c h a r a c t p r i s t i c  and two ways o f  m o d e l i n g  
h y d r a u l i c  c o n d u c t i v i t y  o f  s o i l s  a r e  d e s c r i b e d  
a n d  c o m p a r e d .  I t  is c o n c l u d e d  t h d t  a  
m o d i f i e d  B r o o k s  and  C o r e y  c o n d u c t i v i t y  m o d e l  

(LBCj , anfi  t h e  m o i s t u r e  c h a r a c t e r i s t i c  
a s s o c i a t e d  w i t h  i t  a r e  q u i t e  s i m i l a r  i n  f o r m  
t o  a  m o d i f i e d  (ASR) p o r e - s i z e  i n t e r a c t i o n  
m o d e l  o f  G r e e n  a n d  C o r e y .  T h e  r e s u l t s  f r o m  
b o t h  c o m p a r e  w e l l  w i t h  e x p e r i m e n t a l  v a l u e s  a t  
h i g h e r  m o i s t u r e  c o n t e n t s .  However ,  t h e  ASR 
m o d e l  a p p r o x i m a t e s  t h e  e x p e r i m e n t a l  r e s u l t s  
b e t t e r  a t  l o w e r  v a l u e s  o f  w a t e r  c o n t e n t  a n d  
o v e r  a  w i d e  m c i s t u r e  r a n g e .  T h e  m o i s t u r e  
c o n t e n t  a n d  p r e s s u r e  a t  a i r  e n t r y  a p p e a r  t o  
b e  s i g n i f i c a n t  p a r a m e t e r s  o f  t h e  s o i l  w a t e r  
s y s t e m .  r, l i n e a r  m o d e l  o f  t h e  s o i l  m o i s t u r e  
c h a r a c t e r i s t i c  u n d e r e s t i m a t e s  e x p e r i m e n t a l  
r e s u l t s  when used  a s  i n p u t  i n t o  t h e  m o d i f i e d  
p o r e - s i z e  i n t e r a c t i o n  m o d e l  o f  h y d r a u l i c  
c o n d u c t i v i t y .  (Auth.)  

!lODEL TYPE: p a r a m e t r i c  
ZOMMEHT: U s e f u l  c o m p a r i s o n  o f  m e t h o d s  f o r  

c a l c u l a t i n g  s o i l  h y d r a u l i c  p r o p e r t i e s  w h i c h  
a r e  n e e d e d  i n  m o d e l s  o f  s o i l  w a t e r  f l o w .  

< 1 5 5 >  , 

Bomkens,  n. J. n., a n d  R.D. M i l l e r .  1971 .  
P r e d i c t i n g  r o o t  s i z e  a n d  f r e q u e n c y  f r o m  
o n e - d i m e n s i o n a l  c o n s o l i d a t i o n  d a t a  - L 
m a t h e m a t i c a l  mode l .  P l a n t  S o i l  3 5 2 3 1 - 2 8 8 .  

RBSTRACT: An i m p l i c i t  r e l a t i o n s h i p  b e t w e e n  r o o t  
s i z e  a n d  s o i l  r e a c t i o n  t o  r o o t  g r o w t h  
p r e s s u r e  is d e v e l o p e d  f o r  a  c o h e s i o n l e s s  s o i l  
f r o m  d a t a  o f  o n e - d i m e n s i o n a l  c o n s o l i d a t i o n  
tests. T h e  m a t h e m a t i c a l  m o d e l  e m p l o y e d  
d e s c r i b e s  a  p h e n o m e n o l o g i c a l  p r o c e d u r e  o f  
r e l a t i n g  r o o t  s i z e  a n d  r o o t  f r e q u e n c y  t o  s o i l  
m e c h a n i c a l  p a r a m e t e r s .  The m o d e l  i s  b a s e d  
on:  (1 )  a  s i m p l i f  i c a t o n  o f  t h e  o b s e r v e d  
d e p e n d e n c y  o f  v o i d  r a t i o  on c o m p r e s s i o n  
p r e s s u r e ,  a n d  (2)  t h e  a s s o m p t i o n  o f  a n  
i n v e r s e  r e l a t i o n s h i p  o v e r  t h e  d o m a i n  o f  r o o t  
i n f l u e n c e  b e t w e e n  t h e  r a d i a l  s t r e s s  a n d  t h e  
d i s t a n c e  f r o m  t h e  a x i s  of t h e  root. A S  
r a d i a l  e x p a n s i o n  o f  a  r o o t  p r o c e e d s ,  t h r e e  
s u c c e s s i v e  a n d  m a t h e m a t i c a l l y  d i s t i n c t  s t a g e s  
o f  r o o t  g r o w t h  a r e  r e c o g n i z e d  i n  a  
p r e c o n s o l i d a t e d  s o i l .  R e l a t i o n s h i p s  b e t w e e n  
r o o t  g r o w t h  p r e s s u r e  a n d  r o o t  s i z e  w e r e  
c o m p u t e d  f o r  v a r i o u s  c o m b i n a t i o n s  o i  b u l k  
d e n s i t y .  p r e c o n s o l i d a t i o n  p r e s s u r e ,  a n d  
v a l u e s  o f  t h e  c o m p r e s s i o n  i n d e x  i n  a n d  b e y o n d  
t h e  r a n g e  o f  p r e c ~ n s n l i . r l a t i ~ n ,  -ROO* 
f r e q u e n c i e s  w e r e  c a l c u l a t e d  f o r  a  n u m b e r  o f  
h y p o t h e t i c a l  s i t u a t i o n s  a s s u m i n g  a h e x a g o n a l  ' 

n e t w o r k  o f  e v e n l y  d i s t r i b u t e d  r o o t s .  (Auth . )  . 
lODEL TTPE: m e c h a n i s t i c  
COnMENT: Model  c o u l d  b e  u s e d  t o  e v a l u a t e  c h a n g e s  

i n  s o i l  s t r e n g t h  o r  c o m p r e s s i o n  e f f e c t s  o n  
r o o t  g r o w t h .  

< 1 5 6 >  
B u n g e ,  E.C . A .  1 9 7 3 .  S o i l  d e v e l o p m e n t  s e q u e n c e s  

a n d  e n e r g y  m o d e l s .  S o i l  S c i .  115:183-193.  ' 

RBsTRRCT: T h e  i m p o r t a n c e  o f  h a v i n g  a n  a  p r i o r i  
m o d e l  t o  g u i d e  o u r  i m a g i n a t i v e  t h o u g h t s  a n d  
r e s e a r c h  is d e s i r a b l e  i n  a n y  d i s c i p l i n e .  
c his is p a r t i c u l a r l y  i m p o r t a n t  i n  a  s l o w l y  
c h a n g i n g  s y s t e m  u n d e r  c o n t i n u o u s  d e v e l o p m e n t  
s u c h  a s  s o i l s  w h e r e  t h e  s e p a r a t i o n  o f  c a u s e '  
a n d  e f f e c t  is most  d i f f i c u l t .  A m o d e l  o f  
s o i l  d e v e l o p m e n t  b a s e d  o n  s n e r  y  v e c t o r s  
u l r c c a t i v c  i l l  b o i l s  is prtbcsta! b ~ d  
d i s c u s s e d .  T h e  m o d e l  p r o p o s e d  i s  s i m p l e  
i n i t i a l l y  b u t  c a n  become  a s  c o m p l e x  a s  t h e  
s i t u a t i o n  r e q u i r e s .  T h e  m o d e l  d i s c u s s e d  may 
e n a b l e  o n e  t o  d e s i g n  e x p e r i m e n t s  w h i c h  h a v e  a  
h i g h e r  p r o b a b i l i t y  of d e f i n i t i v e  r e s u l t s  t h a n  
d o  p r e v i o u s  m o d e l s .  A l s o  t h e  m o d e l  s e e m s  t o  
a l l o w  f o r  e a s i e r  e x t r a p o l a t i o n  o f  r e s u l t s .  
H o p e f u l l y  t h e  p r o p o s e d  m o d e l  w i l l  h e l p  i n  
p r e d i c t i n g  m o r e  a c c u r a t e l y  t h e  e f f e c t  o f  
m a n e s  a c t i v i t y  on s o i l s  o f  t h e  w o r l d .  (Auth.)  

XODEL TYPE: c o n c e p t u a l  
COMnENT: C o u l d  b e  u s e f u l  i n  a s s e s s m e n t  t o  

e s t a b l i s h  q u a l i t a t i v e  c h a n g e s  i n  s o i l s  
i n d u c e d  by t r c h t ~ u l u y y  i m p a c t .  



APPENDIX A 
Agricultural Model s (continued) 

< 157, 
R u s s e l l ,  J. S. 1976. C o m p a r a t i v e  s a l t  t o l e r a n c e  

of some t r o p i c a l  a n d  t e m p e r a t e  l e g u m e s  and  
t r o p i c a l  g r a s s e s .  L u s t .  J. E x p t l .  L g r i c .  
Lnim. Rusb.  16: 103- 109. 

4BSTRLCT: The d r y  m a t t e r  y i e l d  o f  1 1  t r o p i c a l  
l e q u a e s ,  10  t e m p e r a t e  l e g u m e s  a n d  1 1  t r o p i c a l  
g r a s s e s  was examined  i n  p o t  e x p e r i m e n t s  on  a  
c l q y  s o i l  w i t h  i n c r e a s i n g  l e v e l s  o f  sod ium 
c h l o r i j e .  A m a t h e m a t i c a l  model Wac f i t t c d  t o  
t h e  y i e l d - s a l t  l e v e l  c u r v e s  f o r  e a c h  s p e c i e s  
and b o t h  t h e  h a l f  y i e l d  s o i l  s a l i n i t y  l e v e l  
a n d  z e r o  y i e l d  s c i l  s a l i n i t y  l e v e l  were 
e s t i m a t e d .  S p e c i e s  were  r a n k e d  i n  r e l a t i o n  
t o  t h e i r  s a l t  t o l e r a n c e  a t  h a l f  and  z e r o  
y i e l d  a n d  t h e s e  v a l u e s  were  e x p r e s s e d  i n  
t e r m s  o f  t h e  e l e c t r i c a l  c o n d u c t i v i t y  cf t h e  
s o i l  s a t u r a t i o n  e x t r a c t .  G r a s s e s  showed a  
g r e a t e r  a b i l i t y  t o  p e r s i s t  a t  h i g h  s a l t  
l s v e l s  t h a n  t h e  l e g u a e s .  The  most t o l e r a n t  
g r a s s e s  were C R L ~ R I S  GIYANI ,  PLNTcnlr 
COLORTOI, PENNISETOI CLLRDESTINUH, SORGROI 
A L ~ U ~  a n d  DIGITLRIL DECUIBENS. HEDICAGO 
SLTIVL, which was i n c l u d e d  i n  b o t h  t e m p e r a t e  
and  t r o p i c a l  g r o u p s ,  was t h e  most t o l e r a n t  
l egume o f  b o t h  g r o u p s .  The  t r o p i c a l  1egum.s 
IACROPTTLIOI LATHYROIDES and  HICROPTILIOM 
ATROPORPOREOH were a l m o s t  e q u i v a l e n t  t o  I. 
SITIVA i n  t h e i r  s a l t  t o l e r a n c e .  T h e  l e a s t  
t o l e r a n t  m a s s  was SETARIA LNCEPS a n d  t h e  
l e a s t  t o l e r a n t  t r o p i c a l  a n d  t e m p e r a t e  l e g u m e s  
@ r e  DESIODIOH IlNCINLTOI and TRIPOLIOH 
~ M I P I I O S O H ,  r e s p e c t i v e l y .  Both  Na a n d  C1 
p e r c e n t a g e s  i n  t h e  p l a n t  g e n e r a l l y  i n c r e a s e d  
w i t h  i n c r e a s i n g  s a l t  b u t  no  c o n s i s t e n t  
r e l a t i o n s h i p  was f o u n d  be tween  p l a n t  s a l t  
t o l e r a n c e  a n d  !la a n d  C1 c o n t e n t .  The  f i e l d  
i m p l i c a t i o n s  o f  t h e  h i g h  s a l t  t o l e r a n c e  of 
c e r t a i n  g r a s s e s  is d i s c u s s e d  i n  r e l a t i o n  t o  
t h e  e s t a b l i s h m e n t  o f  p e r m a n e n t  g r a s s - l e g u m e  

s t u r e s  on s a l i n e - s o d i c  s o i l s .  (Auth.)  
HODEL TYPE: p a r a m e t r i c  
CoHImT: S i m p l e  and  u s e f u l  a p p r o a c h  t o  e v a l u a t e  

s a l i n i t y  h a z a r d .  

< 158> 
I(yan,  J.W., F.L. Garza .  and  S.L. Brown. 197U. L 

damage s a s e s s m e n  t model f o r  a g r i c u l t u r a l  
c r o p s .  SRI-?GO- 2729 S t a n f o r d  R e s e a r c h  
I n s t i t u t e ,  H e n l o  P a r k ,  CL 94025. 

aeSTRLCT: T h i s  r e p o r t  d e s c r i b e s  t h e  main  f e a t u r e  
of a  model d s v e l o p e d  f o r  t h e  a s s e s s m e n t  o f  
r a d i a t i o n  damage t o  t e n  a q r i c o l t u r a l  c r o p s  
a n d  t h e  PORTSLN c o m p u t e r  p rogram t h a t  
i a p l e m e n t s  t h e  c r o p  a s s e s s m e n t  model. The t e n  
c r o p s  i n c l u d e d  i n  t h e  model  w e r e  c o r n .  
sorghum,  s o y b e a n s ,  r y e ,  r i c e ,  p o t a t o e s ,  
a l f a l f a .  s u g a r  b e e t s ,  whea t ,  a n d  b a r l e y .  The 
b b j e e t i v e  er c n e  r e s e a r c h  was t o  i n c o r p o r a t e  
c u r r e n t  r e s e a r c h  r e s u l t s  i n t o  a  model a n d  
p r o g r a a  f o r  t h e  j o i n t  u s e  o f  t h e  D e f e n s e  
C i v i l  P r e p a r e d n e s s  Agency,  t h e  O.S. 
D e p a r t m e n t  o f  A g r i c u l t u r e ,  and t h e  O f f i c e  o f  
P r e p a r e d n e s s .  The  c r o p  a s s e s s m e n t  model h a s  
t h r e e  main submodels :  (1) L c r o p  morphology  
s u b m o d e l  t h a t  e s t i m a t e s  t h e  growth  p a r a m e t o r s  
of e a c h  c r o p  a t  a  r e s o u r c e  l o c a t i o n  o n  t h e  
a t t a c k  d a t e .  (2) L r a d i a t i o n  d o s e  s u b m o d e l  
t h a t  u s e s  t h e  a t t a c k  e f f e c t s  t o  e s t i m a t e  t h e  
t o t a l  a b s o r b e d  d c s e  and  e f f e c t i v e  d o s e  r a t e  
f o r  e a c h  c r o p  i n  t h e  c o u n t y  u n d e r  
c o n s i d e r a t i o n .  (3) L  c r o p  s u r v i v a l  s u b m o d e l  
t h a t  e s t i m a t e s  t h e  c r o p  y i e l d  s u r v i v i n g ,  
b a s e d  on  t h e  d o s e  and  d o s e  r a t e  a n d  t h e  
growth  s t a g e  o f  t h e  p l a n t ;  The major  i n p u t s  
m q o i r e d  a r e  c r o p  g r o w t h  p a r a m e t e r s ,  p l a n t i n g  
and  h a r v e s t i n g  d a t e s ,  a n d  a t t a c k  d a t a  
d e s c r i b i n g  t h e  r a d i a t i o n  l e v e l s .  The model 
u s e s  t h e s e  i n p u t s  t o  c a l c u l a t e  t h e  p e r c e n t a g e  
of y i e l d  s u r v i v i n g  t h e  a t t a c k  e f f e c t s .  Thc 
model i n p u t s  and o u t p u t s  and  FORTRAN program 
w e r e  d e s i g n e t  t o  h e  c o m p a t i b l e  wi th  t h e  READY 
program o f  t h e  M a t h e m a t i c s  and  C o m p u t a t i o n  
L a b o r a t o r y  o f  t h e  G e n e r a l  S e r v i c e s  
A d m i n i s t r a t i o n .  The  u s e  o f  t h e  c r o p  

a s s e s s m e n t  program a n d  t h e  r e s u l t s  of  a  
s a m p l e  r u n  a r e  d e s c r i b e d  i n  t h e  l a s t  s e c t i o n  
o f  t h e  r e p o r t .  The s a m p l e  r u n  was i n t e n d e d  
t o  p r o v i d e  t o  p o t e n t i a l  u s e r s  a  means o f  
c h e c k i n g  t h e  i m p l e m e n t a t i o n  o f  t h e  program o n  
o t h e r  c o m p u t e r  s y s t e m s .  The  s a m p l e  o u t p u t  is 
a l s o  u s e f u l  f o r  d e m o n s t r a t i n g  d i f f e r e n c e s  i n  
c r o p  s u r v i v a l  o v e r  t h e  v a i i o u s  g r o w t h  s t a g e s .  
( r u t h . )  

MODEL TYPE: p a r a m e t r i c  
COIIERT: n o d e 1  i s  a p p l i c a b l e  tu r a d i o l o g i c a l  

a s s e s s m e n t  a n d  c a n  be  used  f o r  t h e s e  p u r p o s e s .  

<159> 
S a e k i ,  T. 1960. I n t e r r e l a t i o n s h i p s  be tween  l e a f  

amount.  l i g h t  d i s t r i b u t i o n  and  t o t a l  
p h o t o s y n t h e s i s  i n  a  p l a n t  community. Bot. 
Mag. 73:55-63. 

LBSTRICT: I n  o r d e r  t o  f i n d  a  p r a c t i c a l  means o f  
e s t i m a t i o n  of the  p r o d u c t i o n  o f  m a t t e r  i n  a  
p l a n t  community and  t o  g i v e  a  l o g i c a l  
e x p l a n a t i o n  t o  t h e  v a r i a b i l i t y  o f  d i r e c t l y  
m e a s u r e d  v a l u e s ,  t h e o r e t i c a l  a n a l y s e s  h a v e  
b e e n  a d v a n c e d  o f  t h e  i n t e r r e l a t i o n s h i p s  
be tween  l e a f  amount.  l i g h t  d i s t r i b u t i o n  a n d  
t o t a l  f o l i a g e  p h o t o s y n t h e s i s .  I n s i d e  f o l i a g e  
r e l a t i v e  l i g h t  i n t e n s i t y  r e c e i v e d  by t h e  
l e a v e s  is n o t  a l w a y s  t h e  same a s  t h e  l i g h t  
i n t e n s i t y  measured  a t  h o r i z o n t a l  p l a n e  a t  t h e  
s a m e  h e i g h t .  I n  homogeneous  s t a n d s  t h e  f o r m e r  
c a n  h e  d e r i v e d  from E q u a t i o n  ( 3 ) .  when l e a f  
t r a n s m i s s i b i l i t y  is  known a n d  e x t i n c t i o n  
c o e f f i c i e n t  (K i n  E q u a t i o n  ( 2 ) )  . i s  o b t a i n e d  
b e f o r e h a n d  by ' s t r a t i f y i n g  c l i p  method' .  I f  
p h o t o s y n t h e t i c  c a p a c i t y  i n  t h e  a c t i v e  l e a f  
and  mean r e s p i r a t i o n  r a t e  o f  a l l  t h e  l e a v e s  
i n  a  s t a n d  a r e  known, t h e  mean t o t a l  d a i l y  
p h o t o s y n t h e s i s  o f  w h o l e  f o l i a g e  is  e s t i m a t e d  
by  E q u a t i o n  ( 5 ) .  An e x a m p l e  i n  r e p r e s e n t a t i v e  
h e r b a c e o u s  s p e c i e s  is p r e s e n t e d ,  where  it is 
c l e a r l y  i n d i c a t e d  t h a t  wi th  l o w e r  ' l e a f  a r e a  
i n d e x *  d a i l y  p r o d u c t i o n  i n  f o l i a g e  is 
i n d i f f e r e n t  t o  i n c l i n a t i o n  o f  l e a v e s ,  w h i l e  
w i t h  i n c r e a s e  o f  l e a f  amount  t h e  r o l e  o f  
i n c l i n a t i o n  i n  t h e  p r o d u c t i o n  becomes v e r y  
r e m a r k a b l e ,  u p r i g h t  l e a v e s  b e i n g  more 
e f f i c i e n t  t h a n  h o r i z o n t a l  o n e s  u n d e r  f u l l  
d a y l i g h t  a s  d e m o n s t r a t e d  b y  Watson a n d  Witts. 
C o m p e n s a t i o n  l i g h t  i n t e n s i t y  and  'optimum 
l e a f - a r e a  i n d e x *  ( l e a f  amount i n  t h e  f o r m  o f  
LA1 f o r  t h e  h i g h e s t  p r o d u c t i o n )  a r e  
c a l c u l a t e d  f r o m  t h e  p h o t o s y n t h e t i c  c a p a c i t y  
i n  t h e  a c t i v e  l e a f  a n d  r e s p i r a t i o n  r a t e  o f  
t h e  l o w e r  l e a f  ( E q u a t i o n s  (6)  a n d  ( 7 ) ) .  The  
o b t a i n e d  v a l u e s  seem t o  b e  q u i t e  r e a s o n a b l e  
i n  c o n s i d e r a t i o n  o f  t h e  minimum l i g h t  
i n t e n s i t i e s  a n d  ' l e a f  a r e a  i n d e x e s *  i n  t h e  
n a t u r a l  c o m m u n i t i e s .  The  h i g h e s t  d a i l y  
g r u d u c L l u ~ r  l a  a p lauL c u r , u i t i l y ,  ? ( s a x )  i 
c a l c u l a t e d  w i t h  E q u a t i o n  (0)  was d i s c u s s e d  i n  
r e l a t i o n  t o  t h e  e x t i n c t i o n  c o e f f i c i e n t  and 
i n c o m i n g  r a d i a t i o n .  An a p p r o x i m a t e  
c o i n c i d e n c e  was r e c o g n i z e d  b e t w e e n  t h e  
c a l c u l a t e d  v a l u e s  a n d  t h e  h i g h e s t  n e t  
p r o d u c t i o n  i n  c r o p  f i e l d s  c o l l a t e d  by 
Blackman a n d  Black .  (Auth.)  

HODEL TYPE: m e c h a n i s t i c  
COIIERT: E a r l y  model f o r  c r o p  p h o t o s y n t h e s i s  

o f t e n  used i n  more r e c e n t  c r o p  s i m u l a t i o n  
models .  U s e f u l  f o r  a s s e s s m e n t  a l t h o u g h  more 
c o m p r e h e n s i v e  m o d e l s  a r e  a v a i l a b l e .  

< 160) 
S a u e r ,  R. A. 1976.  The  r e l a t i o n s h i p  of 

c u m u l a t i v e  sums a n d  moving a v e r a g e s  o f  
t e m p e r a t u r e  t o  r e p r o d u c t i v e  p h e n o l o g y  i n  
CL&RKIA. Lo. I i d l .  R a t .  95:10&-158. 

ABSTRACT: P l o w e r i n g  t i m e  ( a n t h e s i s )  d i f f e r s  
among p o p u l a t i o n s  i n  t h o  CLARKIL ONGOICOLLTL 
c o m p l e x ,  a n d  t h e s e  d i f f e r e n c e s  a p p e a r  t o  be  
a d a p t i v e  w i t h  r e s p e c t  t o  a v o i d i n g  t h e  s e v e r e  
summer d r o u g h t  o f  t h e  n a t i v e  h a b i t a t s  A s  
h a b i t a t  e l e v a t i o n  d k r e a s e s ,  f l o w e r i n g  time 
a n d  s o i l  d r y i n g  o c c u r  e a r l i e r .  S i x  



APPENDIX A 
A g r i c u l t u r a l  Models (cont inued) 

< 1 6 0 >  CONT. 
p o p u l a t i c n s  o f  t h e  C. ONGOICULATA c o m p l e x  
were grown i n  f o u r  t e m p e r a t u r e s  t o  a s e s s  t h e  
e f f e c t  o f  t e m p e r a t u e  o n  t h e  t i m i n g  of f i v e  
d e v e l o p m e n t a l  s t a g e s  ( p h e n o p h a s e s )  . 
? e g r e s s i o n s  were c a l c u l a t e d  u s i n g  t h e  d a y s  
f r o m  p l a n t i n g  t o  a  g i v e n  p h e n o p h a s e  ( a g e )  a s  
t h e  d e p e n d e n t  v a r i a b l e ,  a n d  v a l u e s  of 1 2 6  
c o m b i n a t i o n s  o f  moving a v e r a g e  l e n g t h s ,  
c u m u l a t i v e  sums,  t h r e s h o l d  t e m p e r a t u r e s  and  
d a i l y  a i r  t e m p e r a t u r e  maxima, min ima a n d  
means when t h e  v a r i o u s  p h e n o p h a s e s  o c c u r r e d  
as t h e  i n d e p e n d e n t  v a r i a b l e s .  The  t i m i n g  o f  
a l l  p h e n o p h a s e s  were  s i g n i f i c a n t l y  c o r r e l a t e d  
more o f t e n  w i t h  moving a v e r a g e s  t h a n  w i t h  
c u m u l a t i v e  sums,  a n d  i t  t o o k  l o n g e r  t o  r e a c h  
a  g i v e n  p h e n o p h a s e  a t  t h e  l o w e r  t e m p e r a t u r e s .  
The  a b s e n c e  o f  i n t e r p o p u l a t i o n  a n d  
i n t e r p h e n o p h a s e  d i f f e r e n c e s  s u g g e s t s  t h a t  t h e  
t e m p e r a t u r e  e n v i r o n m e n t s  o f  t h e  n a t i v e  
h a b i t a t s  d u r i n  f l o w e r i n g  a r e  s i m i l a r  a n d  
t h a t  o b s e r v e d  %i f t e r e n c e s  i n  f l o w e r i n g  t i m e  
i n  u n i f o r m  c u l t u r e  a r e  t h e  r e s u l t  o f  
d i f f e r e n t  r e s p o n s e s  t o  o t h e r  e n v i r o n m e n t a l  
f 3 c t o r s  s u c h  a s  i n s o l a t i o n  and  s o i l  w a t e r  
p o t e n t i a l .  F l o w e r i n g  a n d  h a b i t a t  
c h a r a c t e r i s t i c s  a r e  combined  i n t o  a  g r a p h i c  
model t h a t  i l l u s t r a t e s  t h e  i m p o r t a n c e  o f  
f l o w e r i n g  i n  r e s p o n s e  t o  t e m p e r a t u r e  t o  a v o i d  
summer d r o u g h t .  (Auth. ) 

YODEL T P E r  s t a t i s t i c a l  
CCaaENT: C o u l d  be  u s e d  i n  a s s e s s m e n t  o f  c l i m a t e  

c h a n q e  o n  p l a n t  p h e n o l o g y .  

< 1 6 1 >  
S c h u e p p ,  P.H., a n d  K.D.  White.  1975. T r a n s f e r  

p r o c e s s e s  i n  v e g e t a t i o n  by e l e c t r o c h e m i c a l  
a n a l o g .  Bound.-Layer M e t e o r o l .  8: 335-358. 

4BSTRRCT: E l e c t r o c h e m i c a l  m o d e l l i n g  may p r o v i d e  
fa st o r d e r - o f  - m a g n i t u d e  e s t i m a t e s  o f  e n e r g y  
a n d  m a s s  t r a n s f e r  i n  c r o p s  and  p a r t l y  f i l l  
t h e  g a p  b e t w e e n  r i g i d .  e x p e n s i v e  f i e l d  
e x p e r i m e n t s  and  o v e r s i m p l i f i e d  m a t h e m a t i c a l  
m o d e l l i n g .  The t e c h n i q u e  c o m p r i s e s  b r e a k i n g  
up a  f l o w i n g  e l e c t r o l y t e  i n  a  manner  
a n a l o g o u s  - b u t  not. n e c e s s a r i l y  c o m p l e t e l y  
s i m i l a r  - t o  t h e  way t h e  a t m o s p h e r i c  f l o w  i s  
b r o k e n  u p  by c r o p s  a n d  s t u d y i n g  t h e  f l o w  of 
i o n s  i n  t h e  e l e c t r o l y t e .  The  e f f e c t s  o f  
v a r i a t i o n s  i n  f r e e - f l o w  v e l o c i t y ,  p l a n t  
s p a c i n g ,  row s p a c i n g  a n d  o r i e n t a t i o n  o n  
o r l o c i t y  f i e l d .  t r a n s f e r  c o e f f i c i e n t s  a n d  
eddy  d i f f u s i v i t i e s  h a v e  b e e n  s t u d i e d  i n  a n  
e l e c t r o c h e m i c a l  model u n d e r  c o n d i t i o n s  
r e l e v a n t  t o  w e l l - v e n t i l a t e d  c r o p s  w i t h  
r e l a t i v e l y  s i m p l e  c a n o p y  s t r u c t u r e .  A 
o n e - d i m e n s i o n a l  a n a l y t i c a l  model i s  d e v e l o p e d  
f ? r  t h e  t r a n s f e r  a t  s o l i d  s u r f a c e s ,  w i t h  
d i r e c t  p r o p o r t i o n a l i t y  between t r a n s f e r  
c o e f f i c i e n t  a n d  e d d y  d i f f u s i v i t y .  The  
p r o p o r t i c n a l i t y  c o n s t a n t  a l p h a  h a s  v a l u e s  i n  
t h e  m o d e l  c f  (3.5 p l u s  o r  m i n u s  
0.5) x10** (-3) /cm a t  t h e  ground and  (5 p l u s  o r  
m i n u s  2) x10**(-4)/cm ( f o r  a  c y l i n d r i c a l  
p r o b e )  n e a r  canopy t o p .  The  l a t t e r  is n o t  
t o o  n i f f e r e n t  from t h e  v a l u e s  p r o p o s e d  f o r  
f o l i a g e  s u r f a c e s  i n  r e a l  c a n o p i e s ,  v i z . ,  
a p p r o x i m a t e l y  lxlO** (- 3) /cm ( P h i l i p ,  1964)  
a n 4  l x l O * * ( - 4 )  /cm ( O c h i  j i m a ,  1 9 6 6 ) .  Alpha 
may t h e r e f o r e  become a  u s e f u l  p a r a m e t e r  i n  
s c a l i n g  t r a n s f e r  c o e f f i c i e n t s  f r o m  s y s t e m s  
w i t h  d i f f e r e n t  m o l e c u l a r  d i f f u s i o n  
p r o p e r t i e s .  A t e n t a t i v e  e x t r a p o l a t i o n  of 
measured  d a t a  t o  c o r r e s p o n d i n g  v a l u e s  i n  a i r  
is g i v e n .  The  a g r e e m e n t  b e t w e e n  p r e d i c t e d  
v a l u e s  a n d  p r e s e n t l y  a v a i l a b l e  f i e l d  d a t a  i s  
e n c o u r a g i n g  a l t h o u q h  more  p r e c i s e  f i e l d  d a t a  
a r e  r e q u i r e d  f o r  a  f i n a l  judgement  o n  t h e  
w l i d i t y  o f  t h e  model. (Auth . )  

R O D E L  TYPE: e l e c t c c h e m i c a l  a n a l o g  
c o n a m ? :  E x p e r i m e n t a l  method o f  a n a l o g  m o d e l i n g  

t h a t  c o u l d  b e  u s e f u l l y  a p p l i e d  i n  a s s e s s m e n t  
i f  f a c i l i t i e s  were a v a i l a b l e .  

<162> 
S m t t ,  B.I.H.. a n d  R.P. G u l l i n e .  1972. N a t u r a l  

a n d  f o r c e d  c i r c a d i a n  o s c i l l a t i o n s  i n  t h e  l e a f  
o f  TRIFOLION REPENS. Lus t .  J. B i o l .  S C ~ .  
25:61-76. 

ABSTRlCT: The  l e a v e s  o f  w h i t e  c l o v e r  (T. REPENS) 
e x h i b i t  t y p i c a l  c i r c a d i a n  c h a r a c t e r i s t i c s  
w i t h  an e n d o g e n o u s  p e r i o d ,  t a u ,  o f . 2 5 - 2 7  h r .  
C o r r e s p o n d i n g  o s c i l l a t i o n s  a r e  o b s e r v e d  o f  
t h e  t o r q u e  e x e r t e d  by l e a f l e t s  p r e v e n t e d  f r o m  
c l o s i n q .  The  mean v a r i a t i o n  i n  t o r q u e  d u r i n g  
a  c y c l e  was 3 3 9  p l u s  o r  minus  1 3  d y n e  cm. 
when l e a v e s  u e r e  s u b j e c t e d  t o  l i g h t - d a r k  
c y c l e s  a t  c o n s t a n t  t e m p e r a t u r e ,  e n t r a i n m e n t  
was o b t a i n e d  f o r  p e r i o d s  f rom 0.7 t o  1.4 t a u .  
P h a s e  s h i f t s  uere  o b s e r v e d  r a n g i n g  from a  l a g  
o f  uO deg .  f o r  0.7 t a u  t o  an a d v a n c e  o f  130 
deg .  f o r  1.4 t a u .  The  p u l v i n u s  was  shown t o  
b e  b o t h  t h e  p h o t o r e c e p t o r  a n d  t h e  s i t e  of t h e  
e n d o g e n o u s  timer. S i m i l a r  r e s p o n s e s  t o  t h o s e  
f o r  l i q h t  were  o b s e r v e d  i n  l e a v e s  u n d e r  
c o n s t a n t  i l l u m i n a t  i o n  which e x p e r i e n c e d  
r h y t h m i c  t e m p e r a t u r e  v a r i a t i o n s  b e t w e e n  8 a n d  

' 1 8 * d e g .  C, a i d  be tween  15  a n d  22 d e g .  C. A 
m a t h e m a t i c a l  model i s  c o n s i d e r e d  o f  a  s i m p l e  
0 3 c i l l a t o t y  s y s t e m s  whose n a t u r a l  
o s c i l l a t i o n s  a n d  p h a s e  r e s p o n s e s  t o  f o r c i n g  
o s c i l l a t i o n s  r e s e m b l e  t h o s e  o f  t h e  l e a f .  It 
is a r g u e d  t h a t  t h e  b a s i c  o s c i l l a t o r  is 
l i n e a r ,  p r o d u c i n g  damped s i n u s o i d a l  
o s c i l l a t i o n s ,  and t h a t  t h e  n o n - l i n o a r i t i o s  ' 
which i n t r o d u c e  h i g h e r  h a r m o n i e s  i n  t h e  
o b s e r v e d  l e a f  o s c i l l a t i o n  o c c u r  i n  t h e  
c o u p l i n g  b e t w e e n  o s c i l l a t o r  and  o u t p u t .  

NODEL TYPE: p a r a m e t r i c  
cOaf!ENT: , P r o b a b l y  n o t  u s e f u l  i n  a s s e s s m e n t .  

<163> 
S c r i v n e r ,  C.L., J.C. Baker,  and  D.R. B r e e s .  

1973. Combined d a i l y  c l i m a t i c  d a t a  a n d  
d i l u t e  s o l u t i o n  c h e m i s t r y  r n  s t u d i e s  o f  s o i l  
p r o f i l e  f o r m a t i o n .  S o i l  S c i .  1 1 5 ~ 2 1 3 - 2 2 3 .  

~BsTRACT: A m o d e l  was  d e v e l o p e d  f o r  c o n v e r t i n g  
l o n g - t i m e  d a i l y  r e c o r d s  o f  t e m p e r a t u r e  and 
p r e c i p i t a t  ron i n t o  d a i l y  d e p t h s  o f  m o i s t e n i n g  
and  d r y i n g  o f  t h e  s o i l .  T h e  t i m e - d e p t h  
d i s t r i b u t i o n s  o f  m o i s t  and d r y  z o n e s  were 
summed a n d  c o n v e r t e d  t o  a  p r e d i c t i o n  e q u a t i o n  
o f  t h e  f o r m ,  l o g  P = k ( l ) - k  ( 2 ) * l o g  D w h e r e  P is  
t h e  f r e q u e n c y  o f  c o m p l e t e d  m o i s t - d r y  c y c l e s :  
D  i s  d e p t h ,  and  k ( 1 )  a n d  k ( 2 )  a r e  c o n s t a n t s  
c h a r a c t e r i s t i c  of a  p a r t i c u l a r  s o i l  a n d  
c l i m a t e .  The a v e r a g e  a n n u a l  amount o f  e x c e s s  
p r e c i p i t a i o n  t h a t  f e l l  when s o i l  m o i s t u r e  was 
c o m p l e t e l y  r e c h a r g e d  c o m p l e t e d  t h e  n u m e r i c a l  
d e s c r i p t i o n  o f  t h e  s o i l  m o i s t a r e  r e g i m e .  The  
d e p t h  t h a t  h a s  a  f r e q u e n c y  of o n e  c o m p l e t e d  
m o i s t - d r y  c y c l e  p e r  y e a r  c o i n c i d e s  w i t h  t h e  
d e p t h  o f  s o l u m  i n  a i s s o u r i  s o i l s .  I t  a p p e a r s  
t h a t  t h e  u p p e r  b o u n d a r y  o f  t h e  D h o r i z o n  is 
d e t e r m i n e d  b y  t h e  a v e r a g e  d e p t h  o f  
p e n e t r a t i o n  o f  summer r a i n s .  E s t i m a t e d  
amounts  o f  w a t e r  p a s s i n g  p l a n e s  i n  t h e  s o i l  
c a n  be summed by i n t e g r a t i o n  o f  t h e  
p r e d i c t i o n  e q u a t i o n  f o r  d e p t h - f r e q u e n c y  o f  
c o m p l e t e d  m o i s t - d r y  c y c l e s .  A n a l y s e s  o f  s o i l  
s o l u t i o n s  p r o d u c e d  when d r y  s o i l  s a m p l e s  w e r e  
e q u i l i b r a t e d  w i t h  w a t e r  f o r  o n e  week s u g g e s t  
t h a t  a l u m i n o - s u l i c a t e  m i n e r a l s  r e a c t  i n  a  
manner t h a t  1s p f e d i c t e d  by choBiC&L 
t h e r m o d y n a m i c s .  K a o l i n i t e  a p p e a r s  t o  b e  t h e  
s t a b l e  c l a y  m i n e r a l  i n  a  w i d e  a r r a y  o f  s o i l  
h o r i z o n s  i n c l u d i n g  t h o s e  w i t h  l a r g e  a m o u n t s  
o f  m o n t m o r i l l c n i t e .  Q u a r t z  a p p e a r s  t o  he 
i n s t a b l e  i n  some A h o r i z o n s ,  i n  l a y e r s  
a d j a c e n t  t o  l i m e s t o n e  and  i n  a l l  h o r i z o n s  o f  
a  g i b b s i t i c  s o i l  c o n t a i n i n g  q u a r t z  (Auth.) 

NODEL TYPE: r e g r e s s i o n  
CONOENT: S i m p l e  model t h a t  c o u l d  e v a l u a t e  

c l i m a t e  c h a n g e  e f f e c t s  on  s o i l  p r o f i l e  
f o r m a t  i o n .  

<16Y> 
S e g i n e r ,  I. 1970.  A r e s i s t a n c e  model o f  



APPENDIX A 
Agricultural Models (continued) 

< 1 6 4 >  CONT. 
e v a p o r a t i o n  d u r i n g  s p r i n k l i n g .  A g r i c .  
lE t e o r o l .  7:u87-U97. 

RBSTBRC?: A p r e v i o u s  r e s i s t a n c e  m o d e l  o f  
s p r i n k l e r  e v a p o r a t i o n  i s  e x p a n d e d  b y  
c o n s i d e r i n g  t w o  e n e r g y  b a l a n c e  e q u a t i o n s :  
o n e  f o r  t h e  d r o p s  a n d  a n o t h e r  f o r  t h e  a i r  
l a y e r  w h e r e  t h e  e v a p o r a t i o n  t a k e s  p l a c e .  T o  
s o l v e  f o r  t h e  v a r i o u s  f l u x e s ,  o n l y  t h e  
b o u n d a r y  c o n d i t i o n s  a n d  t h e  r e s i s t a n c e s  o f  
t h e  s y s t e m  m u s t  b e  g i v e n .  L  c o m p a r i s o n  of 
c a l c u l a t i o n s  w i t h  e x p e r i m e n t a l  r e s u l t s ,  
i n d i c a t e s  g o o d  a g r e e m e n t  f o r  t h e  l i m i t i n g  
c a s e  o f  a  w e t  s u r f a c e  w i t h  n o  d r o p s  i n  t h e  
a i r .  T h e  m o d e l  p r e d i c t s  s m a l l  s p r a y  
e v a p o r a t i o n  u n d e r  n o r m a l  o p e r a t  i n g  
c o n d i t i o n s .  The e f f e c t s  o f  w a t e r  t e m p e r a t u r e .  
f i n e n e s s  o f  s p r a y  a n d  a p p l i c a t i o n  r a t e  o n  t h e  
e v a p o r a t i o n  l o s s e s  may b e  s i g n i f i c a n t .  i f  t h e  
v a r i a t i o n  a f  a n y  o f  t h e s e  p a r a m e t e r s  is 
w i t h i n  w i d e  limits. ( A u t h . )  

NODEL TYPE: m e c h a n i s t i c  
COnNm?: C o u l d  b e  u s e d  i n  t e c h n o l o g y  i m p a c t  

a s s e s s m e n t  o f  c o o l i n g  t o w e r s .  

( 1 6 5 )  
S h a v c r o f t ,  R.W.. E.R. Lsmon, L.H. A l l e n ,  D.W. 

S t e w a r t ,  a n d  S.E. J e n s e n .  197U. T h e  
s o i l - p l a n t - a t m o s p h e r e  m o d e l  a n d  some  o f  i ts  
p r e d i c t i o n s .  a g r i c .  n e t e o r o l .  14: 287-307 .  

9BSTRRC7: R g e n e r a l  d e s c r i p t i o n  o f  t h e  
s o i l - p l a n t - a t m o s p h e r e  m o d e l  (SPAN) is g i v e n .  
E m p h a s i s  i s  made a s  t? t h e  l o g i c a l  s e q u e n c e  
o f  t h e  o p e r a t i o n  o f  t h e  m o d e l  h y  u s e  o f  
v a r i o u s  s u b m o d e l s  d e p i c t i n g  t h e  s o i l ,  p l a n t ,  
a n d  c l i m a t i c  i n t e r a c t i o n s .  E x a m p l e s  of  t h e  
t e s t i n g  o f  t h e  m o d e l  a r e  d i s c u s s e d .  Some 
s i m u l a t i c n  s t u d i e s  a r e  g i v e n  t o  s h o w  how t h e  
m o d e l  c a n  h e  u s e d  i n  s e t t i n g  p r i o r i t i e s  o n  
t h o s e  v a r i a b l e s  t h a t  h a v e  t h o  g r e a t c s t  
i n f l u e n c e  on p l a n t  r e s p o n s e s .  (Auth . )  

YODEL TYPE: m e c h a n i s t i c  
COMNmT: An i m p o r t a n t  m o d e l  w i t h  many 

a p p l i c a t i o n s  i n  t h e  a s s e s s m e n t  o f  
e n v i r o n m e n t a l  e f f e c t s  o n  c r o p  p e r f o r m a n c e .  

< 1 6 6 >  . 
S h e a m r ,  G.. J. D u f f y ,  D.R. Kohl ,  a n d  8. 

Commoner.  197U. A s t e a d y - s t a t e  m o d e l  o f  
i s o t o p i c  f r a c t i o n a t i o n  a c c o m p a n y i n g  n i t r o g e n  
t r a n s f o r m a t i o n s  i n  s o i l .  S o i l  S c i .  S o c .  A m .  
P r o c .  381315-322 .  

ABSTRRCT: R s t e a d y - s t a t e  m a t h e m a t i c a l  m o d e l  of  
i s o t o p i c  f r a c t i o n a t i o n  a c c o m p a n y i n g  c e r t a i n  
n i t r o g e n  t r a n s f o r m a t i o n s  i n  s o i l s  is 
developed. The m o d e l  t a k e s  i n t o  a c c o u n t  
a m m o n i f i c a t i o n ,  n i t r i f i c a t i o n .  a n d  
i m m o b i l i z a t i o n :  a n d  p r e d i c t s  t h a t  t h e  15N/19N 
r a t i o s  o f  n i t r a t e  a n d  ammonium i o n  d e p e n d  i n  
p a r t  u p o n  t h e  r a t i o  o f  t h e  r a t e s  o f  
i m a o h i l i z a t i o n  a n d  a m m o n i f i c a t i o n .  The  r a t i o  
o f  t h e  r a t e s  o f  i m m o b i l i z a t o n  t o  
n i t r i f i c a t i o n  u n d e r  f i e l d  c o n d i t i o n s  is 
u n l i k e l y  t o  b e  t h e  s a m e  a s  u n d e r  t h e  
c o n d i t i o n s  o f  l a b o r a t o r y  i n c u b a t i o n  
e x p e r i m e n t s .  T h e r e f o r e .  t h i s  p r e d i c t i o n  
p r o v i d e s  a  p o s s i b l e  e x p l a n a t i o n  f o r  
d i f f e r e n c e s  o b s e r v e d  b e t w e e n  t h e  15N/19N 
m t i o  o f  n i t r a t e  e x t r a c t e d  f r o m  s o i l  c o r e s  
a n d  t h a t  o f  n i t r a t e  r e l e a s e d  d u r i n g  
l a b o r a t o r y  i n c u b a t i o n  o f  t h e  same  s o i l s .  T h e  
mode l  d e s c r i b e d  is a m m e n a b l e  t o  e x p e r  i m e n t a l  
tsst. I f  v e r i f i e d ,  an  e x p a n d e d  v e r s i o n  o f  
t h e  m o d e l  m'ay b e  a  u s e f u l a i d  i n  t h e  s t u d y  o f  
n i t r o q e n  t r a n s f o r m a t i o n s  i n  t h e  f i e l d .  
( R u t h . )  

RODE1 TYPE: m e c h a n i s t i c  
CCRNENT: M o d e l  c o u l d  b e  a d a p t e d  t o  e v a l u a t e  

p o l l u t a n t  e f f e c t s .  

( 1 6 7 )  
S  h e e d y ,  J . D . ,  F.L. J o h n s o n .  a n d  P.G. R i s s e r .  

1973 .  Model  f o r  p h o s p h o r u s  a n d  p o t a s s i u m  

f l u x  i n  a  t a l l - g r a s s  p r a i r i e .  S o u t h w e s t  . 
Nat.  1 8 ( 2 )  : 135-199 .  

ABSTRLCT: A m e c h a n i s t i c  s i m u l a t i o n  m o d e l  is 
p r e s e n t e d  f o r  t h e  d y n a m i c s  o f  p h o s p h o r u s  a n d  
p o t a s s i u m  i n  a  t a l l - g r a s s  p r a i r i e  e c o s y s t e m  
i n  n o r t h e a s t e r n  Oklahoma.  V a l u e s  f o r  c e r t a i n  
a b i o t i c  f a c t o r s  i n  1 9 7 0  w e r e  u s e d  a s  i n p u t  t o  
t h e  model .  O u t p u t  c o n s i s t e d  o f  p r e d i c t e d  
time-series o f  v a l u e s  f o r  t h e  a m o u n t s  o f  
p h o s p h o r u s  a n d  p o t a s s i u m  p r e s e n t  i n  t h e  
d i f f e r e n t  c o m p a r t m e n t s  o f  t h e  e c o s y s t e m .  
P r e d i c t e d  v a l u e s  a g r e e d  q u i t e  well i n  some 
b u t  n o t  a l l  c a s e s  w i t h  o b s e r v e d  v a l u e s .  
( L u t h . )  

NODEL TYPE: p a r a m e t r i c  
COnRENT: C o u l d  b e  a d a p t e d  t o  e v a l u a t e  i m p a c t s  o n  

g r a s s l a n d  e c o s y s t e m s .  

< 168>  
S i n c l a i r ,  T.R., a n d  C.T. d o  W i t .  1976 .  A n a l y s i s  

o f  t h e  c a r b o n  a n d  n i t r o g e n  l i m i t a t i o n s  t o  
s o y b e a n  y i e l d .  Agron .  J. 6 8  ( 2 )  :319-32s .  

ABSTRACT: S o y b e a n s  a r e  h y p o t h e s i z e d  t o  b e  
" s e l f - d e s t r u c t i v e "  s i n c e  t h e y  a p p a r e n t l y  n e e d  
t o  t r a n s l o c a t e  l a r g e  a m o u n t s  o f  n i t r o g e n  f r o m  
v e g e t a t i v e  t i s s u e s  d u r i n g  s e e d -  f i l l  t o  
s u s t a i n  s e e d  g r o w t h .  To a s s e s s  t h e  p o s s i b l e  
l i m i t a t i o n s  o f  t h i s  c h a r a c t e r i s t i c  o n  s o y b e a n  
s e e d  y i e l d ,  a  s i m p l e ,  d y n a m i c  s i m u l a t i o n  
m o d e l  is d e v e l o p e d  w h i c h  a c c o u n t s  f o r  t h e  
a v a i l a b i l i t y  o f  n i t r o g e n  a n d  p h o t o s y n t h a t e  
w i t h i n  t h e  p l a n t .  T h e  s i m u l a t i o n s  s h o w  t h a t  
t h e  d u r a t i o n  o f  s e e d f i l l  a n d  s e e d  y i e l d  is 
c l e a r l y  l i m i t e d  by t h e  s e l f - d e s t r u c t i v e  

, c h a r a c t e r  is t ic .  I n c r e a s e d  a v a i l a b i l i t y  o f  
n i t r o g e n  w i t h i n  t h e  p l a n t  is r e q u i r e d  f o r  
s i g n i f i c a n t  i n c r e a s e s  i n  s o y b e a n  y i e l d s .  
P o s s i b l e  a l t e r a t i o n s  o f  t h e  m o d e l  r e q u i r e d  t o  
mimic a c t u a l  s o y b e a n  s e e d  g r o w t h  a r e  
p r c s e n t e d .  ( ~ u t h . )  

NODEL TYPE: m e c h a n i s t i c  
COIIENT: Model  a d d r e s s e s  a  p h y s i o l o g i c a l  

q u e s t i o n .  T h e  i m p a c t  o f  t e c h n o l o g y  o n  s e e d  
y i e l d  c o u l d  b e  p a r t i a l l y  e v a l u a t e d  b u t  r e s u l t  
w o u l d  n o t  b e  v a l i d a t e d .  

(169, 
S i n c l a i r .  T.R., a n d  E.R. Lemon. 1970 .  

P e n e t r a t i o n  o f  p h o t o s y n t h e t i c a l l y  a c t i v e  
r a d i a t i o n .  Lgron .  J .  66:201-205.  

ABSTRLCT: T h e  p e n e t r a t i o n  a n d  d i s t r i b u t i o n  o f  
l i g h t  i n  l e a f  o a n o p i c c  a r c  e c o e n t i a l  d a t a  t o  
u n d e r s t a n d i n g  t h e  p h o t o s y n t h e t i c  p r o d u c t i v i t y  
o f  a  c r o p .  L i g b t  s e n s o r s  w h i c h  m e a s u r e  
ph, t o s  y n t  h e t  i c a l l y  a c t i v e  r a d i a t i o n  w e r e  
c o n s t r u c t e d  a n d  t r a v e r s e d  t h r o u g h  t h e  l e a f  
c a n o p i e s  o f  s i x  t y p e s  o f  c o r n  (ZEL MAYS L.) 
t o  o b s e r v e  r a d i a t i o n  p e n e t r a t i o n .  - 0 n d e r  
c l e a r  s k y  c o n d i t i o n s  t w o  m a j o r  i r r a d i a n c e  
l e v e l s  w e r e  o b s e r v e d  i n  t h e  c o r n  c a n o p i e s .  
One i r r a d i a n c e  l e v e l  w a s  s l i g h t l y  l e s s  t h a n  
t h e  t o t a l  r a d i a t i o n  a b o v e  t h e  c r o p  a n d  
r e p r e s e n t e d  t h e  o c c u r r e n c e  o f  s u n f l e c k s  
p e n e t r a t i n g  i n t o  t h e  c a n o p y .  T h e  s e c o n d  
i r r a d i a n c e  l e v e l  w a s  much l e s s  t h a n  t h e  f i r s t  
a n d  was  c o m p r i s e d  o f  s k y  r a d i a t i o n  a n d  
r a d i a t i o n  s c a t t e r e d  by l e a v e s .  H o w e v e r ,  a  
d e c r e a s e  i n  t h e  a m o u n t  o f  d i r e c t  s o l a r  
r a d i a t i o n  b y  e i t h e r  a n  o v e r c a s t  s k y  o r  a  low 
s u n  a n g l e  r e s u l t e d  i n  a  s i n g l e ,  b r o a d - b a n d  
i r r a d i a n c e  l e v e l .  T h e  d a t a  o n  s u n f l e c k  
p e n e t r a t i o n  a l s o  p r o v i d e d  a  b a s i s  f o r  t e s t i n g  
t w o  p h y s i c a l  m o d e l s  o f  l i g h t  p e n e t r a t i o n  i n  
l e a f  c a n o p i e s .  D a t a  f r o m  c o r n  p l a n t e d  i n  a  
u n i f o r m ,  h e x a g o n a l  p a t t e r n  was  i n  g o o d  
a g r e e m e n t  w i t h  t h e  P o i s s o n  m o d e l  w h i c h  
a s s u m e s  a  r a n d o m  l e a f  d i s t r i b u t i o n .  However,  
t h e  n a r k o v  c h a i n  m o d e l  w h i c h  i n t r o d u c e s  a  
f r e q u e n c y  g a p  p a r a m e t e r ,  l a m b d a ,  t o  a c c o u n t  
f o r  n o n u n i f o r m  l e a f  d i s t r i b u t i o n  w a s  r e q u i r e d  
t o  o b t a i n  g o o d  a g r e e m e n t  w i t h  d a t a  r e c o r d e d  
i n  t h e  c a n o p y  o f  c o r n  p l a n t e d  i n  r o w s  7 6  cm 
a p a r t .  T h i s  w a s  e s p e c i a l l y  t r u e  f o r  t h e  t o p  
p a r t  o f  t h e  r o w - p l a n t e d  c o r n  w h e r e  s m a l l ,  
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< 1 6 9 >  CONT. g o v e r n m e n t s  c o n s i d e r  t h e  e s t a b l i s h m e n t  o f  a  
s h o r t  l e a v e s  r e s u l t e d  i n  l a r g e  g a p s  f o r  o n e - h o u r  s u l f u r  d i o x i d e  a i r  q u a l i t y  s t a n d a r d  
r a d i a t i o n  p e n e t r a t i o n .  The n a r k o v  m o d e l  o f  1 . 1 8  ppm o r  l e s s .  F u r t h e r  r e s e a r c h  is 
would  b s  n e c e s s a r y ,  f o r  i n s t a n c e ,  t o  r ecommended  t o  e v a l u a t e  t h e  p o s s i b l e  
d e t e r m i n e  t h e  p e n e t r a t i o n  o f  s y n e r g i s t i c  e f f e c t  of s u l f u r  d i o x i d e ,  
p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  t o  t h e  n i t r o g e n  o x i d e s ,  a n d  o t h e r  a t m o s p h e r i c  
l e a v e s  i n  t h e  m i d d l e  o f  t h e  c a n o p y .  p o l l u t a n t s .  (Auth.)  
N e v e r t h e l e s s ,  t h e  P c i s s o n  m o d e l  g a v e  g o o d  nODEL TYPE: p a r a m e t r i c  
s g r e e m e n t  w i t h  t h e  m e a s u r e d  v a l u e s  f o r  COllIENT: T h e  m o d e l  is r e l a t i v e l y  s i m p l e  a n d  
m d i a t i o n  i n t e r c e p t e d  by t h e  e n t i r e  c a n o p y  o f  c o u l d  b e  a p p l i e d  i n  o t h e r  a s s e s s m e n t  
t h e  r o w - p l a n t e d  c r o p .  (Ru th . )  s i t u a t i o n s .  

YODEL -YPE: p a r a m e t r i c  
CCHnt'NT: u s e f u l  a l t e r n a t i v e  r e p r e s e n t a t i o n  o f  

l i s h t  d i s s i p a t i o n  i n  a  c r o p  t o  t h e  < 1 7 3 >  
B o u g u e r - L a m b e r t  law.  S t e w a r t ,  D.Y., a n d  E. R. Lemon. 1969 .  T h e  e n e r g y  

b u d g e t  a t  t h e  e a r t h ' s  s u r f a c e :  A s i m u l a t i o n  
o f  n e t  p h o t o s y n t h e s i s  o f  f i e l d  c o r n .  

<17C? R e s e a r c h  a n d  D e v e l o p m e n t  T e c h n i c a l  R e p o r t  
s p e d d i n g .  C. R.W. 1941.  R g r i c u l t u r a l  e c o s y s t e m s .  ECOtl 2-68  1 - b ,  0.5. Army E l e c t r o n i c s  Command, 

o u t l o o k  n g r i c .  6 : 2 ~ 2 - 2 ~ 7 .  R t m o s p h e r i c  S c i e n c e s  Lab . ,  P o r t  Huachuca ,  LZ. 
RESTPACT: T h e  d e f i n i t i o n  o f  a  p a r t i c u l a r  tionel TYPE: m e c h a n i s t i c  

a g r i c u l t u r a l  e c o s y s t e m  is  i n h e r e n t l y  CORnENT: ~ e p o r t  p r o v i d e s  a n  e x t e n s i v e  o v e r v i e w  
' d i f f i c u l t ,  p a r t l v  b e c a u s e  o f  t h e  c o m p l e x i t y  o f  t h e  s s i l - p l a n t - a t m o s p h e r e  m o d e l  (SPLn) 
o f  e v e n  t h e  s i m p l e s t  s y s t e m  a n d  p a r t l y  t h a t  h a s  b e e n  u s e d  e x t e n s i v e l y  i n  
b e c a u s e  c f  t h e  d i f f u s e  c h a r a c t e r  o f  i ts  a g r i c u l t u r a l  m o d e l i n g  r e s e a r c h .  n o d e 1  c a n  b e  
p e r i p h e r y .  N e v e r t h e l e s s .  t h e  g e n e r a l  c o n c e p t  a d a p t e d  f o r  a s s e s s m e n t  o f  t e c h n o l o g y  i m p a c t s .  
of  a g r i c u l t u r a l  e c o s y s t e m s  h a s  g a i n e d  
w i d e s p r e a d  a c c e p t a n c e  i n  s c i e n t i f i c  c i r c l e s .  
T h i s  is f o r t u n a t e ,  a s  a n  u n d e r s t a n d i n g  o f  t h e  < 17U> 
c o n c e p t  is i n d i s p e n s a b l e  i n  a n y  c o n s i d e r a t i o n  T a k a k u r a ,  T., J .  G o u d r i a a n .  a n d  W. L o u w e r s e .  
of  t h e  r c l e  o f  a g r i c u l t u r e  i n  t h e  economy o f  1975 .  A b e h a v i o u r  m o d e l  t o  s i m u l a t e  s t o m a t a 1  
t h i s  f r a g i l e  w c r l d  o f  o u r s .  ( R u t h . )  r e s i s t a n c e .  A g r i c .  n e t e o r o l .  1 5 : 3 9 3 - ~ 0 4 .  

NODEL TYPE: c c n c e p t u a l  ABSTRLCT: T h e  p u r p o s e  of t h e  p r e s e n t  s t u d y  is t o  
COnnOIT: o u t l i n e s  a  s y s t e m s  a n a l y s i s  v i e w p o i n t  m a k e  a  b e h a v i o u r  m o d e l  w h i c h  m i g h t  h a v e  a  

o f  a g r i c u l t u r a l  e c o s y s t e m s .  d i f f e r e n t  s t r u c t u r e  f r o m  t h e  r e a l  s y s t e m  b u t  
a c t s  i n  t h e  s a m e  way a s  t h e  r e a l  s y s t e m  d o e s  
i n  t h e  r e g i o n  c o n s i d e r e d .  I n  t h e  p r e s e n t  . 

< 1 7 1 >  m o d e l ,  t h e  b a s i c  w o r k i n g  h y p o t h e s e s  a r e  a  
S p l i n t e r ,  W.E. 1 9 7 4 .  n o d e l l i n g  o f  p l a n t  g r o w t h  f u n c ? i o n a l  r e l a t i o n s h i p  b e t w e e n  s t o m a t a 1  

for  g i n l a  p r e d i c t i o n .  A g r i c .  n e t e o r o l .  r e s i s t a n c e  a n d  i n t e r n a l  CO(2) c o n c e n t r a t i o n  
1U :2U3-253.  a n d  a n  e f f e c t  o f  l e a f  t e m p e r a t u r e  o n  i n t e r n a l  

RPST9RC': R  c o r n  g r o v t h  m o d e l  is p r e s e n t e d  which r e s i s t a n c e .  It is f o u n d  t h a t  s t o m a t a 1  
r e q u i r e s  t h r e e  b a s i c  i n p u t  p a r a m e t e r s :  r e s i s t a n c e  i n  t h e  m o d e l  r e s p o n d s  t o  c h a n g e s  
a v e r a g e  d a i l y  l i g h t  i n t e n s i t y  (ly), a v e r a g a  i n  l i g h t ,  e x t e r n a l  CO ( 2 )  c o n c e n t r a t i o n  a n d  
d a i l y  t e m p e r a t u r e  (deg .  C) a n d  s o i l  l e a f  t e m p e r a t u r e  i n  a  way w h i c h  is 
~ s i s t a n c e  b l o c k  r e a d i n g  (ohm). C o m p a r i s o n  e x p e r i m e n t a l l y  c o n f i r m e d .  R t  t h e  p r e s e n t  
w i t h  f i e l d  m e a s u r e m e n t s  t a k e n  d u r i n g  t h e  s t a g e  o f  w o r k  o n  p l a n t  g r o w t h  s i m u l a t i o n .  t h e  
summer  o f  1 9 7 2  i n d i c a t e s  r e a s o n a b l e  f i t ,  m o d e l  may b e  good  e n o u g h  t o  a c c o u n t  f o r  t h e  
a l t h o u g h  t h e  we t  s e a s o n  d i d  n o t  a l l o w  a  t e s t  r a t h e r  c o m p l i c a t e d  i n t e r a c t i o n s  t h a t  g o v e r n  
o f  t h e  s o i l  m o i s t u r e  c o m p o n e n t  o f  t h e  model .  s t o m a t a 1  movement ,  a l t h o u g h  s o m e  c l e a r  
( R u t h . )  phenomena  c a n n o t  b e  e x p l a i n e d .  ( L u t h . )  

HODEL TYPB: p a r a m e t f i t  novel. . i ' k P r  m e c h a n i s t i c  
COnn9(?:  n o d e 1  is t u n e d  f o r  N e b r a s k a  c o n d i t i o n s  COIIREN?: T h i s  m o d e l  c a n  b e  i n c l u d e d  i n  m o r e  

a n d  c o u l d  be a d a p t e d  f o r  a s s e s s m e n t .  c o m p r e h e n s i v e  p l a n t s  m o d e l s .  I m p a c t s  o n  
s t o m a t a l  b e h a  v i o u r  c o u l d  b e  e v a l u a t e d .  

< 1 7 2 >  
S t e v e n s .  T.A.. a n d  T.W. H a z e l t o n .  1 9 7 6 .  S u l f u r  < 175>  

d i o x i d e  p o l l u t i o n  a n d  c r o p  d a m a g e  i n  t h e  f o u r  T a k a m i ,  S., a n d  C.H.M. v a n  B a v e l .  1975 .  
c o r n e r s  r e g i o n :  A s i m u l a t i o n  a n a l y s i s .  N u m e r i c a l  e x p e r i m e n t s  o n  t h e  i n f l u e n c e  o f  
A q r i c .  Exp.  S t a .  B u l l .  6U7. CO(2)  r e l e a s e  a t  g r o u n d  l e v e l  o n  c r o p  

AESTQRC?: R  s i m u l a t i o n  m o d e l  w a s  d e v e l o p e d  t o  a s s i m i l a t i o n  a n d  w a t e r  u s e .  L g r i c  n e t e o r o l .  
f o r e c a s t  t h e  i m p a c t  o f  s u l f u r  d i o x i d e  15 :  193-203 .  
w l l u t i o n  upon  c r o p  y i e l d s  i n  t h e  P o u r  RBSTRLCT: R  m o d e l  t o  s i m u l a t e  t h e  e f f e c t  o f  
C o r n e r s  r e g i c n .  R l f a l f a ,  w h i c h  is e x t r e m e l y  i n c r e a s e d  c a r b o n  d i o x i d e  l e v e l s  o n  t h e  g a s  
s e n s i t i v e  t o  s u l f u r  d i o x i d e ,  a n d  w i n t e r  e x c h a n g e  by a  c r o p  c a n o p y  w a s  d e v e l o p e d .  T h e  
w h e a t ,  w h i c h  Is l e s s  s u s c e p t i b l e ,  were  d i s t r i b u t i o n  o f  c a r b o n  d i o x i d e  i n  t h e  c a n o p y .  
w l e c t e d  f o r  a n a l y s i s .  I m p a c t s  w e r e  r e l e a s e d  f r o m  a  g r o u n d  l e v e l  a r e a  s o u r c e ,  w a s  
s v a l u a t e d  b y  o i m u l i t i n g  t h c  r e l a t i o n s h i p  calculated b y  a  m e t h o d  r e p o r t e d  e l s e w h e r e .  
b e t w e e n  t h e  c o n c e n t r a t i o n  o f  s u l f u r  d i o x i d e ,  I n  t h i s  s u b m o d e l ,  t h e  wiB3 s p e e d  i n  t h e  c r o p  
t h e  d u r a t i o n  o f  e x p o s u r e ,  l e a f  a r e a ,  a n d  s u r f a c e  b o u n d a r y  l a y e r .  t h o  CO(2) 
y i e l d .  T h r e e  p o l i c y  i m p l i c a t i o n s  were  c o n o e i ~ t r a t i u n  a t  t h e  u p w i n d  e d g e  o f  t h e  
d e r i v e d  f r o m  t h e  a n a l y s i s .  F i r s t ,  a  r e l e a s e  a r e a ,  t h e  CO(2) r e l e a s e  r a t e ,  a n d  t h e  
c o m p a r i s o n  o f  m o n i t o r e d  s u l f u r  d i o x i d e  a e r o d y n a m i c  c a n o p y  p a r a m e t e r s  ( c r o p  h e i g h t ,  
w n c e n t r a t i o n s  w i t h  t h e  c o n c e n t r a t i o n s  which  z e r o - p l a n e  d i s p l a c e m e n t  and  r o u g h n e s s  l e n g t h )  
were c a l c u l a t e d  t o  p r o d u c e  c r o p  d a m a g e  w e r e  t h e  i n p u t s .  T h e  r a d i a n t  e n e r g y  
i n d i c a t e s  t h a t  e c o n o m i c  l o s s e s  a r e  p r o b a b l y  d i s t r i b u t i o n  i n s i d e  t h e  c a n o p y  w a s  c o m p u t e d  
n o t  o c c u r r i n g  a s  a  r e s u l t  o f  s u l f u r  d i o x i d e  b y  a  m o d i f i e d  D u n c a n - S t e w a r t  s u b m o d e l ,  u s i n g  
p o l l u t i o n  i n  t h e  P o u r  C o r n e r s  r e g i o n .  l e a f  a r c h i t e c t u r e  a n d  o p t i c s  a s  i n p u t s .  
S e c o n d ,  it w a s  c c n c l u d e d  t h a t  t h e  e x i s t i n g  U s i n g  t h e  o u t p u t s  o f  t h e  s u b m o d e l s  a n d ' t h e  
a m b i e n t  a i r  q u a l i t y  s t a n d a r d s  f o r  3  a n d  20  a i r  t e m p e r a t u r e ,  d e w p o i n t  a n d  e f f e c t i v e  s o i l  
h o u r s  a r e  s u f f i c i e n t  t o  p r e v e n t  damage  t o  w a t e r  p o t e n t i a l  a s  i n p u t s ,  a  l e a f  g a s  a n d  
a g r i c u l t u r a l  c r o p s .  T h i r d ,  s i n c e  e n e r g y  e x c h a n g e  s u b m o d e l  c a l c u l a t e d  C0 (2 )  a n d  
a q r i c u l t u r a l  c r o p s  c a n  b e  d a m a g e d  by a  w a t e r  v a p o r  f l u x e s  f o r  e a c h  l e a f  l a y e r ,  e a c h  
s h o r t - t e r m  e x p o s u r e  t o  s u l f u r  d i o x i d e .  it i s  c h a r a c t e r i z e d  b y  p h y s i o l o g i c a l  p a r a m e t e r s  
r e c o m m e n d e d  t h a t  f e d e r a l  a n d  s t a t e  t h a t  were a s s u m e d  c o n s t a n t  w i t h  h e i g h t .  T h e  
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< 1 7 5 >  COAT. 
g l s  e x c h a n g e  o f  two sorghum c a n o p i e s  was 
c a l c u l a t e d  by t h e  p r o p o s e d  model f o r  a  c r o p  
q ~ o w t h  i n  c e n t r a l  Texas.  The e f f i c i e n c y  of 
CO(2) e n r i c h m e n t  ( t h e  i n c r e a s e  i n  t h e  CO(2) 
a s s i m i l a t i o n  r a t e  d i v i d e d  by t h e  CO(2) 
r e l e a s e  r a t e )  was s i g n i f i c a n t  o n l y  a t  a  h i g h  
i r r a d i a n c e  l e v e l  and  a  low wind speed .  An 
e f f i c i e n c y  o f  13% was p r e d i c t e d  f o r  a  s p a r s e  
a n d  r o u q h  c a n o p y  a t  a  g l o b a l  i r r a d i a n c e  o f  
a b o u t  1.000 w/m**2 and a t  a  wind s p e e d  oP 0.5 
m/sec. It  was 16% f o r  a  d e n s e  and smooth  
canopy.  The C0 (2) c o n c e n t r a t i o n  h a l f  wa y  i n t o  
t h e  d e n s e r  c a n o p g  was  3.6 g/m**3 (1 ,997  ppm) 
h i g h e r  t h a n  t h e  a m b i e n t  l e v e l .  a t  a  wind 
s p e e d  of 0.5 m/sec a t  2  m h e i g h t ,  f o r  a  
r e l e a s e  r a t e  o f  0.01 g/m**2/sec ( 3 6 0  
kq/ha/h) . When CO (2)  was c o n t i n u o u s l y  
r e l e a s e d  i n  a  s p a r s e  a n d  r o u g h  canopy d u r i n g  
a  c a l m  ( a v e r a g e  wind s p e e d  o f  1.2 m/sec) a n d  
clear d a y  a t  a r a t e  o f  36 g/m**Z/h. t h e  CO(2) 
c o n c e n t r a t i o n  a t  t h e  c r o p  h e i g h t  was 
m a i n t a i n e d  a t  a r o u n d  3 9 0  ppm. Dayt ime CO(2) 
a s s i m i l a t i o n  was i n c r e a s e d  from 64  g/m**2 
w i t h o u t  r e l e a s e  t o  8 0  q/m**2 w i t h  r e l e a s e .  
The  e f f i c i e n c y  i n  t h i s  c a s e  was 0%. and  would 
h a v e  b e e n  5% f o r  a  d e n s e  and  smooth  c a n o p g .  
The d a i l y  w a t e r  u s e  e f f i c i e n c y  ( c r o p  
a s s i m i l a t i o n  d i v i d e d  by t h e  c r o p  w a t e r  u s e )  
was  e n h a n c e d  f m m  0.7% t o  1. IS. The r e s u l t s  
i n d i c a t e  t h a t  t h e  p r o p o s e d  model i s  u s e f u l  t o  
e v a l u a t e  t h e  p o s s i b i l i t i e s  o f  CO(2) 
e n r i c h m e n t  i n  f i e l d  c r o p s  i n  terms of c r o p  
CO(2) a s s i m i l a t i o n  and  w a t e r  u s e  u n d e r  s t e a d y  
st a t e  c o n d i t i o n s .  (Auth. ) 

HODEL 'TYPE: m e c h a n i s t i c  
CCIBENT: c o u l d  be  u s e d  t o  e v a l u a t e  e l e v a t e d  

a t m o s p h e r i c  CO(2) l e v e l s  i n  a q r i c u l t u r a l  
c r o p s .  

< 1 7 6 >  
F a y l o r ,  A.M., a n d  6. K l e p p e r .  1975. Water  

u p t a k e  by  c o t t o n  r o o t  s y s t e m s :  Rn 
e x a m i n a t i o n  o f  a s s u m p t i o n s  i n  t h e  s i n g l e  r o o t  
model. S o i l  S c i .  120: 57-67. 

RBSTRRCT: S e v e r a l  m a t h e m a t i c a l  m o d e l s  have  b e e n  
d e v e l o p e d  t o  d e s c r i b e  w a t e r  u p t a k e  by p l a n t  
r o o t  s y s t e m s .  T h e s e  m o d e l s  u s u a l l y  
i n c o r p o r a t e  o n e  c r  more o f  t h e  a s s u m p t i o n s  
t h a t  w a t e r  is p r o p o r t i o n a l  t o  r o o t i n g  
d e n s i t y ,  t o  s o i l  h y d r a u l i c  c o n d u c t i v i t y ,  and  
t o  t h e  w a t e r  p o t e n t i a l  d i f f e r e n c e  be tween  t h e  
m o t  s u r f a c e  nnd t . h a t  i n  h u l k  s o i l  a i d w a y  
b e t w e e n  t w o  a d j a c e n t  r o o t s .  Ln e x p e r i m e n t  
ua s c o n d u c t e d  w i t h  c o t t o n  (GOSSIPIUI 
RIRSDTnR) a t  t h e  Ruburn r h i z o t r o n  t o  t e s t  t h e  
v l  l i d i t y  of t h e s e  t h r e e  a s s u m p t i o n s .  S o i l  
w a t e r  p n t n n t i n l ,  s o i l  h y d r a u l i c  c o n d u c t i v i t g ,  
w a t e r  u o t a k e ,  and  r o o t i n g  d e n s i t y  mere 
measured  o r  e s t i m a t e d  a s  f u n c t i o n s  o f  s o i l  
d e p t h  a n d  t i m e .  L v e r a g e  p l a n t  w a t e r  
p o t e n t i a l  f o r  a  w a t e r  e x t r a c t i o n  p e r i o d  was 
e s t i m a t e d  f rom p r s s s u r e  chamber  a n d  
c o n t i n u o u s  stem d i a m e t e r  measurements .  The 
a s s u m p t i o n  t h a t  w a t e r  u p t a k e  is p r o p o r t i o n a l  
t o  r o o t i n a  d e n s i t y  was v a l i d .  However. t h e r e  
a p p e a r e n  ( o  t e  a  i a r g e  r e s i s t a n c e  i n  t h e  
pa thway f rom r o o t  e p i d e r m i s  t o  r o o t  xylem. 
The o t h e r  t w o  a s s u m p t i o n s  must be m o d i f i e d  t o  
i n c l u d e  t h i s  r e s i s t a n c e .  T h e r e f o r e ,  w a t e r  
u p t a k e  was p r o p o r t i o n a l  t o  t h e  w a t e r  
p o t e n t i a l  d i f f e r e n c e  b e t w e e n  r o o t  xylem and  
b u l k  s o i l  and  t o  t h e  h y d r a u l i c  c o n d u c t i v i t y  
of t h e  combined  s o i l - r o o t  pathway. T h e r e  was  
no d e p t h - c f - r o o t s  e f f e c t  on  t h e  v a l i d i t y  ' o f  
t h e s e  r e l a t i o n s h i p s .  (Luth . )  

NODEL TY": m e c h a n i s t i c  
CCHIIENT: P h g s i o l o g i c a l  r e s e a r c h  model a n d  

u n l i k e l y  t o  be u s e f u l  f o r  a s s e s s m e n t  needs .  

(177) 
P h o r n l e y .  J. H . I .  1972. L b a l a n c e d  q u a n t i t a t i v e  

model f o r  r o o t : s h o o t  r a t i o s  i n  v e g e t a t i v e  
p l a n t s .  Rnn. Bot. 36:U)l-UUl. 

ABSTRACT: The  v e g e t a t i v e  g r o w t h  o f  a  
two-component  p l a n t  c o n s i s t i n g  o f  r o o t  and '  
s h o o t  o n l y  is c o n s i d e r e d  i n  terms o f  t h e  
t r a n s p o r t  and  u t i l i z a t i o n  o f  t w o  r e q u i r e d  
s u b s t r a t e s ,  o n e  p r o v i d i n g  c a r b o n  a n d  t h e  
o t h e r  p r o v i d i n g  n i t r o g e n .  The model  p r o v i d e s  
a  q u a n t i t a t i v e  scheme f o r  e x a m i n i n g  how 
r o o t : s h o o t  r a t i o s  d e p e n d  upon t h e  s p e c i f i c  
a c t i v i t i e s  o f  r o o t  and  s h o o t  a n d  h e n c e  
e n v i r o n m e n t .  It h a s  been  shown t h a t  t h e  
t o t a l  s h o o t  a c t i v i t y  is p r o p o r t i o n a l  t o  t h e  
t o t a l  r o o t  a c t i v i t y  i n  a  p l a n t  u n d e r g o i n g  
s t e a d y - s t a t e  growth.  (Luth.  ) 

MODEL TYPE: p a r a m e t r i c  
COIHERT: P h y s i o l o g i c a l  r e s e a r c h  model  t h a t  c o u l d  

b e  a d a p t e d  t o  a s s e s s m e n t  p u r p o s e s .  

<118> 
T h o r n l e g ,  J.H. M. 1972. L model o f  a  b i o c h e m i c a l  

s w i t c h  and  i ts  a p p l i c a t i o n  t o  f l o w e r  
i n i t i a t i o n .  Ann. Bot.  36:861-871. 

LaSTRLCT: A s i m p l e  b i o c h e m i c a l l y  b a s e d  model is 
c o n s t r u c t e d  t h a t  e x h i b i t s  s w i t c h i n g  b e h a v i o o r  
w i t h  t w o  s t a b l e  s t e a d y  s t a t e s .  It may be 
u s e d  f o r  d e s c r i b i n g  s y s t e m s  w i t h  a l t e r n a t i v e  
p a t h w a y s  o f  d e v e l o p m e n t .  Its a p p l i c a t i o n  t o  
v e g e t a t i v e  a n d  f l o w e r i n g  g r o w t h  i n  p l a n t s  is 
d i s c u s s e d  i n  q u a l i t a t i v e  terms. (Auth.)  

BODEL TYPE: m e c h a n i s t i c  
:ORREAT: P h y s i o l o g i c a l  r e s e a r c h  a o d e l  n o t  

d i r e c t l y  s u i t a b l e  f o r  a s s e s s m e n t .  

< 179> 
T h o r n l e y ,  J . R .  I. 1972.  A model t o  d e s c r i b e  t h e  

p a r t  it i o n i n g  o f  p h o t o s y n t h a t e  d u r i n g  
v e g e t a t i v e  p l a n t  g r o w t h .  Ann. B o t .  
36: 819-930. 

LBSTRLCT: An a p p r o a c h  i s  d e s c r i b e d  t o  t h e  
p r o  b l e s  o f  m o d e l l i n g  q u a n t i t a t i v e l y  t h e  

s p a r t i t i o n i n g  of p h o t o s y n t h a t e  d u r i n g  
weget  a t i v e  p l a n t  g rowth .  Two p l a n t  p r o c e s s e s  
a t e  i m p o r t a n t  i n  t h e  scheme: t h e  f i r s t  o f  
t h e s e  is t h e  u t i l i z a t i o n  o f  s u b s t r a t e  f o r  
g r o w t h  and how t h i s  u t i l i z a t i o n  d e p e n d s  upon  
s u b s t r a t e  c o n c e n t r a t i o n ,  t h e  s e c o n d  c o n c e r n s  
t h e  t r a n s p o r t  o f  s u b s t r a t e  b e t w e e n  d i f f e r e n t  
p l a n t  ' p a r t s  a n d  how t h i s  d e p e n d s  upon t h e  
s u b s t r a t e  c o n c e n t r a t i o n s  i n  t h e  p l a n t  p a r t s .  
I n  b o t h  c a s e s  s i m p l e  p h e n o m e n o l o g i c a l  
r e l a t i o n s  h a v e  been  assumed which  seem t o  b e  
i n  r e a s o n a b l e  a c c o r d  w i t h  e x p e r i m e n t a l  d a t a  
and w i t h  more  b a s i c  t h e o r e t i c a l  
c o n s i d e r a t i o n s .  The  model is a b l e  t o  
d e s c r i b e  some o f  t h e  f e a t u r e s  o f  s t e a d y - s t a t e  
v e g e t a t i v e  p l a n t  g r o w t h  i n  a  n a t u r a l  manner.  
The l i m i t a t i o n s  o f  t h e  p r e s e n t  f o r m u l a t i o n  
a r e  c o n s i d e r e d ,  and  t h e  i m p l i c a t i o n s  o f  t h i s  
t y p e  o f  a p p r o a c h  f o r  w h o l e - p l a n t  nonnln a r e  
d i s c u s s e d .  (Luth . )  

aoDEL TYPE: m e c h a n i s t i c  . 
10IHERT: P h y s i o l o g i c a l  r e s e a r c h  model t h a t  h a s  

been  u s e d  i n  whole p l a n t  g r o w t h  models .  
a o d e l  c o u l d  b e  a d a p t e d  f o r  a s s e s s m e n t  s t u d i e s .  

< 180> 
T h o r n l e y .  J.R. B. 197U. L i g h t  f l u c t u a t i o n s  a n d  

p h o t o s y n t h e s i s .  Lnn. BOY. 38: 363-373. 
ABSTRLCT: The e f f e c t s  o f  f l u c t u a t i n g  l i g h t  OD 

p h o t o s y n t h e s i s  a r e  examined.  A s i m p l e  model 
o f  l e a f  p h o t o s y n t h e s i s  is u s e d  s o  t h a t  t h e  
a n a l y s i s .  c a n  b e  p r e s e n t e d  i n  e x p l i c i t  terms, 
t h e  t i m e - d e p e n d e n t  problem is s o l v e d ,  and  t h e  
r e s p o n s e  o f  p h o t o s y n t h e s i s  t o  s t e p  c h d n g e s  i n  
l i g h t - f l u x  d e n s i t y  is c a l c u l a t e d .  The  
p r e s e n c e  o f  l i g h t  f l u c t n a t i o n s  c a n  c a u s e  a  
d i s c r e p a n c y  be tween  m e a s u r e m e n t s  a n d  
est i m a t e s  o f  p h o t o s y n t h e s i s ;  t h e  r e l e v a n t  
f a c t o r s  a r e  t h e  r e s p o n s e  t i m e  o f  t h e  d e v i c e  
u s e d  f o r  m e a s u r i n g  l i g h t - f l u x  d e n s i t y ,  t h e  
r e s p o n s e  t i m e  of t h e  p h o t o s y n t h e t i c  s y s t e m  i n  
t h e  l e a f ,  a n d  t h e  s t e a d y - s t a t e  l i g h t  r e s p o n s e  
c u r v e  w i t h  t h e  d e g r e e  o f  o o n - l i n e a r i t y  and 
t h e  v a l u e  o f  t h e  l i g h t - f l u x  d e n s i t y  f o r  
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< 1 8 0 >  CONT. 
ma ximum p h o t o s y n t h e s i s  b e i n g  e s p e c i a l l y  
i m p o r t a n t .  Some g e n e r a l  m e t h o d s  f o r  
e s t i m a t i n g  p r a c t i c a l l y  t h e  e f f e c t s  o f  l i g h t  
f l u c t u a t i o n s  o n  p h o t o s y n t h e s i s  a r e  d e s c r i b e d .  
T h e  u s e  o f  t h e  m e t h o d s  o f  t i m e - s e r i e s  
a n a l y s i s  i n  s u c h  p r o b l e m s  i s  d i s c u s s e d .  
(Ru th . )  

3ODEL TYPE: m e c h a n i s t i c  
COUUENT: P h y s i o l o g i c a l  r e s e a r c h  m o d e l  t h a t  c o u l d  

be a d a p t e d  f o r  a s s e s s m e n t  a p p l i c a t i o n s .  

< 1 8 1 >  
T h o r n l e y ,  J . H . U . ,  a n d  R.G. Hurd. 197U. An 

a n a l y s i s  o f  t h e  g r o w t h  o f  y o u n g  t o m a t o  p l a n t s  
i n  w a t e r  c u l t u r e  a t  d i f f e r e n t  l i g h t  i n t e g r a l s  
a n d  co ( 2 )  c o n c e n t r a t i o n s .  Ann. B o t .  
38  :389-UOO. 

RBSTRRCT: ? h e  g r o w t h  a n a l y s i s  d a t a  o f  t h e  
p r e c e d i n g  p a p e r  a r e  e x a m i n e d  i n  t e r m s  o t  a  
m o d e l .  T h e  m o d e l  a s s u m e s  t h a t  p l a n t  m a t e r i a l  
c r n  b e  d i v i d e d  i n t o  t w o  c a t e g o r i e s :  
s t r u c t u r e ,  a n d  s t o r a g e ;  i t  is f u r t h e r  
s u p p o s e d  t h a t  s t o r a g e  i s  t h e  s u b s t r a t e  f o r  
ctr11rt11rn1 g r n w t h ,  a n d  t h a t  t h e  r a t e  n f  
s t r u c t u r a l  g r o w t h  d e p e n d s  o n  t h e  a m o u n t  of  
s t o r a g e  s u b s t r a t e  p r e s e n t .  T h e  m o d e l  h a s  
t h r e e  p a r a m e t e r s .  o n e  o f  w h i c h  r e l a t e s  t o  t h e  
s o u r c e ,  a n d  t h e  o t h e r  t w o  c h a r a c t e r i z e  t h e  
s i n k .  T h e  m o d e l  q i v e s  a  r e a s o n a b l e  
d a s c r i p t i o n  o f  t h e  d a t a  c o n s i d e r e d ,  
s u g g e s t i n g  t h a t .  i n  t h e  v e g e t a t i v e  t o m a t o  f o r  
a  g i v e n  t e m p e r a t u r e ,  t h e  m a j o r  e f f e c t  o f  t h e  
t r e a t m e n t s  w a s  o n  n e t  a s s i m i l a t i o n  r a t e ;  t h e  
c h a n g e s  o b s e r v e d  i n  r e l a t i v e  g r o u t  h  r a t e  a n d  
l e a f  a r e a  r a t i o  w e r e  t h e n  a  r e s u l t  of  t h e  
a l t e r e d  n e t  a s s i m i l a t i o n  r a t e .  I t  a l s o  
s u q q e s t s  t h a t ,  o v e r  t h e  r a n q e  o f  e n v i r o n m e n t s  
c o n s i d e r e d ,  t h e  r e l a t i v e  g r o w t h  r a t e  c a n n o t  
be a s c r i b e d  t o  s o u r c e  o r  s i n k  a l o n e .  b u t  b o t h  
a r e  i m p o r t a n t  d e t e r m i n a n t s  o f  g r o w t h .  ( A u t h . )  

none!. T Y P E :  p a r a m e t r i c  
CCUUERT: R g r o w t h  a n a l y s i s  m o d e l  t h a t  c o u l d  b e  

a p p l i e d  t o  g r e e n h o u s e  c r o p  i m p a c t s  o f  
t e c h n o l o g y .  

< 1 0 2 >  
T h o r n t h w a i t e .  C.W., J.R. R a t h e r ,  a n d  J.R. 

Nakamura .  1960 .  u o v e m e n t  o f  r a d i o s t r o n t i u m  
i n  s o i l s .  S c i e n c e  131: 1 0 1 5 - 1 0 1 9 .  

40nRL TY8P.z p a r a m e t r i c  
CCUUEV?: C o u l d  b e  a p p l i e d  t o  p o l l u t a n t  l e a c h i n g  

a s s e s s m e n t s  i n  a g r i c u l t u r a l  s o i l s  a l t h o u g h  
more  m e c h a n i s t i c  m o d e l s  a r e  now a v a i l a b l e .  

< 1 8 3 >  
T j e o k e m a ,  J.D.. a n d  C.S. Yocum. 1 9 7 3 .  

P e s p i r a t i o n  a n d  o x y g e n  t r a n s p o r t  i n  s o y b e a n  
n o d u l e s .  P l a n t a  ( B e r l . )  115:59-72.  

RBSTRLC?: T h e  r e s p i r a t i o n  r a t e  o f  i n d i v i d u a l  
s o y b e a n  (GLYCINE URX Uerr.) n o d u l e s  w a s  
m e a s u r e d  a s  a  t u n c t i o n  o t  p O ( 2 )  a n d  
t e m p e r a t u r e .  R t  2 3  d e g . ,  a s  t h e  p 0  ( 2 )  was 
i n c r e a s e d  f r o m  0 . 1  t o  0.9 a t m ,  t h e r e  w a s  a  
l i n e a r  i n c r c a s o  i n  r c s p i r a t i o n  r a t e .  A t  1 3  
d e g . ,  s i m i l a r  r e s u l t s  w e r e  o b t a i n e d .  e x c e p t  
t h a t  t h e r e  w a s  a n  a b r u p t  s a t u r a t i o n  o f  
~ s p i r a t i o n  a t  a p p r o x i m a t e l y  0.5 a t m  p 0  ( 2 ) .  
When m e a s u r e m e n t s  were made o n  t h e  s a m e  
n o d u l e ,  t h e  r a t e  o f  i n c r e a s e  i n  r e s p i r a t i o n  
w i t h  pO(2)  w a s  t h e  s a m e  a t  1 3  d e g .  a n d  2 3  
d e g .  R d d i t i o n a l  r e s u l t s  were  t h a t  5% CO i n  
t h e  g a s  p h a s e  h a d  n o  e f f e c t  o n  r e s p i r a t i o n ,  
e x c e p t  f o r  a  s m a l l  d e c r e a s e  i n  t h e  pO ( 2 )  a t  
w h i c h  r e s p i r a i  on b e c a m e  s a t u r a t e d .  R l s o ,  
n o d u l e s  s t i l l  a t t a c h e d  t o  t h e  s o y b e a n  r o o t  
d i s p l a y e d  t h e  s a m e  r e s p i r a t o r y  b e h a v i o r  a s  
d e t a c h e d  n o d u l e s .  A m o d e l  f o r  o x y g e n  
t r a n s p o r t  i n  t h e  n o d u l e  i s  p r e s e n t e d  w h i c h  
e x p l a i n s  t h e s e  r e s u l t s  q u a n t i t a t i v e l y .  The  
g s e n c e  o f  t h e  m o d e l  is  t h a t  t h e  r e s p i r a t i o n  
r a t e  o f  t h e  c e n t r a l  t i s s u e  o f  t h e  n o d u l e  i s  
a l m o s t  e n t i r e l y  d e t e r m i n e d  by t h e  r a t e  of 

o x y g e n  d i f f u s i o n  t o  t b e  r e s p i r a t o i y  enzymes .  
E v i d e n c e  is g i v e n  t h a t  t h e  n o d u l e  c o r t e x  i s  
t h e  s i te  o f  a l m o s t  a l l  o f  t h e  r e s i s t a n c e  t o  
o x y g e n  d i f f u s i o n  w i t h i n  t h e  n o d u l e .  (Auth.)  

UODEL TYPE: m e c h a n i s t i c  
COUUENT: T h i s  s t u d y  u s e s  t h e  m o d e l  d e s c r i b e d  b y  

Lommen e t  a 1  (1971)  P l a n t a  98: 195-220 .  Its 
a d a p t a t i o n  t o  o x y g e n  t r a n s p o r t  t o  d o d u l e s  may 
a l s o  b e  u s e d  f o r  a s s e s s m e n t  a l t h o u g h  t h e  
m o d e l  is o r i e n t e d  t o  p h y s i o l o g i c a l  r e s e a r c h .  

<18U> 
T o r s s e l l ,  8.1. R., a n d  1.0.  W i c h o l l s .  1 9 7 6 .  L 

c o m p a r i s o n  b e t w e e n  t w o  m o d e l s  f o r  p l a n t  
c o m p e t i t i o n .  R u s t .  J .  E c o l .  1:29-35. 

RBSTRACT: T h e  d i f f e r e n t i a l  e q u a t i o n  o f  d e  W i t  
(1970)  w h i c h  p r e d i c t s  t h e  g r o w t h  o f  p l a n t  
s p e c i e s  i n  m i x t u r e s  f r o m  t h e i r  y i e l d - d e n s i t y  
r e s p o n s e  i n  m o n o c u l t u r e s  i s  c o m p a r e d  w i t h  a  
s i r p l e r  e q u a t i o n .    his mode l  i s  a l s o  b m e d  
o n  t h e  y i e l d - d e n s i t y  r e s p o n s e  o f  s p e c i e s  
g rown i n  m o n o c u l t u r e s ,  b u t  is s t a t i c  a n d  
p r e d i c t s  o n l y  t h e  n e t  r e s u l t  o f  p l a n t  
c o m p e t i t i o n  d u r i n g  d i s c r e t e  time p e r i o d s .  
n n t n  f rnm s u c c e s s 1 , v e  h n r v e s t s  i n  
y i e l d - d e n s i t y  e x p e r i m e n t s  i n  m o n o c u l t u r e s  o f  
o n e  g r a s s  a n d  t w o  l e g u m e  s p e c i e s  w e r e  f i t t e d  
t o  b o t h  m o d e l s  a n d  t h e  r e l a t i v e  r e p r o d u c t i v e  
r a t e  a n d  t h e  r e l a t i v e  r e p l a c e m e n t  r a t e  were  
c a l c u l a t e d  f r o m  m o d e l  p r e d i c t i o n s .  
P r e d i c t i o n s  f r o m  o u r  m o d e l  a g r e e d  more  
c l o s e l y  w i t h  o b s e r v a t i o n s  t h a n  p r e d i c t i o n s  
f r o m  t h e  d e  W i t  m o d e l .  It is c o n c l u d e d  t h a t  
o u r  m o d e l  d e s e r v e s  f u r t h e r  a t t e n t i o n  i n  t h e  
s t u d i e s  o f  p o p u l a t i o n  d y n a m i c s  i n  m i x t u r e s  
when t h e  f i n a l  o u t c o m e  o f  c o m p e t i t i o n  is t h e  
m a i n  i n t e r e s t .  (Auth.)  

HODEL TYPE: p a r a m e t r i c  
COUUENT: U o d e l  c o u l d  b e  a d a p t e d  t o  e v a l u a t e  

t e c h n o l o g y  i m p a c t s  o n  p l a n t  c o m p e t i t i o n .  

< 1 8 5 >  
T r a v i s .  J.R. 1974 .  A m o d e l  f o r  p r e d i c t i n g  t h e  

r e d i s t r i b u t i o n  o f  p a r t i c u l a t e  c o n t a m i n a n t s  
f r o m  s o i l  s u r f a c e s .  I n :  Enge lmann ,  R. 3. ; 
S c h m e l ,  G .  A.  ( e d s . ) ,  A t m o s p h e r e - s u r f a c e  
e x c h a n g e  o f  p a r t i c u l a t e  a n d  g a s e o u s  
p o l l u t a n t s ,  p p .  906-9Uu. ERDA Symp. s e r i e s  
38.  T e c h n i c a l  I n f o r m a t i o n  C e n t e r ,  DOE, 
W a s h i n g t o n ,  DC. 

PBSTRlCT: L c o m g l l t e r i a e d  m n d e l  was  d o v e l n p e r l  t o  
d e s c r i b e  t h e  r e d i s t r i b u t i o n  o f  w i n d - e r o d i n g  
s o i l - c o n t a n i n a n t  m i x t u r e s .  P o t e n t i a l l y  
m o b i l e  p a r t i c u l a t e  c o n t a m i n a n t s  c a n ,  i n  t h e  
f i r s t  a p p r o x i m a t i o n ,  b e  a s s u b e d  t o  b e  
i n d i s t i n g u i s h a b l e  f r o m  t h e  w i n d - e r o d i n g  s o i l  
i n  w h i c h  t h e y  are d i s t r i b u t e d .  A g r i d  
n e t w o r k  c h a r a c t e r i z e s  i m p o r t a n t  s o i l  a n d  
s u r f a c e  c o n d i t i o n s ,  a n d  m a s s  c o n s e r v i n g  
c o n t r o l  v o l u m e s  a r e  c o n s t r u c t e d  o n  e a c h  cel l .  
U a t e r i a l  is t r a n s p o r t e d  t h r o u g h  t h e  v e r t i c a l  
a n d  t o  s u r f a c e s  o f  a  c o n t r o l  v o l u m e  by a  
m o d i f i e d  B a q n o l d - C h e p i l  h o r i z o n t a l  f l u x  
f o r m u l a t i o n  a n d  m o d i f i e d  G i l L c t t e  v c r t i c a l  
f l u x  f o r m u l a t i o n ,  r e s p e c t i v e l y .  T h e  v e r t i c a l  
e m i s s i o n s .  c o n s i d e r e d  a s  p u f f s  f r o m  a r e a  
s o u r c e s ,  c r e a t e  a t  r e g u l a r  t i m e  i n t e r v a l s  a  
c o n t a m i n a n t  c l o u d  p r o p o r t i o n a l  t o  t h e  
s u s p e n  d a b l e  g r o u n d  c o n c e n t r a t i o n .  T h e s e  
p u f f s  d i f f u s e  downwind  u n d e r  t i m e - d e p e n d e n t  
wind  v e l o c i t y  a n d  a t m o s p h e r i c  s t a b i i i t y  
c o n d i t i o n s .  m a i n t a i n i n g  d u r i n g  t h e  i n t e r v a l  a  
t h r e e - d i m e n s i o n a l  G a u s s i a n  d i s t r i b u t i o n  o f  
c o n c e n t r a t  i o n s  w i t h  c l o u d  v o l u m e .  U a t e r i a l  
f r o m  e a c h  p u f f  is d e p o s i t e d  i n  downwind  
c e l l s .  l e a d i n g  t o  t h e  p o s s i b i l i t y  o f  many 
d i f f e r e n t  f l i g h t s  f r o m  t h e s e  new s o u r c e s .  T h e  
u s e ' f u l n e s s  o f  t h i s  p r e d i c t i v e  t o o l  is 
d e m o n s t r a t e d  by c a l c u l a t i o n s  i n v o l v i n g  
m i x t u r e s  o f  p a r t i c u l a t e  2 3 8 P u 0 ( 2 )  i n  h i g h l y  
e r o d i b l e  s o i l s  u n d e r  d u s t  s t o r m  c o n d i t i o n s .  
Tim e - d e p e n d e n t  s u r f a c e  c o n c e n t r a t i o n  a n d  
b r e a t h i n g  z o n e  e x p o s u r e  i s o p l e t h s ,  e v o l v i n g  
f r o m  a  s m a l l  c o n t a m i n a t e d  a r e a ,  s h o w  t h e  



APPENDIX A 
Agri cul tural  Model s (conti nued) 

<1B5> CONT. 
p o t e n t i a l  h a z a r d  f r o m  w i n d - e r o d i n g  t o x i c  
m a t e r i a l s .  (Auth.) 

MODEL TYPE: m e c h a n i s t i c  
CCnMERT: Model c o u l d  be  a p p l i e d  t o  e v a l u a t e  

ma t e r i a l  t r a n s p o r t  t o  a n d  w i t h i n  a g r i c u l t u r a l  
f i e l d s  f  rcm t e c h n o l o g y  s o u r c e s .  

<1R6> 
T r u e d e l l ,  \.R., and 8.1. J o n e s .  197U. WATEQ, a 

c o m p u t e r  proqram f o r  c a l c u l a t i n g  c h e m i c a l  
e q u i l i b r i a  o f  n a t u r a l  w a t e r s .  J. Res. O.S. 
Geol .  S u r v e y  2: 233- 248. 

RBSTRACT: The Computer  p rogram,  WATEP, 
c a l c u l a t e d  t h e  e q u i l i b r i u m  d i s t r i b u t i o n  o f  
i n o r g a n i c  a q u e o u s  s p e c i e s  o f  m a j o r  and  
i m p o r t a n t  minor  e l e m e n t s  i n  n a t u r a l  w a t e r s  
u s i n g  t h e  c h e m i c a l  a n a l y s i s  and i n  s i t u  
E a s u r e m e n t s  o f  t e a p e r a t u r e ,  DR. a n d . r e d o x  
p o t e n t i a l .  Prom t h i s  model,  t h e  s t a t e s  o f  
r e a c t i o n  o f  t h e  w a t e r  w i t h  s o l i d  a n d  g a s e o u s  
p h a s e s  a r e  c a l c u l a t e d .  Thermodynamic 
s t a b i l i t i e s  o f  a q u e o u s  s p e c i e s ,  m i n e r a l s ,  a n d  
g l s e s  h a v e  been  s e l e c t e d  f rom a  ' c a r e f u l  
c o n s i d e r a t i o n  of a l l  a v a i l a b l e  e x p e r i m e n t a l  
d a t a .  The  program is w r i t t e n  i n  PL-1 f o r  IBM 
369 c o m p u t e r s .  (Auth.) 

MODEL TTPY: m e c h a n i s t i c  
CCM5ENT: A d e t a i l e d  model t h a t  c o u l d  e v a l u a t e  

i m p a c t s  o f  t e a p e r a t u r e ,  pH a n 3  r e d o x  
p o t e n t i a l  c h a n g e s  o n  c h e m i c a l  e q u i l i b r i a  of 
v e l l  w a t e r  and  s t r e a m s .  

< 187> 
r a n  Ba p e l ,  C.H.M. 1975. A b e h a v i o r a l  e q u a t i o n  

f o r  l e a f  c a r b o n  d i o x i d e  a s s i m i l a t i o n  and  a  
test o f  its v a l i d i t y .  P h o t o s y n t h e t i c a  
9 f  2) : 165-176. 

RBsTPAc'?: 1 s e t  o f  t w o  s i m p l e  e q u a t i o n s  
d e s c r i b e s  t h e  j o i n t  e f f e c t  of  i r r a d i a n c e .  
a m b i e n t  CO(2) l e v e l ,  a n d  l e a f  d i f f u s i o n  
r e s i s t a n c e  upon t h e  CO(2) f l u x  d e n s i t y  of 4 
l e a f .  The p r i n c i p a l  l e a f  p a r a m e t e r s  a r e  t h e  
uaximum a s r i m i l a t o r y  c a p a c i t y ,  t h e  e f f i c i e n c y  
o f  r a d i a n t  e n e r g y  u t i l i z a t i o n  o r  maximum 
p h o t o n  y i e l d ,  a n d  t h e  CO(2) u t i l i z a t i o n  
e f f i c i e n c y .  The p r o p o s e d  model  s b o u s  t h e  
" I o u b l e  s a t u r a t i o n n  e f f e c t  o f  i r r a d i a n c e  a n d  
W (2) l e v e l ,  t h e  C0 (2) e f f l u x  i n  t h e  d a r k .  
a n d  t h e  s i g n i f i c a n c e  o f  t h e  CO(2) 
c o m p e n s a t i o n  p o i n t  f o r  t h e  e f f i c i e n c y  o f  
c o n v e r s i o n  o f  r a d i a n t  e n e r g y .  It a l s o  
d e m o n s t r a t e s  t h a t  t h e  l e a f  d i f f u s i o n  
r e s i s t a n c e  i s  c r i t i c a l  f o r  t h e  s h a p e  of 
i r r a d i a n c e  r e s p o n s e  c u r v e s .  A 1 1  l e a f  
p r a m e t e r s  c a n  be  o b t a i n e d  f rom common 
l a b o r a t o r y  e x p e r i m e n t s .  A test  o f  t h e  model 
u i t h  3 e u n f l o w o r  l o a f  g a v e  c a t i f a c t n r y  
a g r e e m e n t  t e t w e e n  e x p e r i m e n t  a n d  t h e o r y .  The 
s u n f l o w e r  l e a f  p a r a m e t e r s  were c a l c u l a t e d  f o r  
a  l e a f  t e m p e r a t u r e  o f  2 5  deg .  C. The maximum 
a s s i m i l a t o r y  c a p a c i t y  was 0.008 g/m**2/s, t h e  
Co (2) u t i l i z a t i o n  e f f i c i e n t  y  2.7 m**3/g, a n d  
t h e  e f f i c i e n c y  o f  r a d i a n t  e n e r g y  u t i l i z a t i o n  
4.9 q / e i n s t e i n ,  o r  a  p h o t o n  r e q u i r e m e n t  of 9  
e i n s t e i n / m o l .  The p r o p o s e d  e q u a t i o n s  a r e  
p r i m a r i l y  i n t e n d e d  f o r  u s e  i n  c o m p r e h e n s i v e  
models  o f  p l a n t  and  c a n o p y  b e h a v i o r ,  a n d  of 
p r o d u c t i v i t y  and  w a t e r  u s e  of p l a n t  
c o m m u n i t i e s .  ( l u t h . )  

MODEL TYPE: m e c h a n i s t i c  
CCMnERT: Could  be  a d a p t e d  f o r  a s s e s s m e n t  

p u r p o s e s  by i n c l u s i o n  i n  p o r e  c o m p r e h e n s i v e  
- p q a n t  wdefu ,  

< 1 8 8 >  
v a n  Bavel ,  C.H.M., and  J .  Ahmed. 1976 .  Dynamic 

s i m u l a t i o n  of w a t e r  d e p l e t i o n  i n  t h e  r o o t  
zone .  Ecol .  node l .  2:189-212. 

RBSTRRC?: The j o i n t  e f f e c t  o f  t h e  d i s t r i b u t i o n  
of t.he s o i l  u a t e r  p o t e n t i a l  and  of t h e  r o o t  
mass i n  t h e  c r o p  r o o t  z o n e  upon t h e  w a t e r  
u p t a k e  b y  t h e  c r o p  i s  r e p r e s e n t e d  by a  s i m p l e  

e q u a t i o n .  T h i s  e x p r e s s i o n  is u s e d  t o  j 0 i n . a  
l a y e r e d  c r o p  c a n o p y  model f o r  f i n d i n g  t h e  
e v a p o t r a n s p i r a t i o n ,  a s  c o n t r o l l e d  by s t o m a t a 1  
a c t i o n  and  t h e  w e a t h e r ,  w i t h  a  h y d r a u l i c  f l o w  
model  f o r  t h e  r o o t  z o n e  a n d  t h e  u n d e r l y i n g  
s o i l .  The  c o m p l e t e  model is used  f o r  t h e  
c a l c u l a t i o n  o f  t h e  w a t e r  e x t r a c t i o n  p a t t e r n  
and  t b e  c h a n g e s ,  w i t h  time, of o t h e r  p l a n t  
and s o i l  p r o c e s s e s .  A s i m u l a t i o n  o f  a  20-day 
d r y i n g  p e r i o d  is p e r f o r m e d .  u s i n g  S/360 CSIP, 
f o r  a  c o n s t a n t  d i u r n a l  w e o t h e r  p a t t e r n ,  a n d  
f o r  a  f u l l y  d e v e l o p e d  sorghum c r o p .  T h e  
r e s u l t s  show t h a t ,  a f t e r  a  few d a y s  o f  
e s s e n t i a l l y  c o n s t a n t  w a t e r  u s e  by t h e  c r o p ,  a  
monotonic d e d l i n e  sets i n  t h a t  is p r i n c i p a l l y  
a t t r i b u t a b l e  t o  t h e  d e c r e a s e  i n  
t r a n s p i r a t  i o n .  P o r  t h e  e n t i r e  d r y i n g  p e r i o d  
a  s u b s t a n t i a l  amount o f  u a t e r  - a b o u t  3 0 1  o f  
t h e  t o t a l  u s e d  - is c o n t r i b u t e d  by upward 
f l o w  i n t o  t h e  r o o t  zone  f rom t h e  s o i l  below. 
The r e s u l t s  d e m o n s t r a t e  t h e  d i f f i c u l t y  o f  
q u a n t i t a t i v e  d e f i n i t i o n  o f  c o n c e p t s  s u c h  a s  
" f i e l d  c a p a c i t y " ,  " w i l t i n g  p e r c e n t a g e " ,  a n d  
" a v a i l a b l e "  o r  " e x t r a c t a b l e "  w a t e r .  (Auth.)  

MODEL TYPE: m e c h a n i s t i c  
CORMERT: Could  b e  used f o r  a s s e s s m e n t  i n  

com b i n a t i o n  w i t h  a  c r o p  e v a p o t r a n s p i r a t i o n  
model.  

. . 
< 189) 
van B a v e l ,  C. A. M. ,  a n d  0.1. H i l l e l .  1976. 

C a l c u l a t i n g  p o t e n t i a l  and  a c t u a l  e v a p o r a t i o n  
f rom a  b a r e  s o i l  s u r f a c e  by s i m u l a t i o n  o f '  
c o n c u r r e n t  f l o w  o f  w a t e r  a n d  h e a t .  Agr ic .  
M e t e o r o l .  17: 453-476. 

ABSTRACT: A n u m e r i c a l  method i s  d e s c r i b e d  by 
which  t h e  i n s t a n t a n e o u s  e v a p o r a t i o n  r a t e  from 
b a r e  s o i l .  r e g a r d l e s s  o f  i t s  w e t n e s s ,  c a n  be 
e s t i m a t e d  f r o m  s t a n d a r d  w e a t h e r  d a t a  a n d  t b e  
p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  s o i l  p r o f i l e .  
It is u s e d  t o  c a l c u l a t e  p u t e n t i a l  
e v a p o r a t i o n  f r o m  a  s u r f a c e  e n e r g y  b a l a n c e  
w i t h o u t  t h e  commonly u s e d  a p p r o x i m a t i o n s .  
The  r e s u l t s  show t h a t  t h e  s o i l  h e a t  f l u x  and  
t h e  s o i l  s u r f a c e  e m i t t a m e  may v a r y  enough 
w i t h  s o i l  w a t e r  c o n t e n t  s o  a s  t o  make t h e  
c o n c e p t  o f  p o t e n t i a l  e v a p o r a t i o n  ambiguous.  
Pram a  p r a c t i c a l  v i e w p o i n t ,  however ,  t h e s e  
d i f f e r e n c e s  i n  t h e  e v a p o r a t i o n  r a t e  f r o m  a  
wet s u r f a c e  a r e  n o t  l a r g e  enough t o  
i n v a l i d a t e  t h e  s i m p l e r  c o m b i n a t i o n  o r  e n e r g y  
b a l a n c e  f o r m u l a s ,  i n  w h i c h  t h e  s u r f a c e  a l b e d o  
a n d  r o u g h n e s s  a r e  t h e  o n l y  n o n - c l i m a t i c  
p a r a a e t e r s .  The m e t h d  i s  p a r t i c u l a r l y  
u s e f u l  i n  s i m u l a t i n g  t h e  e v a p o r a t i o n  p r o c e s s  
from d r y i n g  s u r f a c e s .  The  r e s u l t s  s u p p o r t  
t h e  e x i s t e n c e  o f  s e p a r a t e  p o t e n t i a l  a n d  
f a l l i n g  r a t e  s t a g e s  o f  e v a p o r a t i o n ,  b u t  n o t  
t h a t  of a t h i r d .  ~ v n 9 t 4 n t  r ~ t e  s t a g e .  A 
r a p i d  i n c r e a s e  o f  t h e  d i u r n a l  a m p l i t u d e  o f  
t h e  s u r f a c e  t e m p e r a t u r e  is t h e  c l e a r e s t  
i n d i c a t o r  o f  t h e  t r a n s i t i o n  be tween  t h e  t w o  
s t a g e s .  (Auth.)  

MODEL TYPE: m e c h a n i s t i c  
COIInENT: C o u l d  b e  used  f o r  a s s e s s m e n t  o f  i m p a c t s  

on  s o i l  e v a p o r a t i o n .  

< 190) 
van Keulen ,  R., a n d  C.G.E.R. v a n  Beek. 1971. 

Water  movement i n  l a y e r e d  s o i l s  - A 
. s i m u l a t i o n  model. ~ e t b .  J. Agric .  S c i .  

19: 138-153. 
LBSTR~CT:  A s i m u l a t i o n  model f o r  i n f i l t r a t i o n  o f  

w a t e r  i n  l a y e r e d  soils, w r i t t e n  i n  CSMP 
( C o n t i n u o u s  s y s t e m  m o d e l i n g  P r o g r a m ) ,  i s  
d e s c r i b e d .  The  i n f l u e n c e  o f  t h e  o c c u r r e n c e  
o f  a  c o m p a c t e d  l a y e r  o r  a  l o o s e n e d  t o p s o i l  o n  
t h e  i n f i l t r a t i o n  b e h a v i o r  is checked .  I t  is  
c o n c l u d e d  t h a t  ' t h i s  b e h a v i o r  c a n  b e  p r e d i c t e d  
i f  s o i l  p a r a m e t e r s  a r e  a v a i l a b l e .  I n  a n  
a p p e n d i x  s p e c i a l  a t t e n t i o n  is p a i d  t o  t h e  
p r o b l e m  o f  c h o o s i n g  t h e  p r o p e r  s i z e  o f  t h e  
c o m p a r t m e n t s  i n  w h i c h  t h e  s o i l  is d i v i d e d  a n d  
t h e  n e c e s s a r y  a v e r a g i n g  p r o c e d u r e .  kt l a s t  



APPENDIX A 
Agricultural  Models (continued) 

< 1 9 0 >  CONT. 
t h e  m a q n i t u d e  of  t h e  time s t e p s  is d i s c u s s e d .  
( s u t h . )  

MODEL TYPE: m e c h a n i s t i c  
CCnnENT: C o u l d  b e  u s e d  t o  e v a l u a t e  i n f i l t r a t i o n  

a n d  s o i l  s u r f a c e  e f f e c t s  o n  w a t e r  f l o w .  

< 1 9 1 >  
V e r h a g e n ,  R . H . W . ,  J.R. U i l s o n .  a n d  E.J. B r i t t e n .  

1 9 6 3 .  P l a n t  p r o d u c t i o n  i n  r e l a t i o n  t o  
f o l i a g e  i l l u m i n a t i o n .  Ann. B o t . .  N.S. 
2':627-6U9. 

RBSIRRCT: T h e  i n t e n s i t y  o f  l i q h t  r e c e i v e d  by 
p l a n t s  c a n  b e  s p e c i f i e d  i n  t e r m s  o f  i ts  
e x t i n c t i o n  w i t h  d e p t h  i n  t h e  f o l i a g e .  
Va r i o u s  l i g h t - e x t i n c t i o n  f u n c t i o n s  a r e  
i n t r o d u c e d  t o  s p e c i f y  t h e  l i g h t  r e c e i v e d  by 
p l a n t s  w i t h  d i f f e r e n t  p a t t e r n s  o f  f o l i a g e  
d e v e l o p m e n t  ( v i z .  s t a n d a r d  e x  o n e n t i a l .  b e s t  
e x p o n e n t i a l .  a n d  i d e a l ) .  The P m p l i c a t i o n s  o f  
t h e s o  o x t i n c t i o n  f u n c t i o n s  a r e  d i s c u s s e d  a n d  
t h e  p r o d u c t i o n  a s s o c i a t e d  w i t h  e a c h  f o l i a g e  
tvpe is s t u d i e d  a s  a  f u n c t i o n  o f  l e a f  a r e a  
i n d e x ,  L  P . 1  ( t h e  r a t i o  o f  l e a f  a r e a  t o  g r o u n d  
a r e a )  . The  c o n c e p t s  o f  o p t i m u m  LA1 a n d  
c a i l i n g  LA1 a r e  c o n s i d e r e d  i n  r e l a t i o n  t o  
t h e s e  f o l i a q e s .  I t  is s h o w n  t h a t ,  c o n t r a r y  
t o  w h a t  h a s  p r e v i o u s l y  b e e n  t h o u g h t ,  a  
f o l i a g e  i n  w h i c h  t h e  b o t t o m  l e a v e s  a r e  a t  
c o m p e n s a t i c n  p o i n t  is n o t  n e c e s s a r i l y  a t  
o p t i m u m  I R I .  It a l s o  b e c o m e s  p o s s i b l e  t o  
r e c o n c i l e  c o n f l i c t i n g  v i e w s  o n  t h e  
r e l a t i o n s h i p  b e t w e e n  o p t i m u m  LRI a n d  c e i l i n g  
LRI .  ( R u t h . )  

YODEL TYPE: m e c h a n i s t i c  
CCnRENT: R a s  l i m i t e d  u s e  i n  a s s e s s m e n t  s i n c e  

o t h e r  p l a n t  m o d e l s  a r e  a v a i l a b l e  w i t h  more  
c o m p r e h e n s i v e  a l g o r i t h m s .  

< 1 9 2 >  
V a g g o n e r ,  P.  E. 1969 .  E n v i r o n m e n t a l  m a n i p u l a t i o n  

f o r  h i g h e r  y i e l d s .  In:  R.C. D i n a u e r  ( e d . ) ,  
Ph y s i o l o g i c a l  A s p e c t s  o f  C r o p  Y i e l d ,  pp.  

' 3 u 3 - 3 7 3 .  A m .  SOC. Agron . ,  n a d i s o n ,  W I .  
RBSTPRC?: T h e  e f f e c t  o f  e n v i r o n m e n t a l  

m a n i p u l a t i o n  upon  t h e  p h o t o s y n t h e s i s  a n d  t h e  
y i e l d  o f  a  c r o p  c a n o p y  i s  e x p l o r e d  by t h e  u s *  
of m a t h e m a t i c a l  m o d e l s .  T h e s e  m o d e l s  o r  c r o p  
s i m u l a t o r s  u s e  l o q i c a l  r u l e s  f o r  c a l c u l a t i o n  
t h a t  n o t  o n l y  e s t i m a t e  t h e  a m o u n t  o f  
p h o t o s y n t h e s i s  b u t  a l s o  work  i n  many w a y s  
liCe a n  a a 6 u a l  a r o p .  The f i r a t  o r  
m i c r a l i m a t e  s i m u l a t o r  a c c e p t s  n e w s  o f  t h e  
w e a t h e r  a t c v e .  t h e  t e m p e r a t u r e  a n d  h u m i d i t y  
o f  t h e  a i r  b e n e a t h  t h e  c a n o p y ,  a s  w e l l  a s  t h e  
c a n o p y  a r c h i t e c t u r e ,  s t o m a t  a 1  r e s i s t a n c e ,  
a b s o r p t i o n  o f  r a d i a t i o n ,  a n d  v e n t i l a t i o n .  
Prom t h e s e  f a c t o r s  t h e  s i m u l a t o r  c a l c u l a t e s  
e v a p o r a t i o n  a n d  t h e  t e m p e r a t u r e  o f  t h o  a i r  
a n d  t h e  l e a v e s  w i t h i n  t h e  c a n o p y .  The s e c o n d  
o r  p h o t o s y n t h e s i s  s i m u l a t o r  a c c e p t s  t h e  
o u t p u t  o f  t h e  f i r s t  p l u s  t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s  o f  t h e  i n d i v i d u a l  l e a v e s :  
( 1 )  P h o t o c h e m i c a l  f a c i l i t v  a n d  how it v a r i e s  
w i t h  t e m p e r a t u r e ,  l i g h t  a n d  CO(2)  
c o n c e n t r a t i o n .  (2 )  Dark  r e s p i r a t i o n  a n d  how 
it v a r ' i e s  w i t h  t e m p e r a t u r e ,  (3) L i g h t  
r e s p i r a t i o n  a n d  hov it v a r i e s  w i t h  
t e m p e r a t u r e  a n d  l i q h t  a n d  (U T h e  p h y s i c a l  
resistances t o  t h e  c u r r e n t  o k  c o t * ) .    he 
s e c o n d  s i m u l a t o r  a l s o  a c c e p t s  t h e  CO(2) 
c o n c e n t r a t i o n  a b o v e  and be low t h e  c a n o p y  a n d  
c u r r e n t s  o f  t h a t  g a s  t h a t  a r e  i n j e c t e d  o r  
a d v e c t e d  i n t o  t h e  c a n o p y  a t  d i f f e r e n t  l e v e l s .  
Prom t.hi s i n f o r m a t i n n ,  t .he s i m a l . n + n r  
c a l c u l a t e s  t h e  CO(2) c o n c e n t r a t i o n s  i n  t h e  
a i r  a n d  t h e  ~ h o t o s y n t h e s i s  i n  t h e  l e a v e s  o f  
t h e  c a n o p y .  O a n i p u l a t i n g  t h e  l e a f  p o r e s  o r  
s t o m a t a  c a n  d e c r e a s e  e v a p o r a t i o n ,  a n d  t h e  
s i m u l a t o r s  i n d i c a t e  t h a t  p h o t o s y n t h e s i s  w i l l  
b e  d e c r e a s e d  r e l a t i v e l y  l e s s .  T h i s  is a  
d i f f e r e n t  c u t c o m e  t h a n  f r o m  a  d e c r e a s e  i n  
p h o t o c h e m i c a l  f a c i l i t y .  w h i c h  would  d e c r e a s e  
p h o t o s y n t h e s i s  r e l a t i v e l y  more t h a n  

e v a p o r a t i o n .  I n c r e a s i n g  t h e  l i g h t  e i t h e r  
f r o m  a b o v e  o r  b e l o w  t h e  c a n o p y  would  i n c r e a s e  
a s s i m i l a t i o n  n e a r l y  p r o p o r t i o n a l l y .  S i n c e  
g r e a t  d i f f e r e n c e s  i n  v e n t i l a t i o n  h a v e  l i t t l e  
e f f e c t  u p o n  a s s i m i l a t i o n ,  t h e  c o n s e r v a t i o n  o f  
w a t e r  b y  s h e l t e r  e x t r a c t s  n o  h i d d e n  t a x  o f  
d e c r e a s e d  d e l i v e r y  o f  CO(2) f o r  
p h o t o s y n t h e s i s .  N a t u r a l l y  v e n t i l a t e d  
c a n o p i e s  a r e  v e r y  p o r o u s .  Hence ,  t h e  r e c a v e r y  
by p h o t o s y n t h e s i s  o f  CO(2l r e l e a s e d  f r o m  d r y  
i c e  o r  d e c a y  be low o r  w i t h i n  t h e  c a n o p y  is 
i n e f f i c i e n t .  On t h e  o t h e r  h a n d ,  t h e  g e n e r a l  
i n c r e a s e  o f  0 .72  ppm CO(2) p e r  y e a r  i n  t h e  
e a r t h ' s  a t m o s p h e r e  dl1 i n c r e a s e  
p h o t o s y n t h e s i s  i n  e f f i c i e n t  s p e c i e s  a n d  f u l l  
s u n l i g h t  by 7 %  b e t w e e n  now a n d  t h e  e n d  of t h e  
c e n t u r y .  (Auth . )  

OODEL TYPE: m e c h a n i s t i c  
COInENT: P h y s i o l o g i c a l  r e s e a r c h  m o d e l  w i t h  

f l e x i b i l i t y  t o  e v a l u a t e  m i c r o c l i m a t e  e f f e c t s  
o n  p l a n t  g r o w t h .  c o u l d  b e  a d a p t e d  t o  
e v a l u a t e  a s p e c t s  o f  t e c h n o l o q y  i m p a c t s  on 
c r o p .  g r o w t h .  

<193>  
w a g g o n e r ,  P.E., G . H .  P u r n i v a l ,  a n d  W.E. 

R e i f s n y d e r .  1969 .  S i m u l a t i o n  o f  t h e  
m i c r o c l i m a t e  i n  a  f o r e s t .  F o r e s t  S c i .  
15: 37-45.  

ABSTRACT: A m o d e l  o f  t h e  e n e r g y  e x c h a n g e  w i t h i n  
a  c a n o p y  o f  l e a v e s  i s  p r e s e n t e d  i n  t e r m s  o f  
t h r e e  s e t s  o f  e q u a t i o n s .  The  s u m s  o f  
r a d i a n t ,  s e n s i b l e ,  a n d  l a t e n t  h e a t  e x c h a n g e  
i n  s e v e r a l  s t r a t a  o f  t h e  c a n o p y  a r e  s e t  e q u a l  
t o  z e r o .  N e x t ,  t h e  p o t e n t i a l s  f o r  t h e  
e x c h a n g e  o f  l a t e n t  a n d  s e n s i b l e  h e a t  a r e  
r e l a t e d  t o  t h e  warming  o f  t h e  l e a v e s .  
F i n a l l y ,  t h e  d i f f e r e n c e  i n  p o t e n t i a l  b e t w e e n  
a d j a c e n t  s t r a t a  a r e  r e l a t e d  t o  t h e  d i f f u e i v e  
rr+r i . s tancs~  o f  the n i l :  w i t b i a  *h=? o a n o p y .  t h ~  
b o u n d a r y  l a y e r ,  a n d  t h e  s t o m a t a ,  a n d  t o  t h e  
F l u x e s  o f  l a t e n t  a n d  s e n s i b l e  h e a t .  T h i s  
s y s t e m  o f  s i m u l t a n e o u s  l i n e a r  e q u a t i o n s  i s  
s o l v e d  a l g e b r a i c a l l y  f o r  t h e  e x c h a n g e  o f  
l a t e n t  a n d  s e n s i b l e  h e a t  by e a c h  s t r a t u m  o f  
t h e  c a n o p y ,  f o r  t h e  l e a f  t e m p e r a t u r e  o f  t h e s e  
s t r a t a ,  f o r  t h e  e x c h a n g e  o f  l a t e n t  a n d  
s e n s i b l e  h e a t  b y  t h e  s o i l ,  and  f o r  t h e  
s t o r a g e  o f  h e a t  w i t h i n  t h e  s o i l .  T h e  
t e a p e r a t u r e  a n d  h u m i d i t y  a b o v e  a n d  b e l o w  t h e  
c a n o p y ,  t h e  a b s o r p t i o n  o f  r a d i a t i o n  w i t h i n  
t h e  c a n o p y ,  a n d  t h e  s e v e r a l  d i f f u s i v e  
r a o i ~ t a n ~ a u  bust  be specified; O b ~ e r r a t l u n s  
o f  t h e  e x c h a n g e  o f  e n e r g y  a n d  t h e  
m i c r o c l i m a t e  w i t h i n  a  p i n e  c a n o p y  a r e  
m i m i c k e d  by t h e  m o d e l .  N i n e  s t r a t e  a r e  
d e m o n s t r a t e d  t o  b e  an a d e q u a t e  number .  
C a l c u l a t i o n s  w i t h  t h e  m o d e l  e x p l a i n  t h e  
e f f e c t  o f  s t o m a t a 1  c h a n g e s  upon t h e  
e v a p o r a t i o n  f r o m  a  f o r e s t .  ( l o t h . )  

noREL T Y P E :  a e s h a n i s t i c  
cORRPNT: C o u l d  b e  u s e d  t o  e v a l u a t e  e f f e c t s  o f  

m i c r o c l i m a t e  c h a n g e s  o n  c r o p  e v a p o r a t i o n  i n  
t h e  v i c i n i t y  o f  i n d u s t r i a l  p l a n t s .  

<194>  
w a g g o n e r ,  P.E., a n d  W.E.  K e i f s n y d e r .  1968.  

S i m u l a t i o n  o f  t h e  t e m p e r a t u r e .  h u m i d i t y  a n d  
eranoretian p r o f i l e s  i n  a l e a f  canopv .  J. 
l p p l .  n e t e o r o l .  7 :400-409 .  

lBSTRlCT: T h e  p r o p o s e d  m o d e l  s y n t h e s i z e s  
p r o f  i l e s ' o f  t e m p e r a t u r e ,  h u m i d i t y  a n d  
e v a p o r a t i o n  i n  a  c a n o p y  o f  l e a v e s  f r o m  
~ e t e o r o l o g i c a l  c o n d i t i o n s  a t  c a n o p y  t o p .  f r o m  
t h e  t e m p e r a t u r e  a n d  h u m i d i t y  a t  t h o  s o i l  
s u r f a c e .  f r o m  a  l e a f  d i m e n s i o n ,  f r o m  t h e  
v e r t i c a l  d i s t r i b u t i o n  o f  l e a f  a r e a  a n d  
s t o m a t a 1  r e s i s t a n c e .  a n d  f r o m  o b s e r v a t i o n s  o r  
e x t i n c t i o n  c o e f f i c i e n t s  f o r  v e n t i l a t i o n  a n d  
r a d i a t i o n  w i t h i n  t h e  c a n o p y  u n d e r  
s t e a d y - s t a t e  c o n d i t i o n s .  T h e  e x c h a n g e  o f  
s e n s i b l e  a n d  l a t e n t  h e a t  i n  a  c a n o p y  s t r a t u m  
i s  r e q u i r e d  t o  b e  e q u a l  t o  t h e  a b s o r p t i o n  o f  
r a d i a t i o n  by t h e  l e a v e s  i n  t h a t  s t r a t u m .  



APPENDIX A  
A g r i c u l t u r a l  Model s (cont inued)  

< 1 9 4 >  CON?. 
F u r t h e r ,  t h e  d i f f e r e n c e  b e t w e e n  s t r a t a  i n  
t h e i r  p o t e n t i a l  f o r  s e n s i b l e  a n d  l a t e n t  h e a t  
e x c h a n g e  is r e l a t e d  b o t h  t o  l e a f  t e m p e r a t u r e  
a n d  t o  t h e  f l u x e s  a n d  d i f f u s i v e  r e s i s t a n c e s  
b e t w e e n  t h e  l e a v e s .  L e a f  t e m p e r a t u r e s .  
e v a p o r a t i c n  a n d  s e n s i b l e  h e a t  e x c h a n g e ,  a n d  
a i r  t e m p e r a t u r e s  w i t h i n  t h e  c a n o p y  t h a t  m e e t  
t h e s e  r e q u i r e m e n t s  w e r e  c a l c u l a t e d  b y  
s u c c e s s i v e  a p p r o x i m a t i o n .  T h e  m i c r o c l i m a t e  
a n d  e v a p o r a t i o n  c f  a  r e d  c l o v e r  a n d  o f  a  
h r l e v  c a n o p y  w e r e  s i m u l a t e d ,  a n d  c h a n g e s  i n  
e v a p o r a t i c n  f r o m  a  c a n o p y  f o l l o w i n q  m o d e r a t e  
c h a n g e s  i n  s t o m a t a l  r e s i s t a n c e  w e r e  e x p l a i n e d  
by t h e  m c d e l .  ( R u t h . )  

YODEL TYPE: m e c h a n i s t i c  
CONREN?: C o u l d  b e  u s e d  i n  a s s e s s m e n t  o f  

t e c h n o l o g v  e f f e c t s  o n  c a n o p y  m i c r o c l i m a t e .  

< 1 9 5 >  
W a l k e r ,  W.R., T.R. P e c k ,  a n d  S.G. C a r m e r .  1969 .  

R e l a t i o n s h i p  b e t w e e n  s o y b e a n  y i e l d s  a n d  l e a f  
l e v e l s  o f  1 0  e l e m e n t s  d e t e r m i n e d  w i t h  
d i f f e r e n t  r e g r e s s i o n  m o d e l s .  R g r o n .  J .  
61 :U13-U16. 

LBSTRRCT: S o y b e a n  l e a f  s a m p l e s  a n d  y i e l d s  were 
o b t a i n e d  f r o m  e x p e r i m e n t a l  p l o t s  r e c e i v i n g  
w r y i n g  l e v e l s  o f  P' a n d  R .  F i e l d s  w e r e  
E g r e s s e d  o n  a  q u a d r a t i c  p o l y n o m i a l  w i t h  l e a f  
l e v e l s  o f  P  a n d  R a s  v a r i a b l e s .  T h i s  
r e g r e s s i o n  h a d  a n  R**2 o f  0.U95. Y i e l d s  were  
r e g r e s s e d  on  a  s e c o n d  q u a d r a t i c  p o l y n o m . i a 1  
w i t h  l e 3 f  l e v e l s  o f  N,  P ,  K ,  Ca,  ng,  8, Cu, 
w e ,  Rn, a n d  Zn a s  v a r i a b l e s .  W i t h  t h e  
s t e p w i s e  r e g r e s s i o n  p r o c e d u r e  used  f o r  
f i t t i n g  t h e  m o d e l ,  2 2  l i n e a r  a n d  s e c o n d  o d e r  
t e r m s  w e r e  f i t t e d  t o  t h e  d a t a .  T h i s  
r e g r e s s i o n  h a d  a n  R**2 o f  0 .813 .  T h e  
a d d i t i o n a l  v a r i a t i o n  a c c o u n t e d  f o r  b y  t h e  
s e c o n d  r e g r e s s i o n  w a s  s t a t i s t i c a l l y  
s i g n i  f i c a n t .  O t h e r  p o l y n o m i a l  r e g r e s s i o n s  
v e r e  f i t t e d  t o  t h e  d a t a  u s i n g  r a t i o s  o f  
e l e m e n t s  a s  i n d e p e n d e n t  v a r i a b l e s ,  b u t  n o n e  
w e r e  s u p e r i c r  t o  t h e  q u a d r a t i c  p o l y n o m i a l  i n  
t e r m s  o f  R**2 v a l u e s .  ( R u t h . )  

NODEL -Y PE: s t a t i s t i c a l  
CORRFNT: Not  r e a d i l y  a d a p t e d  t o  a s s e s s m e n t  o f  

t e h c n o l o q y  i m p a c t s .  

< 1 9 6 >  
P a r r i c k ,  R . U .  1970 .  A m a t h e m a t i c a l  s o l u t i o n  t o  

a  h i l l s i d e  s e e p a g e  p r o b l e m .  S o i l  S c i .  Soc. 
R m .  P r o c .  3U :Bug-853. 

4BSTPRCT: R s o l u t i o n  i s  D r e s e n t e d  f o r  a  
* . n o - d i m e n s i o n a l  h i l l s i d e   seepage^ p r o b l e m .  
? h e  s o i l  is a s s u m e 4  t o  b e  w a t e r - s a t u r a t e d  t o  
t h e  s o i l  s u r f a c e  w h e r e  t h e  s o i l  w a t e r  i s  a t  
a t m o s  h - r i c  . S e e p a g e  o c c u r s  i n t o  
t h e  f!o; m e a l P E ~ S 2 ~ ~ g  t h e  u p p e r  p a r t  a n d  o u t  
a l o n g  t h e  l o w e r  p a r t  o f  t h e  s l o p i n g  s o i l  
s u r f a c e .  T h e  f l c w  medium is i n f i n i t e l y  d e e p  
a n 4  b o u n d e d  l a t e r a l l y  by v e r t i c a l  
st r e a m l i n e s .  C o n f o r m a l  t r a n s f o r m a t  i o n s  a r e  
u s e d  t o  f i n d  t h e  h y d r a u l i c  h e a d  a n d  s t r e a m  
f u n c t i o n s .  R l t h o u g h  t h e  s o l u t i o n  i s  
a n a l y t i c ,  a  c o m p l e x  i n t e g r a l  m u s t  b e  
e v a l u a t e d  n u m e r i c a l l y  f o r  a p p l i c a t i o n .  
N u m e r i c a l  d a t a  p r e s e n t e d  i n c l u d e s  f l o w n e t s ,  
w e p a g e  v e l o c i t i e s ,  i n f i l t r a t i o n  a n g l e s ,  a n d  
v o l u m e  o f  f l c w  a s  a  f u n c t i o n  o f  s l o p e .  
( R u t h . )  

RCDEI TYPE: m e c h a n i s t i c  
CCnMEN?: P o t e n t i a l l y  u s e f u l  i n  a s s e s s m e n t  

a a p l i c a t  i o n ' s  i n v o l v i n g  s o i l  w a t e r  d r a i n a g e .  . 

< 1 9 7 >  
W i e r e n g a .  ? . J . ,  a n d  C.T. d e  W i t .  1 9 7 0 .  

S i m u l a t i c n  o f  h e a t  t r a n s f e r  i n  s o i l s .  S o i l  
% l .  SOC. R m .  P r o c .  3U:BU5-8UB. 

IBSTRRC?: R c o m p u t e r  m o d e l  w a s  d e v e l o p e d  t o  
p r e d i c t  t h e  t e m p e r a t u r e  f l u c t u a t i o n  i n  
s u b s o i l  f r o m  t h e  t e m p e r a t u r e  v a r i a t i o n  a t  t h e  
s o i l  s u r f a c e .  t a k i n g  i n t o  a c c o u n t  c h a n g e s  i n  

t h e  a p p a r e n t  t h e r m a l  c o n d u c t i v i t y  w i t h  dep . th  
b e l o w  s o i l  s u r f a c e  a n d  s o i l  t e m p e r a t u r e .  T h e  
m o d e l  m a k e s  u s e  o f  S/360 CSnP ,  a  r e c e n t l y  
d e v e l o p e d  s i m u l a t i o n  l a n g u a g e  f o r  d i g i t a l  
c o n p u t e r s .  P r e d i c t e d  s o i l  t e m p e r a t u r e s  w e r e  
c o m p a r e d  w i t h  s o i l  t e m p e r a t u r e s  o b s e r v e d  a t  . 
2, 10 .  1 5 ,  2 5 ,  3 0 ,  a n d  7 5  cm b e l o w  t h e  
s u r f a c e  o f  b a r e  f i e l d  p r o f i l e s ,  b e f o r e  a n d  
a f t e r  i r r i g a t i o n  w i t h  13.U cm u a t e r .  I n  w e t  
s o i l  o b s e r v e d  a n d  p r e d i c t e d  t e m p e r a t u r e s  w e r e  
i n  c l o s e  a g r e e m e n t .  I n  d r y  s o i l  s i g n i f i c a n t  
d i f f e r e n c e s  w e r e  o b s e r v e d  b e t w e e n  m e a s u r e d  
a n d  p r e d i c t e d  s o i l  t e m p e r a t u r e s  d u r i n g  p a r t  
o f  t h e  d a y .  T b e  i n c r e a s e  i n  a p p a r e n t  t h e r m a l  
c o n d u c t i v i t y  w i t h  s o i l  t e m p e r a t u r e  h a d  a  
n e g a t i v e  e f f e c t  o n  t h e  m a g n i t u d e  o f  t h e  
d i f f e r e n c e  b e t w e e n  o b s e r v e d  a n d  p r e d i c t e d  
v a l u e s  i n  t h e  d r y  s o i l .  R g r e e m e n t  was  f o u n d  
b e t w e e n  s o i l  h e a t  f l u x  d e n s i t y  v a l u e s  
p r e d i c t e d  f r o m  t h e  m o d e l  a n d  c a l c u l a t e d  v i t h  
t h e  t e m p e r a t u r e  i n t e g r a l  m e t h o d .  Use  o f  a 
d i g i L a l  s l m u l a t i o ~ ~  l a n g u a g e  c a n  s a v e  
c o n s i d e r a b l e  p r o g r a m m i n q  t i m e ,  a n d  c a n  b e  
a p p l i e d  t o  movement  o f  water a n d  g a s e s  i n  
s o i l  p r o f i l e s .  ( R u t h . )  

HODEL TYPE: m e c h a n i s t i c  
:ORRENT: C o u l d  b e  u s e d  i n  w a s t e  h e a t  i m p a c t  

a s s e s s m e n t  . 
< 1 9 8 >  
W O O ,  K.B., I. Boersma ,  a n d  L.N. S t o n e .  1966 .  

Dynamic  s i m u l a t i o n  m o d e l  o f  t h e  t r a n s p i r a t i o n  
p r o c e s s .  W a t e r  R e s o u r .  R e s .  2  ( 1 )  : 8 5 - 9 7 .  

ABSTRLCT: P l a n t  l i f e  p r o c e s s e s  a r e  r e l a t e d  i n  a  
c o m p l e x  way t o  t h e  b a l a n c e  b e t w e e n  t h e  w a t e r  
demand  o f  t h e  a t m o s p h e r e  a n d  t h e  a v a i l a b i l i t y  
o f  w a t e r  t o  t h e  p l a n t  r o o t .  Ln e x p l o r a t i o n  
o f  t h e  d y n a m i c  s t a t u s  o f  w a t e r  i n  t h e  p l a n t  
is v e r y  i m p o r t a n t .  L s  a n  a p p r o a c h  t o  a n  
i n t e g r a t e d  a n a l y s i s  o f  t h e  d y n a m i c  s y s t e m  o f  
w d t e r  movemen t  t h r o u g h  t h e  
s o i l - p l a n t - a t m o s p h e r e  c o n t i n u u m ,  a  s i m u l a t i o n  
m o d e l  o f  t h e  t r a n s p i r a t i o n  p r o c e s s  i s  
p r e s e n t e d .  Van d e n  H o n e r t  s u g g e s t e d  t h e  u s e  
o f  Ohm's law d e s c r i b i n g  w a t e r  f l o w  i n t o ,  
t h r o u g h ,  a n d  o u t  o f  p l a n t s .  Tn t h e  p r e s e n t  
s t u d y ,  t h i s  h y p o t h e s i s  h a s  b e e n  e x p a n d e d  t o  
i n c l u d e  a n  a n a l o g o u s  s t o r a g e  f a c t o r  t o  d e a l  
w i t h  t h e  d y n a m i c  f l o w  o f  w a t e r  i n  t h e  p l a n t .  
L  set o f  d i f f e r e n t i a l  e q u a t i o n s  a n d  t r a n s f e r  
f u n c t i o n s  i s  e x p r e s s e d  i n  t e r m s  o f  w a t e r  
s u c t i o n  v a r i a b l e s .  T h e  d y n a m i c  d e s c r i p t i o n  
o f  t h e  w a t e r  s t a t u s  i n  t h e  p l a n t  i s  c o m p l e t e d  
b y  i n t r o d u c i n g  t h e  s y s t e m  g a i n ,  w h i c h  is a  
f u n c t i o n  o f  b o t h  t h e  t r a n s p i r a t i o n  r a t e  a n d  
t h e  s o i l - w a t e r  c o n d i t i o n .  T h e  d y n a m i c  s y s t e m  
g a i n  is r e a l i z e d  by a  m e t h o d  s i m i l a r  t o  
C o r b i n ' s  m e t h o d  o f  a  c o m p u t e r - c o n t r o l l e d  
a d a p t i v e  c o n t r o l  s y s t e m .  T h e  e n t i r e  s y s t e a  
is t h e n  s i m u l a t e d  o n  a n  a n a l o g  c o m p u t e r ;  its 
d y n a m i c  c h a r a c t e r i s t i c s  a r e  i n v e s t i g a t e d  w i t h  
c o n s i d e r a t i o n  o f  v a r i o u s  e n v i r o n m e n t a l  
e f f e c t s .  ( ~ u t h . )  

RODEL TYPY: m e c h a n i s t i c  
CORHENT: C o u l d  b e  u s e d  i n  a s s e s s m e n t .  However ,  

e q u i v a l e n t  d i g i t a l  m o d e l s  a r e  a v a i l a b l e .  

< 1 9 9 >  
WOO,  K.B., L.N. S t o n e .  a n d  I. Boersma .  1966.  R 

c o n c e p t u a l  m o d e l  o f  s t o m a t a l  c o n t r o l  
m e c h a n i s m s .  W a t e r  R e s o u r .  Res.  2:71-BU. 

ABSTRACT: T h e  s t o m a t a  o f  p l a n t  l e a v e s  c o n s t i t u t e  
a  m a i n  r e g u l a t i n g  s y s t e m  o f  t h e  t r a n s p i r a t i o n  
p r o c e s s .  B i o l o q i s t s  h a v e  s u g g e s t e d  a  t u r q o r  
m e c h a n i s m  t o  e x p l a i n  s t o m a t a l  movement .  T h e  
f u n c t i o n s  o f  t h e  m e c h a n i s m  a r e  q u a n t i t a t i v e l y  
d e s c r i b e d  b y  a n  o s m o t i c  w a t e r  t r a n s f e r  t h e o r y  
a n d / o r  t h e  a c t i v e  w a t e r  t r a n s f e r  t h e o r y  i n  
t h e  g u a r d  c e l l s .  B a s e d  o n  t h e  a c t i v e  w a t e r  
t r a n s f e r  t h e o r y  a,nd t h e  o b s e r v a t i o n s  o f  
s t o m a t a l  movemen t  u n d e r  v a r i o u s  c o n d i t i o n s  o f  
H(2 )  0, CO(2) .  a n d  l i g h t .  a  c o n c e p t u a l  m o d e l  
o f  t h e  s t o m a t a l  c o n t r o l  m e c h a n i s m  is  
p r o p o s e d .  T r a n s f e r  f u n c t i o n s  o f  t h e  
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5 1  :?ll=?:/.Q 

RBSIRACT: W a t e r  u p t a k e  p a t t e r n s  o f  w h e a t  p l a h t s  
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f r o n  t h e  m a t h e m a t i c a l  model f o r  w a t e r  o p t a k e  
p u b l i s h e d  i n  t h e  l i t e r a t u r e .  When t h e  
c a p i l l a r y  p o t e n t i a l  o f  t h e  s o i l s  was n e a r  
- 1 / 3  b a r ,  w i t h d r a w a l  o f  w a t e r  by p l a n t s  was 
r e l a t i v e l y  s m a l l  a n d  most o f  t h e  w a t e r  was 
t a k e n  from t h e  t o p  25 cm o f  t h e  s o i l  column. 
A s  s o i l  u a t e r  p o t e n t i a l  d e c r e a s e d ,  u a t e r  
u p t a k e  i n c r e a s e d  p r o g r e s s i v e l y  t o w a r d  t h e  
l o w e r  p a r t  o f  t h e  s o i l  column. The  
r e s i s t a n c e  t o  w a t e r  movement i n  t h e  p l a n t  
i n c r e a s e d  f r o m  t h e  t o p  t o  t h e  bo t tom o f  t h e  
r o ~ t  s y s t e m  a n d  i n c r e a s e d  w i t h  i n c r e a s i n g  
b u l k  d e n s i t y  o f  t h e  s o i l s .  F o r  wet s o i l s ,  
u n r e a l i s t i c  v a l u e s  were o b t a i n e d  which c o u l d  
b e  d u e  t o  t h e  f a c t  t h a t  t h e  i n t e r a c t i o n  
b e t w e e n  a e r a t i o n  a n d  m o i s t u r e  o p t a k e  is n o t  
t a k e n  i n t o  a c c o u n t  i n  t h e  t h e o r e t i c a l  
e q u a t i o n s  f o r  m o i s t u r e  u p t a k e .  (Auth. ) 

OODEL TYPE: m e c h a n i s t i c  
I ' I >UMRUT? nnnel e v n l l l n t e s  n spnrq f t r  rnnt 

c h a t a c t e r i s t i c  and  is n o t  s u i t a b l e  f o r  
a s s e s s m e n t .  
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C a n o p y  3.10,19,44.50,52,79.12u, E m e r q e n c e  25,116 
125,137,194 

R m p i r i c a l  76 
C a r b o n  6.9.151.168.187 

C a r b o n a t e  105 

C a t i o n  105 

C e s i u m  27 

C h e m i c a l  32,U1,73.186 

C h r o m a t o g r a p h i c  7 4  

C i r c a d i a n  162 

C l a y  65 

C l i m a t i c  163 

C n a m ~ ~ n i t i e s  R,U8, 53 

c o m p e t i t i o n  r n u  

C o m p u t e r  35.55,67,117,186 

C o n d u c t i v i t y  80.154 

Pnnrqy  1. !6.1SC, 173 

E n r i c h m e n t  9 

E n v i r o n m e n t  22.25.123.150 

E n v i r o n m e n t a l  99,104,192 

E q u i l i b r i a  186 

E s t a b l i s h m e n t  21 

E v a p o r a t i ~ n  100,152,164, 189, 
194 

E v a p s t r a n s p i r a C i o n  30.56.63 

PaLlow 6 2 . 6 9 . 9 5  

F e r t i l i z e r  92 

P i e 1 4  9.33.43.6U. 131,13U,136, 
172 

P l o w  19,34,U3.~1~1.58,68,78, 112, 
C o n n e c l i r i l y  110 130,13U.I8Y,200 

C o n s e r v a t i o n  126 

C o n t a m i n a n t s  185 

PO0.l 110 

P o o d c h a i n  140 

G a s e o u s  106,109,132 

G e n e s i s  111 

G e o c h e m i c a l  9 1  

G e o t h e r m a l  109 

G e r m i n a t i o n  25.103 

G r a i n  33 

G r a s s  157,167 

G r o u n d  115,132,175 

G r o w t h  Ul,U2.U9,67.82,87,107. 
109.1 17.144,147.171,179,181 

GROW1 109 

H e a t  15.1U5.189.197 

n e 3 g e r o r  100 

HELIAPTHUS 57 

Human 140 

H u m i d i t y  194 

H y h r i d  33 

H y d r o l o q i c  7 0  

H y d r o p h o b i c  95 

I l l u m i n a t i o n  191 

I m p a c t s  109 

I n i t i a t i o n  45,178 

I n j u r y  89,113 
/ 

I n t c r c o p t i u n  14,39, U7.100. 1 4 1  

~ n u c e a l i L i u ; ;  I U Y ~ I ~ S , I ~ ~  

I n t e r r e l a t i o n s h i p s  33,159 

I o d i n e  27 

I o n s  54.146 

I o w a  126 

I r r i g a t i o n  11.30 

I s o t h e r m s  UO 

I s o t o p i c  166 

L a n g m u i r  97 

L a t i t u d e  100 

L e a d  9 1  

L e a f  15,52,59.99:107,1Y1,1Y5, 
148.159.167.187.19~1.195 

L e q u m e s  157 

L i c h e n s  88 

L i g h t  5.10.12, 14, 3 ~ , u l , n ~ , l n o ,  
131,137,1U1,159.180,181 
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L i t t e r  119 P h o s p h a t e  96.97 

L o e s s  126 

L o q n o r a a l i  t y  72 

Maize  33.51 

Ran 21 

R a t h e m a t i c a l  0~,76,101,111,1~2. 
106,155,196, 

R a t u r a t i o n  91 

Readov 128 

membranes 90 

R i c r o b i a l  31.32 

n i c r o c l i m q t e  79,103,193 

R i c r o d i s t r i b u t i o n  103 

R i c r o v a i e  22 

Milk 27 

M i n e r a l  30.60 

l i t s c h e r l i c h  92 

86 ;si;ea,a9.93;90,96,97; roo, 
101,100,106,109.112,116.117, 
120,121. 128,129.130.135.136. 
1b0,1U2,103.106,107,108,1U9, 
150,152,153.15U,155.156,158, 
169.165.166. 161.110.116.1177 
178,179; leu, ies;t90,19~,198, 
199 

n o i s t o r e  U.51.100, 126,129,130, 
153;lSU 

l u l c h  95 

rmtiie 1 

N a t u r a l  iij.162.186 

nf t r a t e  139 

N i t r o g e n  4.03,134,166,168 

Nodules  103 

W o n e q u i l i b r i u m  61 

R u m e r i c a l  6.29.69.112.117.175 

N u t r i e n t  16.18.36 

O r c h a r d s  81.100 

o r i e n t a t i o n  65.100 

O r t h o p h o s p h a t e  60 

O s m o t i c  68.78 

Oryqen  114,121.183 

Ozone 49 

P a s t u r e  122,103 

Penumbra 125 

p h e n o l o q y  160 

Phloem 2 i3 . 

P h o s p h o r u s  61,108,167 

P h o t o s p n t b a t i c  U8.101.107,lUl. 
169 

P h y s i o c h e m i c a l  55 

P i u n r t e  15 

P l a n t  3 .P .8 .9 .10 .16 .21 .22 .36 .31 ,  
39,39,U1.11,09,50,53.59.62. 
68,75,76.18.81,82,85,86,90, 
9'4, 108. 111,120,121,12U,125, 
129.130 .135.136.137,102,100, 
lU5,153,159.165,171.177,119, 
181.18U.191.200 

P o l l u t a n t  106,109 

P o l l u t i o n  77,172 

P o p u l a t i o n  0.66 

P o C a s s i n a  167 

P o t a t o e s  31 

P r a l r i e  07,167 

P r e d i c t  25.33.U5,R9,116 

P r e d i = t i i e  61.80 

P r e s s u r e  56-68 

P r 0 3 u z t i i i t  y  R8,101 . 

P r o f i l e  93,163 

R a d i a t i o n  1,8,10,22,123,169 

R a d i o n c t i i a  21 

R a d i o s t r o n t  ium 182 ' 

R a i n f a l l  100 

Rangeland  1 

R e d i s t r i b u t i o n  185 

R e g r e s s i o n  195 

R e l e a s e  6, 175 

B e p r o d u c t i r e  luu, 160 

R e s i s t a n c e  30.160. 170,200 

R ~ s p i r a t i o n  31.32.183 

R e s p o n s e  3.13.66.150 

Risk  1 1  

Boot 17,19,23,36,54,64,68,71,76, 
79.82,83,80,90,93,90, 117,127, 
130,13U.102,155,176.177,188 

Row 5,102,152 

S a l i n i t y  u2 

S a l t  93.90.151 

s c a l a  72.71,93,90 

S e d i m a n t s  91 

Seed  06.81 

S e e p a g e  196 

S e m i n a l  83.84 

S h e e p  122 

S h o r t g r a s s  Pl 

S h o r t w a v e  7 

S i m o l a t i o n  9,13.21,25.28,36,38, 
03,09,55.61,7~,86,88,95,98, 
103,111,111,107,150,172,173, 
114,188,189.190,193.194,197, 
19R 

S o i l  1.16.19,18.26,36.37,38,02. 
50.55.59.60.61.62.63.65.69. 
11,10,79,86,91,91,95,96.97, 
102.100,105,108,111,116,120. 
121.127,129,133,135.136,138, 
106,119,153,150,156,163,165, 
166,182.185.189,190,191,200 

s o l a r  8,123 

S o l u b i l i t y  105 

s o l u t e  17.18.119 

s o r p t i o n  00,61 

S o v i n g  62 

Soyboaa  168,183,195 

S p a c i n g  21.29 

s p e c t r a  123 

S p r i n g  62 

S p r i n k l i n g  160 

S t a b i l i t y  199 

S t a n d  12.10.128 

S t o m a t a 1  108,170,199 

S t r e a m  91,112 

stress 51 

S t r o n t i u m  21 

S u g a r  21.30.67 

S u l f u r  17,139,112 

S u n C l e c k  120,125,137 

s u u 1 i t  120 

S w a r d s  la2 

T n s s e l  05 

T e c h n o l o g i e s  109 

T e r r e s t r i a l  . 8,123 

T h e o r y  120.125 

T h e r m a l  45.115 

Thermodynamic  109 
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T h i n n i n g  21 

T i l l a g e  126 

Time 33.U5.62.89.100 

Tobacco  1 1  

Tomato 1 8 1  

T r a n s e c t  120 

T r a n s l o c a t i o n  2,118 

T r a n s p i r a t i o n  198.153. 198 

T r o p i c a l  157 

Tundra 128 

V e g e t a t i o n  101,106,113.119.161 

V e g e t a t i v e  U0.1UU. 177,179 

Water 1,26.33,31.3R.a6,5U,59,62,  
63.6U,68,69.71,7U.78,82,85,86 
~u.Y1.Y2.93' ,9U.Y5,11l i ,120,115 
136,175.176,181.18R, 189,1YO, 
2 0 0  

Watershed 153 

Y e a t h e r i n g  1U9 

Wheat 62,116.118.lU1.200 

Mind lU5  

w i n t e r  103.116 

Y i e l d  21,85.92,107.184.168,I71, 
192.195 
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