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This paper documents the basic ideas and constructs for a general
physical/physiological process level winter wheat simulation mpdel.
It is a materials balance model which calculates daily ingrements of
photosynthate production and respiratory losses in the crop canopy.

. It simulates the partitxonmg of the resulting dry matter to the
active growing tissues in the plant each day. It simulates
transpiration and the uptake of nitrogen from the soil prof:.le. It
incorporates the RHIZOS model which simulates, in two dimensions, the
movement of water, rooks and soluble nutrients through the soil
prefile. It records the time of initiation of each of the plant
organs. These phenological events are calculated from temperature
functions with delays resulting from physmological stress., Stress is
defined mathematically as an imbalance in the metabolite supply:demand
ratio. Physiological stress is also the basis for the calculation of
rates of tiller and floret abortion. Thus, tillering and head
differentiation are modeled as the resultants of the two processes,
morphogenesis and abortion which may be occurring simultaneously.
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Introduction and Objectives ,

The WINTER WHEAT model was first descnibed, in abstract form, in
1978 (Smika, et.al., 1978). As has been noted elsewhere (Baker,
et.al., 1982, Fye et.,al,, 1982, Marani and Baker, 198l1), the
feasibility of uilding simulation models of plant growth and yleld
has recently been demonstrated and models ¢f cotton, corn, alfalfa,
soybean, peanut, sugar beet, winter wheat, rice and sorghum are now
available, Such models have been developed at research locations in
the US, England, Australla, the Netherlands, USSR, and Japan. Most of
this work may be viewed as a natural extension of the growth analysis
work in England beginning with Fisher (1921) and Gregory (1917] and
the later work of Watson (1947), and in the USSR, the work of
Nichiporovich (1954). The experimental reseéarch in crop canopy
photosynthesis of Musgrave and his students in the US (Moss, et.al.,
1961, Baker and Musgrave, 1964), and that of Muvata (1961) and others
in Japan, Duncan, et.al., (1967) in the US, deWit (1965) in the
Netherlands, and Ross (1969), and Tooming (1967) in the USSR
immediately precede our work in the effort to predict growth and yield
of field crops.

Cur objective in develop:.ng WINTER WHEAT is to identify and
assemble the factors determining winter wheat growth and yield in a
format which will aid system design (breeding and new cultural ‘
practices, and combinations thereof), crop management decision makmg
at the farm level, and yield forecasting. Thus, we see this effort as
an ongoing process of identifying and mathematically testing
(sensitivity analysis) the factors determining winter wheat growth and
yield and, of synthesis in which these factors ave assembled for

General Model Strategy, Characteristics
Features and Rationale

Since winter wheat has tremendous ecologlcal range, the above
objective implies a general model capable of similating crop growth
over the widest poscible range of climates and soils. Since different
environmental factors affect different physmlogxcal and physical
processes in dlfferent ways and because we view the model development
as an ongoing affair in which hew ideas and information about the crop
are incorporated as needed, and as they became available, a process re-
~ lated modular structure was indicated.

The model is dynamic because photosynthesis, respiration, growth,
and water flow change rapidly with temperature, light intensity, and
plant water status, Except for pollen dessication and organ abscis~
‘sion, the plant processes are continuous, so, the model must be es-.
sentially continuous. However, we have found it permissible and appro-
priate to use discrete time steps which, depending on the process
being simulated, vary in length. This permits great savings in the
computer cost of running the model. Length of the time steps (for var-
ious processes) must be determined matheuatxcally, evaluating size and
distribution of errors generated by using progressively longer time




steps.

WINTER WHEAT, like most crop simulators of plant growth, is a
materials balance model, The plant model contains pools of nitrogen
and labile carbohydrates which arrive via the transpiration stream and
the photosynthetic processes respectively, Thess materials flow
(through growth) to the lsaves, stems, glumes, frait and xoots,
Various losses may occur as a result of insect damage and the natural
plant processes, i.e. senescence and abscission in response to
physiological stress. Redistribution (mining) of nitrogen within the .
plant is modeled. The initiation of organs on the plant occurs as a
series of discrete events, with initiation rates depending on
temperature and the physiological status of the plant, ,

In general, the plant's responses to environmental factors are as
follows: fhotosynthesis depends on light intensity and light intercep-
tion, and, it is reduced by water stress and very low leaf mtrogen
concentrations., Respiration depends on temperature and plant biomass.
Growth is a function of temperature, tissue turgor and metabolite
supply. Thus, plant water status is a determinant of both supply and
demand for metabolites. Water stress reduces photosynthesis,
transpiration, and nitrogen uptake. It also (at a different level of
stress) reduces growth and the demand for nutrients., The
supply:demand ratios for carbohydrate and nitrogen are used as indices
of stress induced organ abscission. Here, we assume that the ~
metabolite supply:demand status of the plant determines (or shifts)
hormorie balances which result in the abscission of crgans, Thus, a
severe moisture stress which interferes with photosynthesis and
mutrient uptake may result in significant fruit abortion, while a mild
moisture stress which reduces growth (demand) more than (supply)

: photosynthesis may have no effect or even a positive effect on fruit
retention,

WINTER WHEAT gains its broad ecological range, i.e. its
capability to simulate crops on virtually any soil type, through the
incorporation of RHIZOS. RHIZOS (Lambert and Baker, 1982, Whisler
et.al., 198l) is a conprehenswe simulator of the soil processes,
including root growth. While the WINTER WHEAT source listing included
here (Appendix a) includes the RHIZOS section, a detailed description
is not provided, (ref. Lambert and Baker, 1982). '"RHIZOS" is the name
given to a system of subroutines designed to serve as a general
rhizosphere model for all crops prov:.dmg the above ground sections
with three parameters; an effective soil water potential used to
calculate plant watér potential, an estimate of metabolite sink
strength in the roots, and a mineral nutrient uptake rate.

The appendix contams a source listing, a typical input data set,
dictionary of terms, and a typical output listing. The source con-
tains many comments both to make it readable and to cite everyone who
contributed ideas or data either via publications or personal communi-
cations. There are many, To facilitate program development and up-
dating, labelled momions were chosen as a means of passing information

in and out of subroutines. Just after the first block of labelled
comnons (ref, Appendix a! 4 block data section appears in which the
variables are initialized. These variables are arranged by number of

SOOI DY s
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characters and listed alphabetically for accessibility.
The Subroutines

MAIN

A simplified flowcharting of the model appears in Figure 1. A de=-
tailed flowcharting labelled MAIN Program follows. MAIN calls the sub-
routines and performs a few calculations pertaining mostly to
input/output, First, several state variables describing the plant are
initialized, Then, the initial leaf and root weights are read in in-
teractively from the terminal (device 1). A few computations pertain-
ing to the initial status of the plant are made, and then a number of
other agronomic inputs are read from the terminal and from the data
file (device 5). Soil parameters are set up and initial soil
conditions are defined in the soil matrix. Then, the climate data are

At this point the simulation beg.ms, and MAIN calls the process
subroutines daily. CLYMAT calls the subroutines DATE and TMPSOL.
SOIL calls most of the RHIZOS subroutines, They produce soil water
potentials and the amount of nitrate taken up by the plant each day.

The daily increment of dry matter produced is calculated in PNET
and distributed to the various growing points in the plant in the sub-
routine GROWTH. GROWTH, in turn, calls RUTGRO; a subroutine which czl-
culates root growth. GROWIH also calculates the carbohydrate stress
and calls NITRO which calculates nitrogen stress and allocates to the
variobs plant parts the nitrogen which has been taken up.

All mrphogenetic processes, as well as records of the abortion
of tillers and fruit, are handled in MORPH.

CLYMAT ‘

Each day's maximum and minimum tenperatures in degrees Celsius
are provided as input to the model. CLYMAT converts rainfall data from
inches to millimeters. Empirical relationships based on data
oollected in Mississippl over cotton are used to estimate net
radiation from solar radiation, and to estimate the average
temperatures during daytime and nighttime from the maximum and minimum
temperature data, Note that these relatxonshlps (especially the
average temperature functions) are 1ocatJ.on specific. They should be
validated for each site where the model is used. -

_ Canopy light interception is calculated in CLYMAT. The model
defines interception as the product of two terms. The first is a
ground cover term, simply the maximum leaf length divided by the row
width, The second is a canopy light attenuation term based on leaf
area index. The coefficient, 0.4, was taken from Monteith (1965).

This canopy light interception model has not been validated.

Finally, CLYMAT calls TMPSOL which calculates soil profile temper—

atures at 2, 4, 8 and 16 inch depths from regression equations of
McWhorter and Brooks (1965). These equations express soil temperature
as linear functions of the running average of air temperature (over
the preceding 7 days). These empirical relationships were developed
by McWhorter in a fine textured clay soil in Mississippi. They do not
account for soil moisture effects on soil temperature. '

R




ORIGINAL PAGE IS
OF POOR QUALITY s
< READ ’ ‘ {
] ) . ‘!)A'l'l': ; : giﬁ
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< S T —
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¥

Figure 1. The subroutine structure of WINTER WHEAT.
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ORIGINAL PAGE IS

OF POOR QUALITY

100

rlovchart =~ |
DIPREN®9Y9 | ||
TILLER=992
Do 100 L w },l0 |
JOINT(L)m999) |
BOOT(()=999
HEAD(1)"999
ANTHES(E)=99¢ |

STEMI(D)=0, |
GLUMI(T) =0, |
GRANW(}) =0,

]

SPLYR(1)=0,
FLORET(1)=0,
LEAF(1)=0

LIDAY(L)=0 | .
LLOAY(X)=0 ()
NTILL(D)wO |

ATTMP(1)=0,
APTNP(L) =0,

|

Bo 100 J=1,6
LEAPW(T, J) =0,
LIDATE(L,J) =0
ALTNP(I, Dm0,

"READ(1L, ®)LEAPY(L, 1), RTWT(L, 1, L),
.IT"!(I.‘Z.UJM(Z,lﬂ).lM(J»,l.l

PNFAC

Nl

READ(1,*)POPPLT,F2, LATUDE,

LAL,NOLTR, FACR

T T

MAIN Progras

Nokas

Infcialize the variables which sre set in
the morphogenesis subroutine and are usad
to ladicate sate of davalopment,

[ ‘
Teicfallsn the veridbles where scem, glume,
and geain weight for each stem are stored,

Initisline the variables where nunbotﬁbt
spikelets, florets, and leaves for each
stam are storsd;

Initislise the variables vhers day of
occurance of last tiller and iaet laat
{nitisted from stem I ave stored,
Initialize the varisble whare numder of
tillers initiated from stem I are stoced.

Initialize che variables sst up to store
the accumilated cemperature since the
inicistion of the last tiller from scem T,
and since the inicltation of stem 1.

For each leaf, variables set up to store
wveight, day of {nitiation, and accumslaeced
temparature since initiation are set to
[11{-8

Accumulator for tuspersture after heading
is set to zero,

The variable for number iof sacondary roots
is sec to zero.

Total leaf ares in set to zero.

Read in initial leaf welght, root weight,
and minimum value for nat ghotosynthesis, .

Read in plant population, nitrogen

availability factor, lavitude, initisl lest
ares index, number of iterations per half
day; and & root growth calibration factor,

)
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ORIGINAL FAUL 8

MAIN Concinued . OF pPOON QQAMW

I uggn,-)xu_gs,n,xc l

RIAD(I,*,)JL,JS.JI,JG.JGT[

l

." . N
["READ( L, *)XLEATL, ROUSP,LPRNT,
G,THRLN , FACL l

I READ( I.';N’R.N’PM!U.NPN [
{POPFACR404685, 6/ POPPLT I

quousr/«x

[CEARWTLEARNIT, 1) |

STEMWI =0, |
GLUMAT=U,
GRANWT =0,

ROOTWT=(RTWE( 1,1, 1)+RTWT (1,2, 1)+
RTWE(2,1,1)+RIWT(3,1,1)) * -
POPFAC*2., /ROWSP*100

PLANTWSLEAFWT +R1
VEGWT »LEAFWT +ROOTWT

[SLEAFN=, O3*LEAFWT
ROOTN=ROOTWT ¥, 03
STEMN=O,
GLUMN=0,
RANNSO .,

LEAFCN=,03 l

SRAVG=0Q,
SRDAY =0

SPRING=70
¥

Resd the variables which give minimum
levels of nitrogen in leaves, stams, roocs,
snd glumes (resecves may be vithdrawn until
this concentracion {s resched).

Read the required nitrogen concentration
for nev plant growth. Values are read for
ledves, stamy, roots, glumes and grain,

Resd fnicial leaf lengeh, rov spacing,
gravity ruot factor, root groweh
calibracion factor, leaf growth calibration
factor, nd soms printovt control
viciables, i

Convert from plan:.:por:lcrq to square
ducimetars per plant.

Call width la -qud to row spacing divided
by number of colums,

Tocal leaf walght is set to be the weight
of the firac leaf on stem one,

Total stem, glumm, sad grain welght for the
plant {s et to gevo,

Plant root welght is a funccion of plant
popslation, row spacing, and weight of the
roots {n the soll section.

Total plant walght and vegetacive weight Ls
set to be leaf weight plus root weight,

The amount of nitrogen i the leaves {s pat
to be three perceént of the leaf waight,

The smount of nitrogen in the roots is set
to be three percent of the root weight, and
the amount of altrogen in the stems,
glumes, dnd grain is inicialized at zero,

Leaf concancration of nitrogen ie set to
three percent,

Number ¢f stems on the plant {s set to be
one.

The accumilator for temperacurs since
iniciacion of the last saconday root; and
the day the la:T secondary root was
initisced, are set to zero.

Spring is arbitrarily set to begin on the
seavintieth day that the averasge temperature
is ac or above 4°C.

The number of leaves on stem one is set at
one. .

The temperature accumilator for the
simulation Is wec to zero.

‘l
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ORIGHSL S 5
OF POOR QUALITY

9

PLANTNSSLZATNSSTEMNSROOTNSGRANN |
+GLUMN

|

AXAD( S, ¥)LYRSOL
READ(S, *)(DIFFOCL) , THETAO(L),
BRTA(L) , SDEPTH(L) ,THETAS(I),
THETARC) , AZROR(T) ,ETACL), DD

{1),tel, LYRSOL)

[ nzAD(S,*)ours, THETAL |

Jel
DELTeL/NOLTR

[ 00 210 LAYERe(,NL |
0L

CONTINUE

JoLT.5

FLXMAX(J)=DIFFOCI)*( (THETAS(J)=
THETAR(J) ) /D) #(W*DELTDAMP)
*EXP(BETA(J)*(THETAS(J)=THETAD(J)))

1

 FC(LAYER) =THETAS(J)

Bo 210 .Kox.um-x W NK !

3

MALIN Continued

Total plant nitvogen ls eet to be the sum of
the nitvogeir in the plant parts,

Read the nusber of soll Korlsons of different
chavacteriocics; and read values for the
veriablas which define the soil
characteristics,

Read the f{nitlal value for the vol@ln of
i/ater &t the bottow boundary. ¥
Inicialine the councer for number of soil

horizons and set the (ncrement,

Do for each of the layers.

Detérmine the maximim £10v of vatur for each
soil horizon.

Set the (nitial field capacity for vater
contait for each layer iu the soil profile.

Do £ir each coiumn in the soil profile.

e
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it cotimes  ORIGINAL PAGE IS

210

VH20C(LAYEK , KOLUMN ) STHETAS ()
DIFP(LAYER, KOLUMN)=DIFFO(.J ) VEXP(BETA
(J)*(VH20C( LAYER , KOLUMN ) ~THETAO(S)))
TEMPLo(VH20C( LAYER, KOLUMN) ~THETAR
(J))/(THETAS(J)=THETAR(S))

PSIS(LAYER, KOLUMN) =, 0009833 %

AIRDR(JIWTEMPLOW(],/(2,~ETA(J)))

250

lnzan(;.ﬁ)sNAMz,nnr]

| Do 230 t'l.NRT'

READ( S, %) INRT,GH20C(T)
READ(S,*) (TSTOD(I,J),
TSTINP(L,J), =1, INRT)

CONTINVE

LDAY =0

ITGF 60
KTDAY =0

260

ICONT!NUE l

| READCS, ¥, END=640) (CLIMAT (1), 1=1,8) |

“CALL SOIL

CALL PNET

OF POOR QUALITY

Set che initisl value for volumstric vater
content, soll vater diffusivicy, and soll
vater potantlal for esch soll cell,

Redd the naeme of the soil type and the number
of tables that apply, then write thase values
to the priniers

Read in the tables that relsts soll type and
thelr cesistance to root growth. Writs shase
tables out to the printer,

The counter for the number of days with
average tempavaturs at or above 4°C is set
to zero,

The time for grain £i{ll and the numbar of
days since anthesis began are initialized,

Read in the daily climate data.
Incremant the day counter:

Call the CLYMAT subroutine.

Call the SOIL subroutine.

If the average temperaturs is below 4°C

then do not count this day in the simulation,
and skip the croutines that deal with other
then soil processes.

Call the PNET subroutine t» calculate
photosynthesis.

133




H 208 AL =TH 20~CUMRAN~CAPUP+
CUMEP SCUMES +CUNSOK

| ANTNP=AHTMP+TAVG l

KIDAY =KTDAY +1

[ rnuu-AnrHr/xrnAY]

[ trere(-2. 7)mum9o ]

IDAY.EQ.1

. {TST=IDAY

CTalse

ITST.NE.IDAY

]“Go T0 260 [

o)

MAIN Continued

Call the ZROWTH subroutine to distribute the
photosynthate.

Call the MORPH subrputine to determine tho
stage of growth.

Calculate the wvater balance,

1f you have rnlch-d the beginning ¢f
ANTHEGIS, chen calculate the required time
for ;u‘n Hll.&ng.

The average daily teuperacite since ANTHESIS
began is accumulated.

The number of days since ANTHESIS began is
incremented.

Calculate the aversge temperatuis since
ANTHESIS began.

Determine the time for gﬁin ¢illing which Le
a function of temperature,

Limit the time for grain f{lling to be a
maximum of 350 days.

Determing if it is time for a printout of
results,

1f time for grain £illing is sacisfled, then*
priat the results.

If it is the £i®st day of the simulation,
then print tha results.

1f the results are not to be printed, then go
to the beginning of the daily loop.

SRR
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ORIGINAL PAGE 1S
OF POOR QUALITY R

MAIN Continued

WRITE(6,%)DAYNUM, LDAY, 2N, PSTAND,
PTSN, PTSRED,RESCF, DPLANT ;RESP, LEAFWT, !
sr:nwr GLUMWT anuwr,aoorwr SPN,SPDWL,

srnsrn srocnu SPDGRN, SPOWRT, GSTRSV,
cuurumaﬁuuwmwuuuusw,
NP, SLEAFN ,STEMN; GLUMN, GRANN, LEAFCN, .
SUPNOJ,(SPIKI(I).FLOIIT(I) LzAr(t). :
JOINT(I),B00T(I),HEAD(L), Aurucs(t),

I=] NST!HS),SlCOND ACCD!G ,PSIAVG, Princ the vesults vhich allows the user
D!FIIN,TZLLII.DAYLNG,LAZ.XLIAIL.IN?. of the model to track the plant as to
TAVG ,RCH20,STRSD, STRSN,WSTRSD,EP,ES the stage of development; growth rates,

problem areas, etc.

, ’ Write out the plots of nitrogen,
IF (NPN.EQ.1) WRITE(6,%)VNO3C volumetric water content, root weight.

tF (NPW.EQ.1) WRITE(6, *)VH20C and soil water potentisl for the soil
IF (NPR.ZQ.1) WRITE(6,*)ROOTS section as requested.
F (NPP.EQ.1) WRITE(6,*)PSIS

1f we have not reached the last day of
the simulation, then go to the beginning
of the daily loop.

GO TO 260

64

Decernine yield in bushels per acre.
| YIELD = GRANWT*14.8563/POPFAC|

l ; Weite out the yield.
[¥RITE (6,660)YIELD, DAYNUN |

10
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ORIGINAL PAGE 18
OF POOR QUALITY
CLYMAT Subroutine

Flowchare

|__mux = crour () |

I _ TMIN = 9!‘,?1-“ (3) 7

(w20 = ceorcs) c
| RAIN = CLIMAT(S)%25.4 |
[ pAYNN = CLiHA£(7) ]
EE RI*,8942%,8-26, |

-

[T = woer,om7as33 |

l DEC = C1(1) J

Looserezs |

[ J = I+ |
I

PHI = DAYNURM#,0L721#(1-1)

|

DEC = DECHCL(I)#SIN(PHI)+CL(J)*
COS (PHI) :

I

100 | CONTINUE |

r

L bEc = DEC*.9174533 |

DAYLNG = ARCOS((~,014564=5IN(XLAT)*
SIN(DEC) )/ (COS (XLAT) *CO3 (DEC) ) ) *

7.639%
l

[ TDAY = (TMAX-TMIN)*.55+THIN |

TNYT ® (TMAX-TMIN)*.1S+TMIN

[ CALL: DATE

S

11

Notes

RL is daily radiation in Langley's.

rq,x is maximum daily temperature

TMIN is minizua daily temperatcure
(°¢),

MH20 is set to L if Rain is actually
irrigation.

Rainfall (or irrigation) is converted
to millimeters,

DAYNUM {s tha Julian day,

Solar radiation is converted to
watts/mecer*"2,

Day length is calculaced as & function
of latitude and Julian day.

Avarage daytime temperature is
calculated as a function of the maximum
and minimum daily temperaturas.

F httime temperature is
ﬁl Eﬁ ::2&'.. a'funccgon of the maximum

and minimum daily temperatures.

Call the DATE subroutine te convert
Julian dace to calendar date.
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CLYMAT Concihued

DAYTYM = DAYLNG

NYTTYM = 24,=DAYLNG

|

TAVG = (TDAYRDAYTYMSTNYT#
NYTTYM) /24,

TERML = 1

TERM2 = 1,~EXP(=,4%LAL) |

.

INT = TERMI*TERM2

l

[ caL mesoL |

[oerme ]

ORIGINAL PAGE IS
OF POOR QUALITY

The variable DAYTYM is s¢t %o be the
:u-bor of daylight hours ‘in the 24~hour
.y » ‘.

The variable NYTTYM is set to the number
of hours from sunset to sunrise.

The average daily tesperaturs is
calculated,

The percentage of light intercepted is
detzr=ined as 4 function of rowespacing,

letgeh of the largest leaf on the
plint, and leaf area index,

;all the TMPSOL subroutine to calculate
soil temperaturas,

v




£0TL
The reader is referred to Lambert and Baker (1982), Marani and
Baker (1981) and Whisler et.al. (198l) for detailed descriptions of
the subroutines called from SOIL. However, a brief statement of func-
tion is offered here. 1In general, the purposes of the RHIZOS section
of WINTER WHEAT are as follows:
(a) To provide the plant with mineral rutrients (especially
nitrogen).
{b) To provide soil water potential information from the root
zone for the calculation of plant turgor levels and leaf water
potentials, The l¢af water potentials, 1n turn, are used to
estimate water sfiress induced reductions in growth.

(c) To provlde the above ground model with an estimate of the

root sink strength for carbon and nitrogen compounds.

RHIZOS, a two dimensional model, considers a cross section of the
soil under one row. Both dimensions of the section are variable, the
width being row width, two meters being the depth. This section is
one cm thick and it is assumed to be longitudinally representative of
the row. It is subdivided into a 6x20 matrix. It keeps a daily
record of the amount of water, nitrate and ammonium nitrogen and root
material in each cell of the matrix. An age vector of root mass is
maintained and used to estimate root growth and water uptake.

Fertilizer may be added at any depth. I‘f fertilizer is to be
added on a given day, FRTLIZ is called. :

If rainfall or 1rr1gatzon occurs, GRAFLO is called which distri-
butes the water vertically in the profile. Ammonium ions are assumed
to be adsorbed on soil colloids and to be stationary. Nitrate nitro-
gen, on the other hand, is assumed to be in solution and to move with
the soxl water.

lbvapottansplratmn routine (ET) adapted from Ritchie (1972) is
used to provide an empirical estimate of water removed from the
profile each day. This amount of water, then, is simply imposed on
the UPTAKE subroutine,

During stage I drying, water is removed from the sunlit cells of
the top layer of the matrix in UPTAKE.

Transpiration losses occur in those cells containing roots The
amount. taken from any given cell depends on the amount and age distri-
bution {permeability) of the roots in the cell.

Redistribution of water within the SOll profile occurs in CAPFLO.
Again, nitrate nitrogen moves with the moving soil water.

The mineralization of organic nitrogen and the conversion of am-

monium mi'ro*..d to nitrate occurs in NITRIF,

PNET : ,
As noted earlier, WINTER WHEAT is a materials balance model
i.e., each day of the growing season an increment of dry matter is
produced and distributed to the growing points in the plant, the end
point yield, then, being the dry weight of the grain.

In a review of the subject of canopy photosynthesis
(Baker, et.al., 1978a) a number of factors were considered in the
choice of approach to the problem of estimating canopy photosynthesis.

13
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SOIL Subroutine

Flowchart

PERN ® CLIMAT(S)

CALL FRTLIZ

Output the value of the varisble

YNOIC(1,1)
|

Cow=s ]
i
o3 = ¢ |
]
rmmé‘-o |

[ CONTINUE ]

FERN.GT.®

| cawL errLIZ
¢

@m.cr.a

| True

o oo |

| I
| cm.lni J

SUPNO3 = 9.
SUMES = 9.
SUMEP = §.
l
| po1re1, vt |
—

[ caL vprake |

5

14

Nates

CLIMAT(S) is the amount of fertilizer to be
applied today. - - ,

On the first day of the simulacion call the
fertilizer subroutine to add nicrogen found
in the organic matter, and to add reridusl
nitrate and ammonium to the .profile,

After the first day the organic matter and
residual nitrate and ammonium variablys are
set to zero.

If fertilizer {s to be aoplied then call the
fertilizer subroutine (FRTLIZ).

If vain or lrrigation occurred, then call the
gravitacional flow subroutine (GRAFLO)«

Call the evapotranspirati{on subroutine (ET),

Inicialize the accumulators for uptake of
nitrate, evaporation from the soil, and
transpiration from the plant for the day. .

Tterate NOITR (an input paramater) times

during the daycime,

Call the uptake subroutine (UPTAKE).

b wte e L e § 7 AR e e i et



SOIL Continued ORIG]NAL f’ﬁﬁi" 15 . g

UPNO3GT. 0

SUPNOJ = SUPNOI + UPNO3

| -

OF POOR QuaLIiTy

1.
CALL CAPFLO

|
w | co&ﬁfus B

CUMEP = CUMEP + NEWEP

l

[' CUMES = CUMES + NEWES

J

SUPHAY = SUPNOIAPODFACH
+1/ROWSP

l

o 111 =1, o |

) L

[ caL caprLo |
i

u | cormvue |

-

| caw nrerr |

—

| RETURN

15

Accumulate the nitrate caken up by the
roots during the day.

Call CAPFLO to redistribute watir and ~
nitrate in. vesponsa to potential gradients
caused by the withdraval of vater.

Add periodic transpiration to the
accumulator,

And perfodic evaporation from the soil
to the accumulator.

Convert nltrate uptake to units of
grams per plant,

Iterate NOITR (an input parasster)
times during the night.

Call CAPFLO to redistribute soil water
duving she night,

]

Do the nitrification processea

s



The static models of Monsi and Saeki (1953), deWit (1965), Duncan,
at.al., (1967), and Tooming, (1967) consider the leaf as the basic
photosynthetic element. They treat an exceedingly complex subject re-
quiring a vast amount of input data describing the physical location,
the climate and the angular orientation of each leaf element in the
capopy. This information must be provided continuously throughout the
day. In order to accurately estimate total canopy performance they
also require the age, the developmental history and the current

nitritional status cf each leaf element, All this can be provided in
a model, but at considerable expense.

In addition to the complexity involved, these static leaf element
models present the crop modeler with three other difficulties. First,
none of them has ever been validated, The best that has been done is
to compare them with weekly dry matter accumulation data - which is
somzwhat analogous to using a calendar rather than a stop watch to
measure the pulse rate of a heart patient. Secondly, they do not cor=-
rectly account for respiration. They sinply assume that some fixed
fraction of photosynthate is consumed in respiration. This becomes a
fatal error in the attempt to use these static models in a dynamic
form since respiration is a function of quantity of biomass, Fmally,
they assume a horizontally uniform distribution of leaves which is not
approprlate in a row crop.

With effort all of these difficulities could have been overcome,
but the result would, at bhest, have been a rather inconsistent patch
job. We chose instead to take a more empirical appcoach, treatmg the
entire plant canopy as the photosynthetic element. There is abundant
precedent for this in the literature (Baker, et,al,, 1978a}, and, it
leads more directly and more precisely to the quantity of dry matter
produced by the crop. It depends, however, on the availability of a
set of canopy photosynthesis-respiration data in a crop of known bio-
mass.

A detailed flow chart of PNET is presented on pages 17 and 18,
The model does not contain a mechanism for the calculation of leaf
water potential from environmental inputs, ard so it (PSIL) is simply
set equal to five times the water potential in the rooted portion of
the soil profile. The next several statements, down to line 10,
compute a water stress reduction factor for photosynthesis. The reduc-
tion factor (PTSRED) is a linear function of leaf water potential
taken directly from Figure 1 of Lawlor (1976). We believe that the
data base for PPSRED must be confirmed in experiments at various
stages of development in crops grown under natural light and with var-
ious patterne of water stress development.

Next, canopy photosynthesis, on a ground area basis, is calculat-
ed., In 1977, Baker, Parsons, Phene, Lambert and McKinion (unpublished)
collected a set of canopy aparent photosyntlhiesis and respiration data
in the winter winter wheat cultivar, Scout, under abundant soil
moisture and fertility conditions. Measurements were nade at several
stages of development in the crop. The measurements were made in SPAR
units (Phene et.al., 1978) via the closed system technique. Apparent
photosynthesxs was recorded oonl:muously, throughout the season, at
fifteen minute intervals, ~along with incident PAR, canopy light
interception and canopy air temperature. Respiration was measured in

16
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PNET Subroutine

{ PSIL = PSTAVG ¥ . |

PISRED = 0,

CONTIN?! l

PSTAND = 8,218 + RL *
(.22138 - ,00012 * RI)

PISN = 1,0

True

| PISN = 100 ¥ LEAFCN |
{

.
STARCH » RESC/(RESC +
LEAFWT + STEMWT)

[ RESCF =1, -.28 * STARCH |

STARCH .GT, .
‘A“D‘
STARCH ,LE, ,23

18

True

[ RESCF = 1,67 -4, * STARCH |
7

Falsa

©

17

Leaf vater potential is set to be five
times the average soil water potential,

Photosynchesis veduction fictor for
moisture stress is initialized at zero.

If leaf vatsr potential is less then
=18 bars then PISRED remains at zero,

*

The reduction factor is a linear function
cf the lesf water potsitial, :

If chis reduction factor {s calculaced ¢
be greater than one then it is set to ons,

P e

Potential canopy photosynthesis is a
funceion of solar vadistion.,

Photosynthesis reduction fsctor for
nitrogen stress is inicialized at one,

1f leaf concentration is less thai Jne
percent, than the photosynthesis reduc-
tion factor due to ninrogen stress is
set to be ‘100 times the leaf concentras
tion of nicrogen.

Calculate the fraction of plant weight
which is starch.

Calculate pho:ocydchclis reducetion factor
for starch leafloading feadback as a
function of leaf carbohydrate level.

e e

g o
e



PNET Continued

[mescr = 3.74 - 13, * sTARCH |

L

RESCY = .1

|

" SPLANT = PSTAND * INT * PTIN
» PTSRED ¥ RESCF ¥ POPFAG/100,

n:sr-(('mc 13.)/
12500, % 24,) * PLANTW

18
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Gross photosynthesis 1is a function of
intercepzed light, plant population,
and the calculated reduction factors,

Respiration loss s calculated a3 s

function of temperacure and plant weight,

If the respiration loss is calgulated to
be less than zero then it is set to szero,

Met photosynthesis is sec to be gross
photosynchesis minus respiration loss
multiplied by a factor to convert grams
of CO; to grams of CH0.

1f net phocosynthesis is less than the
minimum amount, then it is set to the

minimum (arbitrarily assigned) value,

Nat photosynthesis {s totaled for the
season.

g e g




the same SPAR crope as was photosynthesis. The respiration data are
presented in Figure 2. 'Two techniques were used in thesa
measurements. In the first, (Figure 2a) the chamber was. quickly
darkened aftar a pariod of photosynthesis, 1In the second, (Figure 2b)
the chamber was kept dark for a period of about 18 hours prior to and
during the respiration measurements. Rate of increase in canopy
was measured after 25 to 30 minutes' accomodation to a new temperatiire
level. Unlike the results with cotton, (Baker et,al., 1972) we found
no difference in rate of canopy respiration whether preceded by a
period of rapid photosynthesis or not. The senesced SPAR C data
points were deleted, The light and dark data sets were combined and
fitted to provide the respiration function in the code. This technique
may be criticized since it is, in fact, a respiration measurement made
in the dark being used to represent respiration in the light, c.f.
Chollet and Ogren (1975)., Although we believe any quantitative error
will be relatively small, this estimate of the respiratory loss in the
light will probably be on the high side. Canvin (1970) presents
evidence that dark respiration may be reduced in the presence of
light. There appeared to be no change in photosynthetic efficiency
during the season until the beginning of senescence. ‘fhe data were
collected on crops in three SPAR units maintained at three temperature
regimes (c.f, Table 1). So, the crops matured at different rates,

The effect of senescence on canopy photosynthasis (s shown in Figure
3. There was no significant senescence effect in chamber B through
days 114, 116, and 117, nor was any senescence in A noticeable through
days 126, 127, and 128, Appropriate dark respiration vaiues from the
above measurements were added to these (fifteen minute) apparent
photosynthesis values, and, the data were pooled and fitted to obtain
a composite ganopy light response curve with 258 1l5-minute data
points. An R“ value of 0.89 was obtained, This curve was used, with
15-minute average solar radiation data throughout the daylight periods
in 36 representative days over the season to produce the daily total
data presented in Figure 4. The data range from completely clear days
to completely and heavily overcast days. The equation for this curve
is used to enlculate daily photosynthate production (PSTAND) from
daily total solar radiation in WINTER WHEAT, Next, a photosynthesis
reduction factor for nitrogen stress is calculated. At the time of
the development of this model, no data base for this was avallable to
us, and so, we arbitrarily reduce photosynthesis for leaf nitrogen
concentrations belcw one percent by the leaf concentration multiplied
by 100. In future versions of WINTER WHEAT an experimental data base
for this will be developed. S o

The following section of PNET develops a photosynthesis reduction
factor for starch buildup in the leaves. Again, no data base for this
in winter wheat was available to us. Therefore the data and logic of
Holt, et.al., (1975) in their alfalfz model, SIMEDy are used.

Next, the photosynthate yield (PSTAND) is reduced by the above re-
duction factors, adjusted for canopy light interception (INT), and put
on a per plant basis., _

In the next several statements, canopy respiration is calculated.

Net photosynthesis, PN, is calculated as the difference between
photosynthesis and respiration multiplied by a factor to convert the

19
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SPAR A®es SPAR B XXX SPAR C-
LIGHT |

10 15 20 25 30 35 40 4§
TEMP (°C)

SPAR Aeee 5SPAR B XXX SPAR C---
DARK

N

N

2—&

mg €0,/ /hrImg/gdwt /hr)

(=]

5 10 15 20 25 30 35 40 45 50
TEMP (°C]
Figure 2. Canopy respiratioa rates (in mg. Cozlgxam dry plant weight/hour)

vs, air temperature immediately after exposure to bright light (A)

and after exposure to long periods of darkness (B).
: 20
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Table 1. SPAR Unit Temperature Control Program.

Julian Day Average SPAR Air Temperature °C
SPAR UNIT
A B ¢
6-12 g»? 593 9,8
13"19 "0.6 7.2 10'11
20~26 4.9 7.1 12.8
27"33 406 9-7 1208
41=47 7.2 12.8 18.3
48~-54 7.2 - 12.9 18.4
83-89 13,1 18.3 25.8
90-96 15,9 21,2 29,3
104-110 18,2 23.9 29.3
111-117 18.2 23,8 28.8
118~-124 17.9 24.1 29.3
125-131 19.0: 23.8 28.7
132~-138 18.0 23.9 27..4%
139~145 16.8 23.8
146-152 17.2 23.9
153~159 17.1 23.8

*Terminated after day 137

21
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C!) to CH,0. It represents dry matter production per plant per
éry small minimum limit ensures some gzwth in the very early
seedlmg stages.,
Finally, the day's increment of net photosynthate production is
accumalated for diagnostic purposes in the materials balance.

GROWTH

This subroutine calculates potential and actual daily increments
of growth of each of the orjans on the plant. The data base is mainly
from papers by Sofield et.al. (1974) and Friend et.al. (1962). Root
growth is handled in RUTGRO, a RHIZOS subroutine, which is called
twice from GROWTH. In RUTGRO the soil water potential in those parts
of the soil profile containing roots is used along with climate inforw~
ation t» calculate day time and night time (WSTRSD AND WSTRSN) water
stress parameters referred to below.

Growth stratragy is as follows:

a) the plant is inventoried and a potential growth rate for each
of the organs is calculated as a function of temperature, assuming no
shortage of photosynthate or nitrogen. A total carbohydrate demand
(CD) is calculated as the sum of the potential growth increments of
all the plant organs. Plant attributes used in this calculation in-
clude organ weights and ages (since initiation). When a better organ
data base is available, potential growth will be calculated for day
and night time periods separately using temperature and water stress
inputs appropriate to those time pericds.

b) after the calculation of potential carbohydrate requirements,
the NITRO subroutine is called from GROWTH. NITRO will be described
in detail later. Its function is to estimate the nitrogen required to
assimilate the amount of carbon just estimated for each of the organs.
These nitrogen requirements are summed for the vegetative parts and
the fruiting parts and the sums are used in the denaminators of
nitrogeis supply/demand ratios to estimate the maximum fractions of the
carbohydrate uptake potentials that can actually be assimilated,
considering the nitrogen limitations. This, then, is a reduced or
refined estimate of potential organ growth increments.

c) a carbohydrate supply/demand ratio is calculated as follows:

CPOOL = PN + RESC
CSTRES = CPOOL/CD

where CPOOL is the total available pool of carbohydrate from today's
increment of phctosynthate productlon, plus reserve carbon carried in
from earlier days, and CSTRES is the carbohydrate supply:demand ratio.

d) actual growth of each organ on the plant, then, is calculated
as the product »f potential growth multiplied by CSTRES. This parti-
tions photosynthate to each organ on the plant in proportion to its
contribution to total demand, except that grain will receive their
full requirement first if sufficient carbohydrate is available for
grain growth. Anything beyond that is partitioned to the vegetative
parts, including roots. :

GROWTH is flowcharted on pages 25 to 30. The water stress terms,
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e

GROWTH Subroutine

I WIF = .OOZSI

VSTRSN * NYTTYM)/ 24,

[0 1001 =1, NSTEMS |

 PosTEM (1) = 0.]

[ PoGLIM (1) = .000005 |

- ,0001

PDGRAN (I) = ,00008 * TAVG

PDGRAN (1) .LT.0. [slse

PDSTEM (I) = ,00005
POGLUM (1) = 0.
PDGRAN (I) = 0.

IDAKY ,CE. BCOT (1}

False
PDSTEM (1) = .0022
PDGLUM (1) = 0.
" PDGRAN (I) = 0,

PDSTEM (1) = .0079 |
PDGLUM (I) = ,00002
PDCRAN (I) = 0.

CONTINUE

SPIWL, = 0.
SPDSTM = 0.
SPDGLM = O,
SPDGRN = 0,

Q

25

MWTIF 48 the factor to convert leaf
area in cm**2 to weight in grams.

Determine the water stress factor for
reduction of potential growth.

b5 for all the stems on thi planc.

i

Initialize the potential change in
stem weight for each stem., (Heading
Stage)

Inicializa the potential change in
glume veight for each stem, (Heading
Stage)

The pocancizl change in grain weight
is a function of temperature. (Heading
Stage)

If the potential change in grain weight
is calculated to be less than zero,
then set it to zero,

Set potentials foc stem, glume, and
grain growth prior to jointing.

Set potentials for stem; glume, and
grain growth during jointing.

Set potentisls for stem, glume and
grain growih during boot stage through
anthesis,

Zero the accumulators for weight change
potencials. .

a1 e b .
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GROWTH Continued OF POOR QUALITY

%m. 0

True

r -
[ Do 160 T = 1, NSTEMS |

_ LEAF (I) ,LE, O

(0012007 =1, K |

TOUM = TAVG

OW T, 20

I True

[ TOUM = 40, -TDUM |

TOUM ,LT. O

True

[Crowc =0, ]

L
[ RADAY = TDUM/40. |
1

[ALDG (1,9) = ALD® (1,J) + TAVG

] ITIM = IDAY -~ LIDATE (I, J)]

| TDUM = ALT!;P (1,3) /1TIM |

|

{1TOUM ® -1.33 * TDUM + 51.83 |

26

"

1f there are no stems then get
out of the growth routine,

Do for each stem on the plant.

If & stem has no leaves then skip
leaf grovth routine.

Do for each leaf on the stem,

Potential change in leaf area is a
function of temperature with max
potential change occuring at 20°C.
The relationship is linear with no
zogoucinl grouth below 0°C or above
~° c. ) :

The average temperature is added to

. the temperature accumulator for each

leaf (accumulated cince the leaf was
initiated). ’

Determine the age of aach leaf,

Calculate the average temperature of
each leaf since its initistion.

Tt e e



GROWTH Continued

OR‘G!MAL PAGE‘:’? WL (I? RADAY * i : i
- PDW! = I Potential change in leaf vweight is &
OF POOR QUAL‘ wIY w Rl"UST."? FACL function of potertial change in léaf
[ ares, area to weight factor,
vater streass factor, and an input growth
| seowL = SPOWL + PDVL (I,J) | coefficient.
Calculate potencial change irn leaf
120 CONTINUE veight for the plant (total).
' ;
SPDSTM = SPDSTM + Calculate potential change in sien
PDSTEM (I) ¥ RFWST weight for the plant. (Eotal).
51%GIM = SPDGLM 7+ PDGLUM(T) Calculate potential change in glune
* SPIKE (1) " RFWST veight for the plant (total),
SPDGRN = SPDGRN + PDGRAN (I) Calculate potential chenge in grain
* FLORET (I) * REWST veight for the plant (tocal).

10 [CowTIE]

| CALL RUTGRO (KALL)J Call RUTGRO subroutirie to get potantial
r * change 1in root weighe,
SPDWRT = SEDWRT * Dt Convert potential change in root weight
ROWSP * POPFAC * 100 to be in units of grams per plant,
LCD = SPDWRT + SPDGIM + SPDSTM + SPMJ Total: poctential change in weight of all
- tommne e plant parts except grain to determine

catbohydrate demand for thece parts.

CSTRSF = 1, Initalize the carbohydrate strass factors
CSTRSV = 1, at 1 (no stress),
[ CPOOL = RESC + PN | Calculate total available carbohydrite

as being reserve from IDAY-1l plus the
photosynthate produced on IDAY.

LRESC = CPOOLl~ SPDGRN l Subtract carbohydrate needed for maximum
- potential grain gryweh from the carbohy~
drate available, o
If no carbohydrate remains f~r growth of
- other plant parts, set tlie reaserve carboh-
ydrate varisble \u zero, the carbohydrate
False stress factor for vegetative parts to zero,
) and racalculace the carbohydrate stress
factor for grain growth based upon

|cs'mst = (RESC + SPDGRN) /SPDGRNJ available carbohydrate,
RESC = 0, ) )
CSTRSY = 0. } ‘ o

©
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[RESC = RESC - D | Subtract the carbohydrate nesded for
" grovth of plant parts other than grain
from available carbohydrate, ;

If the available carbohydrate is insufficient
to meet demand, then use the remaining
carbohydrate for growth, calculate s carbohy-
drate stress factor for vegetative growch
False and set the carbohydrate reserve to zero.

RESC .GE, O,

cp .GT. O,

»

True

[ csmsv = (resc + cp)/cp |

Call the NITRO subroutine to sllocate nitrogen
for growth,

LEAFWT = 0, Set the variables used to total the .
STEMWT = O, veight for the leaves, stems, glumes, and
GLUMWT = 0, grain on the plant o zero. Zaro the
GRANWT = O, variable used to accumulace the extra
XTRAC = 0., carbohydrate,

[ DO 400 T = 1, NSTEMS| Do for all the stems on the plant,

False

{po 320 Je1, x| For each leaf on stem I;

{f there is a potentisl for change in leaf
weight;

AREA = AREA + PDWL (I;J)f" detarmine change in area of lesf J 6n stem
: WTE * CSTRSV * NV 1 and add to accumulator of total leaf area for
g r' ‘ plant,
LEAFW (1,J) = LEAFW (1,J) Determine the weight of leaf J on stem I.
+ PDWL (I,J) # CSTRSV * NV %
XTRAC = XIRAC + PDWL (I,J) Accumulate the extra carbohydrate which was
* CSTRSV * (1,-NV)_ needed for growth but was not used because

of nitrogen stress.

@ 28
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OROWTH Continued

S

' [LZATYT = LEAFWT + LEAFY (1,)]

‘smﬂ(':) = STEMI(I) +
PDSTEM (I) * RFWST * |
CSTRSY * NV i

XTRAC = XTRAC + PDSTEM (I) |
RIVST # CSTRSV * (1,-NV)

: T

E.mm‘ = STEMIT + STEMH (1)

GLUMY (1) = ci.um (1) + pbcLiM (I)
% RPWST % CSTRSV * SPIKE (I) * NV

[

XTRAC = XTRAC + FOGLUM (L) %
SPIKE (I) * RFWST * CSTRSV * (1.-NV)

[cx.mm = GLUMWT + GLUM4 (:)J

GRANW (1) = GRANW (I) + PDGRAN (I)’
% RFWST * CSTRSF * NF * FLORET (I)

[

XTRAC = XTRAC + PDGRAN (I) * FLORET (I)

* RFUST * CSTRSF * (1.-NF)

Lm-mm+mw (1)]

400 CONTINUE

RCH20. = SPDWRT * CSTRSV * NV

s

XTRAC = X"..AC + SPDWRT *
CSTRSV * (1,-NV)

|

“LL - 1.

[ cALL RUTGRO (mﬂ

| RESC = RESC m XTRAC |

PLANTW ® LEAFWT + STEMWT + GLUMWT
+ GRANWT + ROOTWT + RESC

29
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Accumilate the weight of leaves on plant.

Determine waight of stem I by adding
change in 8Tam weight to the accumulator,

Accumulate the extra carbohydrate which
was neaded for stem growth but not
used bacause of nitrogen stress,

Accumulate the total veight of all scems
on plant,

Determine waight of glumes on stem I by
adding change in gliwiy weight to the
accumulator,

Accumulate the extra carbohydrate which
was needed for glume growth but not
used bacause of nicrogen stress,

Accumidlace the totsf weight of all glumas
on plant,

Determing the waight of srain of stem I

by adding grain weight to the accumulacor.

Accumulate the extra cnrbohydnei which
vas needéd for grain growch but not
used because of nitrogen scress,.

Accusulate the total weight of all grain
on the plant.

Dctufminc the amount of carbohydiccc going
to the roots of the plant,

Accumulate the extra carbohydrate which was
allocated for root growth, but aot
used bacause of nitrogen stress.

Call the RUTGRO subroutine to grow the
roots,

Ths extra varbohydrate is added to
reserve cariohydrate,

Total plant weight is weight of indivi-
dusl plant parts plus the reserve carboh-
ydrate which is mainly stored in the
leaves,

i
ey
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| veur = prawTY - Grawt|

[Cowns - o,

[00 420 T = 1, NSTEMS |

[ mAxw = LEAR (1,0) |

L

GROWTH Continued

l CONTINUVE l

| XLEAVL @ 2,15 * puxti/TE + 1. |

XLEAFL .CT, 13.9
\ -

True

| XLEAFL = ,74 % XMAXLW/WTF + 9,44 |

LAI = AREA/POPFAC/100, |

RETURN

30

Vegetative weighc {5 plant weight
minus grain weijght.

Initialize the variable which is used
to stot's the weight of che largest lesf
on the plant,

Do for all the stems on the plant.

Do for all the leaves on stem I,

If the weight of leaf J on stem I i3 more
than the meximum weight of any leaf to
this point, then set the maximum leaf
veight to be the weight of leaf J on
stem I,

Use maximum leaf weight to determine
maximum leaf length,

Determine leaf ares index for the
plant,

ORIGINAL PAGE S
OF POOR QUALITY
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defined in subroutine RUTGRG, for daytime and nightt:ime., and, day and
night average temperatures are brought in from MAIN,

Referring to the flow charts on page 25, the first staiement de-
fines a specific leaf weight term from unpublished data of Smika. The
second statement forms a water stress factor from water stress data
(WSTRSD) and WSTRSM) data brought in from RUTGRO via MAIN. These data
represent. the fraction of the day and night time periods during which

the leaf water potential is estimated to be above -7 bars. The remain-

ing statements on page 25 calculate or define the potential dry matter
accumulation increments in the stems, glumes and grain. The values for
stems and glumes have been chosen arbitrarily. The values for the
grain are taken from Sofield et.al. (1974)., These are first defined
for the heading stage. Then, they are successively defined for the
jointing, booting and anthesis (plus 4 days) stages,

The statements on page 26 and down to statement 120 on page 27 de-
fine the potential growth increment of each leaf on each stem as func~
tions of temparature and water stress. The data base, both for leaf
growth rate and the length of the leaf growth period is from Friend
et.al. (1962). They did not record leaf growth per se. The tempera-
ture responses represent total above ground vegetative growth rates.
Their experiments were done with Marquis wheat (Triticum
aestivum) under artificial light (up to a maximum of 2500 f.s.), and
their data evtend only to 30 C.., We believe that values derived from -
this data set may be low representations of "potentizl", i.e, not -
limited by carbohydrate supply, growth. Certainly these data need to
be confirmed in further experiments. However, we have used the Friend
et.al, data only to oconstruct the shape of a temperature response.
Actual amounts of leaf growth appear to be reasonable. First, leaf
area growth is calculated. Then; the length of the leaf growth period
is calculated as a function of running (since leaf mitxation) average
temperature. Finally, a potential leaf weight increment is calculated
from the potential area growth increment, the specific leaf weight
factor and the water stress reduction factor. These potential leaf

Next potentlal growth increments for stems, glumes and grain are
adgusted for water stress and accumulated, Then, (middle of page 27)
RUTGRO is called, where the potential change in root weight in each of
the RHIZOS cells is computed as a function of soil temperature and ac-
cumulated. ’

This potential total root growth increment is added to the total
of growth increments for stems, leaves, and glumes to produce a total
carbohydrate demand (CD) for vegetative growth. Then, the carbohy-
drate pool is calculated as the sum of today's photosynthate produc-
tion plus reserves carried over from yesterday.

Next, the supply;demand ratio for grain growth is calculated.

The following loqa.c allows carbohydrate shortage to terminate vegeta-
tive growth entirely in favor of grain growth. Fu'st, the reserve
pool is decremented by the amount needed for grain growth. If this
completely depletes the reserves, then, reserves are set to zero, the
supply:demand ratio for vegetative growth is zeroced, and, the
supply:demand ratio for fruit growth is defined less than one. If,
however, reserves are not depleted by grain growth, they are

31
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decremented by the amount needed for vegetative growth. If they are
still not depleted, full vegetative growth occurs. If they are
depleted, a supply:demand ratio for vegetative growth less than one is
calculated, ‘

Next, NITRO is called and in an analogous way, nitrogen
supply:demand ratios for grain and vegetative growth are calculated.

After return from NITRO, (middle of page 28 through page 29) -
actual dry matter growth of each organ on the plant in calculated. In
each case, three steps are taken, First, the new organ size is
defined as thé old value plus today's increment, which is equal to the
potential growth increment multiplied by the supply:demand ratios for
carbohydrate and nitrogen. Next, if nitrogen was limiting, some carbo-
hydrate is left over, (XTRAC). This is accumulated and added to re-
serve., Finally, the total weights of the various categories of organs
are accumilated. ‘

After RUTGRO is called for the actual incrementing of root dry
matter, total plant weight and vegetative weight are calculated. Maxi-
mm leaf length is calculated for use in the estimation of canopy
ground cover (INT), and IAI is calculated.

RUTGRO = :

This subroutine calculates potential and actual dry matter in the
various parts of the root gystem. It also calculates water stress par-
ameters which are used in GROWTH to adjust potential growth of above
ground plant parts. .

A more detailed description of this subroutine is presented by
Lambert and Baker (1982) in their discussion of RHIZOS. The parts
directly affecting above grnund processes will be outlined here for
readability of the present ¢liscussion of WINTER WHEAT as a whole.

Flow charts are presented o pages 33-44.

The water stress paramiters (WSTRSD and WSTRSN) are calculated
first and will therefore be presented first in this discussion.

Boyer (1970) presents data showing an abrupt cessation in leaf
growth in soybean, sunflower and corn as leaf water potential falls
from about =3 bars (full turgor). The exact cutoff varies with
species and we presume it varies with conditioning., The plants ap- -
proach zero enlargement asymptotically, reaching zero at or kefore
=12 bars leaf water potential. Baker et. al. (1982) have chosen thres~-
holds ranging from -3 to -12 bars and found that a -7 bar threshold
works best for estimating growth in cotton. This analysis has yet to
be repeated for winter wheat., , ' o

Model strategy is to assume that above -7 bars leaf water poten-
tial there is no restriction to growth of above ground plant parts and
below that threshold no growth occurs, since the asymptote is ap-
proached sharply in Boyer's data. A regression model expressing
cotton leaf water potential (PSIL) as a function of soil water
potential (PSIS), net radiation (RN) and temperature (TA), where water
potentials arg in bars, temperature is.in Celsius, and net radiation
is in watts/m“ was used to calculate PSIL values at ten minute
intervals for all combinations of the weather and soil water potential
conditions in Table 2. Daily time courses of a typical data set are
given in PFigure 5 along with the net radiation and air temperature
values used.
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RUTGRO Subroutine

Do 40 I=1,20
Do 40 Jei,6

DWRT(I,J)=0, | |

40 |IOOTSV(I,J)'O.' '

SPDWRT=0, -
PSIMAX=-50,

g

[po 1 LAYER=],LR ]

| Kl-Klb(LAY!R)l

loo 1 KoLUMN=L,KR}

|

DWRT( LAYER , KOLUMN) =
RTWT (LAYER , KOLUMN , L)+
RTWT ( LAYER, KOLUMN , 2)

PSIS(LAYER, KOLUMN)
«GT» PSIMAX

r.x-:_l

CALMAX=1980, 7+PSIMAX*(797, 58+
PSIMAX*(181.181+PSIMAX¥10.9619)).
CALAVG+1980., 7+PSIAVG*(797.58+
PSIAVG*(181.181+PSIAVG*10.9619)).
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On the second tiwa RUTGRO is called esch
day skip to etatement 2,

tnicisiize the arrays DWRT and ROOTSV
each day;

Inicialize these variables.

Traverses sll soil cells occupied by
roots,

Roots capable of growth {n sny solil cell
are sssumed to be those in aga class |
(less chan ) days old) plus those in sge
class 2 (between 3 and 12 days).

By repeating this compariion wrer all
soil cells occupied by roots, the maximum
soil vater potencial in the root-occupied
region will be found, Note that PSIS(¥s)
is negative.
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f{j
CALTSDNTDAY%(=71,3947+(TDAY*],22793)) .,
CALTSNOTNYT#(~71,3947+{INYT#{,2279))),
i 1

WSTRED={CALAVG +CALTSO+RN*®
(=0,512134=0,0789774PS1AVG )+ g
(0473493 PSLAVG*IDAY)) /730,

WSTRSN=(CALAVG+CALTSN®17 92474

SPSIAVGY(2, 7641 95+0,73493%

TNYT)) /730,

<wmlo§ur.’.ooon

True

"| WETR8D=0,0001 l

“'fﬂﬂnocf'lso

Limics ,001 LT, WSTRSD .LT. 1.

True

. "’IRSN!LTQOOOOO’

True

Limits .0001 .LT, WSTRSN OLT 1.

WSTRSN=0, 0001

WSTRSN=1.0
DAYL LeDAYLNG /24, Day length as a fraction, 0=l,
DAYL24(24,~DAYLNG) /24, Night length as a fraction, 0-1.

DSNLdeOILN( 4) |

[ TSDLeTSOILD(4) |
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Falae

In
[0 24 LATER=I,LK ]

| LPISLAYER+1~(LAYER/NL) |

l

CALTSD™TIDL¥(=71,3947+(TSDL*1,22793))
CALTSN®TSNL*(=71,3947+(TSNL¥],22793))

STRSD=(CALMAX+CALTSD#RNW
(=0,512136-0,078977*PSIMAX)
+(0,734937P3 IMAX*TSDL)) /730,

- STREN=(CALMAX+CALSTSN+
17,92676+PSIMAXN(2,764198
+0,73493*TSNL)) /730,

STRSD=0,0001

@um-l- False
-”

True
STRSD=1,

STRSN.LT,0,0001

True
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RICRO Continued

Limic TS0L and TSNL to & maximum of
30° ¢,

Traverses all layers occupied by roots,

Limits .0001 .LT, STRSD LY. |,

Limics ,0001 LT, STRSN (LT, L.



RUTGRO

&

STRSN=0, 0001

we adon

STRSN.GT.1

ROOTXP=((-0,2120865+(,016079
*TSDL)*DAYL1+(~0,2120865+
0.016079*TSNL) *DAYL2

? False

ROOTXP LT .FACH

True
IOOTXPPFACK

L r———— ey

CALL RIMPAD

——xi;hhm{m
| b0 37 ROLUMN=L,KR |

[XPTROLUM~ 1~ (KOLURV/NEY |

[ *NI=KoLUMI=1+(1/ROLUMN) |

| TEST=RTIMPD( LAYER, KOLUMN) |

- True
EST.LT.RTIMPD( LAYER,KM1) ‘

EST.LT.RTIMPD( LAYER,KP )

False
|_TEST=RTIMPD( LAYER,KPL)|

&
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Continued B e

Specific root growch rate within sofil cﬂll;
dependent on daylength, layer temperaturs,
and wacer etress based on PSIMAX.

Limic ROOTXP to an input minimum amount.

Call the RIMPED subroutine,

Do for all the columns containing roots.

P
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RUTGRO Continued

QJEST LT RTIMPD(LP T, KOLUMN [==

e

stress terms.

SPDWRT=SPDWRT +DWRT { LAYER , KOLUMN) Sus potential rooc growth over ‘the
WROOTXP*RTPCT entire profile.
2 cow*mugs:_]
['HSTRSD-(STRSD#?@TRSD)/QAJ | Calculate the day and night vnt@pk

|| MSTRSN=(STRSN+WSTRSH)/2 |

~ | RGCF=RCH20/SPDWRT | . _-Root growth cottection factor is the
tatio of carbohydrate available for
root growtch to the total potential root
growth in the profile.

| Do 5 LAYER=1,LR |

[7 KR=KRL (LAYER) { Covers all soil ¢ells occupied by
roots.
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4

roo 5 KOLUMN=1 ,xﬂ

RTWT(LAYER, KOLUMN, 3)=
RTWT (LAYER, KOLUMN, 3)+RTP2
#RTWT ( LAYER, KOLUMN, 2)

RTWT (LAYER ,KOLUMN, 2)=
RTWT (LAYER, KOLUMN, 2)
*(1, -m»z)

==

RTWT{LAYER, KOLUMY, 2
uwr(una.xowm 2)+m’1*
RTWT(TAYER,KOLUMN, 1)

I

RTWI(LAYER, KOLUMN, )=
RTWE( LAYER, KOLUMN, 1)%( L=RTP1)

T

M
DWRT( LAYER, KOLUMN)=
RGCF*DWRT ( LAYER , KOLUMN) *
ROOTXP*RTPCT

CONTINUE

[ % Lo, NLR |

Q
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aJ Continued

1f crop is three days old or less, no
shifting of wocts by age class is donae.

I1f crop is less than 12 days old; no
roots are shifted from sge class 2 irto
age class 3,

Afcer day 12, & fraction (RTP2) of the
roots in age class 2 is shifted into age
class 3, RIP2 is ;/(12-3).

The roots sdded to age class ) are here
removed from sge class 2.

Aftar &cy 3, -a fraction (RTP1) of the
roots in age class 1 ia shifted iato age
class 2. RTP! is 1/3.

The [roots added to ages class 2 ara
removed from age class 1.

The accﬁll root weight increase in the
loil cell. Note that DWRT=RCH20.

Tho grovwth orxgxnncxng from each cell
already occupied by roots has now been
determined. The direction of that ;growth
must nov be detarmined, Growth may occur
within the cell itself, to the right, to
the left, or downward.

Temporary LR, for use latar.
Number cf layers containing roots.

Use of tha variables LDC, LDI,

KRI, KLl, TRC, and LC allow simplified
programming SRWP and DWRT; the
alternativa is may IF statements to
handle boundary conditions for root
grouth. "Layer down" coefficient for use
in SRWP. equations below.

=G 1 +LE. L. LT, NL

=0 L = NL
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LDCwG*( 1 =L/NL)
LDIsL+l=(L/NL)

l §§ 2 Kel ,KR l

KRIoK+1=(K/NK)
IRC=1=(K/NK)
KLlek=1+(1/K)
Le=1-(1/K)

+LT.THRLN

RTWT (L, K, 1)#RTWT(L, K, 203

[STRI=(104.6-3. S3*RTINPD(L,K)/1.0216)%.01 ]

snlﬂ

| STRL=(104.6-3. 53%RTIMPD(L, KL1)/1,0216*.01 |

39

RUTGRO Continued

Number ol "Laycr down (below) !or use in

SRWP aquations below,

.L*I l .LE, L ,LT. NL

sL L =N

The effect of LDC and LDl in the SRW and
subsequent statements is to prohibit
roots from growing onto the bottom of the
root zone.

The number of columne occupied by roots
in layer L.

Covers all cells occupied by roots.

1f root weight capable of growth is
smaller than a ehrclhold, roote have not
traversed the soil cell and thus cannot

extend into adjacent cells., Growth

occurs only within the cell L,X.

festisieseammit s oo
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RUTGRO. Continued

STRL=0,

STRR=(104,6=3.53¥RTINPD(L,KR])
/1.0216#%,.01

False

STRR.GT 1.

STAR.LT.0, Jalss,

$119m(104 . 6=1. S3%RTIMPD
(LDL,K)/1.0216)%.01

False

SRWP=(1./PSYS(L,K)**3

+IRC/PSIS(L,KR1)**3

+LDC/PSIS(LDL;K)w*3
+LC/PSIS(L,KL] )w*3

40

Sum of weighting factors to determine
velative amount of growth from the soil
cell in each of the four directions:
Internal to the cell itself, leftward,
downward, and rightward. Weighting

‘factors based on water potential of

considered cell. Approach is strictly a
hypothesis. Note that 7RC, LDC; and LC
are either 0 or G.

e
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RTWT(L,K, 1 )=RTWT(L,K, 1)+
DWRT(L,K)*(1./PSIS(L,K)
**3) /SRWP .

RTWT(L,XL1, 1 )=RTWT(L,KL1,1)
+DWRT(L,X)%(LC/PSIS(L,KL])
w3 ) /SRWP

tm(n,pl.l)-arkr(r..nx, 1
+DWRT(L,K)*( IRC/PSIS{L,KR1)
w*3) /SRWP

RTWT(LDL,K, 1)=RTWT(LD1,K,1)
+DWRT(L,K)*(LDC/PSIS(LDL,K)
**3 )/ SRWP

[ KRL(L)=KRL(L X1 ']

41
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RUTGRO Continued

To the current young voot weight in the
cell L, K is added the fraction of the rook

growth from the call occurring within the
cell,

To the current young root weight in the
cell to the laft of cell L, K is added the
lrnqtion-ot the toot growth occurring from
the ‘cell L, K into the lefthand cell. Note
that if Kel, LC=0 and the boundary
condition of no growth across the plan¢

und{r the row is satisfied,

To the current young root weight in the
cell to the right of cell L, K is added the
fraction of tha root groweh occurring from
the cell L, K into the righthand cell,

Note that if K=NK, IRC=0 and the houndary
condition of no growth across the plane
under the next row is satisfied,

To the current young root weight i{n the
cell below cell L, K is added the fraction
of the root growth occurring from the cell
L, K into the cell below, Note that LDC=0
or G to include geotropic effects. If
LsNL, LDC=0 and the boundary conditiom of
no growth across the bottom of the lower
boundary is sacisfied,

The matrix is being traversed by layer,
from left to right. 1If the number of
solums occupied by roots equals the total
number of columns in che plane, KRL cannot

" 'be incressed. Further, if the cell being

considered (L,K) is not the rightmost cell
vhich contains roots in the layer, uo
consideration of increasing KRL is given.

Increment the number of columns occupied by
roots in the layer. Note that this occurs
only when growth in the rightmost cell
containing roots in the layer is being

considered and curvent root weight capable .-

of growth exceeds the threshold valua.

1f the bottom layer occupied by roots is
not being considered, or all layars in the

" slab are already occupied by roots, no

consideration of increasing LR; the number
of layers occupied by roots, is given.

mmerme

5



WTGRD Contlinued

{m.u.on-m.(mmj

I CONT!NU!—I

RTWT(L,K, 1)=RTWT(L,K,1)
SDWRT(L, K) :

CONTINUE
[ CONTINUE
| LR=LRT}

ROOTS=0|
PSITOT=0.
PS INUM=0

|

Do 23 LAYERs],LR |

KR=KRL(LAYER ) l

| DO 23 KOLUMN=1,KR |

WTBSLF=RTWT (LAYER, KOLUMN, 2)
RTWT( LAYER ,KOLUMN , 2)=WTBSLF
*(1.=SLF)

WTSLF¥DWTSLFD+ (WTBSLF
“RTWT(LAYER,KOLUMN,2))

ROOTSV(LAYER, KOLUM ) *RTWT ( LAYER,
KOLUMN, 1) +RTWT (LAYER, KOLUMN,2)+

RTWT (LAYER, KOLUMN, 3)

42
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Downward growth frow the lowest layce
occupied by roots incresses the numbér of
layers occupied by roots, Must be
possible to incremant LR only once within
the traverss of the layer. Since left
column (K=l) is generally the despest, it
ie chosen for consideration in detersmining
vhather to Increment LR. LRT ls temporary
LR} LR io not incremented until complete
matrix has been traversad so that
(L.NE.LR) comparison can continue
sccurately.

Incremencs number of columms occupied by
roots in what will be the lowest layer

occupied by roots during the next traverse .
of the mstrix, N

All growth occurs with soil cell L,K *
itself because the threshold has not been

exceeded,

Sets the number of layars occupied by
toots to LR or LR+l, dependent on whethei
& nev layer has been encersd by roots.

Initializes these varisbles.
Traverse all soil cells occupied by roots.

Root weight to be considered during

eloughing., For lack of better

information, hypothesis is that roots

batveen 4 and 12 days old are sloughable.

According to Huck(1976) if cotton raots

live to be-12 days old, they harden and *
live until death caused by environment aor

lack of energy for' respiration, “Root

weight in age class 2 {s reduced by the

fraction of SLF. SLF set strictly by -
guess

Weight of sloughed roocts is actumilated
throughout thie season. .

Tocal live root weight in each soil cell
due to left row is the sum of the weight
in each of the three age classes. Total
live root weight in the profile due ro
left row is the sum over all cells.

=T
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23

26

23

27

RUTGRO Continued

[ ROOTS=ROOTS +ROOTSV(LAYER, KOLUMN) |  Tocal live root waight In the profile due

CONTINUE |

to lefet row i{s the sum over all cellws,

Root weight par plant. POPFAC is the

average langth of row per plant. The 2

!’lOOM'lDO‘l'S*FO"AQ*ZIROHSP*lOO ] accounts for both halves of the root
: systea,

(DO_25 LAYER=2,LR |

KR*KRL(LAYER)

[ DO 26 KOLUMN=l,KR |

S1S(LAYER,KOLUMN
LT (-lg .0

PSITIT=PSITOT+PSIS
(LAYER, KOLUMN)
PSINUMSPS INUM+1

Traverse all soll cells nccupied by roots.

Aversge vater potential in the portion of
-~ the profile occupied by roots will be
calculated below., However, no cells having
a water potential below ~15 bars are to be
considered in developing the average,

Cumulacive vater potantial over :ells
-‘occupied by roots and having s wvatar
potential greater than =15 bars. Number of
cells meseting the criteria and thus

CONTINUE

{ PSIAVGSPSITOT/PSINUM |

Lonoo:-noorwr-nuwﬂ

(i)

included in the average.

.

If ni cells meet the criteria, do not
calcilate the sverage water potential.
IFIX allows an accurate comparison to zero,
using integer arithmetic.

Average vater potential is the cumslative
potential divided by the number of soil
cells used in the accumslation.

l PSIAVG=-15. l

(Rezumy]

43

If no cells ate above =15 bars, assume the
average vater potential.is =15 bars.

Return to calling subroutine.

End. of RUTGRO subroutine.

LRA AT AL e
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Table 2,

Typical Daily Patterns.

ORIGINAL PAGE 13
OF POOR QUALITY

RN maximums
T maximums
T minimums

PSIS

512
45
27
.1

1.0

1.8

345
40
24
o2

1.1

1.9

438
3%
16
A

1.2

2.0

470
32
21
3

1.3

5.0

617 86%
31 27
22 16
.6 7

1.4 1.5

10.C

.8
1.6

.9
1.7

*These net radiation maximums, temperature maximums and temperature
minimums are from the typical daily patterns used in the analysis.
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Finally the number of minutes (+10) during the day and night
time periods when leaf water potential exceeded -7 bars was computed,
This vector was then fitted via a stepwise regression to comparable
vectors for daily average net, radiation, average temperature, and soil

suction, Day and night time water stress terms WSTRSD and WSTRSN
respectively, are calculated using the average soil suction in the
rooted portion of the profile, While this data base and procedire are
used in the present WINTER WHEAT model, we emphasize that a data base
from winter wheat, and, possibly a more mechanistic model would be
more appropriate.

In the calculation of potential root growth in each of the cells
in the RHIZOS matrix, we assume exponential growth based on the mass
of roots present in an age category capable of growth. Good data on
the effects of temperature and carbohydrate supply on root growth
rates in winter wheat were not available, and so cotton data (GOSSYM,
Baker et.al., 1982) have been used. Thus, the ROOTXP parameter is
obtained by the same function as for young cotton bolls. Subsequent
wo.k by Whisler et.al.,(1977) working with GOSSYM, in which they
simulated the root growth measured in SPAR units by Phene et.al.
(1978) showed that potential root growth is in fact an order of
magnitude greater than potential boll growth on a weight of growing
tissue basis. Other subsequent analyses by Fye et,al, (1982) have
shown the ROOTXP term must be multiplied by factors of five or six to
similate field crops. Clearly this is an unacceptably crude guess as
to the potential dry matter accretion rates in winter wheat roots.
Controlled environment research on winter wheat roots is indicated.

After calculation of the ROOTXP term, the model calculates a pot=
ential (PDWRT) root growth value for each cell from the root weight
capable of growth (RIWICG) thus,

PDWRT = RIWICG*ROOTXP.

'%‘hen, these are summed over the whole root system to form a t:otal
SPDWRT).

Finally thé model returns to RUTGRO from GROWTH where an incre-
ment of carbohydrate actually to be allotted to the root system is de~
termined. This dry matter is partitioned to each part of the root sys-
tem in proportion to its contribution to total demand,

RGCF = RCHZ)/SPD&\R’I‘. .

Finally the root growth correction factor (RGCF) is nultiphnd by the
potential root growth terms (PDWRT) to give an increment of dry matter
accunulation (DWRT) in each cell.

NITRO

This subroutine is called from GROWTH. With GROWTH it is in-
volved in the partitioning of metabolites in the plant. The supply,
on a particular day, consists of the increment of nitrogen brought . in
through the root system (UPTAKE) plus mobilizable reserves. Three
types of constants pertaining to NITRO are read in from the keyboard
when operating from a computer terminal. These are a nitrogen reserve
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mobilization factor (F2), "K" factors representing the minimum percent-

age of tissue dry matter octurring as nitrogen after all reserves have

been withdrawn, and "J" factors representing the minimum nitrogen con-

rentration of new dry matter added to organs. F2 is arbitrarily set

at 0.5. Usually "K" factors for leaves, stems, roots and glumes are

all set at 0.01, and all "J" factors for leaves, stems, roots, glumes

and grain are set at 0.03, Obvicusly, these values are arbitrarily

chosen and need to be verified experimentally. , s

NITRO is flow charted on pages 49-51. Organ weights and nitrogen
contents are brought in. Also brought in (from GROWIH) are potential |
growth increments. The nitrogen supply:demand ratios .are initialized,
and, reserves are calculated as the difference batween the tissue nit-
rogen content and the content it could yo down to if all reserves were
withdrawn. Reserves in the various classes of organs are added to get
a total reserve (RESN). The pool of available nitrogen (NPOOL) is de-
fined as the sum of the reserve plus today's increment of uptake.

Next, The nitrogen required for new growth in each class of organs is
calculated as the product of the minimum necessary concentration multi-
plied by the carbohydrate limited potential growth increment, and, a
total nitrogen requiremen: (REQN + GRANRL) is calculated, If the nitro-
gen required for growth of all organs is greater than the pool, stress
factors are calculated as follows: if the pool is large enough for
full qrain growth, the vegetative growth stress factor is defined as
the difference between the total pool and the grain growth .
requirement, all divided by the vegetative growth requirement, and the
stress term for fruit growth (NF) remains one. If, however, the grain
growth requirement is greater than the pool, NF is defined as the pool
divided by the grain requirement, and NV is set to zero.

Next, the nitrogen contents of each of the classes of organs is
updated and a total plant nitrogen content is calculated. If more nit-
rogen was taken up than was used in structural growth, the extra N is
stored in the various vegetative structures in proportion to their
fraction of the total vegetative dry weight. If thers was a deficit
of nitrogen (required over what was taken up), the deficit amount is
withdrawn from reserves (negative addition of XTRAN).

Finally, the leaf nitrogen concentration is calculated for use in
MORPH,

MORPH

- This subroutine simulates plant morphogenesis, It handles system
timing and the abortion of tillers and fruit in response to physiologi-
cal stresses. It records, daily, the census of organs on the plant
and their maturity status. MORPH is flowcharted on pages 52-64. The
timing of discrete morphological events is based on the accumulation
of heat units (ACCDEG) defined as centigrade degree days above zero.
The following are the morphological event (heat unit) criteria: begin
tillering (100); begin head differentiation (315); begin jointing
(750); begin booting (1090); begin heading (1200) and, anthesis
(1300). The data base for these heat units is from experiments by
Baker et.al.,(1978b). Their experiments were done in SPAR units with
Scout (Triticum vulgare) winter wheat. The data are presented in
Figure 6. These data describe the phenology of three crops maintained
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NITRO Subroutine ORIGINAL PAGE 1S

TETRES & 1,
o=,
NY - 1,

LIATRS = (SLEATN -KL ¥ LEAPW) ¥ FZ
STORS = (STDW - K3 % STEMAT) # 12
ROOTRS = (ROOTN - KR * ROOTWT) * P2

CLUMRS = (GLUMN = KG * GLUMWY) w F2

3 L .LT. Q.

STEMRS = 0,

Trye

TORS LT, 0o False

True

GLUMRS = 0,

RESN = LEAFRS + STEIRS
ROOTRS + GLIMRS

[NPOOL = SUPNO3 + RESN |

LEAFRL = JL * SPDWL * CSTRSV
STEMRL = J5 * SPDSTM * CSTRSV
"ROOTRL. @ JR * SPDWRT * CSTRSV
GLUMRL ® JG * SPDGLM * CSTRSV

@

48

~ OF POOR QUALITY

Nicrogen stress factor is inictialized at
1 (No stress)s

Nitrogen scress factor for vegetative
groveh Lo Initiulized ac 1,

Nicrogen stress factor for frult grouch
18 initiaiized a¢ 1, :

The nitrogen ressrvas for each plant

part (leaves, scams, roots, gludes) are
caleulated a8 & function of total nitrogen
in each pert, minimum fraction of the
vaight of each part that is nitrogen,
total weight of each part, and an
availiability factor,

If Lesf reserves are calculated to
be less than s\ro, then chey are set
to zero.

1f stem reserves are calculated
to be less than sero, then they are
set to mero,

If oot reserves are calculated
be less than serq then they ars set
to zero.

If glume ressrves are calculated
to be lass than zero, then they are set
to zero.

Find the total nitrogan reserve for the
planc,

The nitrogen available for todays growech

~4s NPOOL. "

Calculata the nitrogen required for

new growth in each class of vegetative
argans as a finction of the miffiimum N
cvoncentration associated with sctively
prowing tissue, the maximum potential
growth, and the vegetative carbohydrate
stress factor.

Tt ety et
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NITRO Concinued

(GRAIRL = JGL 7 SPDGRN * GSTRSF |

REQN = LEAFR] + STDMRL +
ROOTRL + GLUMRL

[ NsTRES = NPOOL/(REQN + GrAMAL) |

NR1 .GT, NPOO

[Tv = (WPOOL < GRANK1)/REQH |

[ N7 = NPOOL/GRANRI |

CONTINUE |

SLEAFN = SLEAFN + LEAFR1 * KV
STEMN = STEMN 'k STEMRL * NV
ROOTN = ROOTN + ROOTRL * NV
GLUMN = GLUMN + GLUMRL * NV
CRANN = GRANN ‘+ GRANRL * NF

PLTN = SLEAFN + STEMN +
ROOTN + GRANN + GLUMN

[ XTRAN = (SUPNO3 + PLANTN)- PLTV |

49

Nttrogen required for grain grovch is &
function of minimum N concenceation,
maximuam potential growth, and carbohydrate
scress factor for frult,

Pind total nitrdgen required for new
growth of vegetative parts,

1f the nitrogen required for growth i
greater than the available nitrogen then
calculate the scress factors,

Calculace the nitrogen scress as ratio
of available nitrogen to nitrogen needed
for maximum gEowEh, : :

If the filtrogen reaquirement £or maximum
grain growch is less than or equsl to the
available nitrogen then calculate a
reduction factor for vegetative growth,

If che aitrogen reguired for. maximum grain
groweh is greater than the nitrogen availe
able, then all the available nitrogen goes
to grain growth, and vegetative growth
is stopped (NV=0).

Calculaca the total nitrogen to be
added to each of the plant parts,

Calculate total nitrogen for the plane,

Nitrogen to be stored in vegetative
tissues (this may be negavrive) is the
difference between that taken up and
that allocated for structural groweh.



NITRO CONTINUED

SLEAFN = SLEAFN + XTRAN * (LEAFWT/VEGWT)
STEMN = STEMN + XTRAN * (STEMIT/VEGWT)
ROOTN. = ROOTN + XTRAN * (ROOTWT/VEGWT)

GLUMN = GLUMN + XTRAN * (GLUMWT/VEGWT)

True

ESN .LE. O,

False

SLEAFN = SLEAFN + XTRAN * (LEAFRS/RESN)

STEMN = STEMN + XTRAN * (STEMRS/RESN)
ROOTN = ROOTN + XTRAN * (ROOTRS/RESN)
GLUMN = CLUMN + XTRAN * (GLUMRS/RESN)

(o |

[ Learcy = srEaFw/LEAFWT |

PLAUTN & SLEAFN + ROOTN +
STEMN + GRANN + GLUMN

RETURN

30

ORIGINAL PAGE 1S,
OF POOR QUALITY

Allocate the excess to the various
vegetative structures in proportion
to their dry weights,

Withdraw deficit nitrogen which was
used in growth from reserves in the
various vegetative structures (XTRAN
is negative).

¥

Calculate the nitrogen concentration
in leaaves,

Calculate total nitrogen in plant.

e g pa s



ORIGINAL PAGE IS

OF POOR QUALITY MORPH Subroutine

ATMP = TAVG

'f|n IFREN = IDAY I

IGO TO 100[

L

\m—.-v

ACCDEG ,GT. 1090

Set up Ducmy vn?inbln for |V.r|||
temparaturas, .

1§ average temperatury is less then
0°C, then set it co 0°c,

Add the average tempersturs into the
temparatures accumulator,

If less than 100degrees has been accu-
mulated, tillering has not begun. Go
to routine to check for nes iecondary
root, and/or leaves,

If the sccumylated degrees are greater
thzsi. 750, then beyond the tillering
"!lﬂ“:lo .

Plant 48 in the tillering stage and the
varisble TILLER {s =at to be equal to
IDAY on the first day that the accumula~
ted degrees goes beyond 100,

The firsc day that the accumulated degraes
goes beyond 315 is defined to be the
day of differentiation,

Go to routine to check for nsw secundary
roots and/or leaves.

" 1# the accumulated temperature is greater

than 750 and less than or equal to 1090,
thea in jointing stage, otherwise beyond
jointing.

-

krt iy -



MORPH Continued

[ G0 o 100]

False

| JOINT (1) = IDAY |

L

TG + 1
_STROD = 0

DO S0 I=1, 10
NODE (1) = 0,
50 CONTINUE

(G0 10 100]

“ACCDEG ,GT, 1200 SmamifiS

T

| 00T (1) = IDAY |

False

[0 70 1 = 1, NSTEMS|

[:'B :

52

E 15
RIGINAL PAG
gF POOR-QUAL\TY

On the firsc day that the accusulated
temperatu’e goses beyond 750 stem'l
1\_u said to begin jointing.

On the day stem 1 begins jointing the
veriables STEMND + STEMBG (which mark
the lastc stem to begin joincing and

the next stem to joint) are initialized.

The array NODE is initialized on the
day the jointing bégins for stea 1,

Go to the routine that checks for
additional sacondary roots and leaves.

If the accusulated number G6f degrees
is greater than 1090 and less than
or equal to 1200 then the plant is in
the boot stage.

The array BOOT is used to indicate

the day that a stem begins boot atage.
This occurs for stem 1 on the first
day the plant goes into the boot stage.

NSTMH which is the variasble that keeps
up vith the number of stems heading is
initialized,

Do for each stem on plaat, on day 1
of Boot atage.

A




ORIGINAL Phui 18
OF POOR QUALITY

o = sommt (1) - Jorw (1)

| 00T (1) = B0OT (1) + IDIrY |

P

MORPH Continued

70 | CONT!Nﬁ!
lGO o lOOI

Falsa

Lxr.&b (1) = DAY |

[

{po 90 1= 1, NsTMH |

[1ore = TOINT (I) - JOINT m)

HREAD (1) = HEAD (i) + IDIFF

|
[ SPIKE (I) = xsrms]

o [

GO TO 400

100 ,V

[ stavG = sravG + AT |

TBSR = 10, =5, * (SRAVG/
FLOAT (IDAY = SRDAY))

53

It the number of joints on & stem is
less than seven, the stem will not head,

If there are seven joints then the stem
is heading.

The difference in days betwaen time
stem 1 and stom I began jointing fe
calculated.

The delay for jointing and boot is
sesumad to be the same.

=

Go to the routine that checks for addi-
tionsl secondary roots and leaves.

Head (1) is set to IDAY on the first
day the plant reaches the heading
stage (accumulated degrees are greater
than 1200).

i

The difference batveen the heading of

1 and STEM I is defined to be the
same as that of JOINT 1 and JOINT I,
This difference ddded to the Day Stem
1 began heading gives the Day heading
begins for the other stems.

The number of spiklaetas for each stem
is initialized on the first day of
heading:

Go to the heading routine,

The temperature is added to an accumu-

“lator to ba used to deteimina if secondary

roots are to be added to the plant,

The time betveen secondary roots is a
function of the average temperature
since the initiation of the last second-
ary root. '

-
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ORIGINAL PAGE 1S
OF POOR QUALITY

MORPH Continued

AY LT, TBSR + SRDAY)
g“a N
SIAVG (LT, -1.

SRDAY = IDAY

{ srave = o, |

SECOND = SECOND + 1
[t = swoom 7 1

LEO 140 1=1, NSTEMS}

=

LAm (1) = Am (1) + Am]

%ﬂ) 1GE,

False

[Ame (1) = aTne (1) +ATE ]

TBL = 9, - AITMP (1)/
(IDAY « LLDAY (I) ) /S.

TBL .1T. &

54

The minimum time between the initia-
tion of secondary roots is set to be
2 days.

posy

If PSIAVG is greater than or equal ito

-1 bar and the time between secondary
root initiation is sufficient, then ve

add a secondary root, S

i
Th{ variable SRDAY which denotes the %

the day the last secondary root was
thitiatad is set to IDAY,

The variable that accumulates the
temperature since inticiation of
last secondary root is set to zero,

The variable that contains the number
of secondary roots is incrementced.

The variabla APTMP containg the accum=
ulated temperature for sach stem since
initiation of that stem.

No leaves will be added to & stew which
already has 6 leaves.

ATTMP {s the nccumulated temperature
for each stem since it initiated its
last leaf. . -

The time betwean initiacion of leaves
is calculated for each stem independently
and it 4{s a function of ATIMP. .

The time betwaen initiacion of leaves
cannot be less than &4 days.



[YDAY (I) + TBL .GE, IDAL>

False

LLDAY (I) = IDAY

LEAY (I) = LEAF (I) + 1

LIDATE (I, LEAF (I)) ® IDAY
ATTMR (I) = O,
ALTMP (I, LEAF (1)) = 0,

140 CONTIUE l

IDAY .GE. JOINT (1)

GO 7O 300

IDAY .LT. TILLER

[nolsoz-l..r

TBT = 30, - APTMP(I)/
(IDAY - LIDATE (NSTEMS, 1))

S

55

MORPH Continued

1f insufficienc time has passed for
{nitiation of a new leaf on stem I
then check the next stem,

When sufficient time has passed, and a new
1eaf on STEM I i3 initisted, then LLDAY (1)
the variable which indicates the day

STEM I initi{ated ity last leaf, is set

to IDAY,

The nuober of leaves of stem I is incre-
mented,

" The day of initiation for the new leaf
is set,

&

The sccumulated temperature since initia-
tion of the last leaf is set to 0.

The accumulated tempersture of the )
new leaf is initialized,

'It jointing has begun, skip to jointing
routine; there is no more tillering.

If cillering has not begun or if there
are ten stems, then no nevw tillers will
be added.

Init{alize the dummy J to be the current
number of stems,

Each stem is capable of producing tillers,
and TBAT (time between tillers) is a
function of the average temperature since
iniciation of the stem.

st



CRIGINAL PAGE IS

MORPH Continued OF POOR QUALITY

DAY .LT. LTDAY (I) + TBL

False

Trus

NTILL (1) .GE. 3 3
———“""———V

False

(MTIL (1) = NrILL (1) # 1]

[ NSTEMS = NSTEMS + 1 |

{ LEAF (NsTEMS) = 1]

LIDATE (NSTEMS, 1) = IDAY

B.urw (NSTEMS, i)"i o.J

{_LTDAY (1) = IDAY

56

If the time betwaen tillers is calculated
to be lass than 5 days, then it is set
to be 5 days.

Nev stems added cannot make the total
number of stems be greater than ten,

If a stem has less than three leaves,
the next tiller will not be initiaced.

1f the number of days since stem initiated
a tiller {s less than the raquired number,
then this stem does not initiace another
tiller,

Esch tiller (or stem) can produce a
maximum of thras tillers.

If all the requirements are satisfied,
then a new tiller is initi{ated for Stem I.

The total number of acamq is incremented.

Thofnumbor of leaves on the neaw stem {3
set! to be 1.

The leaf initistion variable for leaf
one of the new astem is set to be aqual to
IDAY.

The leaf weight of the lesf on the new
stem is set to zero.

The day tiller I initiates a tiller
is marked. )




OR’GWAL PA
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OF POOR QuALiry

160

170

STRSV ,LE. .99

False

MORPH. Continued

.CONTINUE

CONTINUE

DAY .LT. SPRING

IL ,GE., -20.) .OR. (SECOND/

NSTEMS . y pol

False

180

LLDAY (NSTEMS) = 0
LEAF (NSTEMS) = O

NTILL (NSTEMS) = O
STEMI (NSTEMS) = O
ATTMP (NSTEMS) = O.
APTMP (NSTEMS) = O,

[E Ty zi- 1.15 J

LIDATE (NSTEMS, I) = 0

ALTMP (NSTEMS, I) = O,

LEAFW (NSTEMS, I) = 0

i
&

57

If there are less than four stems
on the plant, then che nev tiller
will not be aborted tnncqtnccly.

If the average soil water potential s
l1ess than -1 bars, then sborr the nevw
tiller,

If the nitrogen concentration of the
leaves is less than 3% then abort the
faw tiller.,

If the plant has vegetative
carbohydrate streas then abort :h.
new tiller. Go to 180 to initialize
the variables set up for this tiller.
Do not check for initiation of more
nev tillers,

If past the first day of spring, then
check for sbortion of tillers.

1f leaf vater potential {s less than
=20 bars and the average number of
sacondary Toots per stem is less than
4, then abort a tiller,

All the variables that pertain to the
abortad tiller are set to zero.

st
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MORPH Continued

O

210 CONTINUE

[_sTzns = wsmmnss -1 |

{owa = RESC/ (RESG + LEARVT) |

[owz = 10, * ow + .5]

DUM2 ,GT, 1

DUM2 = 1

300

ISPLTS = ISPLIS * DUM2 + .5

| owez = 15. * Learcy + sJ

’ l,
{ ISPLTS = ISPLTS * DUM2 + .5 |

58

ORIGINAL PAGE 13
OF POOR QUALITY

The number of stems is decremented;

If it is not the day of differentiation,
then return to MAIN,

On the day of differentiacion, the
number of spikelets per spike is set
to 220 E

A dummy variabile is calculated to ba

s ratio of reserve carbohydrates to

‘the sum of leaf weight and carbohydrate
rasarvas.

A second dummy variable is set equal to
10 times the first plus 0.5.

If the second variable {s greater than
1 it {s set equal to 1.

The number of spikelets per spike is
multiplied by this dummy variable, If
the ratio DUMl is equal to or greater
than .05, then thara will be no reduc-
tion in spikelet aqumber, If ratio is
0. then spikelets number is reduced by

The number of spikalets per spike is
reduced 1 the leaf concentration of
nitrogen is below ,04, The maximum
reduction is 307%.

Joiacing routine.

e




ORIGINAL PAGE |a
OF POOR QUAEIT;

MORPH Concinued

False
‘ False

DUML = (WSTRSD * DAYTYM +
WSTRSN * NYTTYM)/24.

[

DML » DML ¥ ,& + CSTRSV ¥
.35 + NSTRES ¥ .25

[smaem = sTROG + sTEMT -1. |

STEMND .GT. 10

Trua

IST!HND - 19

59

1f jointing begsn more than 15
days pravious to IDAY, then return
to MAIN.

1f cen stems have begun loincing,
then no more stems can begin jcinting.

A dusmy variabic which i & function
0f vater stress is calculatad,

A dumsy varisble which {s a function

" of water atress, vegetative carbohy~

drate atress, and nitrogen stress is
calculated,

The number of ‘um to begin jointing
on IDAY is set to zero initislly.

The number of stems to begin jointing
on IDAY 4s dependent upon the dusmy
variable DUML,

1f thera is no nitrogen, carbohydreta
or vater stcress, then three stems begin
jolnting.

The number of the last sﬁnu to begin
jointing on IDAY i3 sec;

%

The number of the last stem to begin
jointing can be & maximum of 10,

"



MORPH Continued

———

DO 1330 ¥ = STEMBG, STEMND

[ mooE (1) = 1. |

{ Jotvr (1) = DAY |

'
(P 60

ORIGINAL PAGE IS
OF POOR QUALITY

Do for sach stem beginning Jointing
today.

If stem hae lase than six leaves, it
does not begin jointing.

The nusber of the last stem to hegin

Jointing 1is xeset to be one less than
stem I since stem I has less then six
leaves

Stem I has one joint to elongate on
IDAY,

Stem T begins jointing on IDAY.

The variable L denotes the last stem
to begin jointing pravicus to IDAY,

1f stems begin joineing on IDAY, chen
the astem ::,2354“ joincing on IDAY plus
one muet ® e,

If L is equal to zera then no stems
began jointing previous to IDAY therefore
return,

If L is grester than ten, then it is set
€0 ten,

If leaf water potential is less than
=10 bags; then return to MAIN,

The variable for the aumber of joints
to elongate is set.
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[MopE (1) = NoDE (X) + DNODE |

MRPH Continued

80 CONTINUE

[ ANTHES (1)« TDAY |

DFAC = .23

[ po 420 1= 1, NSTMH |

[ torrr = JornT (1) - .JornT (1) |
, —
[ANTHES (1) = ANTHES (1) + IDIFF|

EEmea

[ rLonez (1) = sPIXE (1) 4

420 I CONTINUE l

| CONTINUE l

61

Yor the stem X, tlis number of joints i
elongated i» incremenced by DNODE, :

There ia & mexisum of seven
Joints per stem,

Raturn to MAIN,
After heading routine,

If the accumulated tesperacura for the
plant (s less than 1300 degrees then
return to the MAIN progras,

Tha £izst day thé jccusulacted tewperacure
becomes 1300 {s set to be the beginning
of Anthesis for stem 1,

A factor to be used for dessication of
florats is initialized ac .23,

The dalay in Jointing betwaen stem 1
and the other stems, 1s assumed to apply
for anthesis as well,

The array set up for dessication is
init{alized at zero.

The number of florets per plant is set
to be the nuaber of spiklets ger spike
times four.



ik

CRIGINAL PAGE 1S

HORPH Continued OF POOR QUALITY

TOAY LT, ANTHES (T
IDAY ,GT.ANTHES (1) + 2

True

LDES = -.06 * parn .. 6 |

TLORET (I) = FLORET (I) -

TDES (1) * FRORET (L) + .5001

FLORET <-x>/cry-‘-.x-_-_

- True

True

FLORET i@i‘ﬁ‘——.

S

62

»

T£ stem has not reached anchesis or {f
more than 3 days beyond,then go to end
of loop,

Number of florets on stem I o be
dessicated on IDAY {3 & function of
leaf watar potential,

I¢ the dessication rate is less than
zexo; then set Lt to sero,

If the dessication rate is more than f.
thean sat it to sne,

The flovets dassicated on stem I are
sccumulated during anchesis, Only DFAC
sve eligible for deseication each day.

On the fourth day of anchesis the florats
are subtracted out,

The dessication factor is used to
determine the total number of floxaets

for Hesd T three days after anthesis
begen for Head I. (Florets becoms grain.)

If the tocal numbar of florats per
spike is greater than sixty, then it
is set tosixty.

If the Zotal number of florets per spike
is less %Shan ten, then it {s set to ten,




ORIG"‘lAL PfiGE !S MORPH Continued
OF POOR QUALITY Q

FLORET STZ w 10 I
460 CONTINUE
600 [ CONTINUE |
[ RETURN ] Return to MAIN prograa;
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in three temperature regm\es. The temperature data for this
experiment are presented in Table 1. Matucity" (ITGF), and the
termination of the simulation is detenmned as a linear function of
running average temperature from anthesis. The data base for time of
grain maturity is from Sofield et.al. (1977).

Referring to the flow charts beginning on page 53, if tillering
has not yet begun, the computer is directed to statement 100 (page 54)
where secondary roots and leaves are initiated. Heat units are accumu-
lated from one secondary root initiation event to the next. The time
between secondary root events is a function of the running avarage tem-
perature, The function is arbitrarily chosen, and needs to be con-
firmed by further, controlled environment experiments. If sufficient
time has elapsed, and, soil water potential is greater than -1 bar in
the rooted portion of the soil, a secondary root is added.

Next, running average temperatures for each stem and for each
leaf are updated. Time intervals between new leaf initiation events
are a function of running average temperature, with a minimum time of
4 days. The data base for this temperature-time interval relation-
ship is fram figures 1 and 2 of Friend et.al. (1962, pl299).

After this leaf initiation, if tillering has not begun, the computer
will default all further logic to the end of the subroutine.

Referring again to page 52, if 315 heat units (ACCDEG) have accum-
ulated, differentiation begms. If 750 heat units have accumilated,
tillering ends, and jointing begins, and the computer checks to see if
time for jomtmg (1090 heat units) has passed. If so, it checks to
see if the time for heading has arrived. The times of jointing,
booting, heading, anthesis, and maturity of each of the stems are
recorded separately. The time spread among the stems in booting,
jointing and heading is maintained the same as that established in
jointmg

~Secondary root development occurs through the tillering, jointing
and booting periods. Each primary tiller is capable of producing more
tillers (up to three each), if the primary tiller has at least three
leaves. The time required to produce these secondary tillers is a func-
tion of the running average temperature since the last (secondary til-
ler) was initiated. This function (bottom of page 56) has been chosen
arbitrarily. We note that in view of the fact that a tiller may be
aborted very quickly after it is initiated, it is very difficult
to measure initiation rates except ‘ander conditions not favoring
abortion. A great need exists here for further controlled environment
research characterizing the rates of tillering and tiller abortion in-
dependently. When a new tiller is initiated, the leaf number associ-
ated with it is initialized to l. Ieaf number is limited to six per
stem. If, the plant has less than four primary tillers (top of page
58), none will be aborted. However, if more exist, a newly initiated
tiller will be aborted if either soil water potential in the root zone
is less than -1.0 bar, leaf nitrogen concentration is less than three
percent, or if any carbohydrate stress exists. The tiller will also -
be aborted if, after spring green up, leaf water potential is below
-20.0 bar or there are less than four secondary roots per tiller.

Differentiation of all heads olcurs at the same time {i.e. on the
day of accumulation of 315 heat uniiis}, regardless of the age of the
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tiller. The number of florets per spikelet is set at four. Variation
in kernel number occurs only via variation in the number of spikelets
per head, except that for the first three days after anthesis, florets
may be lost from a particular head through dessication. Spikelet num=-
ber may be reduced from a maximum of 22 per head either by carbohy-
drate or nitrogen shortage. Reductious up to 50 percent will occur in
proportion to reserve carbohydrate levels below 6 percent of leaf dry
weight, Additional reductions up to 50 percent will occur in propor-—
tion to leaf nitrogen concentrations below 4 percent. This approach
to the calculation of kernel number may be criticized on several
grounds. First, as Klepper (1980, pers. comm.) has noted, differentia-
tion of all heads does not occur at the same time. Each head is diff-
erentiated when that tiller reaches the appropriate physiological age.
Second, floret nmumber is not constant among all spikelets. After the
rachis is laid out, spikelet initiation begins about 35 percent of the
way up the rachis and proceeds both up and down over a period of a
month or so., During that time florets are initiated from the primary
floret in each spikelet outward. During this time‘florets may be ab-
orted due to physiological stresses, the younger being aborted first.
Thus, the spikelets at the top and bottom of the head, typically, con-
tain fewer florets. Finally, the data base for the abortion of
florets in response to physiological stress is completely inadequate
at present (although it can be developed via a routine and orderly ex-
perimental effort) indicating the need for a completely different dif-
ferentiation model, and for a set of experiments in which heads are
mapped, in time, over a range of temperatures, photosynthate and nitro-
gen supply levels,

At the top of page 61, all stems to be jointed must start
jointing within 15 days of the first. An arbitrarily chosen composite
variable which is a function of water stress, carbohydrate stress and
nitrogen stress is used to determine whether one, two or three stems
will begin jointing on the particular day. This logic is crude, but
the model is not particulsrly sensitive to it, and it provides a means
of spreading, in time, the jointing process in response to factors of
known importance. There will be a maximum of seven joints in the
elongated stem.

After 1300 heat units are accumulated, the first stem begins an-
thesis. The remaining heads begin anthesis the same number of days
later as occurred in jointing. For three days after the beginning of
anthesis in a head, florets may be dessicated if the average (over the
day) leaf water potential falls below -15 bar. Dessication is limited
to 25 percent of the florets per head per day. Finally, the number of
florets per head reaching maturity is limited to 60, and, it cannot
fall below 10, Again, experimental verification of the water stress
levels and other factors contributing to dessication at anthesis is
needed. : '

Conclusions and Future Research Needs

The purpose of this paper is to document the basic ideas and con-
structs for a general physical/physiological process level winter
wheat simulation model, and to assess the adequacy of the information

66

P D AT ST EO S




base (published literature, unpublished results, theses, etc.) for
such a mxdel. In constructing this model, we have found that while
all of the data necegsary may be obtained by certain well established
experimental methods, by and large they do not now exist. Here, we
autline the further research needed, process, by prccess, as we now
see it. ”

Data needs, here, can generally be classified either as thres-
holds (e.g. minimum levels of tissue nitrogen which can be drawn on
reserve basis to fulfill needs in other parts of the plant), or

process rate coefficients. Nearly all of these data can be cbtained in

oontrolled environment experiments. The SPAR unit (Phene et.al.,
1978, McKinion, 1980) has been designed expressly for this purpose.
More SPAR units are needed at Mississippi State and at several other
locations involved in the development of this model.

The model presented here does not contain a mechanism for the cal-

culation of leaf water potential. Such a mechanism is being incorpor-
ated by Parton and others now at Fort Collins. Leaf water potential
is used in estimating most of the plant process rates, including photo-
synthesis. The data base for the water stress reduction in photosyn-
thesis mist be confirmed in experiments at all stages of development
in crops grown under natural light. A wariety of patterns of develop-
ment of water stress should be studied. The effect of leaf nitrogen
and phosphorous levels on canopy photosyrithetic efficiency must be
measured. The effect of starch buildup ¢n canopy photosynthesis must
be measured. The effect of stand geametry on canopy light capture
must be characterized. The latter can best be done in field
plantings.

The relationships betwzen temperature, and dry matter accretion
rates in each class of organ must be worked out., 'The tissue water.
potentinl level below which growth ceases must be defined for each
kind of organ. These experiments must include root observations.

In addition to the root growth measurements at various temperatures,
the effect of soil oxygen concentration and physical impedance must be
characterized.

Three sets of parameters in regard to nitrogen and phosphorous
are needed; the minimum concentration needed for riew growth in each
type of organ, the maximum concentration each class of organ can tole-
rate, and the minimum concentration to which the plant can reduce each
class of organ for use as reserves.

 Needed morphogenetic studies irnclude the effect of temperature on
the rates of secondary root and tiller formation. In the tillering
study the eifect of physiolegical stress on tiller abortion should be
measured, and the processes of tiller abortion and tiller initiation
should be characterized independently. This will require a
considerable amount of destructive sampling in controlled environment
experiments as well as a lot of microscope work.

The present. model determines head differentiation at one time
(the day of accumlation of 315 heat units). A head differentiation
" model has been written for use in future drafts which builds the
rachis and then elaborates spikelets and florets at rates depending on
environmental conditions, and, aborts florets in response to metabolic
stresses. This model will have to be verified in SPAR experiments
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where temperature and the rate of photosynthesis can be controlled in-
dependently. :

The present model does not consider phiosphorous nutrition. In
the case of nitrogen uptake, only the passive movement of nitrate into
the plant via the transpiration stream is simulated. Transpiration
rates are too low in the seedling stage for this process to provide
reasonable leaf nitrogen concentrations. Similar results have been re-
ported (Baker, et.al., 1979) for the cotton model GOSSYM which incorp-
orates the same RHIZOS model. Active uptake of ammonium, nitrate and
phosphorous is now being incorporated in the UPTAKE subroutine of
RHIZOS by Cole and Parton. A phosphorous balance model for the plant
will be included in the next draft of WINIER WHEAT. These additions
are required for the new head differentiation model.

In a winter winter wheat model fall conditions, hardiness levels,
snow cover, root temperature, etc. all need to be considered in
simulating winter tiller survival,

None of the experiments outlined here are particularly difficult,
nor do they require the development of any new technology. They do
however, require a considerable amount of time and equipment.
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Output

Output from a typical "run" is included in Appendix d. It was
run with soil physical parameters and weather data for the 1978-79
growing season at Akron, Colorado, Because the form of the model

described here does not contain a mechanism for the "active" uptake of

nitrogen, the nitrogen fertilizer input used in the simulation was
double that of the field planting. Reference to the dictionary of
terms makes the output self explanatory. The first block of output .
contains parameters entered by the operator from the terminal. The
next block of output data lists the input soil parameters. The next
two output block describe the simulated plant and soil system on a
time interval selected by the operator and input from the terminal.
The first of these blocks describes the plant on the output day. The

second is a graphical depiction of the two dimension distributions of

nitrate nitrogen, root dry matter, and soil water potential. Also
available are maps of the ammonium nitrogen and soil water content.

This output is included simply to suggest the kinds of information the

model provides the user. It does not represent a validation effort,
and the yield figure is not accurate.
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Appendix a.

Source Listing
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ORIGINAL PAGE (8
OF POOR QUALITY

WHEAT = B8LOCK 0 ATA

THIS PROGRAM FILE WAS CREATED BY HODfFYlNG THE CLEMSOM GOSSYM FILE
0

BLOCK DATA §
( F A A R 2 R 222222 a2 2 R X2 R 2222222222 22022222222 X2 )
[ ] w
*  BLOCK DATA SUBPKQGRAN. USED FOR INITIALIZATION OF  #
*  VARIABLES FOUND IN COMMON STATEMENTS, .
. »

A I R Y R R A X A R A R R R A Y A R A AR A 2RI Y222 X2 20 2 )

REAL INT,LAI,LATUDE, NF,NV,NSTRES,NYTTYM, MH2O,LEAFWT ,LEAFRS,
o« LEAFW,LEAFCN,JL, KL,4R,KR,JIG,KG,JS,KS,JGT1,LAMDAC,LAMDAS,
o NPOOL,NEWES ,NEWEP

INTEGER OAYNUM,TILLER,PIFREN,BOOT, HEAD,ANTHES,SPIKE,FLORET,,
o SPRING,SRDAY,SECOND,DACNT,DAZE,YR

COMMON /CALEN / DACNT(12), OAZE, MO, YR
COMMON /CLIM / CLIMAT(8),C1(9)

COMMON /CONS / ROOTCN,STEMCN,LEAFCN,GLUMCN,GRANCN

COMMON /DIFFU / DIFF(20,6)

COMMON /ETPARM/ ALPHA,GAMMA,LAMDAC,LAMDAS,U,WND

COMMON /EVTR / EP,ES,SESI,SESIL,T,NEWES,NEWEP,SUMES,SUMEP
COMMON /FERT / FERN,FNH4,FNO3,0MA,RNNHG,RNNO3

COMMON /FIELD / FC(20)

COMMON /FRULT / SPIKEC13),FLORET(10)

COMMON /GEOM / D, G, NK, NL, RTP1, RTP2, SLF, THRLN, 4
COMMON /GROW / LEAFW(10,6),STEMW(10),GLUMW(10),GRANW(10)
COMMON /HOMBAL/ CAPUP, CUMEP, CUMES, CUMRAN, CUMSOK

COMMON /H20NO3/ VH20C(20,6) , VNO3C(20,6)

COMMON /LASTAD/ LTDAY(10),LLOAY (10),ALTP(10,6) ,ATTNP(10)

. SAPTMP(10)

COMMON /LIGHT / DAYLNG,DAYNUM,LATUDE,OAYTYM,NYTTYM, IDAY,IPANT
COMMON /LOCOUT/ KA(12),KHAR(20,6)

COMMON /LOST / WTSLFD

COMMON /MATR / KRL(20), LR

COMMON /NIT / NPOOL,REQN,ROOTN,SLEAFN,STEMN,GRANN,GLUNN,PLANTN
COMMON /NITCON/ JL,KL,JR,KR,JG,KG,JS,KS,sG1

COMMON /NITLIZ/ VNH4C(2,6),UNC(2,6) o

COMMON /PARTS / LEAF(10),LIDATEC10,6) ,NTILL(10) ,NSTENS
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" ORIGINAL PAGE IS
OF POOR QUALITY

COMMON

/PRYTIM/ TILLER,JOINT(10),01FREN,BOOTC10),HEADCID),

+ ANTHES(10),SPRING,ACCDEG

COMMON
COMMON
COMMON
COMMON
COMMON

/PLOTS / NPN, NPP, NPR, NPW

/POP / PﬂnPSIAND'PYSNoPTSRED.RESCF.PPLANY;RESF,SPN
/PS / PSI$(20,6)

/RESV / F2,LEAFRS,ROOTRS,STEMRS ,RESN,RESC

/ROOTIM/ RTINPOC20, 6),SNAME(3),T5TB0(9,20), anr,nnr

. 2ISTINP(9,20), GHZOC(?) FACR

COMMON
COMMON
COmMON

COMMON
COMMON
COMMON
COMMON
« STRSD,
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

g X g%

VARIABLES

/RUTWT / RCHZO, ROOTS, ROOTSV(20,8), RTWT(20,6,3)

/SIZES / ROWSP,LAI,POPFAC,XLEAFL,AREA

/S0ILID/ DXFFO(SI;THETAO(S),BETA(5),SOEPTH(5):THETAS(5)1
THETARCS) ,AIROR(S) ,ETACS) ,FLAMAX(S) ,BD(S)

/SOLAR / INT, RI, RN, PNFAC

/SPD / SPDWL,SPDSTM,SPDWRT,SPOGLM,SPDGRN

/SROQY / SRAVG,SRDAY,SECOND

/STRESS/ CSTRSV, CSTRSF. NF, NSTRES, NV, WSTRSD, WSTRSN,

STRSN,FACL

/TEMP / DTAVG(7), TAVG, TOAY, TMAX, TMIN, TNYT

/TIMEBOD/ THETAL

/T0TS / DAMP, NOITR, TH20, TNNHé&, TNNO3

/TSON / TSOILD(20), TSOILN(20), TSOLAV(2)

/UPS / SUPNO3,UPNO3

/WELGHT/ LEAFWT,PLANTW,RO0TWT,STEMWT ,GLUMWT, GRANWT ,VEGWT

/METS / mH20, PS!AVG,PS!HAX;RA!N;?SIL L

OF 1 CHARACTER

DATA 0/10./, G/1.¢, T/0./

C VARIABLES

O0F 2 CHARACTERS

DATA EP/0Q./, ES/0./, FC/20%.267/, LR/3/, NK/6/, NL/20/,

« €1/,3964,3.631,.03838,.07659,0.0,-22.97,=.3885,~ 1587, - 01021/
DATA KA/! 0,0QI’!1I’020,030,'l(.j.ilsn'lél'c‘fl VRV, 090 tar)

DATA KHAR/120w) ¢/ '

C VARIABLES

OF 3 CHARACTERS

DATA KRL/2,1,1,17%0/,0MA/600./,5LF/.02/,SPN/04/,VNC/12%0./

C VARIABLES

OATA ODIFF/120%258.3/,0AMP/.002/,FNH&L/C./,FNO3/14/,PSLS/120%=,175/

0F & CNARACTERS

»RESC/0./, RTP1/ 3/, RTP2/ .12, SES!/O /s RTUfI!éO'O /

¢ VARIASLES

OF 5 CHARACTERS

DATA CAPUF/0./, CUMEP/N./, CUMES/O./, SUMES/0./, SUMEP/O./,
DACNT/31,28,31,30,31,30,31,31,30,31,30,31/, OTAVG/?7+20./,

: MH20/0. /, RNNH4/60 /, RNN03I60 /, ROOTNI oN45/, ROOTS/0./,
. SESII/04/,THRLN/.3E=4/ ,VH20C/120%.267/,VNH4C/12#0Q.7,
. VN03C1120'0 /

C VARIABLES

OF & CHARACTERS

DATA CUMRAN/Q./, CUMSOK/Q./, PSIAVG/=,175/, PSIMAX/=:175/,

5

. ROOTWY/.005/, SLEAFN/.CO03/, ROOTCN/.037/, ROOTSV/120+0./
DATA STEMWT/0./, SUPN03/0./, TSOILD/20%0./, TSOILN/20#0./,

. TSOLAV/2¢0,./, WSTRSD/1,./, WSTRSN/1./, WISLFD/U./
DATA ALPHA/3.5/,GAMMA/.653/ ,LAMDAC/.23/,LAMDAS/ .3/,

o U6/, UND/120 /

END
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PROGRAM WHEAT

ORIGINAL PAGE 13
OF POOR QUALITY

REAL INT,LAL,LATUDE,NF,NV,NSTRES,NYTTYM,NH20,LEAFWT,LEAFRS,
+ LEAFW, LEAFCR, JL KL JR,KR, JG.KG.JS.KS,JG1 LAMDAC,LAMDAS,

« NPOOL, Neuss.ueuep

znracea DAYNUM, TILLER,DLFREN,BO0T , HEAD,ANTHES ,SPIKE,FLORET,
« SPRING,SROAY,SECOND, nArnr.oAzt.rn

INTEGER TTLYC10),TTLIC10),TILAC10),TTLS(1Q),
o« UNITST(A), VNOGUNLCE),VH2UNLI(CS) ,PSIUNI(8) ,NITUNT(4)
INTEGER TTLIRC1IN), TTL2R(10), UNITS(6), UNITSR(G)
DIMENSION CAPSCA(11),PSISCA(11),VNOSCA(11), ROOSCA(11)

COMMON
coMMON
COMMON
COMMON
COMMON
COMMON
coMMON
COMMON
coMMON
COMMON
COMMON
COM9ON
COMMON
COMMON

comMMON
COMMON
COMMON
coMMON
COMMON
comuoN
COMMON
COMMON
COMMON

/CALEN 7

/eLim /
/GONS /
/DLFFU /
/ETPARN/
/EVTR /
/FERY /
/FIELD /
/FRULT /
1GEOM  /
/GROW /
/HOHBAL/
/H2ZONOY/
JLASTAD/

»APTMP(10)

/LIGHT /
/LOCGUT/
JLoST 7
IMATR /
INLT /
INITCON/
INTTLIZ/
/PARTS /
JPHYTIN/

DACNT(12), OAZE, MmO, YR

CLIMAT(8),C1(9)
ROOTCN,STEMCN,LEAFCN,GLUMCN,GRANCN
DIFFL20,6)

ALPHA,GAMMA ,LAMOAC ,LAMDAS,U,WND

EP,ES, SESI;SESIIpT,NEUES,NEHEP.SUHES; UMEP
FERN,ENHL . FNO3,OMA RNNHL,RNNOS

FC(20)

SPIKE(10) ,FLORET(10)

0, G, NK, NL, RTP1, RTP2, SLF, THRLN, W
LSAFU(1D 8) ,STEMW(10),GLUMM(10),GRANW(10)
CAPUR, CUHEP, CUMES, CUMRAN, CUMSOK
VH20C(20,6) , VNO3C(20,6) ¢
LYDAY(10) LLDAY(10) ALTHP(10,6),ATTPP(1D)

DAYLNG,DAYNUM,LATUDE,DAYTYM, NYTTYM, IDAY, IPRNT
KAC12) ,KHAR (20, 6)

WISLFD

KRL(20), LR
NPOOL,REQN,ROOTN,SLEAFN, STEMN, GRANN, GLUMN, PLANTN
JL,KL,JR,KR,JG,KG, S, KS,JG

VNH4C(2,6) ,UNC(2,6) :

LEAF(10) ,LIDATE(10,8) ,NTILL(10) ,NSTEMS
TILLER,JOINT(10),01FREN,B00TC10) ,HEADCTO),

« ANTHES(10) ,5PRING,ACCOEG
COMMON /PLOTS / NPN, NPP, NPR, NPUW

COMMON

COMWON
COMMON

ipop /
/PS /
/IRESVY /

PN, PSTANG,PTSN,PTSRED,RESCF,PPLANT ,PESP ,SPN
PS1S(20,86)
F2,LEAFRS,ROOTRS,STEMRS ,RESN,RESC

COMMON /ROOTIN/ RTIMPD(ZO 6), SNAHE(!) TST0(9,20),INRT,MRY
. +TST1INMP(9,20),GH20¢€(9), FACR
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[a X 2]

COMMON /RUTJT / RCH20, ROOTS, ROOTSV(20,6), RTWT(20,4, 3)
COMMON /SIZES / ROWSP,LAL,POPFAC,XLEAFL,AREA
CONMCN /SOILID/ D!FFO(S),THETAO(S) BETA(S) SOEPTH(3),THETAS(S5),

THEYAR(S),AXROR(S),ETA(S);FLXHAX(S),BD(S)

COMMON /S0LAR / INT, RL, RN, PNFAC ,

COMNON /SPD / SPDWL,SPOSTM, SPOWRT,SPOGLM,SPOGRN

COMMQON /SROOT / SRAVG,SROAY,SECOND

COMMON /STRESS/ CSTRSV, CSTRSF, NF, NSTRES, NV, WSTRSD, WSTASN,
o STRSD,STRSN,FACL

COMMON /TEMP / OTAVG(T), TAVG, TDAY, TMAX; TMIN, TNYT

COMMON /TIMEBD/ THETAL

COMMON /TOTS / DAMP, NOITR, TH20, TNNH&, TNNO3

COMMON /TSON / TSOILD(20), TSOILN(20), TSOLAV(2)

COMMON /UPS / SUPNOJ,UPNO3

COMMON /WEIGHT/ LEAFWT,PLANTW,RO0TWT, STEMWT,GLUMWT,GRANVWT,  VEGUT
COMMON /WETS / HNZO,PSIAVG PS!NAX,RAXN,PSIL

DATA ROOSCA/D. o..0o01,.uoos,.oos,.o1..015,.02,.025,.03.,935..061
DA!A !thg/'Poor: ' 17' VOEACY, M CET,ILL, YLITOTAY, .,
L]
»
ATA rrLG/' "' YAT TY',VHE E','ND O','F RU','TGRO',! ',
4
OATA‘UNXTS/'G/CN0 teed I, 'SO!L' ', ! v
DATA UNITSR/' GM.',? onv' ' uex' YGHT '/ s
o:;AIrIL1/'v0Lu' 'ners','xc we, 'ATER' L CON*, NTENTY, ' OF ¢,
. 'SOIL '
DATA TTLS/'AT r' VHE EV,'ND. OV, 0F MAY,TIN 1,0 P ',
' l ¥ )
onra TTL‘['PSXS' ' UFOR',) EAC','H LA',TYER T,TAND *,'COLUY,
- 'HN O't v' (4
DATA

TTLS/'voLut, 'HETR'.'IC NY,VITRAY,VTE C',‘ONTE‘ 'Nf o',
v

o VF SOU,NIL 4,0

DATA PSISCh/ 15-;'10.;'6-' 301 1. 5.'1-. '6; t‘a 125 l1 0./
DATA VNOSCA/O 0'001ﬂcOZ;-03;-0“.05.:060:071105’0°9O'1,
OATA PSIUNL/' BAR', ! N Lot 9,0 '
DATA VNOUNI/!' MG/!, 'n PE!, 'R CHMY, w3 1 0 'yt '
DATA VH2UNI/'Craxw? 03/CN0, "'3 ' 'SOIL' 1ot )
OATA UNITST/' MM ¥, VUATE?, ',' /

DATA CAPSCA/U 0,aOS,.1,915,.2,.25.-3,.35;.‘..45,.5/
DATA NITUNT/® MG ', 'N Yot

QIFREN=999

TILLER=999

bo 100 I=1,10

JOINT (1) =999
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800T(1) =999 ‘

HEAD(1) =999 -
ANTHES(I) =999

STENW(1) =0,

GLUMW(I)n(Q,

GRANW(I)=0,

SPIKE(L)=Q

FLORET(I)=Q

LEAF(L) =0

LTOAY(X)=0 -

LLDAY(1) =0

NTILL(1)=D

ATTNP(L)=0, &
APTMP(L)=0,

00 100 J=1,6

LEAFW(I,J)=0.

LIDATE(I,J))=(

ALTMP(L,J)=0.

190 CONTINUE

ARTMP=O0,
SECONO=0
AREA=Q,

WRITE(2,110)

110 FORMAI(' INPUT LEAFW{T,1) RTWT(1,1,1) RTWT(Y 2;1) RTUT(2,1,1) ",
« ' RATWT(3,1,1) PNFACH )

READC1,*) LEAFU(1 A1) LRYUTCT,1,1) ,RTWT(1,2,1) ,RTWT(2,1,1),
. RT'J‘I'(3 1;!);P~FAC
WRITE(2,130)

130 'ORHAT(' INPUT POPPLT F2 LATUDE LAI NOITR FACR?)
READ(1,%) POPPLY,F2,LATUDE,LAI,NOITR,FACP
ARITE(2,140)

160 FORMAT(' INPUT KL KS KR KG1!)

READ(1,*) KL,KS,KR,KG
WRITE(2,150)

150 fOﬂHAT(' INPUT JL JS JR JG J¥61!)
READCI,*) JL,JS,4R,06G,0G1
WRITE(2,160)

140 IORHAT(' INPUT LEAFLGTH ROWSPALE PRINT G THRLN FACL')
READ(1,#) XLEAFL;ROUSP;XPRNT G, TNRLN;F‘CL
UR!YE(Z,170)

170 FORMAT(' TO SEE PLOT TYPE 1 UNDER FIRST LETTER OTHERWISE TYPE 0!/

. ' ROOTS PSIS VH20C VNO3C *)
READ(1,e) NPR, NPP, NPW, NPN
POPFACS404685.6/POPPLT
WEROWSP /NK

75
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LEAFWTHLEAFU(1,1)

3751HTi0~

GLUNMT=0.

GRANWT=O,
ROOTWTE(RTWY(1,1,1)#RTNT(1,2,1)*RTWT(2,1,1)*RTUT(3,1,1))»
* POP’AC'Z /ROUSP"OO-
PLANTWHaLEAFUT+ROOTWT
VEGUYSLEAFUTHAO0TWTY
SLEAFN=,O3«LEAFWT
ROOTN®ROOYWT»,03

STEMN=Q,

GLUH“‘OO

GRANN=(, ;
LEAFCN=,03

NSTEMSH1

SRAVG=T.

SROAYx)

SPRING=70

LEAF(1)=1

ACCDEGSD, ) )
PLANTNRSLEAFNSSTEMNYROOTNSGRANNSGLUNN

READ(S, %) LYRSAL
LYRSOL = NUMBER OF $0IL LAYERS OF ODIFFERENT CHARACTERISTICS
== UP TQ 5 ALLOWED o
LPT1 = PRINT SOILS INFORMATION [F = 0; OTHERWISE NOT,
SOIL DIFFUSIVITY WATER CONTENT FUNCTIONS ARE IN
GARDNER,W.R. AND M.S.MAYHUGH. 1958. SSSAP 22:197-201,

SOIL WATER CONTENT PSI SUNCTION FROM:
BROOKS,R.He AND ALT.COREY, 1964,HYD.PAPERS CSU 3:1=27. FOV,

READ(S,*)(DIFFOCL), THETAO(L),BETACL) ,SDEPTH(L), THETASCL),
o THETARCI),ALRORCI) ,ETALY), Bb(l) 1%1,LYRSOL)
WRITE(6,180)LYPSOL
180 FORMAY(' NUMBER OF SOIL LAYERS',I2 //
' LAYER  MAX.DEPTH bQ THETA O BETA'//
o NG.',7X,'CM cM BAR/OAY ce/ce)
~ WRITE(S, 185)(l;SDEPYH(l);DIFFO(I) THETAO(L) ,B8ETALL) 1'7 LYRSOL)
185 FOQHAY(' 2 14,5X,1PLE10.3)
4 SDEPTH = MlX. DEPTH OF LAYER
¢ DIFFUSIVITY = 00 EXP BETA®(VH20C = THETAQ) WHERE
¢ 00 AND THETAQ ARE INITIAL OR 15 BAR DIFF, AND WATER CONTENT
¢ BETA ® SLOPE OF LOG D < THEYA CURVE.
CowreolARNINGOvow® WATCH UNITS OF OLFF, CM OAR/DAY wseever

OO0 (a3
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¢ PSIS » ALROR®((VHROC=THETAR)/(THEYAS~THETAR)) #0(3/(2=ETA)) 272
c WHERE AIROR » THE AIR ENTRY PRESSURE: THETAR = RESIDUAL 273
¢ WATER CONTENT ; THETAS = SATURATED WATER CONTENT ; 274
¢ ETA » SLOPE OF SEMI=-LOG PLOT. FOW, s
¢ B0 = BULK OENSITY OF LAYER 276
¢ , 277
¢ AEAD(5,*) DUMB,THETAL
#
4 MAKE HOTTOM LAYER TIME DEPENOENT BOUNDARY WHERE : 279
¢ VH20C » THEVTAI FOR TIME LESS THEN TO 280
¢ VH20C = THETAL = 0,00385»(TIME = T0) m
C OR VH20C = O0.65¢THEYAL , WHICHEVER IS LEAST ; 282 *
[ SLOPES AND RESIOUAL WATER CONTENT ARE FROM 283
g GERARD,C.D. AND L. N.NAMKEN, 1966- AGRON,.J . 55339-‘2- Fou, ::;

WRITE(6,190) THETAL
190  FORMAT(' INITIAL VH20 AT BOTTOM BOUNODARY =',1p£10,3)

c 291
=9 292
DELT = 1/NGITR 293
294
DO 210 LAYER s1,NL 298
200 CONTINUE o , 296
TFCLAYER#D,LE,SOEPTH(I)) GO 7O 205 297
Jow o jeq 298
TF¢JoLT.5) GO 10 200 299
225 FLXMAX(J)SOLFFOCII® (CTHETASCI)=THETARCS)) /D) ® (eDELTDANP)» - 300
CEXP(OETACIIW(THETAS(JI«THETANCI) )Y 301
FCCLAYER) = THETASSJ) , 302
D0 210 KOLUMN = 1,NK 303
VH20CCLAYER,KOLUMN) = THETAS(J) 304
DLFFCLAYER, KOLUMNIXDEFFOCI) *EXP(BETACS) € {VH20C(LAYER,KOLUMN) = 308
+THETADC(J))) o ; , 304
TEMP1 ® (VH20LC(LAYER,KOLUMN)=THETARCJI) )/ (THETAS(J)=THETARCI)) 307
210 PSIS(LAYER,KOLUMN) = Q,00G98334AIRDR(JI*TEMPIan(3,/ (2, =ETA(I)I)) , 308
€ READ IN DATA TABLE OF H20,8D, AND SOIL STRENGTH NASA 309
READ(S,215) SNAME ,MRT _ 310
215 FORMAT(3A4,212) NASA 311
C  PRINT DATA TAJBLE NASA 342
WRITE(S, 22C)SNAME,MRT 313
220 FORMAT(' SOIL 1D.',3A4,' NO.OF CURVES',12) : 34

¢ NASA 318 *
00 250 1=1,MRT 4 316
READ(S,*) INRY,GH20C(D) : 317

READ(S,) (TSTBOCL,J),TSTIMP(L,J),i=t,INRT) 318

Lot g s
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78

|
v
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‘ , NASA 319
WRITE(6,250) INRT,GHR0C(1) 329
230 FORMAT('! NO.OF OATA POINTS',I3,' GRAVIMETRIC WATER CONTENT',F7.2) 321
WRITE(S,240) (TSTBOCI,Y), rsrznwcx d),I%1,INRT) _ 322
240 FORMAT(' BULK DZNSITY SOIL srnencru=/' Gm/cc KG/Cmar/ ¢ 323
oV W2F12.2)) . NASA 324
250 CONTINUE NASA 325
10AY =0 337
I1TGF=60
KTDAY=Q " ;
260 CONTINUE . - 338
READ(5,*,END=640) (CLIMAT(I),1=1,8) '
IDAY=IDAY#+1
CALL CLYMAT 342
CALL SsoIL 343
IFCTAVG.GE 4.) GO TO 265
I0AYSIDAY=1
G0 VO 260
88 CALL PNET L
CALL GROWTH . v 345
CALL MORPH _ Yo
H20BAL = TH20 = CUMRAN = CAPUP ¢ CUMEP + CUMES + CUMSOK 0003 347
LFCIDAY.LE.ANTHES(1)) 6O To 270 1977
AHTMPSAHTMP+TAVG 1978
KTDAY=KTDAY+1
TOUMSAHTMP/KTDAY e
ITGFe(=2.7)*TDUM+S0. 1980
T6CITGF.GT.50) ITGF=50
270 CONTINUE
LTSTAIDAY/IPRNT*IPRNT 348
IFCITGF.LELKTDAY) RTSTELIDAY
[FCIDAY.EG.1) LTST=2DAY
IFCITST.NELIDAYY GO TO 260
WRITE(G,280) OAYNUM,IDAY o
280G FORMAT(//?/ 35X, JULIAN OAY=',13,10X,"IDAY=",13,//)
WRITE(6,300) , 343
300 FORMAT(? PN PSTAND PTSN PTSRED ',
« ' RESCF PPLANT RESP!)
WRITE(S6,310) PN,PSTAND, PTSN Prsneo RESCF,PPLANT ,RESP
310 roanAr(zx,9e11 3
. WRITE(6,320) 358
320 FCRMAT (! LEAFWT STEMWT GLUMWT GRAKWT ROOTWT* ,
' SPN')
unxrecs 310) LEAFWT,STEMWUT,GLUMWT ,GRANWT ,700TWT,SPN
WRITE(6,340) 361

e et e 5w e
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340 FORMAT(! SPDWL SPOSTH SPDOGLM SPOGRN ',
“+SPOWRT CSTRSV CSTRSF")
unx.s(a 310) 5POML, sposrn,spoeLn,svocau.spuwar.cstasv.CStnsr
ARITECS,360)

360 FORMAT('  RESC RESN REGN NPOOL ',
o INSTRES ny NFY)
WRITE(6,310) RESC,RESN,REGN,NPOOL,NSTRES,NV,NF
WRITE(6,380) v .

380 FORMAT(' SLEAFN STEMN GLUMN GRANN ',
. 'LEAFCN SUPNO3 V)

WRITE(6,510) SLIAFN,STEMN,GLUNN, anNN,LEAFCN.sUFuos
WRITECS,390)

390 FORMAT(!  SPIRKE(I)  FLORET(I)  LEAFCI)  JOINT(I) 9,
. 1800T(C1) nsAu(x) ANTHESCIY )
DO 400 i, NSTERS
WRITE(6,410) SPIKECI),FLORET(I) ,LEAFCI),JOINT(L) ,BOOT(L),
. HEAD(X) ANTHES(I)

400 CONTINUE

410 FORMAT(10(18,3X))
WRITE(6,420)

420 FORMAT(! SECOND ACCDEG PSIAVG DIFREN TILLER®)

WRITE(6,430) SECUND,ACCDEG,PSIAVG,DLFREN,TILLER
430 FORMAT(I8,4%,F9.2,3X,E12.5,18,4X,18)

WRITE(G,660)
440 FORHAT(' DAYLNG LAT XLEAFL INTY,

TAVG!)

unxrs(a 310) DAYLNG,LAI,XLEAFL,INT,TAVG

WRITE(6,480)
480 fonnnr<'ep RCH2O s'§TR5° STRSN WSTRSO',

. £

WRITE(6,310) RCH20,S5TRSD,STRSN,WSTRSD,EPES

LF(NPN.EQ.1) CALL OUTC(VNO3C,TTLS,TTL3,VNGSCA,

+  VNOUNI,TNNO3,NITUNT) _

IF(NPW.EG.1) CALL OUT(VH20C,TYL1,TTL3,CAPSCA,

o VHIUNI TH20,UNITST)

IF(NPR,EG.1) CALL OUT(ROOTSV, TTLIR,TTL2R,

o ROGSCA,UNITS,RO0TS,UNITSR)

1FCNPPL.EQ.1) CALL OUT(PSIS,TTLG,TTLS Psxscs.

« VMUNI,TH20,UNITST)

L1FCITGF . GT.KTOAY) GO TO 260
640 CONTINUE

YIELO®GRANWT*14.8563/POPFAC

WRITE(6,460) YIELD,DAYNUM

660 FORMAT(///* »ww FINAL YIELD (BU/ACRE) IS°*,F8.2,° ON DAY',14)

sTOP
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* SUBROUTINE CLYYAY

(X2 2222222222220 RS2 22222 2222322220222 2]

» »
. CLIMATE SUDBROUTINE *
» v

AR ERN R R NN RN R AN N LR R AT AN DRI RN AR IR ANN RN RN C NN P AP RO NN PR N RS

REAL INT,LATUDE,LAT, NYTTYM
INTEGER OAZE, YR, DACNT, DAYNUM

COMMON /CALEN / DAGCNT(12), DAZE, MO, YR

COMMON /CLIM / CLIMAT(8),C1(9) ‘
COMMON /LIGHT / DAYLNG,DAYNUM,LATUDE,DAYTYM,NYTTYM,10AY,IPRNT
COMMON /SIL2ES / ROWSP,LAI,POPFAC,XLEAFL,AREA

COMMON /SOLAR / INT, RI, RN, PNFAC

COMMON /TEMP / DTAVG(7), TAVG, TDAY, TMAX, TMIN, TNYT

COMMON /TSON- / TSOILD(20), TSOILN(2Q), TSOLAV(2)

COMMON /WETS / MH20,PSIAVG,PSIMAX,RAIN,RSIL

RI = CLIMAT(1)
TMAX = CLIMAT(2)
TMIN = CLIMAT(3)
MH20=CLIMAT(4)
RAIN=CLIMAT(S5)#25.
DAYNUM = CLIMAT(?7)
RN = RI * 8942 » .8 - 26,

4

NET RADIATION IN WATTS/Mwe2

XLAT=LATUDE*.(0174533

DEC=C1(1)

00 100 !=2,5

Jales

PHISDAYNUM* . 01721%(1~1)
ODECEDEC+CTI(I)*SIN(PHI)+CT1(J)*COS(PHI)

100 CONTINUE

DECADEC*.0174533
oA;ngIARCOS((-.014544-51N(XLAT)'S!N(DEC))/(COS(XLAT)'COS(DEC)))
. #7.6394

TOAYS(TMAX=TMIN) # . 554TMIN

TNYTa(TMAX=TMIN) #,154TMIN

CALL DATE
DAYTYM=DAYLNG

NYTTYM=224,«DAYLNG
TAVGE(TDAYYDAYTYM*TNYTANYTTYM) /24,

PHOTOSYNTHESLIS MUST BE CORRECTED TO REFLECT X SOLAR RADI~
ATION INTERCEPTED. TWO TERMS USED, THE FIRST CORRECTS FOR
AREA BETWEEN ROWS WITH NO COVER, THE SECOND IS TAKEN FROM
PAPER (LIGHT AND CROP PROOUCTION BY J L MONTSITH = FIELD

» CROP AQSTRACTS MOVEMBER 1965)

TERM1=2 (2, *XLEAFL/ROWSP)
IFCTER®1.GT.1.) TERM1=1.
TERM2=m1 (=EXP (=, b AL)
INTSTERMI*TERMZ

CALL TMPSOL .

RETURN
END:
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433
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SUBROUTINE OCATE

X R R R R X AR R R RS N R R AR R R AR R s 222222222 at2l22aad)

» »
" DATE SUBROUTINE. CONVERTS JULIAN TO CALENDAR AND -
. ALLOWS FOR LEAP YEARS, *
» : *

[ F R I R XA R R A R R A 2 A R R R R R A2 2 TR R R T R Y X 2y Y )

REAL LATUDE,NYTTYM 4
INTEGER DAZE,DACNT,YR,DAYNUM

COMMON /CALEN / DACNT(12), DAZE, MO, YR
COMMON /LIGHT / DAYLNG,DAYNUH,LATUDE,OAYTYH.NYTTVH.lD&'aIPRNI

QACNT(2) = 20

IYR = YR/4

IFCYR.EG.IYR®4) DACNT(2) = 29
Mo = 1

DAZE = DAYNUM
TF(DAZE.LELDACNT(L)) GO TO 2
40 = MO + 1

DALZE = DAZE = DACNT(I)
CONTINUE

CONTINUE

RETURN

END

81
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. SUBROUTINE TMPSOL

R A T R R R Ry P R T A R R R R R AT T N 2
(4 THIS SUBROUTINE CALCULATES A TEMPERATURE PROFILE IN THE®
€ SOIL, ASSUMES HORIZONTAL HOMOGENELITY OF TEMPERATURE ¢ *
€ DISREGARDS MOISTURE CONTENT EFFECTS, *
C FIRST, MAXIMUM (H) & MINIMUM (L) TEMPERATURES ARE *
€ CALCULATED AT 2, 4, 8, & 16 INCH DEPTHS BY MULTIPLE "
¢ REGRESSION EQUATIONS OF - .
€ Jo €. MCWHORTER & B. P. BROOKS, JR. 1965, CLIMATOLOGICAL®
C AND SOLAR RADIATION RELATIONSHIPS. BULL. ?715; MISS. *
€ AGRI. EXP. STA., STARKVILLE. »
C NOTE THAT THE GRID SIZE (Dww) IS NOT VARIABLE IN THIS hd
€ SJBROUTINE, BUT THE LAYER THICNESS IS FIXED AT 5 CM. *
(4 WAX & MIN SOIL TEMPS FOR EACH #F THE LAYERS ARE THEN *
C OBTAINED BY INTERPOLATION & EXTRAPOLATION OF THE 2, &4, b
C 8, & 16 INCH TEMPS. *
¢ FINALLY, DAYTIME AND NIGHTIME TEMPS(TSMX & TSMN) L
€ ARE OBTAINED A5 AVERAGE HOURLY VALUES FROM 7 A.M. THRU "
€ SUNSET, & SUNSET THRU 7 A.M., RESPECTIVELY, USING AN *
C ALGORITHM FOR AIR TEMP PUSLISHED BY H. N. STAPLETON, *
C D. Rs BUXTEN, Fo L. WAT3ON, D. J. NOLTING, AND O .
C 0. N. BAKER. UNDATED. COTTON: A COMPUTER SIMULATION OF »
C COTTON GROWTH, TECH. BULL. 206, ARIZONA AGRI. EXP. STA: =
€ TUCSON. .
cﬁ'.ﬁ,.'.."'tﬁQﬂ'dﬁi"'i"ﬁ'.t"'i'!'l'.tQ.'ﬁﬁﬁ"".."'."'.
INTEGER DAYNUM

REAL LATUBE,NYTTYM

DIN&%EIQN TSMX(20), TSMN(20), RECDAT(264)

c
COMMON /LIGHT / OAYLNG,DAYNUM,LATUDE, DAYTYM, NYITYM,I0AY,IPRNTY
COMMON /TEMP / DTAVG(?), TAVG, TDAY, TMAX, TMIN, TNYT
COMMON /JTSON / TSO0ILD(28), TSOILN(20), TSOLAV(2)
¢
J=d
0011 =1,6
FESED

1 OTAVG(J) = DTAVG(J=1)
DTAVG(1) = TAVG
4TAVG = 0.
Juy7
LFCIOAY.LT.7) J=IDAY
0021 = 1,J

2 WTAVG = WTAVG + - DTAVG(I)
WTAYG = WTAVG/J
WIAVGE = WTAVG#Y .8 + 32.

82
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NEXT EIGHT EQUATIONS ARE FROM MCWHORTER AND BROOKS.
T2H 3 1,1962+WTAVGF ¢+ 0.27389

T2L = 0.960%WTAVGF + 1.4404

TOH » 1.1493%4TAVGF + 1.1452

T4L = 0.91264WTAVGF + 2,9961

TBH = 0.9655*WTAVGF + 8,3121

T8L = 0.8700¢WTAVGF + 7.9217

T14H = 0.8409°4TAVGF + 13,988
= +

T164 0.83417WTAVGF 13.029
TEMP OF SOIL ( MAX ) BY INTERPOLATION OR EXTRAPOLATION.
724 & T2H = T4H
T48 = T4H = T8H
TSMXC1)=m(T2HeTLH+T24%1,031)/2,
TSMXC2)=xTBHv(TABR1,048) /2.
7816 = ,0492126 + (T8H = T16H)
00 6 I= 3;20
Jal=3 ‘
TSMX(I) = TBH = (2.18+(1+J#4)»5,) » T816/2.
CONTINUE
TEMP OF 'SUIL (MIN) 38Y INTERPOLATION OR EXTRAPOLATION,
T26 = T2L = T4L
T48 = T4L = TBL
TSHN(1) = (T2L*T4L+T24%1.031)/2.
TSMN(2) = T8L+(T48*1,048)/2.
7816 = ,0492126 * (T8L = T16L)
00 7 1'3!20
Jul=3
TSANCI) = T8L = (2.18+(i+Jnb)n5,.) v T816 / 2,
TFCTSMNCT) (LT TSMX(I)) GO TO 7
TSMNCL) = (TSMN(L) + TSMX(I))/2.
TSMXCI) = TSMNC(I)
CONTINUE
ho 8 1x=1,20

C CONVERT TEMPS TO CENTIGRADE.

TSMXCL) = (TSMX(1)=32.)%,555556
TSMNCI) = (TSMN(I)=32,3%,555556
CONTINUE
ISR = 12 = IFIX(DAYLNG#*.5)
ISS = ISR + IFIX(DAYLNG+0.5)

C HOUR OF SUNSET.

C SEE

11
12

¢ suv
13

PP 37 OF STAPLETON, ET AL. FOR EQUATIONS DETERMINING RECDAT.
00 9 LAYER = 1,20

TMEAN = (TSNX(LA?ER)PYS#N(LAYER)) * .5

SWINGH = (TSMXC(LAYER)=TSMNCLAYER)) * .§

00 11 IH=7,15

RECDAT(IH) = TMEAN = SWINGH*COS(O. 3927'(1%“7 »
IN9 = [H ¢+ 9

RECOAT(IHY) = TMEAN + SWINGH*COS(0.19635*(IH9~15.))
CONT INUE

00 12 IH=1,6

RECOAT(IN) = TMEAN = SWINGH*CO0S(0.19435*(6~INH))
SHRTD = Q.

SHRTN = Q.

0 13 IH=?7,1SS

SHRTD = SHRTD + RECDAT(IH)

4F HOURLY TEMPS IN DAYTINME,

CONTINUE

TSOILD(LAYER) = SHRTD/([SS 6)

€ AVERAGE TEMP OF SOIL OURING OAYTIME, DEG C.

¢ Sur
14

15

1SS1 = IS5 + 1

0 14 IH®ISS1,24

SHRTN = SHRTN + RECOATCIH)

0f HOURLY TEMPS IN NIGHTIME.
CONTINUE

D0 15 IH=1,6

SHRTN = SHRTN +  RECOAT (IH)
CONTINUE

TSOILN(LAYER) = SHRTN/(30=ISS)

C AVERAGE TEMP OF SOIL ODURING NIGHTIME.

S

CONTINUE
DO 16 LAYER = 1, 2

TSOLAV(LAYER)S (TSOILD(LAYER)*DAYLNG+TSOLILNCLAYER)*(24.=DAYLNG))

. 126,

C AVERAGE SOIL TEMPERATURE, DEG C.

16

CONTINUE
RETURN ~ 83
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’ SOIL SUBROUTINE., CALLS FRTYLIZ, GRAFLO, ET, .
. UPTAKE, CAPFLO, AND NITRIF. .

”

L

(2 X2 2R E R X R AR R R R X222 22 2222 R 22 X222 SRR R 2RSSR 2

REAL LATUDE,LAL,MH20,NEWES ,NEWEP ,NYTTYM, INT

INTEGER DAYNUH

COMMON /CLIM
COMMON /OIFFU

/
/

COMMON /ETPARM/

COMMQN /EVTR
COMMON /FERT
COMMON /FIELD
COMMON /GGOM

/
/
/
/

COMMON /HOHBAL/
COMMON /H20NQ3/

COMMON /LIGHT
COMMON /HATR

/
/

COMMON /NITLIZ/

COMMON /PS
COMMON /RUTWT
COMMON /SIZES

/
/
/

COMMON /SOlILID/

COMMON /SOLAR
COMMON /TEMP

/
/

COMmMON /TIMEBD/

COMMON /TOTS
COMMON /TSON
COMMON /UPS

COMMON /WETS

FERN=CLIMAY(8)

S

CLIMAT(8),C1(9)

OIFF(2C,6)

ALPHA,GAMMA,LAMDAC,LAMDAS,U,WND
EP,ES,SESI,SESII,T,NEWES,NEWEP, SUMES,SUMEP
FERN, FNHG4,FNO3, 0MA,RNNH4,INNO3

FCC20) .
b, G, NK, NL, RTP1, RTP2, SLF, THRLN, W
CAPUP, CUMEP, CUMES, CUMRAN, CUMSOK
VH20¢(20,6) , VNO3C(20,6)
DAYLNG,DATNUM,LATUDE,DAYTYM, NYTTYM,IDAY, IPRNT
KRL(20), LR

UNHLC(2,6) ,UNC(2,6)

PSIS(20,6)

RCH20, ROOTS, ROOTSV(20,6), RTWT(20,6,3)
ROWSP,LAL,POPFAC,XLEAFL,AREA

OIFFOCS), THETAD(S) ,BETA(S),SDEPTH(S), THETAS(S) ,
THETAR(S) ,ATROR(S) LETACS), FLXMAX(5),B0(5)
INT, RI, RN, PNFAC

DTAVG(75, TAVG, TDAY, TMAX, TMIN, TNYT
THETAL

OAMP, NOLTR, TH20, TNNH&4, TNNO3
TSOILD(20), TSOILN(20), TSOLAV(2)
SUPNO3,UPNOZ

MH20,PSLAVG,PSIMAX,RAIN,PSIL

H

IFCIDAY.GT.1) GO TO 2

CALL FRTLIZ

 WRITE(6,1000) VNO3C(1,1)
1000 FORMAT(' VNO3CC1,1) = *,F10.4)
ALL FEPTILIZER IS NO3.

oMA = O,

RNNOZ = 0,

RNNHG = O,
2 CONTINUE

IFCFERN.GT,04.)
ITF(RALN.GT.0.)
CALL ET

5UPNO3 = 3,

SUMES=0.
SUMEP=Q.

D010 I=1,NOLTR

cALL UPTAKE

CALL FRTLIZ
CALL GRAFLO

LFCUPNO3.GT.0.) SUFNO3 = SU?NOS +  IPNO3

CALL CAPFLO
CONTINUE

CUMEP = CUMEP ¢ NEWEP
CUMES = CUMES + NEWES

SUPNO3 ‘2 SUPNO3#POPFAC*.1/R0YSP

50 11 I=1,NOITR

CALL CAPFLO
CONTINUE
CALL NITRIF

RETURN
END
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648

0006

0006
0006
0006
0006
0006
Co0é
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00Q6

0006
0006
1006
0006
0006
000s%

618
639
620
621
622
623
624

626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
642
643
dhb
645

647

649
650
651
652

653

654
655
656
657
658
659
660
661
662
663

667
668
669
670
671
672
673
674
675

677
678
679
480
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682
483
484
685

687
488
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ORIGINAL PAGE 1S

SUBRQUTINE FRTLIZ
(42 R R X R R R Y R R R R Y R R X R Rt 222 2 24222
C w~e*wn MODIFIED BY A. MARANI MARCH 1980 WA LARALALE AL 4]
(S AL A R A R A Y R R XY Y Y T 202 A 23 222 %)
SUBRQUTINE AODS FERTILIZER TO PROFILE. MUST BE CALLED AT ”
PLANTING DATE TO INITIALIZE NITROGEN & ORGAMLIC MATTER »
PROFILE. MAY BE CALLED FOR SIDE DRESSING. [INPUTS ARE: »
FERN: FERTILIZER INORGANIC NITROGEN, LBS N/ACRE,.® »
FNH4: FRACTION OF INORGANIC N IN AMMONLA FORM. C TO 1 .. + #
FNO3: FRACTION OF INORGANIC N IN NITRATE FORM, C TO 1 »
OMA: ORGANIC MATYER PLOWED AT BEGINNING OF SEASON, LBS/ACRE, »
MUST HE .GT. O TO INITIALIZE N & ORGANIC MATTER ARRAYS, #*
RYNO3: RESIDUAL N AS NITRATE IN UPPER 2 LAYERS, LBS/ACRE. "
RNNHL: RESIDUAL N AS AMMONIUM IN UPPER 2 LAYERS, LBS/ACRE. )

(22 A XX I R R Y R R R Y Y N R 2 23 2 X 03223222222 22223

OO OO

COMMON /FERT / FERN,FNH&,FNO3,0MA,RNNHG,RNNOS
COMMON /GEOM / O, G, NK, NL, RTP1, RTP2, SLF, THRLN, W
COMMON /H20NO3/ VH20€(20,4) , VNO3C(20,6)
COMMON /NITLIZ/ VNH&C(2,8),VYNC(2,6)
WRITE(6,1000)
10C0 FORMAT(' FERTILIZER SUBROUTINE CALLED WNNNNNNNNNANNNUNEN )
1F(OMA.LE.C,) GO'TO 2 ~
C OWA .GT. O. IMPLIES INITIAL FERTILIZATION AT PLANTING DATE &
C PLOWDOWN OF QRGANIC MATTER.
00 3 L=1 , 2
00 Z K=1 ,NK
UNCCL,K) = OMA « .01122/(0%2.) » .01
UNOZC(L,K) = RNNG3 » .01122/¢0w2.)
VNHGCLL,K) = RNNH& * .01122/(D#2.)

CHG LB/ACRE TO MG/CC IN TOP 2 LAYERS (.01122 LB/ACRE = 1 MG/CMew2)

CON

3 CONTINUE , .
2 COMTINUE
C  FERTILIZER BROADCAST AND MIXED INYO UPPER 2 LAYERS OF SOIL.
DUMYQ8 = FERN * FNO3 » ,01122/(D#2.)
DUMYO9 = FERN « FNH4 * .01122/(0%2.)
00 5 LAYER =21, 2
00 S KOLUMN = 1,NK
VNOSC(LAYER,KOLUMN) = VNO3C(LAYER,KOLUMN) + DUMYDS
¢ ADOITION OF BROADCAST NITRATE FERTILIZER.
VAHECCLAYER,KOLUMN) = VHHA4CCLAYER,KOLUMNY + DUMYQ9
C AODTTION OF BROADCAST AMMONIUM FERTILIZER.
s CONTINUE _ '

RETURN
END
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ORIGINAL FAGE i3
OF POOR QUALITY

SUBROUTINE #RAFLO

(ZX RT3 22 AR T2 2R AR A R A R 2 2y R R Y s 2 T Y XX T 22
2 )
’ GRAVITY FLOW OF NOJ AND H20, AFTER RAIN OR IRRIGATION. :
.

[ B A 2222222222 A X2 AR a2l a2 2 A 2 R R X3RRI N2 22 )

RAIN OR IRRIGATION IS IN MM.
REAL MH20
OIMENSION SOAKW(21), SOAKN(21)

WATER SOAKING INTO LAYER.

NITROGEN SOAKING INTO LAYER 8Y MASS FLOW OF H20,

COMMON /FIELD / Fcl20)

COMMON /GEOM / B, G, NK, NL, RTP1, RTP2, SLF, THRLN, W
COMMON /MOHBAL/ CAPUP, CUMEP, CUMES, CUMRAN, CUMSOK
COMMON /H20NO3/ VH20C(20,6), VNO3C(20,6)

COMMON /WETS / MH20,PSIAVG,PSIMAX,RAIN,PSIL

VH20C: VOLUMETRIC WATER CONTENT, C(Mwe3/imee3,
FC: FIELD CAPACITY, BY LAYER, CMw»3/CMew3,
VNO3C: VOLUMETRIC NITROGEN CONTENT AS NITRATE, MG N/CC SOIL.
0: DEPTH OF SOIL CELL, CM.
NL: NUMBER OF LAYERS IN PROFILE.
NC: NUMBER OF COLUMNS IN PROFILE.
CUMRAN = CUMRAN + RAIN
TSOAK = 0.
00 2 KOLUMN = 1, NK
SOAKW(NL+1) = O,
SOAKW(1) = RAIN®#,.10
H20 SOAKING INTO TOP LAYER. IN CM*»3/CMen2,
~ SO0AKN(1) = O,
NITROGEN SOAKING INTO LAYER, IN MG/CMen2,
IF NITROGEN IN RAINFALL IS TO 8E AODED, 0G IT HERE.
DO I LAYER = 1, NL
H20 = SOAKW(LAYER) + VH20C(LAYER,KOLUNMN)*D
TOTAL TEMPORARY. AND RESIDUAL VOLUME OF H¥0 IN SOIL
CELL, IN Cuea3/CMen2,
SOAKW(LAYER®1) = AMAX1(0., H20=FCCLAYER)*D)
H20 SOAKING INTO LAYER BENEATH, IN CMww3/CMwe2,

SOAKN(LAYER+1) = Aﬂlxi(0-:50AKU(LAYER¢1)'(VNO3C(LAVER.KOLUHN) /

«{VHROC(LAYER,KOLUMN)+SOAKW(LAYER)/D)))
NITROGEN SOAKING INTO LAYER BENEATH, IN MG/CMew2,
CONTINUE
TSOAK = TSOAK + SOAKWINL+1)
00 4 LAYER = 1, NL

IF(SOAKH(LAYER) LE.Q.) GO TO 4
WHEN SOAKW .LT. O, NO GRAVITY PERCOLATION OCCUPS.

VHCOCCLAYER,KOLUMN) = VHROC(LAYER,KOLUMN) ¢+ (SOAKW(LAYER) =

o SOAKWCLAYER*1)) /0
VOLUMETRIC MOISTURE CONTENT OF SOIL CELL, IN CMwaZ/CMEr3,

VNO3C(LAYER,KOLUMN) = AHAX1(0.,VN03C(LAYER KOLUMN) + (SOAKN(LAYER)

'SOAKN(LAYER¢1))/D)

VOLUNETRIC NITROGEN CONTENT OF SOIL CELL, IN MG/CMwe3,
CONTINUE
CONTINUE - _ :
CUMSOK = CUMSOK + 10.*TSOAK/FLOAT(NK)
RETURN ]
ENO :
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006?
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0007
0007
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Qo007
0007
0007
0007
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oao01

2008

cao0s
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0008

0008

0008
goas
oaqs
ooos
0008
0003
0008
o008
0008
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coos
ceos
0008
oo0s
a00s
0008
0008’
o008
caos
n008
0008
Q008
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0008
0008
0008
0008
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0008
noos
0008

760

785
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ORIGINAL PAGE 1S
OF POOR QUALITY

g

SUBROUTINE ET ) 0098 798
R Y TR s S e R R R N R R R R e R Ay R R R PR N Y F R T X 0008 799
. L4 0008 800
L EVAPOTRANSPIRATION SUBROUTINE * 0008 801
) * 0008 802
aa--.-q.-'ont.aa-t-'ta---wrnn-t--q'ttttattttttcﬁnan.-t-qqt co0s 803

SUBRGUTINE TAKEN ALMOST ENTIRELY FROM RITCHIE, A MODEL * 0008 804
FOR PREOICTING EVAPORATION FROM A ROW CROP WITH INCOMPLETE COVER. 0008 805
WATER RESQURCES RESEARCH VOL. 8:1204. 0008 804

0cos 307

REAL LAMOAC,LAMDAS,LAMOA,INT, MH20,NEWES ,NEWEP 0006‘283

COMMON /ETPARM/ ALPHA,GAMMA,LAMDAC ,LAMDAS ,U,WND 810

COMMON /EVTR / EP,ES,SESI,SESII,T,NEWES, NEUEP SUMES,SUMEP 811

COMMON /HOHBAL/ CAPUP, CUHEP, CUHES, CUHRAN, cunsox o008 812

COMMON /SOLAR / INT, RI, RN, PNFAC :

COMMON /TEMP / OTAVG(7), TAVG, TOAY, TMAX, TMIN, TNYT 0008 814

COMMON /WETS / MH20,PSIAVG,PSIMAX,RAIN,PSIL 0004 :;z

VPC(TMP) = EXP(1.8282+TMP*(0.070456136=TMP*(0.000215743)) 0008 817

P = RALN QQoe s1s%

RS = RI»,0169491525 0008 819

RS = SOLAR RADIATION IN MM H20/DAY. 0008 220

TAVM1 = TAVG=1, . 0008 321

DEL = VP(TAVG) = VP(TAVM1) Q008 822

DEL=SLOPE OF SATURATION VAPOR PRESSURE CURVE AT MEAN AIR TEMP, 0008 823

“LAMDA = INT*LAMOAC + (1.=INT)*LAMDAS 0008 824

LAMDAC & LAMODAS = ALBEDOS OF CROP & SOIL, 0008 825
INT=INTERCEPTION (FRACTION OF INCIDENT RS) n008 826
RNOSNET RADIATION ABOVE CANOPY (MM/DAY) 0008 827

ANO=(RS=LAMDA*RS) 0008 828
TD & T4 = DRY AND WET BULB TEMPERATURES. 0008 329

TO = TAVG 0008 830

VPO = VP(TD) ' 0008 831

TW = TMIN : noos 832
EOZPOTENTIAL EVAPORATION RATE ASOQOVE CANOPY (MM/DAY) ) 0008 633

MODIFIED PENMAN EQ. 0008 $34

A8 d INDSPEED AT 2 METERS (MILES/DAY) Q008 835
GAYMASPSYCHROMETER CONSTANT 0008 836

VPA = VP(THW) 0008 837

EOs(RNO¥OEL/GAMMA+.262%(1,+0.,0061*WND)*(VPO=VPA))/(DEL/GAMNNA+T,) . 838
THE FOLLOWING CALCULATES ESCCPOTENTIAL EVAP, RATE AT SOIL SURFACE" 0008 813
RNSENET RADIATION AT SOIL SURFACE BELOW CANOPY 0008 840

RNSB((1.=INT)=(1e=INT)CLAMDAS)*RS 0008 841

ESORDEL*ANS/ (DEL*GAMMA) . 0008 842

87
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€ STAGE I DRYING 0008 843 i
C SESTSCUMULATIVE STAGE ONE EVAPORATION FROM SOIL SURFACE 008 844 ;
¢ UsUPPER LIMIT OF SES! 0008 845
LF(SESL.GT,U)GOTO 110 0008 846
¢ PERAINFALL 0008 847
IF(P.GE.SESLYGOTO 119 0008 848
SESImSESI~P 0008 849
39 SESI®SESI+ESO ~ 0009 850
LF(SESL.GE,UYGOTO 102 0009 851
($3121] 0009 432
GOTO 110 ; 0009 353
102 ESRESO= 47 (SESI=U) 0009 354
SESIIm, 40 (SESI=U) 0009 855
DUMYD1 ®» SESII / ALPHA 0009 856
T = DUNYNT » OUMYOD! - 0009 8827
G0 To 110 ’ 0009 858
101  SESIsQ, 0009 859
60 Y0 99 0009 860
€ STAGE Il DRYING 0009 861
100 IF(P. ﬁsrsesxxmo T0 103 0009 862
¢ TaTe1. 009 863
ES = ALPHA » (SORT(T)=8$ART{(T=1.)) : : 0009 864
IF(P.GT.0.)60 TO 04 0009 845
I1FCES.GT.ESO)GO TO 105 0009 846
" 106  SESIISSESILMES=P 0009 847
DUMYO2 = SESII / ALPHA 0009 868
T = QUMYD2 *» -DUMYO2 0009 849
60 TO0 110 0009 870
105  ES=ESO 0009 871
GO TO 106 0009 872
106 ESXm0.Aep 0009 873
LFCESX.LT.ES)GO TO 107 c009 874
111 IF(ESX.GT.ESV)GO TO 108 0009 7S
109  ES=ESX : 0009 876
30 TO 106 0009 877
108  ESX=ESO 0009 878
G0 10 109 0009 879
, 107  ESX=ESHP ' ‘ 0009 880
Go TO 111 0009 381
103 PaPegESII 0009 G582
SESIsy=pP 0009 883
LF(P.GT.UYGO TO 101 0009 884
G0 T0 99 0009 885
C TRANSPIRATION 1S PROPORTIONAL TO LIGHT INTERCEPTION (xnr). 0009 8846
C THIS REPRESENTS A MODIFICATION TO RITCHIE'S MOOEL. 0009 887
110  EPWINT*EQ . 0009 8383
TFLEO~ES.LT.0.) EOQ=ESEP , 889
LF(EP.GT.(EO=ES) JEPSEQ=ES - ~ ‘ 0009 890
AVGPSL = =1, * PSIAVG T 0009 891
IF(AVGPSILGT,5.0) AVGPSI = 9.0 892
RN = RIw,71536=26. 0009 893
C RFEP » REDUCTION FACTOR FOR EVAPORATION FROM PLANT. BASED ON n009 894
€ UNPUSLISHED DATA OF BAKER & HESKETH. 19649. 0009 895
RFEPN = 249,5831405 ¢+ 0.96590654RN = 54.6600986¢TAVG 0009 394
o = 196,6508437AVGPST = 0.0010226wRAN*RN + 1,0153007+TAVG*TAVG + 0009 897
¢ 29.775978°AVGPSI*AVGPS]T ¢ 0.,0293487+RN*TAVG - 0009 898
o = 4,206856#TAVGAVGPSI ‘ , 0009 895
RFEPD = 749,5831405 ¢ 0.9659065+RN 0009 900
o = 54,66009869TAVG = 19,465CB431 = 0.00102246#AN*RN + 1009 901
i o $1.0153007*TAVE*TAVG * ,29775978 ¢ 0,0293637#RN*TAVG nn09 902 °
; o = 42068567 TAVG 0009 903
. RFEP = RFEPN/RFEPD n009 904
IF(RFEP.LE.D.O) RFEP = 0,09 , 0009 90S
EP = EP % RFEP v noo9 906
RETURN 0009 907
END 0009 908
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SUBRQUTINE UPTAKE

CQQDt.'t!"tlltvtbttﬁOit't'l.tttﬂi".ti'tﬁif"'t"'!ﬁ!lipb.i
C wveseswws MODIFIED FEH 22 1980 oenvwwvrunawwanvadord
¢ UPYAKE OF WATER FROM EACH SOKL CELL IS PROPORTIONAL Yo #

C THE PRODUCT OF ROOT WEIGHT CAPABLE OF UPTAKE AND THE .
¢ HYDRAULIC CONDUCTIVITY OF THE CELL. THE SUM OF THE ]
C UPTAKE FROM THE CELLS EQUALS TRANSPIRATION. ALL NO3 IN o
C THE WATER TAKEN UP BY THE ROOTS IS ALSO TAKEN UP. .

COttt'ttf'ttt'!lntti.'tt"ﬁﬁt'.'tto"bt'.'!'tti't..".i'vi.t
C EP = TRANSPIRATLION BY PLANTS, MM/DAY,
¢ SUPNO3I = SUPPLY OF NITRATE FROM SOIL, MG.

DIMENSION UPF(20,6)

INTEGER DAYNUM

; REAL NEWES , NEWEP, NYTTYM, LATUDE, INT
C UPF = UPTAKE FACTOR, GM CM/DAY,

C ROOT WEIGHT CAPABLE
¢

COMMON /OLFFU /
COMMON /EVIR /
COMMON /FIELD /
COMMON /GEOM /
COMMON /H20N03/
coMMOM /LIGHT /
COMMON /NATR /
COMMON /RUTWT /
COMMON /SOILID/

COMMON /SOLAR /
COMMON /TOTS  /
CoMMON FUPE ¢

o

DELT «

OF UPTAKE, GM/CELL.

OLFF(20,6)
iP;gﬂ;SESX,SES!I;Y.NEUESpHEVS?,SUHSS,Sﬁﬁi?

¢

D' G, NK' NL’ RTP" anz' SL” T“RLNI "
VH20€(20,6), VNO3C(R0,4)

DAYLNG DAYHUH,LAYUDE.DAYTYR,NYITYH IDAY,IPRNT
KRL(ZO), LR
RCH20, ROOYS, ROOTSV(20,6), RTWTI(20,6,3)
DIFFO(S),THETAO(S), BETA(S) SDEPTH(S) THEYAS(S);
TNETAR(S) AXRDR(SD.ETA(S) FLXHAX(S) 80(3)
INT, RL, ﬂN, PNFAC

DAMP, NOITR, TH2G, TNNH&, TNNOJ

SUPNO3, UPNO3

/ NOILTR

i
DUMYOQ1 = (.10'NK-H'EP)-05LT
s D

oumy Qe

DES = £S & 0.1 sOELT / 0 ,
¢ MODIFLED FOR ES REMOVED FROM ALL KOLUMNS

00 8 l":?ﬁ
00 8 J»1,5
UPF(L,4)s0,

8 CONTINUE
DQ 7 KOLUMN = 1
DE = DES

» DOE = VH20C(1

¥

oNK

IF(DE.GT.VH20C(1,KOLUMN) = .25 » FC(1
+KOLUNN) = .25 * FC(1)

)

0009
0009
0009
0009
0009
noae

ano9 $

909

910

911
912
913
914
91
916

918
919

949
950
951
982

e e e e
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LF(DE.LT.Q,) DOE = Q,

VH20C(1:KOLUNMN) o VH20C(1,KOLUNN) = DE
SUHQS » SUMES ¢ DE ¢ 10, *D

CONTINUE

NEWES=SUMES/ NK

00 1t LAYER =1, LR

KA = KRL(LAYER)

00 1 KOLUMN =1, KR

UPF(LAYER,KOLUMN) = (RTWTC(LAYER,KOLUMN,1) ¢

e 20 ¥ RTWTCLAYER,KQLUMN,2) ¢ RTUT(LAYER,KOLUHN.S) )
C1SU83 THE WEIGHT OF ROOTS 15 OAYS OLD OR LESS IN CELL.

CONTINUE

0N 4 LAYER = 1, LR

KR = KRLCLAYER)

DO 4 KOLUMN = 1, KR S
UPF(LAYER,KOLUNN) = UPF(LAV!R;KOLUHN) ¢

o UPFCLAYER,NK=KOLUMN®1)

€ ADDS THE ROOTS GROWN BY THE PLANTS IN THE MEXT ROW TO GEY

C THE TOTAL WEIGHT of Rod“ﬂ CAPABLE OF UPTAKE.

(e X2 N g3

(g X 23
5

4

CONTINUE

NKH ® NK/2

SUPF = 0,

00 5 LAYER = 1, LR
KR = KRL(LAYER)

IF (KR«GT .NKH) KR=NKH
00 5 KOLUMN = 1, KR

UPF(LAYER,KOLUMN)=UPF(LAYER,KOLUMNI*DIFF(LAYER,KOLUMN)
#wwn NO OEPTH FACTOR FOR CALCULATING UPF wwewe MODIFIED FEBS 22

UPTAKE FACTOR FOR EACH CELL, HAS UNLTS OF GM CM/DAY.

21

20

SUM OF UPTAKE FACTORS IN THE PROFILE,
- UPTAKE AMONG CELLS.

WOOIFIED 8Y OIVISION TO MEAN DEPTH OF LAYER
ITFCUPFCLAYER,KOLUMN).LLT.04) UPFCLAYER,KOLUMN) =0,
SUPF. = SUPF ¢ UPF(LAYER,KOLUMN)

CONTINUE

UPNO3 = Q.

J =9

00 6 LAYER = 1, LR ;
IFCLAYER®D.LE.SOGEPTH(J)) GO TO 20
Jo= g

IF(I.LTS) GO TO 21

KR s KRLILAYER) ;

IF (KR.GT.NKH) KABNKH

D0 6 KOLUMN =.1, KR

UPTH20 = (UPF(LAYER,KOLUMN)/SUPF) « DUMYDT / 2.

*

90

TS

USED FOR APPORTIONING

0010
2010

Q010

0010
0010
0010
0010
0010

a010
0010

0010 9
0010 ¢

0010
0010
go10
0010
o010

0010

00190
0010
0010
0G10

0010

0010
0014

0010

984

998

k3

T e



a XAl

on (o X 3

ORIGINAL PAGE 18
OF POOR QUALITY

cex ks @ . 2 A

HR2OUPTRUPTHR20/0UMYNR 0010 999
UBTAKE OF 4ATER FROM EACH CELL, CMwe3/DAY, 00101000
EP HAS UNITS OF MM/DAY. ) 00101001

IF(VH2UCCLAYER,KOLUMN) «GT.THETAR(J) ) GO TO 23 1002

H2QUPT = (O, 1003

GO Tn 24 » 1004

23 IF (H2O0UPT.GT,VH20C(LAYER, KOLUMN) =THETARCY) § H20UPTs 1008
] VH20CCLAYER,KOLUNN) =THETARCY) 1006
24 CONTINUE 1007

UPTH20=K20UPT4DUMYD2 00101008

VH20CCLAYER,XKOLUMN) sYH20C(LAYER ,KOLUMN) =H20UPT 00101009

sunerusunepouzoupr ‘ 00101010
VOLUMETRIC WATER CONTENT OF CELL 1S DUCREASED BY AMOUNT 00701011
OF UPTAKE FROM CELL. 00101012

IMGKOL = NK = KOLUMN + 1 ‘ , 00101013

IMAGE COLUMN, MIRARORED ABOUY CENTGRLINE OF PLANE. 00101014

VH20CCLAYER,IMGKOL) = VH20C(LAYER,IMGKOL)Y = H20UPT 0010101S

SUMEPSSUMCP+H20UPT 001010146

upN 3voLuneraxc WATER CONTENT OF IMAGE CELL IS ALSO REDUCED, 00101017

PNO3C=0,

IF(VH2OC(LAYER,KOLUMN) ,LE, THETAR(J)) GO TO 39

UPND3C = UPTHEO'(VNOSC(LAYER KQLUMN) /VH20C(LAYER,KOLUMN)) 10101918
UPTAKE OF NOI FROM CELL, 4G N/DAY. 00101019
ALL NO3 IN WATER UPTAKE STREAM 1S TAKEN UP, 00101629

31 CONTINUE , _

UNO3ZCCLAYER,KOLUMN) = VNO3IC(LAYER,KOLUMN) = UPNOZC/DUMYD2 0N1010214
VOLUMETRIC NITRATE CONTENT OF CELL IS OECREASED BY AMOUNT OF 10101022
UPTAKE 7R0Y CELL, 4G N/CC SOIL. : 00101023

UPNO3 & iIPNO3 ¢ UPNO3C , ; 00101024
SUM OF UPYXi® OF NITROGEN AS NITRATE FROM THE SOIL PROFILE, 60101028
%G FOR THE HAY. 00101026

UPNG31xQ..

IF(VHROCCLAYER,IMGKOL) (LE.THETAR(J)D GO TO 34
UPNQI:L = UPTHZO‘(VNOSC(LAYER IMGKOL) /VH20L (LAYER,IMGKOL)) 00101029
UPTAKE OF NO3 FROM IMAGE CELL, HG N/DAY. 06101030
34 CONTINUE
VNOSC(LAYER, IMGKOL) # VNOIC(LAYER,IMGKOL) =~ UPNO3I/DU%YO2 N0101031
VOLUHETRKC NITRATE CONTENT OF IMAGE CELL IS ALSO ODECREASED., 08}01032

UPNO3 = UPNO3 + UPNO3I 01033
CONTINUE 00101024
NEWEPSSUMEP#0/NK*10. 00101635
RETURN 00101036
END ' 00101037
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w ) *
© CAPILLARY FLOW OF Noé}AMD H20 IN ALL DIRECTIONS.. *
] IR *

T I I T TR T s 2 2 2 v 2 R L2 2 T2
v .
) .
REAL LAI

DIMENSION FNL(20,68), FNU(ZO 6) FWL(20,6) ,FUu¢20, 6),COND(20 6)

FLUX OF H20 TO THE LEFT QUT O THE CELL, CM**3/CELL/DAY,
FLUX OF H20 UPWARD OUT OF THE CELL, CM**3/CELL/DAY. )
FLUX OF NITROGEN TO THE LEFT OUT OF THE CELL, MG N/CELL/DAY.
FLUX OF NITROGEN UPWARD OUT OF THE CELL, MG N/CELL/DAY.

COMMON /DIFFU / DIFF(20,6)

CoMMON /GEOM / D, G, NK, NL, RTP1, RTP2, SLF, THRLN, ¥
COMMON /HOHBAL/ CAPUP, CUMEP, CUMES, CUMRAN, CUMSOK
COMMON /M20NO3/ VH20C(20,68), VYN03C(20,6) 2
COMMON /PSS /- PS1IS(20,6) .
COMMON /SIZES / ROWSP,LAI,POPFAC,XLEAFL,AREA

COMMON /SOILID/ OIFFO(S) THETAO(S),BETA(S) SDEPTH(S5),THETAS(S),

. THETAR(S) AIRDR(5) ,ETA(S), FLXMAX(S) BD(S)
COMMON /TOTS / DAMP, NOITR, TH20, TNNH&4, TNNO3 4 ©
CoMMUN /TIMERD/ THETAL

00 860 I=1,20
DO 860 J4=1,6
FNLC(L1,4)=0.
FNUCI,d)=0.
(} FWU(I,J)=0.
.. FHL(!,J)=0. :
850 CONTINUE °
NLMT = NL=1 .
J 31 .
DELT = ,5 / NOITR
» DO 4 LAYER, = 1, NL
214 IF(LAYER#O' LE SDEPTH(J))GO 0 15
Jaj+1
IFCd.LT.5) Go To 214

****ﬁtﬁt*ii*iﬁﬁi*i**ﬁi***f*t***iﬁﬁ*iﬂﬁﬁiti***t**tﬁﬁ*iﬂ*tiiﬁ*.*'t*f*'ﬁ

COND IS SOIL CONDUCTIVITY . R
15 CONTINUE A
IF(LAYER.EQ.NL) THETAZ=THETASCS)
DO 4 KOLUMN = 1, NX
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00101040
00101041

00101042

60101043
1064
1645
1046

00101048

"00101049

00101750
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00101052
7 1053
1054
00111055
1056
1057
1059
“1060
1461
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00111064
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N

o DIFFUSIVITY FUNCTION FOUND IN : 1082
c GARDNER AND MAYHUGH. 1966+ SSSAP 22: 197*201. FOW, yﬁ83
CONOCLAYER,KQLUMN) =0, i

!F(VHZOC<LAYER;KOLUHN>.LE.THETAS(J) ) 66 TO 4 108%
COND(j,AYER,KOLUMN) = 0,12 * ((VH20CC(LAYER,KOLUMN)=THETARCJ) ) / 1085
o (THETASCJ)=THETARCJY ) I #w (3. #ETACU)/(ETACII=2.)) N 1086
IFCCOND(LAYER,KOLUMN) oGT.3.) CONOCLAYER,KOLUNMN) = 3, & 1087
v 22 2 T R R A A R R A R R R A R R A R R e R R 22 RSl 2] 1090
c 5 e . 1091
4 CONTINUE A ¢ 00111092
DUMYO1 = D DAMP . DELT ‘ K 00111093
Jd =1 1094
D0 5 LAYER = 1, NL 00111095

302 IFCLAYER#D.LE.SDEPTH(J)? GO To 303 1096
J= g+ = 1097
IFCJ.LT.5) GO To 302 : 1098
303 DO 5 KOLUMN = 1, NK 1099
KM1 = KOLUMN = 1 146G
IF(KM1.EG,0) KNT1 = NK - ¥101
¢ L2 22222 22 R 22T TR Y A R R e 2RI S22 22222 RS2y Ry -1102
C OIFL IS THE ARITHMETIC MEAN OF DIFF OF THE TWO CELLS. 74103
DIFL = (DIFFC(LAYER,KOLUMN)+DIFF(LAYER,KM1)) /2. 1104
FWLCLAYER,KOLUMN) = DIFL 1105
o . *C(YH20CCLATER,KOLUMN) =VH20C(LAYER, KM1))IU) # DUMYD? 1166
C FLOW QF WATER TO THE LEFT, QUT OF CELL, CM»#3/CELL/DAY. 00111107
C SIMPLY DARCY'S LAW USING MEAN CONDUCTIVITY. 001111038
FWLMAX = (VH20CCLAYER,KOLUMN)=VH2QC(LAYER,KM1) ) #inD / 10. ny 1109
IF(ABS(FHL(LAYER,KOLUMN)) GT. ABS(FWLMAX))FNL(LAYER¢KOLUMN)=FHLMAX S 1110
€ FWLMAX IS USED TO PREVENT EXCESSIVE WATER FLOW IN ONE ITERATION. 1111
c 222222 2 22 22 R R R R R e R R R R R R R R R R e R R R I N F L 22 222 2 2 K K
C JHEN FLOW IS INTO THE CELL (NEGATIVE FWL) THE CORRERT CALCULATION 1113
C JF FNL IS BY USING VNO3C AND VH20C VALUES OF THE QTHER CELL. 1114
IFCFWLCLAYER,KOLUMN) «LT.04) GO TO 304 1115
FNL(LAYER,KOLUMN) = FWL(LAYER,KOLUMN)*VMO3C(LAYER,KOLUMN)/ 1116
« VHZOC(LAYER ,KOLUMN) 1117
Go T0 51 _ ’ 1118
304 FNL(LAYER,KOLUMN) = FWLCLAYER,KOLUMN) #*VYNO3ICC(LAYER,KM1) / 1199
« VH20CC{LAYER,KM1T) . 1120
C FLOW OF NO3 TO THE LEFT, OUT OF CELL, MG N/CELL/DAY. ¢ 00311121
C MASS .de OF NO3 IN H20, GM/CELL. 00111122
C AN R AN AR AN AN SRR AR AT NN IR AT AR AR R TR AR PRNRERRR AN NN RN AR LA R w b N n] 12T
¢ #*» REDISTRIBUTION OF NITRATES CAUSED BY DIFFERENCES IN THEIR 1124

"

OIFFCLAYER,KOLUMN)=C.
IFCVH2OC (LAYER,KOLUMN) .GTW.THETAOCI)) DIFF(LAYER,KOLUMN) = o
o DIFFOCJI*EXP(BETACJI#(VH20C(LAYER ,KOLUMN)«THETADCI)))

. o
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¢ CONCENTRATIONS IN SOLL SOLUTION OF ADJACENT CELLS. ARRUE RN
St  FNLCLAYER,KOLUMN) = FNLLIGAYER,KOLUMN) + (VNO3C(LAYER,KOLUMN) /
.VHZOC(LAYER,KOLUMN)'VNO3E LAYER KM1)/VHZO0C(LAYER, KM1))*DELT*1 S

5  CONTINUE = 0011
J =1 .
D0 6 LAYER = 2, NL 0011
2 IF(LAYER*D.LE.SDEPTH(J)) GO To 203 ; ~
R EE : :
IF(I5LT.S) GO TO 2 : .
203, /DO 6 KOLUMN = 1,NK :

ﬁ”*iitﬁi**i*tt*ttﬁﬁ*iiﬁt'itiii*ﬁwiﬁﬁ*t#ii**ﬁi*#****i*itﬁ*iy**ﬁt*ttt
OIFU IS THE ARITHMETIC MEAN O0F DIFF OF THE TWO CELLS
CONU IS THE CONDUCTIVITY OF THE UPRER CELLa )
THE PROCEDURE ALLOWS FOR GRAVITY FLOW WHEN VH20C OF UPPER CELL
1S HIGHER THAN FIELD CAPACITY.
DIFU = (DIFF(LAYER,KOLUMN)+OLFF(LATER=1,KOLUNMN)) / 2.
FWUCLAYER,KOLUMN) = (DIFU*(VHZOC(LAYER KOLUHN)—VHZOC(LAYER-1 KOLUMN)
« )/ D~ COND(LAYER T,K0LUMNY ) » W . DAMP *DELT
C FLOW OF WATER UPWARD, OUT OF CELL, CM*+3/CELL/DAY. _ 0011
FWUMAX = (VH20C(LAYER ,KOLUMN)=YH20C (LAYER=1,KOLUMN) ) #W#D / 10,
IFCABSCFWUCLAYER, KOLUMN)) L GT ABS CFWUMAK) JFWUTLATER ,ROLUNNY SFWURAR
FWUMAX 1S USED JO PREVENT EXCESSIVE WATER FLOW IN ONE ITERATION.
c ttti'tt:tt,ﬂt*ﬁﬁﬁ**'ﬁ*t*i*ﬁtiittﬁittiwiﬁ*i**ttﬁ**ii*wfﬁﬁﬁ*ﬁtﬁtttttig@i'ﬁiﬁ*
C WHEN FLOW IS DOWNWARD, VNO3C AND VH20C OF UPPER CELL ARE USED.
IFCFWUCLAYER,KOLUMN) (LT.Q.) GO TO 300
FNUCLAYER,XKOLUMN) = FWUCLAYER, KOLUMN)*VNOSC(LAYER;KOLUMN)/
o« VH20C(LAYER,KOLUMN) it
GO T0 61
3CC FNUCLAYER,KOLUMN) = FUUCLAYER,KOLUMN)*VNO3IC(LAYER»1, KOLUMN)/
. VHZOC(LAYER 1.KOLUMN)
C FLOW OF NO3 UPWARD IN THE WATER, MG N/CELL/ DAY, 001
N L R e e e Y e A R R e 2 R R T Y PR T T T R 2 R T T A 2 T 22 2
C #++ REDISTRIBUTION OF NITRATES IN ADJACENT CELLS.  wawtwhwwwwins
61 FNU(LAYER,KOLUMN) = FNU(LAYER,KOLUMN) + (VNO3C(LAYER,KOLUMN) /
.VHZOC(LAYE?,;OLUMN)-VNOSC(LAYER~1,KOLUMN)/VHEOC(LAYER-1,KOLUMN) )
« * DELT = 1,

(] O OO

| -
v
PP S NP QU UPOE. N QU QR s Gt QPO QU A QS QU P QU GNP U G U G G QU Gy

B e S e R R e R o Yo Y0 S GNP A Wr WUP A PP AU WP S NP A 9
OMUNVIUVITUVIVIVIVIVIVI S S DSBS WHUWLIHLINGWNN NN
QURANOCVITWNDSOOONGWNITNN-COVENOVNFWN-SOO®0 NN

0

i gty e

P —

& CONTINUE ' 00111161 -
J=1 . . . e 1162
00 14 LAYER = 1,NLM1 1163

40 IF(LAYER*D.LE.SDEPTH(JJ) GO TO 41 1164
2441 \ A 1165
IFGI.LT.5) GO TO 40 . 1166

41 DO 16 KOLUMN = 1 ,NK X ) Y1167
KP1 = ROLUMN + 1 i 1168

IFCKOLUMNGEQ.NK)Y KP1. =1 “ 1169

ot Mot embsipr
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FUICN & FWL(LAYER,KP1) = FWL(LAYER.EOLUIN) +

. FWUCLAYER+1,KOLUMN) = FWU(LAYER,KOCUMNY ®
FLUX OF H20 INTO THE CELL, NET, CM*¥3/CELL. '

VH20CCLAYER ,KOLUMNY = VH20C(LAYER,KOLUMN) + rwch/co-w>

o

IF(VH20CCLAYER,KOLUMN) .LE.AIROR(.)) VH2DC?LATER,KOLUMN)=AIROR(J)

15 CONTINUE
DO 30 KOLUMN = 1, NK

[z X2}

THIS INSURES DRAINAGE ‘AT THE BOTTOM LAVER.
Ii-(VH20C (NL ,KOLUMN) .LE.THETAL) GO TO 30
CUMSOK = CUMSOK +(VH20C(NL,KOLUMN)=THETAI) »0#y*10./ROWSP
VH20C(NL ,KOLUMN) = .THETAL
30  CONTINUE
S0TTOM BOUNDARY FROM GERARD AND NAMKEN DATA

(2 X2}

DO 7 LAYER = 1, NL
DO 7 KOLUMN = _1,NK
KP1 = KOLUMN + 1 I
IF(KOLUMN.EG.NK) KPT1 = 1
IF(LAYER.EQ.NL} GO 76 71
FNICN = FNLCLAYER,KP1) = FNLCLAYER,KOLUMN) +
« FNUCLAYER®1,KOLUMH) = FNUCLAYER,XOLUMN)
60 TO 72 ;
71 FNICN = FNLCLAYER,KP1) = FNLC(LAYER,KOLUMN) = FNUCLAYER,XOLUMN)
72 CONTINUE
C FLUX OF NO3 INTO THE CELL, NET, MG N/CELL/DAY.
VNO3CC(LAYER,KOLUMN) = UNO3C(LAYER,KOLUMN) + FNICN/(D¥W)
€ VOLUMETRIC NITROGEN cowrsnr OF SOIL csLL, MG N/CMwe3,
7 CONTINUE

TH20 = 0. ;
TNNO3 = 0. ’
J=1

DO 8 LAYER = 1,NL :
ﬁt*tt**t-ﬁ*ti-*'w*ﬁ*twt-ﬁ*wtthﬁt*r*vrt*ttw*tﬂv*ﬁtq*t*ﬁ*trﬁaﬁ-**tt*ﬁt
PSIS IS CALCULATED AFTER CAPFLO. PSIS I3 =0.3 BAR FOR THETAS,
=15,0 BAR FOR THETAR, AND ASYMPTOTIC FQR AIROR.

34 TEMP2= (THETAR(J)<-AIROR(J))/C(THETAS(J)=ATIRDR(J)) N

TEMP3 = ALOG(50.) / ALOG(TEMP2)

IFCLAYER#D.LEL.SODEPTH(J)) GO TO 35

Jzd+1

IF (J,LT.5) GO TO 34

35 00 8 KOLUMN = 1, NK
IF(VH20CCLAYER,KOLUMN) .GT, THETAR(J)) GO TO 45
PSIS(LAYER,KOLUMN) = =15,

[z X K2l

GO0 70 50
45 CONTINUE
TEMPT = (VH20C(LAYER, KOLUMN)-AIRDR(J))/(THETAS(J)’AIRDR(J))
PSISCLAYER,KOLUMN) = =0.3 % TEMPI**TEMP3
¢ H20 POTENTIAL OF SOIL CELL, IN BARS.

¢ ﬁﬁ'?ﬁlﬁﬁﬁﬁﬁﬁﬁt'ﬁtwt**t*?i****if*ti*ibt**tpﬁﬁ#w#ﬁ*'ﬁ*i***#**ﬁﬁ**ﬁt't

¢ ~
50 CONTINUE
TH20 = TH20 + VH20C(LAYER,KOLUMN)
TNNO3 = TNNO3 + VN03C(LAYER, KOLUMN) W
8 CONTINUE P
TH20 = TH20 * D * W #0.1
C TOTAL WATER PROFILE
TNNO3 = TNNO3*D¥Y w
RETURN . 7
END

N
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o

SIMPLIED VERSION BASED ON KAFKAF1,HADAS,BAR-YQOSEF MOODEL

COMMON /FIELD / FC(20) , ,
COMMON /GEOM / D, G, NK, NL, RTP1, RTP2, SL§, THRLN, W
COMMON /H20NQ3/ VH20L8(20,6),VNO3¢(20,6)

COMMON /NITLIZ/ UNHAC(2,6) ,UNC(2,6)

COMMON /TOTS / DAMP,NGITR,TH20,TNNH4,TNNO3

COMMON /TSON / TSO1L0(20), TSOILN(20), TSOLAV(2)y
TNNH4 = 0.

00 5 L=1,2 \
T = TSOLAV(L) o oAl

-FMIN = 7300000+ * 1Q.**(~2758, /(T*273.)g

FNIT = .05 » 10.%#¢ 12, = 3573, 72(T+273))
DO 5 K=t ,NK

WFMIN = VH20C(L,K)/FCLL)

ONMIN = UNC(L,R) » FMIN * WFMIN

VNC(L;K) = VNC(L,K) - DNMIN

VNHACCL,K) = YNHGCCL,K) + ONMIN

WENLIT = Q.7 = 1.30 » (4(L)~ VH20C(L,KID/FCCL)
LFCIFNITLLT.0.) WENIT =0, z

DNIT = VNH4CKL,K) * FNIT » WENIT

VNHOCCL,K) = UNHAC(L,K) =ONIT ‘ L
UNO3CCL,K) = VNO3C(L,K) + ONIT ‘
TNNH& = TNNH4 + UNH4CIL,K)

CONTINUE :

TNNHG = TNNH4 % D w W~

RETURN

END

¢
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. - PNET SUBROUTINE 4¢¢;'
e , *

223222 222 22222 SRR AR E2 222 2221232232222 222202 il sl ldd)

REAL lNTpLEAFUT LEAFCN,LEAFRS,MH20,LAL

COMMON /POP / PN,PSTAND,PTSN,PTSRED,RESCF,PPLANT, RESP SPN
COMMON /SOLAR / INT, R1, RN, PNFAC

COMMON /TEMP / DTAVG(7), TAVG, TOAY, THMAX, TMIN, TNYT

COMMON /WETS / MH20,PSIAVG,PSIMAX,RAIN,PSIL i
COMMON /CONS / ROOTCN,STEMCN,LEAFCN,GLUMCN,GRANCN

COMMON /RESY / F?;LEAFRo,ROOTRS STEMRS ,RESN,RESC

COMMON /SIZES / ROWSP,LAI,POPFAC,XLEAFL,AREA

COMMON /WEIGHT/ LEAFWT,PLANTY, ROOTUT,STENNT,GLUMHT GRANQT;VEGUT

LEAF WATER POTENTIAL IS FUNC OF SOLAR RADIATION, HUMIOITY
AND SOIL WATER POTENTIAL

PSILIPSIAVG*S,

CALCULATE PHOTOSYNTHESIS REDUCTION FACTOR FOR MOISTURE GTRESS
CURVE TAKEN FROM PAPER BY 0 W LAWLOR IN PHOTOSYNTHETICA 1976
PAGES 378-387 %\

PTSRED=0, AN

IFCPSIL.LT.=18.) GO To 10\

PTSRED=(PSIL*18.)/13,

IF(PTSRED.GT1.) PTSRED=T.
10 CONTINUE

o)

POTENTIAL CANOPY PHOTOSYNTHESIS IS A FUNCTION OF SOLAR
RADLATION. CURVE FROM FLORENCE SPAR DATA 197% UNPUBLISHED
(UNITS ARE GMS/4*#2/DAY)

PSTAND=8.218+RI*(,22138~.00012*RI)

IF LEAF NITROGEN CONC < 1% CALC PHOTOSYNTHESIS REOUCTION FACTOR
PTSN=1.0 N
IF(LEAFCN.LT..01) PTSN=100.%LEAFCN (
CALC PHOTOSYNTHESLS REDUCTYON FACTOR FOR LEAF LOADING FEEDBACK
AS FUNCTION OF LEAF CARBONYDRATE LEVEL. CURVE FROM RESEARCH

BULLETIN Q907 <« SIMED

STARCH=RESC/(RESCHLEAFWT#STEMWT)
IF(STARCH.GTos18.ANDSTARCH.LE,.23) RESCF=31.67=6.#STARCH
IF(STARCH.GT¢e23.ANDASTARCH.LE.+28) RESCF33,74=13.*STARCH
IF(STARCH.GT..23) RESCF=.1 !

SHOTOSYNTHATE PRODUCED/PLANT = POTENTIAL CANOPY PHOTOSYNTHESIS
ADJ FOR LIGHT INTERCEPTION, PLANT POPULATION & REDUCTION FACTORS.
POPFAC/10Q0 CONVERTS FROM G/M#w2/DAY TO G/PLANT/DAY

PPLANT=PSTAND®INT*PTSN*PTSREDO*RESCF*»POPFAC/100.

RESPIRATION LOSS IS A FUNCTION OF TEMPERATURf: THE CURVE IS
FROM FLORENCE SPAR DATA 1979 UNPUBLISHED

RESP=((TAVG=13.)/12500.%26,)*PLANTW :
IFCRESP.LT.0.) RESP=0. L o

REDUCE PHOTOSYNTHATE BY RESPIRATORY LOSS

PNS(PPLANT=RESP) *.68182
IF(PN.LE.PNFAC) PN=PNFAC
SPNSSAN+PN

RETURN

END 97
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REAL INT,LAI,LATUDE,NF,NV,NSTRES,NYTTYH, MH?&,LEAFHT,LEAFRS,
» . LEAFU,LEAFCN JL,KL,JdR,KR,IG,K5,45,K5,3G1,NPOOL

INTEGER DAYNUM,TILLER, DIFREN BOOT,HEAD, ANTHES SP1KE, FLORBT,

« SPRING,SROAY, SECONO o

DIMENSION PDWL(10,6) ,FDSTEM(10) ,POGLUMCIO0) ,PDGRANCIO)

COMMON /CONS / ROOTCN,STEMCN,LEAFCN,GLUMCN,GRANCN

comMmMoN /FRULT / SP!KE(1OJ FLORET(10)

COMHON /GEO" , D; G’ NK’ NLp RTP1I RTPZ; sLFp THRLN; W

COMMON /GROW ./ LEAFW(10,6),STEMW(10),GLUMW(10) ,GRANW(10)

COMMON /LASTADY mTDAY(10),LLDA¥(10) ALTHP(1U y6) ,ATTMP (10D
D SAPTRPCTN)

COMMON /LIGHT / OAYLNG,DAYNUM,LATUOE , DAYTYM NYTTYH,IDAY,IPRNT
COMMON /LOST / WTSLFD

COMMON /MATR / RRL(20), LR

COMMON /NIT { NPOOL,REQN,RQOTN,SLEAFN, STEMN,GRANN;GLUMN;PLANTN
COMMON /NITCON/ Ji,RL,JR,KR,JG,KG,45,KS,d61 .
COMMON /PARTS / LEAF(10),LIDATE(10 6) NTILL(10),NSTEMS

COMMON /PHYTIM/ TILLER,JOINT(10),DIFREN, 8007(10);”5&0(10),

. ANTHES(10),SPRING,ACCDEG

COMMON /POP / PN,PSTAND,PTSN, P?SRED,RESCF,PFLANT,RESP,SPN
COMMON /PS / PS1S(20,6)

COMMON /RESV / F2, LEAFRS ROOTRS,STEMRS,RESN,RESC v
COMMON /RUTWT / RCHZO, ROOTS' ROOYSVQZO 6), RTHT(ZO 6,3)
COMMON /SIZES / ROWSP,LAIl,POPFAC,XLEAFL,AREA

COMMON /SOQLAR / INT, RI, RN, PNFAC P
COMMON /5PD / SPDWL,SPDSTM,SPDURT,SPOGLM,SPDGRN e
COMMON /SROOT / SRAVG,SRDAY, SECOND e
COMMON /STRESS/ CSTR SV' CSTRSF, NF, NSTRES, NV, WSTRSD, HSTRSN,
« STRSD,STRSN,FACL™

COMMON /TENP / DTAVG(?). TAVG, TDAY, TMAX, TMIN, TNYT

COMMON /TSON / TSQILD(20), TSOILN(20), TSOLAV(2)

COMMON /UPS / SUPNO3,UPNO3

COMMON /WEIGHT/ LEAFWT,PLANTW,RO0TWT,STENWT, GLUMNT,GRANNT:VEGHT
COMMON /WETS / MH20,PSIAVG,PSIMAX,RAIN, PSIL
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DETERMINE FACTOR TO CONVERT LEAF AREA TO NEIGHT- AREA 1§ IN CHwa2
13 UEIGHT IS IN GRAMS. FROM UNPUBLISBED DATA FURNISH}D 8y SMIKA

WTF=,0025 =

DETERMINE FAC @R TO BE USED TO REDUCE POTENTIAL HEIGHT CHANGE
OUE TO WATER iTRESS-

RFHST'(WSTRS {DAYTYN*“STRSN*NYTTYM)/26.
POTENTIAL STEN éh WTH IS FUNCTION OF TEMPERATURE & AGE
FOTENTIAL GLUME FROWTH IS FUNCTION OF TEMPERATURE & AGE
POTENTIAL GRAIN DRY MATTER ACCUMULA?ION FUNCTION OF AGE & TEMP

* DO 100 I=1,NSTEMS . :

G

53

POTENTIALS DURING HEADING

o] i o
POSTEM(1)=0. ‘ 0
POGLUMCI) =, ?anoos P
POGRANCI)=.00008*TAVG=.0001
LFCPDGRANCL) .LT.0.) PDGRANCI)=0, 3 Y
IFCIOAY.GE.JOINT(I)) GO TO 40 ™~

POTENTIALS PRIOR TO JOINTING o
/
POSTEM(1)=.00005
POGLUMCI)=0.
PDGRAN(I)=0.
G0 TO 100
40 IFCIDAY.GE.B00T(I)) GO TO 60

POTENTIALS DURING JOINTING

POSTEM(1)=,0022
POGLUMCL) =0, N
POGRANCI)=Q,
GO TO 100
50 IF(IDAY.GE.ANTHESCI)+4) GO YO 100

N

[
i

e

POTENTIALS DURING BOOT AND THRU ANTHESLS
POSTEM(I)=.0079 ’

POGLUM(I)=,00002
PDGRAN (1) 1D, ]
il

\\\ ,/:/j)
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" ZERO ACCUMULATORS FOR WEIGHT CHANGE POTENTIALS

120 CONTINUE
SPOWL=0.
SPOSTM=0,
SPOGLM=Q,
SPOGRN=Q.

GO THRU LOOP FOR EACH STEM"TO SUM POTENTIALS

IF(NSTEMS,LE.O) RETURN

DO 160 I21,NSTEMS

IF(LEAF (1)L LELO) GO TO 140

KELEAF(1) ,

Do 120 J=1,k

CALCULATE POTENTIAL CHANGE IN LEAF AREA AS FUNCTION OF TINE
FFOH UNPUBLISHED DATA FURNISHED BY SMIKA

ITIMSIDAY=LIDATE(CL,J)

IFCITIM.LE.25) RADAY=,2

TFCCITIMGGTL25) W ANDLCITIM.LEL35)) RADAY=.6
TFCCITIMGGTL35) ANDLCITIM.LELSH3)) RADAY=,8
TRCCITIMGGT43) JAND L CITEIM.LELA5)) RADAY=a, U7
IFCITINGGT.65) RADAYO.
TOUMBTAVG

IFCIDUMLGT.20,) TOUM=A4O.=TOUM
IFCTOUMLLT.0.) TOUM=N,
RADAYSTOUM/ 40,

ALTMP (I, J)SALTMP (I, J)+TAVG
ITIM=IDAY=LIDATECL,J)
TOUMSALTMP (I, 4) /2TIN
ITOUM==1,33+TDUM+51,83 /
IFCITIM.GE.LTDUM) RADAY=0.

CONVERT POTENTIAL AREA GROWTH TO POTENTIAL WEIGHT INCREMENT

POWLCI,J)=RADAY*WTFaRFWST#FACL
SPOWL=SPOWLFPOWL(T,J)
120 CONTINUE i

LF PLANT 15 HEADING STEM GROWTH = O
SUM POTENTIAL DRY MATTER ACCUMULATION IN ALL STEMS
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140 SPDSTM=SPDSTM+POSTEM(L) *RFWST

S4UM POTENTIAL ORY MATTER ACCUMULATION IN ALL GLUMES

SPDGLM=SPOGLM+POGLUM(T) #*SPIKE(L) #RFWST

+SUM POTENTIAL DRY MATTER ACCUMULATION IN GRAIN

SPDGRN=SPOGRN+POGRANCI)*FLORET(1) *RFWST
150 CONTINUE

CALL ROOT GROWTH SUB TO GET TOTAL POTENTIAL DRY MATTER ACCUMULATION

IN BOOT SYSTEM

KALL=0
CALL RUTGRO(KALL)

PUT ON A PER PLANT BASIS
SPOWRT=SPOWRT*2. /ROWSP*POPFAC+100.

- CARBOHYDRATE DEMAND IS SUM OF DEMAND COMPONENTS FROM ALL BL?%I PARTS

COaSPDWRT+SPOGLM+SPOSTM+SPOWL

CSTRES (SUPLY DEMAND RATIO) IS INDEX OF MUTRITIONAL STATUS OF PLANT

CSTRSF=1.
CSTRSV=1.
CPOOLSRESC+PN
RESC=CPOOL~SPDGRA
IF(RESC.GT.0.) GO=TO 200
CSTRSF=(RESC+SPOGRN) /SPDGRN
RAESC=0.
CSTRSV=0.
GO TO 220

200 RESC=RESC~CD .
IF(RESC.GELO.) GO To 220
CSTRSV=0, L
IF(C0.GT.0.) CSTRSV=(RESC+CD)/CD ,, _
RESC=0.

220 CONTINUE
¢
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CALL NITROGEN BUDGET SuB TO GET NSTRES, THE SUPPLY DEMANU/8A110 FOR
NITROGEN. CANALOGOUS YO STRES)

CALL NIYRO

LEAF¥TA0, S
STEMWT=0,

GLUMUT=0.

GRANWT=U, ’

XTRAC=C, o _—

DISTRYBUTE ORY MATTER TO PLANT PARTS. CHANGE IN WEIGHT OF STEM =
POTENTXAL CHANGE IN WEIGHT # SUPPLY DEMAND RATIOS FCR CARBOHYDRATE,
AND NITROGEN

00 460 Iu1,NSTEMS

IFCLEAFCI) (LELO) GO TO 340 ~

KaLEAF(Y) S
00 320 J=1,% J
IF(PONL(I,J) LE.0.) GO TO 3LO

ACCUMULATE LEAF AREA AND LEAF WT

AREASAREA+PDOUL (I, J) /MTF4CSTRSVONY
LEAFW(I, J)’LEAFN(I,4)#PDHL(I J)#CSTRSVANY
XTRAC'XTRAC+PDNL(I JY*CSTRSV*(1.-NV)

300 LEAFNT’LEAFWT*LEAFV(I,J)

320 CONTINUE

ACCUMULATE STEM WT
340 STEMW(I)aSTEMW(I) *POSTEM(I) *RFWUST¥*CSTRSV*NV
XTRACARXTRACHPOSTEM(T) *RFUST#CSTRSV* (1, =NV)
STEMWTaSTEMWT+STENW(D)

ACCUMULATE WEIGHT IN THE GLUMES
GLUMWCI)=2GLUMRCI) +POGLUMCI) *RFWST#CSTRSV*NV #SPIKE(L)
XTRAC®XTRACHPDGLUMCI) #SPIKECII¥RFWST#CSTRSV*(1,=NV)
GLUMWT2GLUMWT +GLUMW (I)

ACCUNULATE WEIGHT IN THE GRAIN
GRANWCT)=GRANW( L) *POGRANCI) *RFWST*CSTRSFANF*FLORET ()

XTRACSXTRACHPOGRANCII*FLORETCI)¥RFUST#CSTRSF¥ (1. =NF)
GRANWT=GRANWT+GRANW(L)
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CONTINUE
ALL ROOT GROWTH SUB & DISYRIBUTE DRY MATTER TO ROOTS.

RCH20#SPOWRT#CSTRSVAHY
XTRACEXTRACHSPOURT4CSTRSV (1. =HY)
KALL=1

CALL RUTGRO(KALL) :

00 CARBOHYDRATES TO RESC THAT WERE NEEDED BUT NOT USED
BECAUSE OF NITROGEN STRESS

RESC¥RESC+XTRAC
ALSULATE VEGWT & PLANTYW

PLANTWaLEAFWT+STEMWT+GLUMWT2GRANWT +ROOTWT +RESC
VEGWTSPLANTW=GRANWT

ETERMINE MAX LEAF, LENGTH BY USING LEAF WEIGHT. THIS VALUE IS

PO -......-.....- s s a A

XMAXLW=Q,

00 420 x-1,~srins

RaLEAFC]I)

fF(K.LE.O) GO uO 430 Q
DO 420 J=1,K

LFCLEAFWCI,JI)oGT L XMAXLY) XMAXLUSLEAFW(L,J)

CONTINUE

CONTINUE <

XLEAFL=2, 1S*xmxw1urr+1.

TFCXLEAFLLGTo13.9) XLEAFL=. 74XXMAXLW/WTF+9444

OMPUTE NEW LEAF AREA INDEX
LAISAREA/POPFAC/100.

RETURN
END
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SUBROUTINE NITRO
L L LT R R T I T I
#

» NITRO SUBRO
L 2

ARCRR AR ANANR AN RN bR R RN RN RNy

REAL LEAFWT,LEAFCN,KL,RS,KR,K
. NF,NSTRES,NV,NPOOL,LEAFR1

COMMON /CONS / ROOTCN,STEMCN
COMMON /NIT  / NPOOQL,REGN,RO
COMHON /NITCON/ JL,KLaJR,KR,J
COMMON /RESV / F2,LEAFRS,R00

122223323 2222020 22322222
1]

UTINE Y »

Al *
LA TR S22 2222 s 2l s s

G;JLoJS,JR,JGoJG1,LEAFRS,

+JLEAFCN,GLUMCN ,GRANCN ,
OTN,SLEAFN,STEMN,GRANN,GLUMN ,PLANTN
G, KRG,J8,KS,J6G1

TRS,STEMRS,RESN,RESC

COMMON /WELGHY/ LEAFUT,PLANTW,ROOTWT,STEMWT ,GLUMWT ,GRANWT,VEGWT

COMMON /STRESS/ CSTRSV, CSTRS
o STRSD,STRSN,FACL

COMMON /5PD / SPOWL,SPOSTM,
COMMON /uPS - / SUPN03 UPNO3

NSTRES=1,
NV=1,
NF=1,

, CALCULATE NITROGEN RESERVES IN

MINIMUM POSSIBLE LEVELS & AN A
LEAFRS=(SLEAFN=KL*LEAFWT)*F2

STEMRS=(STEMN=KS*STEMWT)*F2 |,

N

ROOTRS®(ROOTN=KR*ROOTUT)#F2
GLUMRS = (GLUMN=RG*GLUMWT) %F2
IFCLEAFRS<LT.0.) LEAFRS=0,
IF(STEMRS.LT.0.) STEMRS=0,
IF(ROOTRS.LT.0.) ROOTRS=0.
IF(GLUMRS.LT.0.) GLUMRS=0,

CALCULATE TOTAL NITROGEN RESERV
RESN=LEAFRS +STEMRS#ROOTRS+GLU

THE NITROGEN P00w AVAILABLE IS
RESERVES

NPOOL#SUPNOI+RESN

F, NF, NSTRES, NV, USTRSOD, WSTRSH,
SPOWRY,5POGLM, SPDGRN

EACH TISSUE FROM TISSUE NITROGEN,
VAILABILITY FACTOR (FZ)

E
MRS
SUM OF NITROGEN TAKEN UP TOODAY *
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EACH ORGAN

LEAFRIwJL*SPOWL*CSTRSY
STEMR1mJS#SPOSTMwCSTRSY
ROOTRI=JR*SPOWRT*CSTRSV
GLUMRI=JG*SPOGLM*CSTRSY
GRANR1=JG1*SPOGRN*CSTRSF

i

" CALCULATE NITROGEW REQUIRED FOR Ne

\.

ORIGINAL PAGE IS
OF POOR QUALITY

34

e

»

CALCULATE TOTAL REQUIREMENT OF NITROGEN FOR GROWTH
REGN=LEAFRT1+STEMRT+RO0OTR1+GLUMRY

IF NITROGEN REQUIREMENT FOR GROWTH OF 4RALN & VEGETATIVE PARTS »
NITROGEN POOL, BUT < REQUIREMENT FOR GROWTH QOF GRAIN ALONE THEN GET
FULL GRAIN GROWTH & AMT LEFT GJOES TO_GROWTH OF VEGETATIVE
(NF=1 & NV IS REODEFINED). IF REGUIREMENT > FOR GRAIN AFQNE THEN

? (PROPOSED) DRY WY GROWTH OF

PARTS

NO VEGETATIVE GROWTH & GRAIN GROWTH REDUCED (NF IS REDEFINED,

IFCCREGN+GRANRT) «LELNPUOL) GD TO 640 LA

NSTRES=NPCOL/ (REQAN+GRANRT)

IF(GRANRT4GT.NPQOL) GO TO 40

NV (NPOOL=GRANRYT)/REGN
GO TO 60

40 Nv=aQ.
NFaNPOOL/GRANRY

60 CONTINUE

If NITROGEN REQUIREMENT IS = OR < NITROGEN POOL, THFN EACH ORGAN

RESERVES HHATEVER IS5 REQUIRED FOR GROWTH

SLEAFN=SLEAFN+LEAFR1*NV
STEMN=STEMM+STEMRI*NV
ROOTN=ROOTN+ROOTRI*NY
GLUMN=GLUMN+GLUMRT #NV
GRANN=GRANN*GRANRT*NF

N

CALCULATE TOTAL PLANT NITROGEN CONfFNT.FOR CHECK ON THE BALANCE

PLTN=SLEAFN+STEMN+ROOTN#GRANN+GLUMN

NV=(0)

OIFFERENCE BETWEEM NEW & OLD NITROGEN IN SYSTEM ADOED TO THE DAYS
UPTAKE REPRESENTS EITHER AOOITION OR WITHORAWAL FROM RESERVE

XTRAN=(SUPMO3Z+PLANTN) =PLTN

ADD TO OR :SUBTRACT FROM RESERVES IN PROPORTION TO WT OF VARIOUS

ORGANS

IF(XTRAN.LT.0.) GO TO 80

SLEAFN=SLEAFN+XTRAN®(LEAFWT/VEGWT)
STEMN=STEMN+XTRAN®(STEMWT/VEGWT)
ROOTN=ROOTN+XTRAN® (ROOTWT/VEGHWT)
GLUMN=GLUMN+XTRAN* (GLUMWT/VEGWT)

GO0 TO 90
80 IF(RESN.LE.D.) GO TO 90

SLEAFN=SLEAFN+XTRAN¥(LEAFRS/RESN)
STEMN=STEMN+XTRAN® (STEMRS/RESN):
ROOTN=ROOTN+XTRAN*(ROOTRS/RESN)
GLUMN=GLUMN+XTRAN*(GLUARS/RESN)

90 CONTINUE
CALCULATE
LEAFCN=SLEAFN/LEAFUT
TOTAL THE PLAT NITROGEN

LEAF NITROGEN CONCENTRATION AS % OF LEAF WEIGHT

PLANTN=SLEAFN+*ROOTN+STEMN+GRANN+GLUMN

RETURN
END
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LI MORPH SUBROUTINE *
» Q ]

L R R R R e A R R T YR R RIS R R Y ST Y Y R

REAL INT,LAI,LATUDE NF.NV.NSTRESoNYTTYMoMNZO;LEAFwaLEAFRSr (i
« LEAFW, LEAFCN,JL;KL,JR KR»JG,KG,JdS ,KS,JG1,NPOO

RN
INTEGSR DAYNUM, TILLER, DIFREN,BOOT HEAD,ANTHES 5PIXE¢FLOQ§T, o

« SPRING,STEMBG,STEMNO, SRDAY T8SR, secono 187, TBL.STEMJ,DNODE:ANTKND
DIMENSION NOOE(1n) TDES(10)

COMMON /CONS /(ROOTCN,STEMCN,LEAFCN,GLUHCN.GRANCN

COMMON /FRUTT / SPIKECID),FLORETC10)

COMMON /GEOM / D, G, NK, NL, RTP1, RTP2, SLF, THRLN, %

COMMCY /GROW / LEAFW(10.,6),STEMW(I0),GLUNWC10) ,GRANWCTO)
COMMON {LASTAD/ LTOAY(103,LLDAYC10),ALTHPC10,6) JATTHPC10) |

. LASTMP 1)

COMMON /CIGHT / DAYLNG,DAYNUM,LATUDE,DAYTYM,NYTTYM,I0AY IPRNT
COMMON /LOST / WISLFD

COMMON /MATR / KRLC20), LR

COMMON /NIT  / NPOOL,REQN,ROOTN,SLEAFN, STEMN, GRANN, GLUMN , PLANTN
COMMON /NITCON/ JL,KL,JR,KR,JG)KG,4S,KS,d67

COMMON /PARTS / LEAF(10),LIDATEC10,6) ,NTILL(10) ,NSTENS

COMMON /PHYTIN/ TILLER,JOINTC10),01FREN,B00TC10),HEADCIO),

. ANTHES(10),SPRING,ACCDEG

COMMON /POP  / PN,PSTAMD,PTSN,PTSRED,RESCF,PPLANT,RESP, 5PN
COMMON /PS  / PS1S(20,6)

COMMON /RESV / F2,LEAFRS,ROOTRS,STEMRS,RESN,RESC

COMMON /RUTWT / RCH20, ROOTS, ROOTSY(20,6), RTWT(20,6,3)

COMMON /SIZES / ROMSP,LAI,POPFAC,XLEAFL,AREA

COMMON /SOLAR / INT, RL, RN, PNFAC -

COMMON /SPD  / SPOWL,SPBSTM,SPOWRT,SPOGLM,SPDGRN

COMMON /SROOT / SRAVG,SROAY,SECOND

COMMON /STRESS/ CSTRSV, CSTRSF, NF, NSTRES, NV, WSTR3D, USTRSN,
. STRSD,STRSN,FACL

" COMMON /TEMP / DTAVG(7), TAVG, TDAY, TMAX, TMIN, TNYT

COMMON /TSON / TSOILD(20), TSOILN{20), TSOLAV(2)

COMMON /UPS  / SUPNO3,UPNO3 ‘
COMMON /WEIGHT/ LEAFWT,PLANTW,ROOTWT,STEMWT,GLUMUT,GRANUT ,VEGUT
COMMON /WETS / MH20,PSIAVG,PSIMAX,RAIN,PSIL ,

ATHPaTAVG o
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IFCATAP.LT.N.) ATHP=0, )
ACCOEGR/CCOEGHATMP e
IFAACCOEG.LTL100.) GO TO 100
IF(ACCDEG,GT.750.) GO TO 40
LFCIDAY.LT.TILLER) TILLERSIDAY

1F(ACCDEG.GT 315, AND.IDAY, LT, o@@ae//\oIFREN=roAvJ

GO TO 100.

I7(ACCDEG.GT.1090.) GO TO 60
IFCIDAY.GTL.JOINTC1)) GO TO 100
JOINT(1)=IDAY

STEMBG=1

STEMND=0

D0 50 1=1,10

NODE(I)=0 g

CONTINUE

GO T 100

IF(ACCDEG.GT.12 0 .) GO TO 80 -
IF(IDAY.GT.BOOT(1)) GO TO 100

BOOT(1)=IDAY

NSTMH=1

00 70 1=1,NSTENS
IF(NODE(CI) .LT.7) GO TO 70
NSTMH=] :
IOIFF=JOINTCI)=JOINT(T)
BOOT(I)=BOQT(1)+ID1IFF
CONTINUE

G0 TO 100
IFCTDAY.GT.HEAD(C1)) GO TO 400
HEAD(1X=1IDAY

DO 90 I=1,NSTMH
IDIFF=JOINTCI)=JOINT(1)
HEADCI)=HEAD (1) +IDLFF
SPIKE(I)=ISPLTS

CONTINUE

GO TO 400

CONTINUE

SRAVG=SRAVG+ATMP
TBSR=210.=,5#(SRAVG/FLOATCIDAY=SRDAY))
IF(TBSR.LT.2) TBSR=2

WAS FORMED, THEN WE GET .A NEW ONE
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IF H20 IS OK AND ENOUGH TIME HAS PASSED SINCL LAST SECONDARY ROOT
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7
IF((IDAY.LT.TBSR*SROA?).OR.(PSfﬁVG-LT.-1.)) GO To 120
SRDAY=IDAY

SRAVG=Q.

SECOND=SECOND+1

CHECK ON NEW LEAVES

[z X+ X2l

el
120 CONTINUE

00 140 I=1,NSTEMS

APTMP(I)=APTMP(L)+ATHP

1F(LEAF (1) .GE.6) GO TO 140

ATTMPCLI®ATTMP(I)+ATHP

A TBLRY.~ATTMP (L) /(IDAY=LLDAY(I))/S.
IF(TBL.LT.4) TBLwG

IF SUFFICIENT TIME HAS PASSED SINCE LAST LEAF FORMED ¢
THERE ARE < 6 LEAVES ON THE STEM, THEN A NEW LEAF 1S

FORMED
7

IO nNnO

TFCLLDAY(I)+TBL.GE.IDAY) GO TO 747
LLOAY(T)=IDAY
LEAFCI)=LEAFCL)+1
LIDATECL,LEAFCL))=IDAY
ATTMP(1)=0.
ALTMPCI,LEAFCI))=C.

140 CONTINUE

IF THE PLANT IS JOINTING&Gﬂ;BEYOND THEN TILLERING IS COMPLETE

IFCIDAY.GELJOINT(1)Y GO TO 300 .
IFCCIDAYLTLTILLER) .OR.(NSTEMS.GE,10)) GO TO 170

LF THERE ARE ¢ 10 STEMS, ENOUGH CARBOHYORATES ARE AVAILABLE
% SUFFICIENT TIME HAS ELAPSED SINCE LAST TILLER WAS FORMED
THEN ANOTHER TILLER IS FORMED

JENSTEMS

00 160 I=1,J

TBT=30.-APT%P(I>/(IDAY LIDATE(NSTEMS 1))
IF(TBT.LT.S) TBT=5

IF(NSTEMS.GE.10) GO TOo 170 #
1FC(LEAF(I).LE.2) GD TO« 160
TFCIDAY.LY.LTDAY(I)+TBT) GO TO 140
IFANTILLCI) LGEL3) GO TO 140
NTILLCI)ISNTILLCI)#1

{
A,
Nz

[2 XX 2]

it
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NSTEMSANSTENS+1
LEAF(NSTEMS) =1
LIDATE(NSTEMS,1) =IDAY
LEAFWCNSTENS,1) =0,
LTDAY(I)’IDAY
IF(NSTENS.LE.3) GO TO 160
IF(PSIAVG.LT.=1.) GO TO 180
IF(LEAFCN.LT..OS) GO TO 980
IF(CSTRSV.LE.99) GO TO 180

150 CONTINUE

170 CONTINUE

LF PAST FIRST DAY OF SPRING, LEAF GR SOIL H20 POTENTIAL
IS < REQUIRED & A STEM HAS < 4 SECONDARY ROOTS, THEN

ABORT THE LATEST TILLER
IFCIDAY.LT.SPRING) GO TO 220

IFC(P3IL.GE,=20.)OR.(SECOND/NSTEMS.GE. 4)) Go To 220

180 LLDAY(NSTEMS)=0
LEAF(NSTENS) =0
NTILL(NSTEMS) =0
STEMW(NSTEMS) =0
ATTAP(NSTEMS) =0, ,
APTMP(NSTEMS)=0. b

bo 210 I=1,6
ALTHMP(NSTEMS, 1) =0,
LIDATE(NSTEMS, 1) =

LEAFW(NSTEMS,I) =0
210 CONTINUE

NSTEMSaNSTEMS =1

220 CONTINUE
IF NOT DAY, UF DIFFERENTIATION RETURN
IFCIDAY.NE.DIFREN) GO TG 400

DETERMINE THE POTENTIAL NUMBER OF SPIKELETS PER SPIKE,

ISPLTS=22
DUM1IaRESC/(RESCHLEAFWT)

109
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el v

/.
\ DUM2=10,¥0UM1+,5
i 17(DUM2.GT.1.) DUM2=1. %
. ISPLTS=ISPLTS*DUM2+.5 .

DUM2=15 #LEAFCN+,5
IF(DUM2.GT.1.) DUM2= .
ISPLTS'ISPLTS*DUM?+
GO TO 600 )

e N

L

v
IF JOINTING IS _COMZLETED Tnsm/’E/QRN

(2 X =N 2]

300 CONTINUE
IFCIDAY.GT.JOINT(1)+15) GO TO 600
IF(STEMNND.GE.10) GO TO 340

DETERMINE THE NUMBER OF STEMS ALLOWED TO
TODAY ) :
DUMT =(WSTRSD*DAYTYM+WSTRSN#NYTTYNS /24,
oun1-oun1*.4+csrRsv*.35+NsrR55f.25
cr:ntgg : K
LF(DUMY.GE..3) STEMJ=1 x
©  IF(DUM1.GE..75) STEMJm2 o uw
IF{DUMT.GE..99) STEMJ=3

OO0

MARK THE FIRST & LAST STEMS TO BEGIN JOINTING TODAY

OO

IF(STYEMJILLELO) GO TO 340
STEMND=STEMBG+STEMJ -1
SSTE"!ND‘GTJO) STEMND=10

IF
ELON}

s NN ol

00 330 I=STEMBG,STEMND x
IFCLEAFC1) .GE.6) GO TO 320
STEMND=STEMBG=2+1
GO TO 340
320 NODE(I)=1

JOINTCI)=IDAY
330 CONTINUE

e

ST%/ DOES NOTF JOINT BEFORE IT HAS SIX LEAVES

a0

340 strsmec-1
IF(STEMBG.LE.STEMND) STEMBGSSTEMNO+1  °
nf(L LE.O) GO TO 600

b

t

110 -
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TF(L.GT.10) L=1] cN
IF(PSIL.LT,=10,) GO TO 600
ONODEw2

JFOR STEMS PREVIOUSLY BEGAN JOINTING THEN DETERMINELF
ADDITIONAL NODES ARE TO 8B ADODED TODAY

D0 380 I=1,L ’
NODE (1) aNODE (L) +ONODE
IF(NODECI)WGT.7) NODE(I)=7?
380 CONTINUE
GO TO 6CO .

DETERMINE DAY OF ANTHESIS & IF NOT WITHIN THE PERIOD
THEN RETURN

490 CONTINUE
IF(ACCDEG.LT.1300.) GO TO 400
IFC(ANTHES(1).LT.IDAY) GO TO %440
ANTHES (1) =IDAY
DFAC=.25
00 420 I=1,NSTMH
I0IFF3JUOINTCI)=JOINT ()
ANTHESCI)=ANTHES (1) +IDIFF
TOES (1) =0, 4
FLORETCI)=SPIKE(I)*4

420 CONTINUE

440 CONTINUE
00 460 I=1,NSTHH . - _
TFC(IDAT LT ANTHESCI)) .0R4 CIDAY.GT.ANTHES(I)+3)) GO TO 660

DETERMINE FRACTION OF FLORETS L&SSICATED DUE TO LOW LEAF WATER
POTENTIAL & WIND

DES=(=.04) *PSIL~.6

IF(DES.LT.0.) DPES=0.

IF(DES.GT.1.) DES=1.
TDES(I)=DES*DFACH+TDES(I) ‘
IFCLOAY JNELANTHES(I)+3) GO TO 463

ELIMINATE THE DESSICATED FLORETS FROM THE ARRAY

FLORETCI)=FLORET(I)=TDESHI)#FLORET(L)+,5001
IF(FLORET(1).GT.60) FLOSET(1)=60
IF(FLORET(I).LT.10) FLORET(I)=10

480 CONTINUE

670 CONTINUE .
RETURN
END
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SUBROUTINE RUTGRO(KALL) b L} 1989
Cﬁtttittﬁﬁ*tt*titttitfﬁﬁt*’**iﬁ*iytntit't**'tiﬁtf**fﬁi*iﬁﬁ*i**i*tti » 00191990
C THIS SUBROUTINE CALCULATES THE GROWTH (IN TERMS 0f ORY » 00191991
¢ MATTER) OF ROOTS IN EACH CELL FOR THWE DAY, FIRST, THE POTENTIAL» - 00191992
¢ GROWTH (POWRT) FOR THE EXISTING SOIL WATER POTENYIAL (PS1S) w 00191993
€ AND TEMPERATURE (TSOILD & TSOILN) IS CALCULATED FOR EACH * 00191994
¢ SOIL CELL, BASED ON THE WEIGHT OF ROOTS CAPABLE.QOFf GROWTH » 00191995
C IN EACH CELL (RTWTCG). THEN THE ACTUAL ROWTH: IS - » 0191996
¢ DETERMINED, BASED ON THE CARBOHYDRATE .SUPPLY FOR ROGY GROWTH * 00191997
¢ AND THE POTENTIAL GROWTH FOR THE CELL., THE ACTUAL GROWTH * 001919938
C OCCURING FOR.- A GIVEN CELL MAY OCCUR WITHIN THE CELL OR IN b 010191999
C THE CELLS TO THE RIGHT OR LEFT & BELAW, v, 00192000
¢ GROWTH IN THE & AVAILABLE CELLS 1S BASED ON IELATIVE L 00192001
C WATER POTENTIALS OF THE FOUR, WITH A HEAVIEB IGHTING " 0019200~
C GIVEN TO DOWNWARD GROWTH. /‘ L 00192003
c THLIS SUBROUTINE DRAWS HEAVILY ON THE IDEA; AND TNEORIE{%OF » 00192004
¢ DR. M. G. HUCK, USDA=ARS, AUBURN, ALA, THIS IS ESPECYALLY * 00192005
€ AS REGARDS SLOUGHING. Ce Fo ‘A MODEL FOR SIMULATING ROQOT » 00192006
C GROWTH AND WATER UPTAKE 7, #i. Gs HUCK, £< H. T. PENNING OF * © 00192007
. VRIES, AND M. G. KEIZER. 1IN PRESS, - auivg2ias
cnnwut Q\'itiﬁthi#*ifitiﬁtwiﬁﬁtiti&t**f*itﬁ*i'ﬁﬁt*itﬁﬁﬁit#i*ﬂtitit 00192009

PéAL INT,LATUDE, LEAFWT, NF,NV,NYTTYM,LAL,NSTRES, MH20

BIMENSION DWRT(20,6) s ‘ 2011

INTEGER DAYNUM 2Ny

COMMON /GEOM [/ O, G, NK, NL, RTP1, RTPZ2, SLF, THRLN, ¥ 2013

COMMON /LIGHT / DAYLNG,DAYNUM,LATUDE, DAYTYM,NYTTYM,LDAY,IPRNT 2014

COMMON /LOSY / WTSLFO 2015

COMMON /MATR / KRL(20), LR = 2016

ComMMON /POP ! PN,PSTAND PTSN:PTSRED RESCF,PPLANT, RES” SPN 2017

coMMoNn /PS 1 PS1S€20,6) 2018

COMMON /ROOTIM/ RYIMPDC(20,68),SNANME(3),TSTB0(9,20),INRT, T . 201%

s = LTSTIMNR(9,20), GHZOC(91 FACR 2020

COMMON /RUTWT /7 RCH20, RONIS, ROOTSV(20,4), RTWT(20, 6,33 2021

COMMON /SIZES / ROWSP,LAL,POPFAC,XLEAFL ,AREA 2022

COMMON /SOILID/ DIFFOCS) THETAO(S),BETA(S) SDEP‘H(S) THETAS(S), 2023

. THETAR(s) AIRDR(5) ,ETA(S),; FLXMAX(S) BD(S) 2024

COMMON /SOLAR / INT, RI, RN, PNFAC

COMMON /SPD !/ SPDWL,SPASTM,SPOWRT »SPDGLM, SPOGRN 2026

COMMON /STRESS/ CSTRSV, CSTRSF, NF, NSTRES, NV, WSTRSO, HSTRSN, 2027

« STRSD,STRSN,FACL 2028

COMMON /TEMP / DTAVG(?), TAVG, TDAY, TMAX, TMIN, TRYT i 2029

COMMON /TSON / TSOILD(20), TSOILN(20), TSOLAV(2) 2030

COMMON /WEIGHT/ LEAFHT,PLANTH,ROOTVT,STEMRT,GLUMHT,GRANHT,VEGUT 2031

COMMON /WETS / MH20,PSIAVG,PSIMAX,RALN,PSIL 2032
¢ 2033
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IF(KALL.EQ+1) GO TO 2 ‘ ¢ 2034

00 40 I=1,20 2035

00 40 Jm1,6 20368
DWRT(1,d) =0, - : 2037
ROOTSV(I,d)=0. P 2038

40 CONTINUE 8 S 2039
RUTWT = ROOTWT NASA2040

C G - WEIGHTING FACTOR FOR GEOTROPISM ( THE PREFERENCE OF ROOTS . NASA2041
C T9 GROW DOWNWARD). ) NASA2042
C SLF = SLOUGHING FACTOR, ‘ NASA20643
C THRLN = THRESHOLD WEIGHT TO GIVE LENGTH OF RQOTS REACHING NASA2044
C OPPOSITE BOUNDARIES OF CELL FROM WHICH GROWTH ORIGINATED. NASA2045
SPOWRT = Q. NASA2046
PSIMAX = =50, NASA2047

D0 1 LAYER = 1, LR NASA2048

KR @ KRL(LAYER) NASA2049

D0 1 KOLUMN = 1, KR NASA2050

DWRT (LAYER ,KOLUMN)=RTWT CLAYER ,KOLUMN, 1) +RTWTTLAYER,KOLUMN,2) 2n51

(/¢ ROOT WEIGHT CAPABLE OF GROMTH IN THE CELL, GM. NASA2052
c THE 25 DAY LIMIT IS BASED ON ANALYSES FOR STEM GROWTH. €2 F. ~  NASAZOS3
C 9AKER, D. N. ET. AL. (1973) 'AN ANALYSIS“OF THE RELATION SETWEEN NASA2054
C PHOTOSYNTHETIC EFFICIENGY ANO YIELD IN COTTON'. 1973 BELTWIDE NASA20SS
¢ COTTON PRODUCTION RES. CONF. PROC. NASA2056
TF(PSISCLAYER,KOLYMN) LGT.PSIMAX) PSIMAX=PSIS(LAYER,KOLUMN) NASA2057

1 CONTINUE N S NASAZESH

CALMAX = 198047 + PSIMAX®(797.58+PSIMAX*(181.981+PSIMAX*10.96719)) NASA2059
CALAVG = 1980.7 + PSTAVG#* (797, 58+PSIAVG*(181 181+PSI1AVG*10.9619)INASA2060

CALTSD = TDAY*(=71.3947+CTDAY¥1,22793)) NASA2041

CALTSN = TNYT#(=71.3947+CTNYT#1,22793)) NASA2062

NSTRSD = (CALAVGHFCALTSD+RN#(=0.512136=0.078977*PSIAVG) + NASA2063

. (0.73493*PSIAVG+TDAY)) / 730. NASA2064

WSTRSN = (CALAVGHCALTSN+17.92476+PSTAVGH(2,764195 + NASA2065

. 0.73493*TNYT)) / 730. ¥ NASA2066
IF(WSTRSD.LT.0.0001) WSTRSD = 0.0001 P NASA2067
IF(WSTRSD.GT,1.0) WSTRSD = 1.0 NASA2168
IF(WSTRSN,LT.0.0001) WSTRSN = 0.00CH NASA2069
IFCWSTRSN<GT.1:0) WSTRSN = 1.0 NASA2070

DAYL1+*3 DAYLNG / 24, i NASA2071

) DAYLZ 3 (24.~DAYLNG) / 24. B NASA2072
- TSNL = TSOILN(G) . pa . 2075
TSDL = TSOILD(4) *\ 2076
IF(TSDL.GT.30,) TSOL=30. : \ - NASA2077
IF(TSNL.GT.30,) TSNL=30. \ NASA2078

D0 24 LAYER = 1, LR h NASA2073

LP1 = LAYER\f 1=(LAYER/NL) & NASA2074

=
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CALTSD = TSOL#(~71,3947+(T50L*1,22793))

CALTSN = TSNL*(=71.3947+(TSNL*1,22793))

STRSD = (CALMAX + CALTSO + RN#»{=Q.512136~0,0789774+PSIMAX) +
o COJ73493*PSIMAX*TSOL)) / 730.

STREN = (CALMAX + CALTSH + 17.92476 + PSIMAX#(2.,764195 +

0 0.734932TSNL)) / 730,

IF(STRSD.LT.0.0001) STRSO = 0,0001

IF(STRSD.GT.1.) STRSD = 1, i
IF(STRSN.LT,0.0001) STRSN =-1.0001
IF(STRSN.GT.1.) STRSN = 1,

€ ROOTXP PROVIDES ROOTS SAME EXPONENTIAL GROWTH POYEMTZAL AS YOUNG

C BOLLS., OID NOT HAVE ROQT GROWTH DATA UNDER LUXURY UH20 SUPPLY.
ROOTXP = ((~0.2120865+0.016079+TS0L) #DAYLY + i}
« (~0.2120865+0.096079*TSNL)*DAYL2)
IF(ROOTXP.LT.FACR) ROOTXP=FACR -
CALL RIMPED
KR = KRL(LAYER)
00 37 KOLUMN = 1,
c POTENTIAL QELTA UEIGHT OF ROOTS FOR THE CELL, GM.

KM1 = KOLUMN= 1+#C1/KOLUMN)
TEST = RTIMPO(LAYER,XOLUMN)
IF(TEST.LT.RTIMPO(LAYER,KN1)) GO TO 41
TEST = RTIMPD(LAYER,KM1)

L1 LF(TEST.LYCRTIMPOCLAYER,KPY)) GO TO 42
T3ST = RTIMPR(LAYER,KP1)

62 IF(TEST.LTLRTHIMPD(LPT,KOLUMNI) GO TO 43
TEST = RTIMPD(LP1,KOLUMN)

43 RTPCT= (104.6 = 3,53%TEST/1.0216)+%.01
IF(RTPCT.GT+1.) RTPCT=1,
IFCRTPCT.LT.4S) RTPCT=,5

2 e POWRT(LAYER,KOLUMN) = PDWRT(LAYER,KOLUMN) *RTPCT

C REDUCED POTENTIAL GROWTH BY;WEAKEST SOIL STRENGTH CELL
SPDWRT = SPOWRT + DNRT(LAYER,KOLUMN) #ROOTXP % RTPCT
C_SUM OF POTENTIAL DELTA WEIGHT £F ROOTS FOR ALL CELLS, GM.
37  CONTINUE |
26 CONTINUE
WSTRSD » (STRSD + usraso)/z
WSTRSN = (STRSN + WSTRSN)/2
. RETURN
2 CONTINUE .
RGCF = RCH20 / SPOWRT
C 3CH20 AND SPOWRT ARE IN GRAMS / PLANT AFTER RETURN FROM MAIN.
C ROOT GROWTH CORRECTION FACTOR: RATIO OF AVAILABLE CARBOHYORATE
€ TO SINK STRENGTH,

.
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DO 5 LAYER = 1, LR . /] ' SA2124

KR = KRLALAYER) ' NASA2125

DO 5 KOLUMN = 1, KR ' NASA2126
LFCIDAY.LE.3) GO TO 7 @ : NASA2127
IFCIDAY.LE.12) GO TO & NASA2128
RTWTCLAYER,KOLUMN,3) = RTWT(LAYER,KOLUNN,3) + RTP2 » . . NASA2129

« RTWTCLAYER,KOLUMN,2) 0 NASA2130
RTWUTCLAYER,KOLUMN,2) = RTUTCLAYER,KOLUMN,2) * (1.=RTP2) NASAZ2131

é CONTINUE . NASA2132
RTWTCLAYER,KOLUMN,2) = RTWT(LAYER,KOLUMN,2) + RTP1 #  NASA2133

« RTWTCLAYER,KOLUMN,1) : Y NASA2134
RTWTCLAYER,KOLUMN, 1) = RTWTCLAYER,KOLUMN,1) * (1.=RTP1) . NASA2135s
7 DHRT(L&YER,KOLUMN) 2 RGCF » OWRT(LAYER,KOLUMN) *ROOTXP * RTPCT 2136

¢ NOTE THAT-RGCF CAN BE MODIFIED BEFORE USE ABOVZ. NASAZ137
¢ DELTA WEIGHT . ROOYS, ACTUAL, FOR THE TELL, GM OM. NASA2138
C REDUCED FROM PDWRT DUE TO LACK OF CARBGHYORATE. : NASA2139
5 CONTINUE o NASA2140
LRT = LR _ NASA2141

NLR = LR , R ~ T NASAR142

00 8 L=1,NLR . : 5 NASA2143

Log = 6 * (1-L/NL) ‘ ' ‘ ' ; 77 NASAZT44

LBi = L+ 1 = (L/NLY B o | nAsA2145

KR = KRL(L) v ' ©f  NASA214b

00 9 K=1,KR , 2 HASAZ147

KR1 2 K.+ 1 =(K/NK) . : NASA2148

KL1 2 K = 1 +(1/K) s NASA2149

IRC = 1 = (K/NK) ‘ NASAZ150
, LC = 1 = (1/K) : HASA2154
(o ' NASAZ1)2
IFCRTUTCL, K, 1) #RTWTCL,K,2) LLT.THRLN) GO To 10 2453

STRT 2 (10426 = 3.53%RTIMPOCL.K)/1.0216)%. LI ‘ NASA2154
IF(STR1.6T.1.) STR1 = 1, / ‘ NASA215S
IF(STR1.LT.0.) STR1 = O, o _ . NASA2156

BTRL = (106.6 = 3SI4RTIMPO(L,KL1)/1.0216)%,0 NASA2157
IF(SYRL.GT.1.) STRL = 1. NASA2158
IF(STRL.LY.0.) STRL = O, .  NASA2159

STRR @ £104.6 = 3.53#RTIMPOCL,KR1)/1.0216)4.01 NASA2140
IF(STRR.GT.1.) STRR = 1. NASA2161
IF(STRR.LT.0.) STRR = O. s NASA2162
STRD = (104.6 ~ 3. szwnrznpocLo1,x>/1 0216)#.01 NASA2163
IF(STRD,GT.1.) STRD = 1, . NASA2164
1F(STROSLT.0.) STRD = Q. e i NASA21645

c R ) NASA2166 .
c ' NASA2167

SRWP = (1./RSIS(L,K)'*3+IRC/PSIS(L,KR1)'*3*LDC/PSLS(LDT,K)f*3 + NASA2168
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o LE/PSISCL,KL1)#43 )
GROWTH INSIDE CELL

RTUTAL,R, 1) = RTWTAL, K1) + DURTLL,K) *(1, /PSIS(L;K)**S)/SRVP

GROWIH TO THE LEFT

7 RTWTCL,RLA,1)mRTMT (L ,KLT, 1) +OWRT (L, K) W(LC/PSIS{L,KLT) ##3) /SRUP
RIWTCL, KR, 1Y @RTUT (L, KRY,1)+OMRT (L, K) ¥LIRE/PSIS (L ,KR1) *#3)/SRUP

SROWTH OOWNWARD

RTWT(LDT K, 1) =RTUT(LOT K, 1)#DHRT(L,%)'(LDC/PSIS(LO1,K)'*3)/SRHP

£F (K NE.KR.OR.KR.GELE) GO TO 11
INCREMENT KOLUMN COUNTER FOR TRIS LAYER
RRLAL) "= KAL(LY + ¥
11 CONTINUE
IF(L.NE.LRJORJLLRWGE.NL) GO TO 9 \(
C LNCREMENMT LAYER COUNTER
IF(K.EQa1) LRT 7 LR + 1
KRL(L*1) = KRLOL#1) + 1
GO0 T0 9
10 CONTINUE .
C GRQUTH INSIDE GELL ONLY 5
CRTUTCL,K,1) @ RYWTCL,K,1) + DWRT(L,K)
¢

9 CONTINUE
8 CONTINVE

¢
¢
¢ GROWTH TO THE RIGHT
¢
¢
¢

c LR =LRT
RO0TS = 0.
PSITOT = 0. 7

PSINUM = O,

D0 23 LAYER = 1, LR . A%W 5
¢ i

KR  KRLCLAYER)
00 €3 ROLUFN = 1, KR
C SLOUGH ROOTS IM ALL BOX CARS IN ALL CELLS.

WTBSLF = RTWTCLAYER,KOLUMN,2) _

RTYITCLAYER,KOLUMN,2) = WIBSLF*(1, = SLF)
WTSLFO = UTSLFD + (WTBSLF=RTIWT(LAYER,KOLUMN,2))

<>\

RASAR1469
NASA21TQ |
HASAZ171
NASA2172

2173
MASAZ174
Q 2175
NASA2176
2177
NASAZR178
2179
NASAZ180
NASA2181
NASAZ1382
NASA2183
NASAZ2184
NASAZ21ES
NASA218¢6
NASAZ2187
NASA2188
NASA2189
NASA2190
NASA2191
NASAZ192
NASA2193
NASA2194
NASA2195
NASA2196
NASA2197
NASA2198
NASA2199
NASA2200
NASAZ201
NASAZ202
NASA2203
NASA2204
NASA2205

ROOTSY(LAYER ,KOLUMN) = RTWTC(LAYER,KOLUMN,1} + RTWT(LAYER,KOLUNMN,2)NASA2206

. + RTWTC(LAYER,KOLUMN,3)
ROOTS = ROOTS + ROOTSV(LAYER,KOLUMN)
23 CONTINUE
ROOTWT = ROOTS * POPFAC # 2. / ROWSP » 100,
C ROOTWT LS DOUBLED TO ACCOUNT FOR FULL PROFILE.
D0 25 LAYER = 2, LR
KR = KRLC(LAYER)

00 26 KOLUMN = 1, KR )
IFC(PSISCLAYER,KOLUMN) ;LT .=15.) GO TO 26
PSITOT = PSITOT + PSIS{LAYER,KULUMN)
PSINUM = PSINUM + 1
26 CONTINUE ’ ,
25 CONTINUE
IFCIFIXC(PSINUMI,LLE.D) GO TO 27
PSIAVG = PSITOT / PSINUM
PDROOT = ROONTWT = RUTWT ’
RETURN ‘
27 PSIAVG = =15. R ,
28 FORMAT(/Y ?,42(¢1H*) /" * PLANT IS OEAD OUE ',
«'TO MOISTURE STRESS *1/0 ¥V 42(¢1H*))
RETURN
END .
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NASA2207
NASA2208
NASA2209

2210
NASA221%
MASA2212
NASA2213

NASA2214
NASA2215
NASA2216
NASA2217
NASA2218
NASAZ2219
NASA2220
NASAZ2221
NASA2222
NASAZ2223
NASA2224
NASA2225
NASA2226
NASA2227
NASA2228
NASAZ229

o=

S AT T T TR T AR

\



P &\ e

SUBROUTINE RIMPED 223¢C
€ gg,yﬁg*,y.gqtﬁtattwt.'ﬁttuttt«av,atttauttttthi-*y#ﬁwvwﬁtit*yp*t«t*tt»ﬂggAZZ}j
< TH1S SUBROUTINE CALCULATES ROOT IMPEDENCE BASED UPON THE BuULY *NASA2232
¢ DENSITY ANO UATER CONTENT. THIS IS BASED UPON DATA EROM ARTILLES 8Y *NASAZ233
€ R.BI/CAMPBELL,D.C,REICOSKY,AND C,W,00TY J.Oﬁ SOIL ANO YATER CONS. *NASA2234
[ 29:}20-226 1976 AND *NASAR235
c N TAYLOR AND H.R.GARDNER. SOIL $C1.96: 153 »156,1963, *NASA2234
¢ A/LINEAR TABLE LOOK~UP PROCEDURE IS USED. ASSUME ALl CURVES ARE *NASA2237
¢ READ AT THE SAME 80, - *NASAZ2232
4 *NASA2239
[ 0*tttﬁwtt*ﬁmtw*vra#tta**ttﬁgttﬁrnnny'vnwﬁritwtt-wt*twﬁﬂrtti#*wi*tttﬁaNAsgzzbr

“ COMMON /GEOM / D, G, NK, NL, RTPY, RTP2, SLF, THRLN, W 2241
; COMMON /H20NO3/ VH20C{20,4), VNO3C(20,8) 2242
COMMON /s0IL10/ OLFFO(5),THETAQG(S) ,BETA(S) ,50EPTH(S), THETAS(S), NASAR243
THETAR(S),AIRDR(S) ETAL(S), FLXHAX(S),BO<5 2244
COMMON /ROOTIM/ RTIMPD(20,6) SNAME(3):TSTBD(9 20) ,INRT MRT 2245
. JTSTINP(9,20), GHZOC(Q) FACR 224¢
J =1 NASAZ247
, ' NASA2248
NKH = NK/2 Q NASAZ24¢
00 99 LAYER = 1,NL . NASAR25C
24 IFC(LAYER®D.LE. SDEPTH(J))GO T0 25 NA3A2251

Jaj+1 NASA2252

IF(JoLT5)GO TO 24 ' NASA2253
(4 < NASA2254

25 JJ = 1 NASA2255
26 IFLBDCJI)=TSTBO(1,4J))30,30,27 NASA225¢6
27 JJ = JJ#1 . NASAR257

IFCJILLELINRTIGO TO 26 NASA2258

Jd = Syt NASA2259
¢ NASA226Cc

30 00 98 KOLUMN = 1,NKH NASA2261

TESTT-VHZOC(LAYER.KOLUMN)IBO(J) NASA2262

X = 1 NASA2263

32 rF(TEST1—GHZOC(lK))55 40,33 NASA2264
33 1K = IR+ MASA2265

IFCIK.LEMRTIGO TO 32 NASA226¢

Ik = IK=9 MASA2267
¢ S0IL CELL H20 LESS THAN TEST H20 NASA2269

35 IFCIK.EQ.1)G0 TO 40 NASA226$

C CALCULATE SOIL STRENGTH NASA227%
c FOR VALUES OF BD LESS THAN TABLE VALUES NASA2271
IF(Jd6T.1)60 TO 39 NASAZ2272
RTIMPO (LAYER,KOLUMN) BTSTIMP (IK=1,J4)=(TSTIMP(IK= 1,JJ)—TST1MP(KK JINASA2272
«JI*YCCTEST1=GH20C (1K~ 1))/(GHZOC(IK)-GHZOC(IK~1))) NASA2274

GO TO 98 NASA2275

4 FOR VALUES OF BD AND H20 BETWEEN TABLE VALUES NASA227¢

39 TEMP1=TSTIMP(IK,JJ=1)=(TSTIMP(IK,JJ=1)=TSTIMP(IK, JJ*J*Q{% TBO(IK, NASA2277
.JJ'1)-90(J))I(TSTBO(IK Jd= 1)-TSTED(IK.JJ))) NASAR278
TEMP2=TSTIMP(IK=~1, JJ-1) (TSTIMNPCIK=1, JJ-1)-TSTIMP(IK~1 JJ))*((TSTBNASAZZ?S
WDCIR=1, 0= l)"BD(J))/(TSTBO(IK =1,dd= 1)"TSTBD(IK- ,JJJ:M NASA228L

¢ NASA2281

RTIMPO(LAYER, KOLUMN):TEMP2+(TEMP1-TEMP2)*((TEST1-G {20C({IK= 1))/(GH2NA562284

«0C(IR)= GHZOC(IK N NASA2282

GO TO0 98 NASA2284
¢ FOR VALUES OF H20 LﬁSS THAN OR EQUAL TO TABLE H20 NASAR28:

40 RTIMPD(LAYER,KOLUKN) STSTIMP (1%, JJ=1)=(TSTIMPLIK,JJ=1)=TSTIMPCIK,JINASA228¢
.))*((TSTBD([K JJ- 1)“BD(J))/(TSTBD(IK Jd= 1)-TSTBD(IK Jd))) NASA2287
o . NASA228%
98 CONTINUE NASA228¢%
99 CONTINUE y NASARZ9C
¢ 4§ NASAZ291

NKH = NKH+1 » NASA229¢

00 109 KOLUMN=NKH,NK NASA2293

NKK=NK+1<ROLUMN . MNASAR29¢L

DO 1C8 LAYER = 1 ,NL . 7 NASAZR9:

108 &TIMPD(LAYER;KOLUMN)SRTIMPD(LAYER,NKK) - NASA229¢
109 CONTINUE NASAR297
c . hnSAZZ?E
RETURN ) A$AR29%

END l

| ORIGINAL PAGE IS
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SUBROUTINE OUT(ARRAY,TTL1:TTLZ;RANGE,UNITS;TOTAL,UNITST)
R R I I I L T T Y T T T I N T I M
” *
*# TH1IS SUBRQUTINE PLOTS THE SOIL SLAD AND THE \DENSITIES ”
* OF THE ARRAY ELEMENTS IN EACH CELL, *
] ”
32 R R e R R R Y R AR R R Az Iz

INTEGER DAYNUM

DIMENSION ARRAY(20,6), RANGE(11)

DIMENSION TTL1(10), TTL2(10), UNITG(6), UNITST(4)

COMMON /LIGHT / DAYLNG,DAYNUM,LATUDE,DAYTYM,NYT+YM,10AY,IPANT
COMMON' /PLOTS / NPN, NPP, NPR, NPW
COMMON /LOCOUT/ KAC12),KNAR(20,6)

f¢ 1 k=1, 6
57’1 L=1, 20
ARAYLK = ARRAY(L,K)
6o 2 1=1, 11
RANGE1 = RANGE(I)
IFC(ARAYLK.LELRANGET) GG TO 7
2 CONTINUE i
1 =12
1 KHARCL,K) = KA(L)
s RANuU€1 = RANGE(1) R
Hﬁlfﬁég(;?O) TTL1,0AYNUN,TTLZ, UNLTS SRACT) ,RANGET ,RANGET ,KA%2),
- RA
103  FORMAT(/6X,10A4,10%,JULTIAN DAY !, }léerOR&//6X,'UNITS - t,0A4
o #5X;'LEGEND'/6X,"1 ? 3456 ',18X A1,? <= *,FB,4/25%,
o FBub,? < 1,41,  &x ¥, FB.4)
DO 14 L=1, 1?, 2
Lial+1
14 WRITE(6,102)L, (KHAR(L,K) ,K=1,6) ,L1,(KHARCL*1,K) ,K=1,4),
. RANGE((L+3)/2);KA(( f3)12+1) RANGE((L*3)/Z¥1)
102 FORMAT(1X,12,3X,6A2 ) 1X,12, 3x 6A2, 7¥‘f8 b,V ¢,
« Al1,! <= V,F8, 4)
L19=19 -
L20=20
HRIIE(6,10A) L19,(KHARC19,K) ,K=1,6) ,L20, (KHARX20,K) ,k=1,6),
« RANGEC(11),KA(12),TOTAL,UNLITST
1046 FORMAT(1X, 12 Sx,bAZ / 1X 12,3%,6A2,7%X,F3.4,' & ', A1 1/
. 6X,'TOTAL = V,F11.4,1%, AA )
RETURN
END

OO0
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HASA2301
NASA2302
NASA2303
NASA2304
NASAZ2305
NASA2306
NASA2307

2308
NASA2309
NASA2310

2311

2312

2313
NASAZ314
NASAZ315
NASA2316
HASA2317
NASA2318
NASA2319

AuasanTaAN
DRINRGCIRY

NASAR321
NASA2322
NASA2323
NASA2324

NASA23
NASAZ326

NASA2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2340
2341

NASA2342

NASA2343
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Appendix b, Typical Input Data Set
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LEAFW(1,1)
1

PNFAC
0l

KL KS

.01 .01

LEAFLENGTH

1.

RNNH4=60

RTWT(1,1,1)
.020

POPLT FZ

500000 5

KR KG

.01 .01

ROWSPACE

30.

3 RNNO3=40 .

Q

o (!
N

ORIGINAL PAGE 1S
OF POOR QUALITY

Terminal Input

RIWT(1,2,1)  RIWI(2,1,1)

004 - »007

I UDE ;ﬁ%AI NOITR
40 .0001 5

¥

JL JS JR JG

.03 .03 .03 03

PRINT ¢ THRLN

25 3 . 2E~4

120

RTWT(3,1,1)

.002

FACR

009

JG1 0

.03
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Ny
b
i
4
(e}
-
e
o
i
I
il
ﬁ, o
L\{\\
&

s
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11 .2

1'3 .5

1.5 4.9

1.7 13.9 i

1.9 27.7

6 «30

0.9 o1

1.1 .2

1.3 o5

1.3 *9

1.7 1.1

1.9 1.3 :
340 12.2 1.7 ¢ 0.00 0 263 120 155.0 5,00 9999 11.3 999.0 999.0
490 20.6 0.0 0 9.00 0 264 0 44.0 5.00 9999 13.1 999.0 999.0
509 25.6 6.1 0 0.00 0 265 0 86.0 5.00 9999 16.4 999.0 999.0
496 30.6 8,9 0 0.00 0 266 0 114.0 5.00 9999 19.0 999.0 999.0
256 25.6 8.3 0 0.00 0 267 0 114.0 5.00 9999 17.2 999.0 999.0
380 22.2 10.6 0 9.00 . 0 2648 0 115.0 5.00 9999 16.9 999.0 999.0
484 27.8 7.8 0 0.00 N 269 0 97.0 5.00 9999 17.7 999.0 999,08
452 27.8 7.2 0 0.00 0 270 0 59.0 5.00 9999 17.6 999.0. 999.0
364 30.0 13.9 0 3.00 0271 0 137.0 5.00 9999 20.2 999.0 99%.0
448 20.6 7.2 0 .60 0 272 0 115.0 5.00 9999 15.4 999.0 999.0
475 25.6 3.9 g 1.G0 0273 0 96.0 5.00 9999 15,9 99%,0‘999.0
434 25.6 3.9 0 3.2¢ Q0 274 0 96.0 5.00 9999 15.9 99%.F:/999.0
366 25,6 3.9 0 0.00 g 275 0 96.0 5.00 9999 15.9 999.0 999.0
450 25.6 3.9 0 0.0C Qg 276 0 96.0 5.00 9999 15.9 999.0 999.0
437 18.1 1.1 0 0.99 0 277 0 242.3 13.60 12,8 13.3 999.0 99%.0
440 15.8 =1.6 ¢ 0.00 0278 0 162.8 10.60 10.9 11.3 999.0 999.0
437 20.4 =441 g n.120 0:279 0 90.7 12.60 12.3 12.7 999.07999.0
432 24,6 =1.0 ¢ o.0C 0 280 0 9646 16.00 14.3 14.4 999.0 999.0
399 26.8 6.2 0 1.06 0 281 0 90.1 21.70 1744 17.2 999.0 999.0
4146 21.7 5.1/ 0 0.00 0 282 C 95.2 %6.60 16.0 16.3 999.0 999.0
416 25.3 3.6 0 0.00 0 283 0 174.2 17.90 15.2 15.5 999.0 999.0
603 25.7 8.0 0 0.00 0 284 9 203.3 19.70 16.1 16.3 999.0 999.0
404 14,8 3.9 0 3.00 0 285 0 307.2 12.60 12.6 13.2 999.0 999.0
410 13.2 =1.5 g 0.00 0 286 0 138.7 9.97 10.9 11.6 999.0 999.0
401 18.7 =1.8 0 0.00 0287 0 113.4 11.20 10.3 11.0 999.0 999.0
396 21.9 2.4 0 ¢.00 0 238 0 146.2 14,50 12.2 12.7 999.0 999.0
390 21.1 =1.4 0 0.00 0 289 0 221.7 13.90 11.7 12.3 999.0 999.0
310 20.2 ) 0 0.00 0290 0 209.7 15.30 13.1 13.4 999.0 999.0 -
205 12.8 o3 0 0.00 0 291 0 115.1 10.10 9.7 10.6 999.0 999.0
308 24.5 2.8 0 0.0C 0 292 0 190.7 7.40 12.3 12.5 999.0 999.0
289 25.5 2.1 0 0.00 Q0 293 0 123.2 4.90 141 13.8 999.0 999.0
202 19.6 8.4 0 .05 0 294 0 125.0 7.50 15.2 15.0 999.0 999.0
62 7.9 =u4 O .45 Q 295 0 305.7 7.20 4.9 5.5 999.0 999.0

-
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213
194
2040
153
222

75
.78
133

NN 2 NN -
ANONO->ANOVNOSTUO~INON

s 5 & &8 & & % 8 ® ¢ 3 " B s 8 & B

- N - -y

20O NNNOSENDOS=20WHF2O

0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.0¢
.00
0.00
0.00
0,00

W00

)r‘w‘
oL ud.
4,60
4,00

0.00
0.00
0.00
0.€0
0.00
0,00
g.10

0.00

0.00
0.00
0.00
0.00
.00
0.00
0.ac
0.00
3400

N6
0.00

g.0C

.03
.02
.02
.06
.05
0.00

3.00
0,00

RS

0.00

{

0OCO0O00O00OACROC0O0AUDACOD0A0dVODIOGCGOoCRO00ARoOCOo

ORIGINAL PAGE 1
F POOR QQALIT!;OT |

296
297
298
299
300
301
302

303

304
3a5
306
307

308

309

-390

311
312

EARCH

314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
339
332
333
334
335
336
337
338
339
340
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133 =43.4 =23.3
133 =15.4 =28.0
133 -,’-3 -25-5
141 .5 =16.9
218 3.3 =16.3
192 5.2 =11,
214 1.6 =15,
216 4.6 =8,
199 “ 4.4 =11,
215 1.3 =12,
215 .8 =12,
215 Pk =7,
193 /7.5 =4,
205 "=1.5 =9,
200 4.7 =12,
206 3,7 =12,
123 1.3 =12.
204 5.7 ~9.
170 T=.1 7.
206 0.0 =14,
190 5-9 -160
297 8.1 =13.
127 -11.1 =19.
145 =10.5 =21,
185 =11.4 =20.
189 =12.8 =24,
131 =4.1 =22.
118  =1.5"+16.
122 <~B.7 =18,
159 =9.3 =18,
159  =5.4 =15,
207 =5.8 =21.
211 oh =20,7
202 W6 =18.3
192 =7.0 =15.2
126 5.4 =12.6
519 =2.3 =13.0
250 =10.1 =23.3
261 2.9.=27.0
208 7.67=16.8
249 6.4 =17.4
266 3.3 =16.9
68 3.4 =7.2
205 6.0 =13.4
268 .3 =6.8

L 0000000000000 0NO0O00QO0O000AANODO0A0ON0ODCON0

0000000000 ON0000C0ILCOO00RONO0ONEOVOEDLGHOB0D

ORIGINAL PAGE IS
BF POOR QUALITY
341 0 140.2 1.50 «~1.8
342 0 160.2 1.50 =1.8
343 0 160.2 1.50 ~1.8
344 0 191.4 2270 =2.8
365 0°196.9 2.80 =2.4
346 0-178.2 3.60 =1.6
347 0 117.4 2.60 =3.0
3%8 '0 192.0 3010 -207
349 0 146.9 3.10 =2.7
351 0 194.4 2.10 =3.3
352 0 196,46 2,10 =3.3
353 0 160.6 S5.60 «.5
354 0 313.2 2.90 <~1.1
355 0 150.1 3.20 =2.7
356 0 205.0 3.60 =2.4
357 0 253.2 3.50 =2.5
358 0 207.6 3.80 ~2.8
359 0 209.6 3.30 =2,7
360 0 120.7 2.60 <«4,8
361 0 142.5 3.00 =4.7
362 0 171.1 3.20 =3.3
363 0 205.7 1.10 =9.1
36 0 104.2 1.00 =8.6
365 0 114.3 1.10 =9.0
10 319.5 .70 =12.8
2 0 117.7 1.10 -11.7
30 106.4 1.80 =7.8
4 0 231.2 1.40 =9.7
5 0 137.3 1.20 =9.é
6 0 152.0 1.50 =8.4
7 0 173.7 .90 =11.2
8  0°141.3 1.30 =11.4
9 0 133.8 1.70 =9.4
10 0 240.7 1.60 =9,.1
11 0 107.8 3.40 =5.7
12 0 261.2 2.40 <«6.8
13 0 163.1 .90 <~9.4
14 0 126.6 1.10 =10.2
15 0 143.1 2.70 =644
16 0 123.9 3.20 <=6.1
17 0 163.1 3.10 =5.8
18 0 164.5 4.90 <=3,1
19 0 175.0 3.40 =3.9
20 0 474.5 3.50 =3,2

124

=2.0
"'2\.0
-2.0
=2.8
-2.7.
'1.7,
=3.2
-2o8
2.8
=3.5
«3.5
7305
"‘07
-105
=341
"'2.7
“2.7

8 =2.8.

-3.0
=-5.1
=4.8
“3.6
9,3
-8'6
9.2
=13.4
«11.9
=79
9.7
=9.8
-3.7
=117
~11.7
=9.7
=942
5.8
~4,7
'10.10
'11-8
-708
-7.0
-6.1
=343
'4.2
=34

999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0

999.0 999.0"

999.0 999.0
599.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.9 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999.0 999.0
999,0 999.0

999.0 999.0

999.0 999.0
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0 0.00 g 21 0 185.4 3.80 =3.4 =3.5
0 0.00 0 22 0 352.1 3.00 =4.8 -SQT
0 0.00 0 23 7 0 276.5 1.40 “9.7 -9.9
0 0.00 Q0 24 0 171.3 2.50- =7.4 =7.6
0 0.00 0 25 0 255.8 3.00 =5.9 =6,2
0 0.00 0 26 0 230.7 1.80 =8.0 =8,2
f0.00 0 27 0 184.9 1.20 =10.2 -10.5
0 0.00 0O 28 0 133,6 1.20 =-10.7 =-11.0
0 0.00 df 29 0 248.3 1.20 =9.8 =10.0
0 0.00 -4\ 30 0 204.9 <80 =10.4 =10.4
0 0,00 © 0 \3 Q0 118.3 «80 =11.3 =11.2
0 0.00 0 32 0 131.1 1.50 =10.5 =10.4
0 0.00 0 33 0 107.0 1.00 =11.1 =10.9
0 0.00 0 34 0 156.5 1.30 =10.6 =10.4
0 0.6 0 35 0 137.2 1.80 =10.0 =9.8
0 0.0C 0 34 0 145.7 1.80 =9.5 =9.4
0 0.00 o 37 0 168,9 2.90 =7.3 =7.2
0000 0 38 0 216G.9 3.80 5.8 =5.7
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0 0.00 [ | 0 112.1 4,50 =2.2 =2.4
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n A0~ 4h N 11740 6.20 1.3 .8
§ 0.10 U 45 0 168.7 6.40 3.2 2.7
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0 V.00 0 55 9 203.8 3.20 =1.2 =1,3
0 0.00 0 56 0 130.9 2.90 =.5 -7
0 0.00 0 57 g 109.9 3.80 2.0 1.4
0 0.00 04 58 0 302.1 5.50 =.8 ~.6
0 0.00 0 59 0 14646 5.10 2.9 2.5
0 0.00 g 60 0 135.0  5.10 3.7 3.0
0 0.00 0 61 Q 278.2 4.80 1.5 1.5
g 0.00 0 62 0 358.8 2.60 =1.9 =1.9
0 0,00 0 63 G 257.8 2.40 =1.0 =1.4
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0 9.00 0 65 0 270.6 S5.60 3 | 4ok
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HNNNABHRANKNS

ACCDEG
ADJES

AHTYP
ALPHA
ALTYP

AMAX1
AMINA
ANTHES
APTHP

ARAYLK
AREA
ARRAY
ATHP
ATTYP

AVGPSY
Boor
€1
CALAVG
CALMAX
CALTSD
CALTSN
CAPSCA
CAPUP

co
CLIVAT

COND
CONSCA

1§83 [ 200 I B R R

[ I 2 O D U I IS B BN B W

ORIGINAL PAGE 1S
OF POOR QUALITY

ODICTIONARY OF TERMS FOR WHEAT

RUNNING TOTAL OF AVG TEMPERATURE (() ‘
AN OPERATION ON SOIL EVAPORATION FOR CALCULATING FLOW
OF WATER UP,

ACCUMULATION OF AVERAGE TEMPERATURE AFYER HEADING (C)

A CONSTANT, DEPENOENT ON HYORAULIC PROPERTIES OF THE SO0IL,
g%sﬁ)xACCg?ULATlON OF AVERAGE TEMP SINCE LEAF J INITIATED ON

FORTRAN FUNZTION TO FIND MAXIMUM VALUE
FORTRAN FUNCTION TO FIND MINIMUM VALUE.
(1) DAY ANTHESIS BEGAN FOR STEM I

(1) ACCUMULATOR FOR AVERAGE TEHPERATURE SINCE INITIATION
0F STEM I (C)
NONSUBSCRIPTED ARRAY(L,K)

TOTAL LEAF AREA

{CHan2)

NAME OF ARRAY FOR WHICH MAF IS DESIRED

AVERAGE DAILY TEMPERATURE
(1) ACCUMULATION OF AVERAGE TEMP SINCE LAST TILLER INITIATED

ON STEM I

( DEG C )

THE SOIL WATER POTENTIAL EFFECTING PHOTOSYNTHESIS

(1) STEM I

BEGAN BOOT STAGE ON THIS DAY

COEFFICTIENTS FOR EQUATION USEO TO CALCULATE DAY LENGTH
FACTOR OF REGRESSION EQUATION FOR CALCULATING FRACTION
TIME PLANT. IS ABOVE =7.0 BARS.

FACTOR OF REGRESSION EQUATION FOR CALCULATING FRACTIOMN
TIME PLANT. IS5 ABQVE =7.0 BARS, 7

FACTOR OF REGRESSION EQUATION FOR CALCULATING FRACTION
TIME PLANT. [S ABOVE =7.0 BARS. (DAY).

FACTOR OF REGRESSION EQUATION FOR CALCULATING FRACTION
TIME PLANT, IS ABOVE =7.0 BARS. (NIGHT).

VECTOR OF BREAK"POINTS FOR GRAPHXCAL INTERPRETATION OF
VOLUMETRIC WATER CONTENT.

CUMULATIVE CAPILLARY UPTAKE OF H20 ACROSS BOTTOM PROFILE (MM)
CARBOHORATE DEMAND

(GRAMS)

(1) DAILY INPUT (CLIMATE) VARIABLES
(1) SOLAR RADIATION. IN LY/DAY.
(2) MAX. AIR TEMP. IN DEG F,

(3 MIN. AIR TEMP. IN DEG.F.

(5) . RAIN

FALL.IN INCHES/DAY,

(8) PAN EVAPORATION
(7) JULIAN DAY NUMBER.

(8) AMOUNT OF FERTILIZER APPLICATION
UNSATURATED HYDRAULIC CONDUCTIVITY, IN CM/DAY.

(LBS/ACRE)

VECTOR OF BREAK POINTS FOR GRAPHICAL INTERPRETATION OF
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CSTRSF
CSTRSV
CUMEP
CUMES
CUMRAN
gUHSOK
DACNT
DANP

DAYLY
DAYL2
DAYLNG
DAYVUM
DAYTYM

DIFSC&

DIFUNT
DNODE
DPSIOT

DRAD

DTAH
DTAL
OTAVG
DUMAY
DUMAY 1
DUMYYD
DUMY D1
buMyQ2
oU%YO3
puMYOL
DWRT

F2 3T LR R

AT ARFIRTY

e

ORIGINAL PAGE IS
OF POOR QUALITY

{

VOLUMETRIC [MATER CONTENT IN CC PER CC SOIL.

FRULT CARBCHYDRATE STRESS FACTOR

RATIO OF CARBOHYDORATE SUPPLY TO DEMANO FOR VEG GROWTH
CUMULATIVE TRANSPIRATION, MM.

CUMULATIVE SOIL EVAPORATION, MM,

CUMULATIVE RAINFALL, HM.

CUMULATIVE SOAK THROUGH, MM. ;

OEPTH (VERTICAL) CF EACH SOIL CELL, IN CM.

NUMRER OF DAYS/MONTH

OAMPING FACTOR TO APPROXIMATE LINEARIZATION OF EXPONENTIAL
DECAY #2SPONSE. ,

FRACTION OF 24 HOUR PERIOD IN OAYLIGHT

FRACTION OF 24 HOUR PERIOD IN NIGHT

DAYLENGTH IN HOURS

DAY NUMBER OF THE YEAR, IN JULIAN OAYS.

TIME FROM SUNRISE TO SUNSET IN HOURS

DAY OF MONTH

SLOPE OF SATURATION VAPOR PRESSURE CURVE AT MEAN AIR -
SOIL SURFACE, IN MM/DAY.
TNCREMENT OF TIRE OVER WHICH UPTAKE
SINULATED, IN DAYS

PERCENTAGE OF FLORETS YO BE DESSICATED

DESSICATION FACTOR

OIFFERENTIAL CARBON NITROGEN QUOTLENT.

OIFFUSIVITY OF SOIL, IN CM BAR/DAY. o
DAY OF OXFFERENTIATION

VECTOR OF BREAK POINTS FOR GRAPHICAL INTERPRETATION OF
SOIL WATER OLFFUSIVITY, IN CM#v2 PER DAY,

VECTOR USED TO WRITE UNITS OF SOIL WATER DIFFUSIVITY,
NUMBER OF NODES ON EACH STEM JOINTING TO ELONGATE TODAY
DERIVATIVE OF WATER POTENTIAL WITH RESPECT TG MOISTURE
CONTENT, IN BARS/CC/CC.

ARRAY OF DAILY RADIATION AMOUNTS NOT INTERCEPTED 8Y PLANTS,
IN LANGLEYS.

ARRAY OF DAILY MAXIMUM (HIGH) ALIR TEMPERATURES, IN DEG F.
ARRAY OF OAILY MININUM (LOW) AIR TEMPERATURES, IN OEG F.
(J) THE AVERAGE DAYTIME TEMPERATURE FOR J OAYS AGO.
OUMMY ARRAY USED FOR LOCAL DIMENSIONED VARIABLES

DUMMY ARRAY USED FOR LOCAL DIMENSIONED VARIABLES.

DUMMY AXRAY TO SET ASIDE CORE

OUMMY VARIABLE, USED TO REDUCE CPU TIME.

DUMMY VARIABLE, USED TO REOUCE CPU TIME

OUMMY VARIABLE, USE® TO REDUCE CPU TIME

OUMMY VARIABLE, USED TO REDUCE CPU TIME,

ACTUAL INCREMENT OF ROOT WEIGHT FOR A GIVEN CELL, IN

5" TAPTILLARY FLOW IS5

A

'?

AN



.

&

)

£
g0
EP
ES
ESQ

€9X

F2
FACTL
F5
FERN
FLOCAP
FLOYETY
FNHG

FNICN
FHL
FNO3
FNU

FAICN

UL
Fuu
6

GAMMA

GLUMCN
GLUMN
GLUWRI
GLUYRS
GLU%W
GLUMNT
GRANCN
GRAMN

GRAVRY -

GRAVW
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H20
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GM/CELL /DAY,

ORIGINAL PAGE IS =~

-OF POOR QUALITY

TOTAL EVAPORATIVE LOS5 FROM CROP.A

POTENTIAL EVAPORATION RATE ASOVE THE.PLANT CANOPY,°IN HM/DAV-
EVAPORATIUN RATE JROM PLANT LEAVES, TRANSPIRATION, IN MM/DAY.
EVAPORATION FROM SOIL SURFACE, IN MM/DAY,

PATENTIAL EVAPGRATION RATE BELOW PLANT CANGRY AT THE SOIL

SURFACE IN MM/ODAY,

EVAPQRATION RATE FROM THE SOIL SURFACE OURING STAGE 2
EVAFQRATION ON A DAY WHEN P LESS THAN SESIL, IN MM/UAY.
RESERVE NITROGEN AVAILABILITY COEFFICIENT

CALIBRATION FACTOR TO ADJUST POTENTIAL CHANGE IN LEAF AREA
FLELD CAPACITY OF SOIL LAYER, IN CMww3/CMen3,

FERTTILIZER NITROGEN APPLIED, IN LBS N/ACRE.

FLELD CAPACITY OF 20T TOM SOIL LAYER, CM##3/CM#*3,

(1) NUMBEK OF FLORETS (GRAIN) UN STEM 1

FRACTION QF FERTILIZER WITROGEN WHICH IS AMMONIUN,

DIMENSIONLESS.

FLUX OF NITROGEN INTQ THE CELL, NET, IN MG N/CELL.

FLUX OF NLYROGEN TO THE LEFT OUT OF THE CELL, MG N/CELL, o
FRACTION OF FERTILIZER HITROGEM WHICH IS NITRATE,DIMENSIONLESS
FLUX OF NITROGEN UPWARD OUT OF THE CELL, MG NICELL. =

FLUX OF WATER INTO THE CELL, NET, IN CHM*#*3/CELL. = "o

FLUX OF WATER TO THE LEFY OUT OF THE CELL, IN CMa®3/CECL, "

FLUX OF WATER UPWARO OUT OF THE CELL, CM*#*3/CELL.

WEIGHTING FACTOR, FOR GEOTROPISM (THE PREFERENCE OF ROQTS

TG GROW DOWNWARD).

CONSTANT OF THE WET AND "DRY BULB PSYCHROMETER EQUATION,

IN MB/DEG C.

AVERAGE NITROGEN CONCENTRATION IN GLUMES

TOTAL. GLUME NITROGEN (GRAMS) ,

GLUME NITROGEN REQUIRENENT FOR GROMTH (GRAMS)
GLUNE WITROGEN RESERVES (GRAMS)

(1) TOTAL WEIGHT OF ALL GLUWES ON STEM I (GRANS)
TOTAL WEIGHT OF ALL GLUMES ON PLANT (GRAMS)
AVERAGE NITROGEN CONCENTRATLON IN GRAIN

.TQXAL GRALIN NITROGEN <(GRAMS)

GNWAIN NITROGEN REQUIREMENT FOR GROWTH (GRAMS)

(1) TOTAL WEIGHT OF ALL GRAIN ON STEM I LGRAMS)

TOTAL WEIGHT OF ALL GRAIN ON PLANT (GRAMS)

TOTAL TEMPORARY AND RESIDUAL VOLUME OF H20 IN SOIL CELL, %

Ty CHR*T/CMaN2
AATER BALANCE

¢L) OAY STEM I REACHED HEADING STAGE
INDEX COAILY) USED IN MANIPULATING DAILY WEATHER VARLABLES.
DAY COUNTER WITH DAY 1 BEING DAY OF EMERGENCE. ONLY DAYS
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K
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B T SR

JHEN AVERAGE TEMPERATURE AT OR ABOVE & DEG € ARE COUNTED

DELAYS FOR 800T JOINTING HEADING BETWEEN STEMS

HGUR OF THE DAY, FROM MIDNIGHT.

NINE HOURS FROM
IMAGE KOLUMN

THE CURRENT TIME.

B

FRACTION OF SOLAR RAODIATION INTERCEPTED BY CROP, DIMENSIONLESS.
INCREMENT OF ODAYS BETWEEN PRINTOUT

INDEX FOR WEIGHING ROOT GROWTH TO THE RIGHT IN RESPONSE,

TO WATER POTENTIAL.
DUMMY FOR NUMBER OF APIKELETS FOR STEM

HOUR OF SUNRISE.
HOUR OF SUNSET.

MIDNIGHT IS 0.
MIONIGHT IS 0.

HQUR OF SUNSET PLUS ONE,
TIME FOR GRAIN FILL (DAYS)

YEAR/4
INDEX (DAILY) US
VARIABLES.

MIN PERCENTAGE OF NEW
MIN PERCENTAGE OF NEW

AN INOEX FOR SOI
(I) IDAY STEM I

N

ED IN MANIPULATING OAILY WEATHER

L TEMPERATURE.

.BEGAN JOINTING STAGE

GLUME GROWTH REQUIRED TO BE NITROGEN
GRAIN GROWTH REQUIRED TO BE NITROGEN

MIN PERCEMTAGE OF MEW LEAF GROWTH REGUIRED 70 8E NITROGEWN

WIN PERCENTAGE OF NEW ROOT GROWTH REQUIRED TO BE NITROGEN
MIN PERCENTAGE OF NEW STEM .GROWTH REQUIRED TO BE NITROGEN

COLUY.N NUMRER OF

PART OF QPERATION FOR CALCULATION OF WATER FLOW
PART OF QPERATION FOR CALCULATION OF WATER FLOW

ARRAY.

ARRAY OF CHARACTERS AVAILABLE TO PRINT ON THE MAP.

MIN LEVEL OF NITROGEN IN GLUME

CHARACTERS PRINTED ON THE MAP.

MIN LEVEL OF NIT
COLUMN TO LEFT
COLUMN OF soIL I

MIN LEVEL OF NITROGEN IN ROOTS

ROGEN IN LEAF C % OF LEAF WEIGHT )

OF SOURCE QF ROOT GROWTH
N THE PROFILE, 1 TO NK.

COLUMN COUNTER FOR THE LAYER

MIN LSVEL OF NITROGEN IN STEM

LAYER NUMBER OF ARRAY.

LAYER + 1,
LAYER 19.

LAYER 2C.

LEAF AREA. INDEX
TOTAL ALBEDO OF
ALBEDO OF CROP,
ALBEDO OF SOIL,
LATITUDE (DEG)

a7

CROP AND SOIL, DIMENSIONLESS.
OIMENSIONLESS.
DIMENSIONLESS.
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( % OF GLUME WELIGHT )
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LAYER
Le

Lo
Loc¢

LEAF
LEAFCN
LEAFR1
LEAFRS
LEAFW
LEAFWT
LIDAYE
LLDAY

LTDAY
MAXYMIN
YH2D

0

NBOQ
NBOX

NF
NIT
NITUNT

'NKES
NKH
NKHP 1
NKHP2
NKK
NKM
NL
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NLR
NODE
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NPN
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ORIGINAL PAGE IS
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4

LAYER OF SGIL IN THE“PROFILE.
1

LAYER BELOW SQURCE CELL OF ROOT GROWTH

INDEX FOR WEIGHING ROOT GROWTH DOWNWARD N "RESPONSE TO
WATER POTENTIAL

{1) NUMBEBR OF LEAVES ON STEM I .

LEAF NITROGEN CONCENTRATION

LEAF NITROGEN REQUIREMENT FOR GROWTH C(GRAMS)

LEAF NITROGEN RESERVES (G)

(1,J) WEIGHT OF INDIVIOUAL LEAF

TOTAL WEIGHT QF ALL LEAVES ON PLANT ¢ GRAMS )

(I,J) IDAY WHEN LEAF J ON STEM I WAS INITIATED

(1) IDAY LAST LEAF INITIATED ON STEM I ¢
REEPEST LAYER CONTAINING ROOTS

CIYIDAY LAST TILLER INITIATED ON STEM I

TMAX MINUS TMIN

METHOO OF WATER ARPLICATION.

MONTH I
MDEY VADTAQLE. S

IR v i

ouwmv VARIABLE FOR NUMBER OF aox IN STORAGE TRAIN,

USED FOR ITERATION,

YBOXCAR' QF RTWT ARRAY CONTAINING ROOTS GROWN DURING A
PARTICULAR DAY, IN GHS/CELL.

FACTOR FOR LIMITING FRUIT GROWTH IN RESPONSE TO N SHORTAGE.
AMOUNT OF INORGANIC NITROGEN PRESENT IN SOIL, IN MG N/CC SOIL.
VECTOR USED TO WRITE UNITS GF TOTAL NITRATE IN THE PROFILE.
NUMBER OF COLUMNS IN THE PROFILE.

NUMBER OF COLUMNS IN WHICH SOIL EVAPORATION OCCURS

HALF THE NUMBER OF COLUMNS IN THE PROFILE.

HALE THE NUMBER OF COLUMNS' PLUS ONE.

HALF THE NUMRER OF COLUMNS PLWS TWO,

COLUMN, MIRRORED ABOUT CENTER LINE OF PROFILE,

NUMBER OF COLUMNS MINUS 1. -

NUMBER OF LAYERS OF SOIL IN THE PROFILE.

NUMBER OF LAYERS MINUS 1,

NUMBER OF LAYERS CONTAINING ROOTS

(1) NUMBER OF NODES ON THE STEM

D0 NOITR ITERATIONS DURING DAY AND NOITR ITERATIONS OURING NITE
TRIGGER TO DETERMINE If 'MAP' OF DIFFUSIVITY PRINTED DURING
EXECUTION.

TRIGGER TO DETERMINE IF 'MAP' OF NITRATE CONTENT PHINTED
DURING EXECUTTION. ’
NITROGEN- POOL (AVAILABLE), GRAMS ‘

TRIGGER TO OETERMINE IF¥ 'MAP' QF WATER POTENTIAL PRINTED
DURING EXECUTION.

135

o b

@

[




NPR
NPW

NSTEMS

NSTYH
NSTRES
NV

oMA
P -
PAWZO

POGHLUM
PDGRAN

POSTEM,

POWL
POWRY

PLAMTHN

PLAYTH
PLTN
PN
PNFAC

POLINA

POGRFAC
PUFPLT
PPLANT
PSIAVG
PSIL

PSIMAX
PSINUN
PSIS

PSISCA

PSITOT

PSIUNT

PSTAND
PTSN
PTSRED
RAD

RADAY
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- TRIGGER TO DETERMINE IF 'MAP' OF ROOTS IS PRINTED OURING
EXECUTION. , ; ,

= TRIGGER TO DETERMINE IF 'MAP' OF WATER CONTENT IS PRINTED
DURING EXECUTION. ‘
NUMBER OF STEMS ON THE PLANT
NUMBER OF STEMS HEADING
NITROGEN STRESS

TIME FROY SUNSET TO SUNRISE, IN HOURS

Of{GANIC MATTER ADDED TO THE PLOW ZONE AT BEGINNING OF

SEASON, IN LBS/ACRE.

= RAINFALL (LOCAL VARIABLE)Y, IN MM/DAY.

- PERCENT AVAILAGBLE WATER, OR VOLUMETRIC WATER CONTENT
ABOVE WILTING POINT OIVIODED BY FIELD CAPﬂCITY MINUS WILTING
FOINT, IN PERCENT,

# (1) POYENT!AL CHANGE IN WEIGHT OF GLUMES ON STEM I (GRAMS)

« (I) POVENTIAL “CHANGE IN WEIGHT OF -GRAIN ON STEM I (GRAMS)

« (1) POTENTIAL CHANGE IN WEIGHT OF STEM I (GRAMS)
« (1;J) POTENTIAL CHANGE IN WEIGHT OF LEAF J ON STEM I, GRANMS
» POTENTIAL INCREMENT OF ROOT WELGHT IN A GIVEN cELL, IN GM/DAY,
« TOTAL NITROGEN COMTENT OF BLANT - {GRAMS)
= PLANT WEIGHT (GRANMS)
= TOTAL NITROGEN CONTENT OF PLANT ; ,
- NET PHOTOSYNTHATE AVAILABLE FOR GROWTH ¢ GRAMS )
-~ MIN VALUE FOR PN
~ POLLINATION TRIGGER “
o POPULATION FACTOR (DM#*#*2/PL/ANT)
- PILANT POPULATION, IN PLANTS/ACRE. .
- aﬁoss PHOTOSYNTHATE PRODUCED PER PLANT TODAY (GRAMS)
- AVERAGE WATER POTENTIAL OF ROGT -2ONE, IN BARS.
~ AVERAGE LEAF YATER POTENTIAL, BARS
-.¥Axxng; WATER POTENTIAL IN PROFILE OCCUPIED BY ROOTS
N BARS,
« THE NUMBER OF CELLS 0F WHICH PSIAVG IS CALCULATED
= SOIL WATER POTENTIAL, IN BARS.
= VECTO& OF BREAK POINTS FOR GRAPHICAL INTERPRETATION 0F SQIL
WATER POTENTIAL IN BARS. % , ;
= TOTAL OF PSI Do J
- VECTOR USED TQ WRITE UNITS OF SOIL WATER POTENTIAL.
< GROSS DAILY PHOTOSYNTHATE PROOUCTION (GRAMS CO02/M#w2/BAY)
- LOW NXTROGEN CONCENTRATION PHOTOSYNTHESIS REDUCTION FACTOR
-~ REDUCTION FOR PHOTOSYNTHESIS IN RESPONSE TO MOISTURE STRES'S
= AVERAGE DAILY SOLAR RADIATION FOR THE PREVIOUS UEEK,
IN LANGLEYS/DAY. : @ !

.= RATE OF AREA GROWTH
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ORIGINAL PAGE I
OF POOR QUALITY

Q
RADL1 = RAD LAGGED 8Y ONE WEEK.
RAIN - RAINFALL OR IRRIGATION, IN MM/DAY.
RANGE = ARRAY OF 11 NUMHERS TERMINATING THE RANGE OF EACH OF THE
10 CHARACTERS L/SED ON THE MAP,
RANGE1 = ARRAY OF 11 NUNBERS TERMINATING THE RANGE OF EACH OF THE
10 CHARACTERS USED ON THE MAP.

RCH2) = ROOT CARBOHYORATE SUPPLY PER PLANT, IN GM/PLANT.

RCHOSS = ROOT CARBOHYORATE FOR S0IL SLAB, (100 CMww#2), "IN GM/100 CMew2,

RECDAT = HOURLY TEMPERATURES OF THE SOLL LAYER, IN DEG C.

REQN = TOTAL NITROGEN REQUIREMENT FOR GROWTH, GRAMS

RESC = TOTAL RESERVE CARBOHYDRATES FOR PLANT (GRANS)

RESCF = LEAF LOADING FEEDBACK REDUCTION FACTOR FOR PHOTOSYNTHESIS

RESN = TOTAL RESERVE NITROGEN (GRAMS)

RESP = RESPIRATION (0SS (GRAMS)

RFEP = REDUCTION FACTOGR FOR TRANSPIRATION DUE TO WATER STRESS ON
CROP, DIMENSIONLESS.

RFEPD = REDUCTION FACTOR FOR TRANSPIRATION DUE TO MOLSTURE STRESS,DAY

RFEPN = REDUCTION FACTOR FUR TRANSPIRATION DUE TO MOISTURE STRESS,NIGHT

RFWST = GROWTH REDUCTION FACTOR OUE TO WATER STRESS

RGCF = ROOT GROWTH CORRECTION FACTOR, DIMENSIONLESS.

A = INCIDENY SOLAR RADIATION (¢ LANGLEYSZDAY )

RN « NET RADIATION, IN WATTS/Mw=22, , ’

RNNH4 = RESIDUAL NITROGEN AS AMMONIUM IN SOIL AT BEGINNING OF
SEASON, IN LBS/ACRE.

RNNO3 = RESIOUAL NITROGEN AS NITRATE IN SOIL AT BEGINNING OF
SEASON, IN LBS/ACRE.

RNO - NET RADIATION ABOVE THE CANOPY, IN MM/DAY.

RNS = NET RADIATION AT THE SOLL SURFACE BELOW THE CANOPY, IN MM/DAY.

ROOSCA = VECTOR OF BREAK POINTS FOR GRAPHICAL INTERPRETATION OF
ROOT WEIGHT DENSITY. '

ROOTCN = AVERAGE NITROGEN CONCENTRATION IN ROOTS

ROOTN = TOTAL ROOT NITROGEN (GRAMS)

ROOTR1 = ROOT NITROGEN REQUIREMENT FOR GROWTH

ROOTRS = ROOT NITROGEN RESERVES (GRAMS)

ROOTS - = ORY WEIGHT OF ALL LIVING ROOTS 1IN PROFILE, IN GRAMS.

ROOTSY = ARRAY OF TOTAL ORY ROOT WEIGHT IN EACH SOIL CELL.

ROOTWT = TOTAL ROOT WEIGHT FOR PLANT (GRAMS)

ROOTXP = RNOT GROWTH EXPONENT

ROWSP = ROWS- SPACING

RS = SOLAR RADIATION, IN MM/DAY.

RTP1 = PARTITIONING COEFFICLENT FOR MOVING ROOT MATERIAL FROM ONE AGE
CLASS TO ANOTHER ,

RTP2Z = PARTITIONING COEFFICIENT FOR MOVING ROOT MATERIAL FROM ONE AGE
CLASS TO ANOIHER. .

RTWT = ARRAY OF ROUT WEIGHTS BY CELL AND BY AGE CLASS, IN GMS.
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i

WEIGHT OF ROOTS CAPABLE OF GROWTYH, IN GMS/CELL. !
ROOT WEIGHT CAPABLE OF WATER UPTAKE, IN GM DMICE&L-
NUMBER ‘SF SECONDARY ROOTS ON PLANT
g:MgLATIVE EVAPORATION FROM THE SOIL SURFACE DURLNG STAGE 1,
h
g:HgLATIVE EVAPORATION FROH THE SOIL SURFACE DURlNG STAGE 2,
Mo \
ACCUMULATOR FOR UPTH20 WITHIN THE PROFILE. '
SUM OF HOURLY TEMPERATURES DURING THE DAYTIME, IN 0EG C. ¢
SUM OF HOURLY TEMPERATURES OURING THE NIGHTTIME, IN DEG Cs
TOTAL LEAF NITROGEN (GRAMS)
SLOUGHING FACTOR, FRACTION OF BOTH YOUNG ARD OLb ROQTS
WHICH ARE SLOUGHED EACH DAY, IN 1/DAYS.
ACCUMULATOR FOR UPNO3C YITHIN THE PROFILE. - "
WITROGEN SOAKING INTO CELL I FROM ABOVE, IN Mii N/CMww2.
WATER SOAKING INTO CELL L FROM ABOVE, IN CM*¥w3/CMaw2,
SUM OF OLD ROOTS IN A GIVEN CELL, IN GM/CELL. @
SUM OF TODAYS POTENTIAL CHANGE IN GLUME WY, (GRAMS)
SUM OF TODAYS POTENTYAL CHANGE IN GRAIN WT. -(GRAMS) )
SUM OF TODAYS POTENTIAL CHANGE IN STEM WT, (GRAMS) o o

SUM OF TODAYS POTENTIAL CHANGE IN LEAF WT, (GRAMS)

SUM OF TOOAYS POTENTIAL CHANGE TN ROOT WY, TGHAMS)

¢1) NUMBER OF SPIKLETS ON STEM I

RUNNING TOTAL OF PN PRODUCED ¢ GRAMS ) ,

NUMBER OF DAYS FROM EMERGENCE TO FIRST DAY OF, 'SPRING

FORTRAN FUNCTION = SQUARE ROOT. .

WEEKLY SUM OF SOLAR RAODIATION, IN LANGLEYS. ,
ACCUMULATED TEMP SINCE INTIATION OF LAST SECONDARY ROOT (C)

LAST SECONDARY ROOT INTIATED ON THIS DAY

SUM OF RECIPROCAL SOIL WATER POTENTIALS, IN 178ARS.

SUM OF RECIPROCAL WATER POTENTIALS, IN 1/BARS.

WEEKLY SUM OF DAILY MAXIMUM AIR TEMPERATURE, |IN DEG F. . J
WEEKLY SUM OF DAILY MINIMUM AIR TEMPERATURE, 'IN DEG F.

RATIO OF STARCH TO TOTAL LEAF WEIGHT

NEXT STEM TO BEGIN JOSNTING

AVERAGE NITROGEN CONCENTRATION IN STEMS ‘ "

NUMBER OF STEMS TO BEGIN JOINTING TOOAY

TOTAL STEM NITROGEN (GRAMS)

LAST STEM THAT HAS BEGUN JOINTING ;
STEN REQUIREMENT FOR VEGETATIVE GROWTH B} ©
STEM RESERVES OF NITROGEN (GRAMS) .

CI) WEIGHT OF STEM I (GRAMS) o

TOTAL WELGHT OF ALL STEMS ON PLANT ( GRAMS )

FRACTION OF DAY LENGTH DURING WHICH PLANT IS NOT. unoea

MOISTURE STRESS.
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T8L
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TAHLZ
TAL
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Pt
N

FRACTION OF NIGHT TIME DURING WHICH PLANT IS NOT UNDER

MOISTURE STRESS.

SUM OF UPTAKE FACTORS OF THE CELLS, IN GM CM/DAY.

SUPPLY OF NITRATE TO PLANTS FROM SOIL, IN MG/DAY.

DIFFERENTIAL TEMPERATURE OF THE SOIL LAYER FOR THE DAY, I

HALF THE OIFFERENCE BETWEEN THE MAXIMUM AND MINIMUM . ;
TEMPERATURES, B ,

?éfgégegrzAL TEMPERATURE OF THE SOIL LAYER FOR THE DAY,

gﬁrgggsgngL TEMPERATURE OF THE SOIL LAYER FOR THE DAY,

MAXIMUM (HIGH) TEMPERATURE AT 16~INCH DEPTH, IN DEG F.

MINIMUM (LOW) TEMPERATURE AT 16=INCH DEPTH, IN DEG F.

DIFFERENCE BETWEEN TEMPERATURES AT 2 ANO & INCHES. 0
MAXINUM CHIGH) TEMPERATURE AT 2<INCH DEPTH, [N DEG F.
MINIMUM (LOW) TEMPERATURE AT 2=INCH OEPTH, IN DEG F.
OIFFERENCE BETWEEN TEMPERATURES AT 2 AND & INCHES. \
MAXIMUM (HIGH) TEMPERATURE AT 4=INCH DEPTH, IN DEG f, i
MINIMUM (LOW) TEMPERATURE AT 4=INCH DEPTH, IN DEG F,

ARTIFICIAL VARIABLE FOR USE IN INTERPOLATION AND EXTRAPOLATION.

MAXIMUM (HIGH) TEMPERATURE AT 8~INCH DERTH, IN DEG F.
MINIMUM (LOW) TEMPERATURE AT 8~INCH DEPTH, IN DEG F.
AVERAGE DAILY MAXIMUM AIR TEMPERATURE FOR THE PREVIOUS
WEEK, IN DEG F,

TAH LAGGED BY ONE WEEK.

TAH LAGGED RY TWC WEEXS,

AVERAGE DAILY MINIMUM AIR TEMPERATURE FOR THE PREVIOUS
WEEK, IN DEG F, .
TAL LAGGED 8Y ONE WEEK. ~ A
TAL LAGGED SY TWQ WEEKS. 1
DAILY AVERAGE TEMPERATURE, IN 0EG C.

AVERAGE TEMPERATURE MINUS 1 DEG, IN DEG C.

TIME BETWEEN LEAVES (DAYS)

TIME BETWEEN SECONDARY RGOTS (DAYS)

TIME BETWEEN TILLERS (DAYS)

DRY BULB TEMPERATURE, IN DEG C.

AVERAGE DAYTIME TEMPERATURE.

(1) % OF FLORETS DESSICATED ON STEM I DURING ANTHESIS N
TOTAL WATER IN THE PROFILE, MM. X
TOTAL TEMPORARY ANO RESIOUAL VOLUME OF H20 IN/SOIL CELL,

IN CMwa3/CMaw2,

THRESHOLD WEIGHT TO GIVE LENGTH OF ROOTS REACHING OPPOSITE
BOUNDARIES OF CELL FROM WHICH GROWTH ORIGINATED, IN GMS.

FIRST TILLER INITIAVED ON THIS.OAY

MAXIMUM TEMPERATURE OURING THE DAY, IN DEG C.
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TMEAN
TMEANT
TMEANY
TMIN
T™P
TNNHG
TNNQ3
TNYT
TOTAL
TRANSP
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. TSOL

TSNN
TSMX
TSNL

TSOAK
TSOILD

TSOILN
TSOLAY

T
TTLY
TTLIR
TTL2
TTLZR
TTLS
W

u

UPF

UPNG3
UPNO3C
UPND31
UPTH20
VEGWT
VH20C
VH2UNI
VNH4C

VNO3C
VNOSCA

VNOUNI
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MEAN TEMPERATURE OF THE SOIL LAYER FOR THE DAY, IN DEG C.
MEAN TEMPERATURE OF THE SOIL LAYER FOR TME DAY, IN DEG C.
MEAN TEMPERATURE OF THE SOIL LAYER FOR THE DAY, IN DEG C,

MININUM TEMPERATURE OURING THE DAY, IN DEG C.

AIR TEMPERATURE

TOTAL NITROGEN AS AMMONIUM IN THE PROFILE, IN MG N/SOIL SLAS.
TOTAL NITRATE IN THE/PROFILE, MG N.

AVERAGE NIGHTIME TEMPERATURE,

TOTAL GF CONTENTS OF THE CELLS IN THE PROFILE.
TRANSPIRATION RATE, IN MM/DAY.

AVERAGE S0IL TEMPERATURE IN THE LAYER.

TEMPERATURE OF SOIL LAYER DURING DAYTIME

ARRAY OF NININUN SOIL TEMPERATURES FOR THE DAY, BY LAYER,
N DEG C.

ARRAY OF MAXIMUM soxL TEMPERATURES FOR THE DAY, BY LAYER,
IN DEG C.

TEMPERATURE OF SOIL LAYER DURING NIGHTIME.

TOTAL WATER SOAKING THROUGH BOTTOM OF PROFILE, MM,

AVERAGE TEMPERATURE OF THE LAYER OURING DAYTIME, IN DEG C.
AVERAGE TEMPERATURE OF THE LAYER DURANG NIGHTTIME, IN DEG C.
AVERAGE TEMPERATURE OF THE LAYER OVER 24 HOURS, IN DEG €.
TITLE USED FOR GRAPHICAL OUTPUT.

LINE 1 OF TITLE OF mAP.

LINE 1 OF TITLE OF MAP

LINE 2 OF TITLE OF MAP.

LINE 2 OF TITLE OF MAP

TITLE USED FOR GRAPHICAL OUTPUT.

WET BULB TEMPERATURE, IN OEG .

UPPER LIMIT OF CUMULATIVE EVAPORATION FROM SOIL BURING STAGE
1 DRYING, IN MM. /0

UPTARE FACTOR USED TO APPORTION WATER uprg E ANGNG

CELLS, IN GM CM/DAY. L

UPTAKE OF NITRATE FROM THE CELL, IN MG N/yav. o

UPTAKE OF NO3 FROM CELL, MG N/DAY.

UPTAKE OF NO3 FROM INAGE CELL, MG N/DAY.

UPTAKE OF WATER FROM THE CELL, IN CMw*3/DAY.

TOTAL PLANT WEIGHT LESS GRAIN WEIGHT (GRANS)

- VOLUMETRIC WATER CONTENT OF A CELL, IN CMw#3/CMw»e3,

VECTOR USED TO WRITE UNITS OF VOLUMETRIC WATER CONTENT.
VOLUMETRIC NITROGEN CONTENT AS AMMONIUM IN SOIL, IN

MG N/CC SOIL.

VOLUMETRIC NITROGEN CONTENT AS NITRATE, MG N/cC SOIL.
VECTOR OF BREAK POINTS FOR GRAPHICAL INTERPRETATION OF
VOLUMETRICINITRATE CONTENY IN MG N PER CC SOIL.

VECTOR USED TO WRITE UNITS OF VOLUMETRIC NITRATE CONTENT. .
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VP

VPA
VPO

W
WATTSM
WND
WSTRSDO

WSTRSN
WTAVG
WTAVGF
WTBSLF
ATF
WTSLFD
XLEAFL
XMAXLW
XTRAC
XTRAN
YIELD
YR
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SATURATION VAPOR PRESSURE FUNCTION OF. AIR TEMPERATURE,
YIELDS MB.

- SATURATION VAPOR PRESSURE AT WET BULS TEMPERATURE, 1IN M8.

SATURATION VAPOR PRESSURE AT DRY BULB TEMPERATURE, IN MB.
WIDTH OF EACH SOIL CELL, IN CH. N
INCIDENT RADIATION IN WATTS/SQ M. '
WINDRUN IN MILES PER DAY

REDUCTION FACTOR FOR WATER STRESS DURING DAY, RATIO OF TIME
LEAF IS TURGID ENOUGH (ABOVE =7 BARS) FOR GROWTH TO DAYLENGTH
REDUCTION FACTOR FOR H20 STRESS DURING THE NIGHT

AVERAGE TEMPERATURE FOR THE LAST 7 DAYS.

AVERAGE TEMPERATURE FOR THE LAST 7 DAYS IN FARENHEIT.

WEIGHT TO BE SLOUGHED

FACTOR FOR CONVERTING LEAF WEIGHT TO AREA )

TOTAL ROOT WEIGHT SLOUGHED 'Q .
LENGTH OF LARGEST- LEAF ON PLANT (CM)

WEIGHT OF LARGEST LEAF ON PLANT (GRAMS)

EXTRA CARBOHYDRATE (GRAMS)

EXTRA NITROGEN (GRAMS)

YIELD IN BUSHELS/ACRE

YEAR

)

Y,
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ORIGINAL PAGE IS

) OF POOR QUALITY "
syt ‘
NUMSER OF SOIL LAYERS S :
o LAYER  MAX.DEPTH oG THETA O BETA
NG . cM ¢ BAR/DAY cc/ec
1 2.2506+01 5.100£~02 1.680E=01 4.012E+01
2 5,250E401 2.010E=01 2.580E=01 4.319€+01
3 9.0106+09 1.7506~01 1.620E=01 3.283E+01
4 1.501€+02 1.990E=01 1,400E=C1 2,937E+01
5 2.001E+02 1.830E=01 1.040E=01 2,793€+01

INITIAL VH20 AT BOTTOM BOUNDARY = 4.100E+01

SOIL ID. NORFOLK S L NO.OF CURVES 7

143

HHANURBHANRBONRARY

0.05

0.07

0.09

0.11%

0.30

NO.OF DATA POINTS & GRAVIMETRIC WATER CONTENT
BULX OENSITY SOIL STRENGTH ‘
GM/CC KG/EM2
0.90 0.10
1.10 5.40
1.30 16,20
1.50 36.00
1.70 " 62.00
1.90 93.00
NO.OF DATA POINTS & GRAVIMETRIC WATER CONTENT
3ULL DENSITY SOIL STRENGTH
GM/CC KG/CM2
0.90 0.10
1.10 2.59
1.30 7.80
1.50, 22.60
1.70 44.50
1.90 71.30
NOJOF DATA POINTS & SGRAVIMETRIC WATER CONTENT
BULX DENSLTY SOIL STRENGTH
gMsee KE/LM2
0.90 0.10
1.10 1.00
1.30 2.30
1.30 12.80
170 30.40
1.90 52.40 ,
MQ.OF OATA POINTS & GRAVIMETRIC WATER CONTENT
JULX OENSITY SOIL STRENGTH '
eM/CC KG/CM2 R
0.90 0.10
1.10 .90
1.30 1.70
1.50 7.50
1.70 21.50
1.90 31.20
NO,OF DATA POINTS & GRAVIMETRIC WATER CONTENT
BULK DENSITY SOIL STRENGTH
o GMICC _KG/CM2 .. ...
<90 0.10
1-10 0-50
1.30 1.00
1.50 ¢ 8.60
1.70 . 15.20
1+90 29.80
NOL.OF DATA POINTS & GRAVIMETRIGC WATER CONTENT
8ULC DENSITY SOIL STRENGTH
GM/cc KG/CmM2
0.90 0.10
1.10 g.20
1.30 3.50
1.50 4,90
1.70 13.90
1.90 27.70
NO.OF DATA POINTS & GRAVIMETRIC WATER CONTENT
BULK DENSITY SOIL STRENGTH
GM/¢CC KG/CM2
0'90 u.10
110 (.29
1430 (i.50
1.50 ¢.90
1.70 1.10
1.90 1.30 ,
FERTILIZER SUBROUTINE CALILED RANHNHHHHAUBHRARGY
YNO3C(1,1) = 0.089%98
FERTILIZER SUBROUTINE CALLED

IR N




D b b ok = b b b —h = )

i

N
0.100E=01
LEAFWT
0.100€£+0¢
SPOYL
N.102e~02
RESC
0.000E+Q0
SLEAFN
0.298E=01
SPIKE(L)

0
SECOND
0

DAYLNG
0.1236+02

RCH20
1.937E~02

E

ORIGINAL PAGE IS
OF POOR QUALITY

JULIAN O

PSTAND
0.696E+02
STEMUT
0.294E404
SPOSTN
0.500€-04
RESN
0.1186~01
STEAN
0.883€=06
LORET(I)

g =
ACCDEG
5463
LAZ

AY=243

PTSN
C.100€+01
GLUMWT
0.000E+00
SPOGLM
0.000£+00
REGN
0.300E-03
GLUMN
0.000E+00
LEAF(L)

XLEAFL

oL 999

IDAY=

PTSRED
0.100€+01
GRANWT
0.000E+00
SPOGRN
0.000E+00
NPOOL
0.118€~01
GRANN
0.000E+00
JOINT (L)
999

0.296E~02 0.306E+03 0.261E=0S

STRSN |

_STRSD . __ STRSN
0.100E+01 " "a-TAdE+de

VOLUMETRIC NITRATE CONTENT OF
AT THE END OF MAIN

UNITS =

1234
1 L2
2 " e
3 1111
4 toag
5 c00aQ
6 0000
7 o000
8 000G
9 0Qo0aQ
0 00QOo
1 0000
2 coo0o0
3
4
5
é
7
8
9
0

TOTAL =

wy

COQOQOEIO-L

MG/N PER
6

OO0 0O00OO-» % &

[Man3
0.0000 <

0.0100 < 1 <=
0.0200 < 2 <=
0.0300 ¢ 3 <a
0.0400 ¢ 4 <a
0.0500 < 5 <=

0.0600 ¢

0.0700 < 7 <=
0.0800 < & <=
0.0900 ¢ 9 <=
0.1900 <

94.2476 MG N

4 <=

_WSTRSD

- 3
0.4Y008+01

SOIL

1

RESCF

0.100E+01

ROQTWY
0,187€+00
SPOWRT
(1.159€-01
NSTRES
0.100E+01
LEAFCN
0,298E~01
80aT(I)
999
TILLER
999
TAVS
0.543E+01

LEGEND
<= 0.0000

0 <=

144

0.0100
4.0200
0.0300
0.0400
0.0500
0.0600
0.0700 .
0.0800
0.0900
0.1000

P

PPLANT

0.147E=05
SPN

0.100€E-01

CSTRSYV
0.538E+00

NV
0.100€+01
SUPNO3
0.133E-07

HEADCI)

999

¢

Q

RESP

+ 0.000€+00.

CSTRSF |
0.100E+01 |

NE
0.1006+01

ANTHES (L)
999

-

oo B ES
0.8156=05  0.1936+01
JULLIAN DAY 263
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VOLUMETRIC WATER CONTENT OF SOIL
AT THE END OF MALN
UNLITS = CMwe3/CNoeY SOIL . LEGEND
123654 . <a"  0,0000
0:0000 < 0 <= 0.0500
gseass s p—
8888288 0,0500 < 1/<s — 0.1000
999999
999999 0.1C00 ¢ 2 <=  (.1500
9999899
999999 0.1500 < 3 <v  0,2000
999999
999999 0.2000 < 4 <= (.2500
Y9999%09
9999909 0.2500 ¢ 5 <= (.3000
9999909
999999 0.3000 < 4 <= 0,3500
3 g g g 3 3 0.3500 0.4G0
20999 e 0:3300 7 ¢m 0.4000,
SEEEEN P
999999 Q. Aono < 8 <m  0.4500
999999
999999 u.asnn <9 <= 0,5000
2999999 -
999999 0.5000 < «
TOTAL = 285.6189 MM WATER
ROQTS IN EACH CELL, TOTAL
AT THE ENO OF RUTGRO
UNITS = G/CH**3 SOIL LEGEND
123456 <= 0.0000
0.0000 < 0 <=  0,0001
620 .
gis 0-0601 < 1 <8 0.0“05
] 0.0008 ¢ 2 <= 0,0050
0,00%0 < 3 <= 0,0100
0.0100 < 4 <x 0,015%0
0.0150 < 5 <= 0.0200
0.0200 < 6 <=  0,0250
0.0250 ¢ 7 <= 0.0300
0.0300 < 8 <= (0,0350
0.0350 < 9 <= 0.0400
0.0400 < » '
TOTAL = 0.0347 GM. ORY WEIGHT
PSIS FOR EACH LAYER AND COLUMN
AT THE ENO OF MAIN
UNITS = CMe#w3/CMe#3 SOIL . LEGEND
123456 <s «15,0000
‘ ~15.0000 < 0 <n «20.0000
rrerrerv ,
rrTr?rT? =10,0000 < 1 <= ~4,0000
rrrer
rrrrrY =6,0000 < 2 <a  =3.,0000
77TV
IBEEEE =3.0000 < 3 <= =1,5900
IEEEEE ’ _
rrrrre «1.5000 < 4 <a  =1.0000
IEEEEE
rrrererr «1,0000 < 5 <= =0.4000
7?77PYY? _
rrrrr? =0.6000 < 6 <x «0.4000
rrerrry )
rrrivr, =0,4000 ¢ 7 ¢a  =0.2000
rrrre e
rrrrrt 0.2000 < 8 <2 =0,1000
777?777
rrrvrrv =0.1000 < 9 <= 0.0000
TrrTT?
rrrrr? 0.0000 < »
TOTAL = 285.6189 MM WATER

145
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ORIGINAL PAGE IS
OF POOR QUALITY
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AN o w9

ROOTS LN EACH CELL, TOTAL JULIAN DAY 288
AT THE ENO OF RUTGRO
UNITS = G/CHeel SOIL LEGEND
12348506 <= 0,0000
0.0000 < 0 <« 0,000% .
1 5200 ,
2 sS42100 0.0001 < 1 <= 0,0005
3 32100 .
& 2210 0.0005 ¢ 2 <« 00,0050 e
s 2100 .
. . g g g 0 0.0030 ¢ 3 <«  C.0100
3 ¢ 0.01C0 ¢ 4 <»  0.0150 '
:2 ‘ 0.0150 < § <= 0,0200
}§ 0.0200 < 4 <= Q,0250
;: 0.0250 ¢ 7 <= 0,0300 .
13 0.03004 8 <« 04,0350
;g 0,0350 < 9 <=  G.0400
20 0.0400 < »
ToTAL 0.0860.-_GH, ORY UEIGHT
PSLS FOR EACH LAYER AND COLUNMN JULZAK DAY 288
AT THE EXD OF MAIN
. , UNITS = CMwe3/CMee3 SOIL LEGENO
/1 123456° <n «15,0000
S =15,0000 < 0 <= «10.0000
1 222222
2 AZ7274 =48,0066 < § <& w§,0000
3 566665
¢ 6648660 =6,0000 © 2 <= =3,0000
5 47277176
8 vrr?rTtY? -3.0000 ¢ 3 <= =1,5000
7 7?7?77 _ - .
e ?77?r7?7? =1.5000 < b <= =1,0000
9 r7rrr??t
10 727177 #1.0000 < § <= =0,46000
11 7777177 _
12 7777?77 «0.4000 ¢ 6 <x =0.4000
13 7271777
1 7777?07 «0.4000 < 7 < =0.2000
1S 7?77t ?
16 7777717 -0.2000 < 8 <& =0,1000
17 27777 .
19 27717727 -0.1000 < ¢ <=  0.0C00
19 77?2777
20 77177 £.0000 < »
TOTAL = 277.9716 MM WATER
JULIAN DAY= 75 L0AY= SO
PN PSTAND PTSN PTSRED RESCF PPLANT RESP
1.2986~01 0.622E+02 0,1008+01 0.716E+00 0.208£+00 0.4388-01 0.00NE+00
LEAFUT STENWT GLUNUT GRANWT ROGTWY SPN
£.16456+01 0.SN3E=02 0,000E+00 O.000£+00 Q.9356+00 0.1926+01
SPOWL SPOSTN SPOGLY SPOGRN SPOURT CSTRSYV CSTRSF
7.9806~02 0.134E~-03 OC.000£+00 0.000£400 0.238£<01 O0.100E+401 0.7100€+01 v
RESC RESN REQN NPOOL NSTRES NV NE
0,5376+00 O0.174€-21 9,1016-02 0.130€-01 0.100£+01 0.100£+01 0.100€+09
SLEAFN STEMM GLUMN GRANN LEAFCN - SUPNNZ

3.324E~01 0.131€-33 0.0006+00 0.0C0F+00 1,2256=01 O.461E=03
SPIKE(ID) FLORETCL) ~ LEAF(D) JOINTC(D) B8007T(I) HEAD(T) ANTHES (D)
0 a

) 999 999 999 999
0 0 H 999 299 999 - 999
0 c 5 999 999 999 - 999
 SECOND ACCOEG PSIAVG DIFREN ~ TILLER 3
10 436,46  =0,17863E+01 31 T8
DAYLNG LAL XLEAFL INT TAVG
0.119€+02 U.224E+01 G,320E+03 0,584E+00 0.418E+09
STRSO STRSN WSTRSO £p

RCHZ0 3]
J.238E~01 0.1006+01 0.100E+01 Q.854E+00 QC.375E+00 0.2516+00
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. ORIGINAL PAGE 15
X _ OF POOR QUALITY
. JULIAN DAY=288 IDAY= 25 N
PN PSTAND . PTYSN PTSRED RESCF PPLANT RESP
B 0.716E=01 (.771E+02 (0.100E+01 0.100€+01 0.974E+00 0.105E+00 0.000E+00
A LEAFWT BTEMWT GLUMNT GRANWT * ROOTHT > SPN ) L ‘A
b 0.1116+01 0.133E=02 Q0.000E+00530.,000E+00 O0.464E+00 Q,422E+00 v
D St SPOWL SPDSTM SPOGLM SPOGRN SPOWRT CSTRSV CSTRSF ‘
Lo 0.1356=01 0.150E-03 0,000E+00 0.000E+00 0.2096~01 O0.100E+01 0.100E+01
P e RESC RESN REGN NPOOL NSTRES NV NF
; 3.151E+00 0,129E~01. 0.104E=-02 Q.1368~01 0.100E+01 0.100E+01 0.100E+01,
W . SLEAFN . STEMM GLUMN -~ GRANN L LEAFCN SUPNO3

0.276€=01 0.37&E-N4 0.,000E+00 0.000E+00 0.252E-01 0.708E~03
SPIKS(I) FLORST(I) LEAF(T) JOINYYI) g0oT (1) HEAD(L) AN;gSS(I)

4, 999 999 999
0 0 2 o 999 © 999 999 999
2 0 0 2 999 " 999 ‘999 999
. SECOND « ACCDEG PSIAYG DIFREN TILLER
7 273 w «0. A15285+00 999
DAYLNG XLEAFL INT TA vs ‘. .
0.1126+02 0. 541s+uo 0.3156+03 Q.1736+00 O, 897E*01 v
RCHZ0- STRSD STRSN: -+ WSTRSD , E§
= 0.209€~-01 0.100€+01 0.1006+01 Q.100E+01 o,szse+oo 0.368E+00
. - VOLUMETRIC NITRATE CONTENT OF SOIL ~ JULIAN OAY 288
AT THE END OF MAIN . .
UNITS = MG/N PER CM##3 LEGEND
123456 <= 0,0000
0.0000 < 0 <= 0.0100
1 788887 _
" 2 ke wow o 04,0106 < 1 <= 0.0200
I 3 7'vrrrt : ,
! L T13 32 0.8200 < 2 <= ,.agss" 5
5 111111 c
6 000000 0.n3uv <3 ¢m Q. oaoo
7 000000
8 000000 0.0400 < 4 <= 0.0500
9 000000 3
10 000000 + 0,0500 4 5 <= wo.ﬁooo
11 000000 0 oY
12 000000 0.0600 ¢ 6°¢=  0.0700
13 000000
14 060000 0.0700 < 7 <= 0.0800 ; ° i :
1S 000000 ST ) )
16 0€=9000 0.0800 < 8 <= 0.0900 , &
| 17 060000 . /e \ '
18 000000 0.0900 < 9 <= 0.1000 7
19 0G00GaQ {
20 000000 0.1000 < »
TOTAL = 95.2948 MG N ,
VOLUMETRIC WATER CONTENT OF SOIL JULIAN DAY 288 .
AT THE END QF MAIN -
UNITS = CMww3/CHwx3 SOIL LEGEND
12346454 <= 0.0000
. 0.0000 <0 <=  0.0500
P 1 bbb 440 , . ; :
- 2 788887 0.0500 < 1 <= ' 0.1000
3 999999
4 999999 ,041000 ¢ 2 <= 0.1500
5 9999909 :
& 99999 3 a 1500 < 3 <= 0.2000
7 99999 ' : '
i 8 999999 0.2000 < &4 <=  0.2500 [ e .
: 9 . 99999¢9 : ' :
1. 0 999999 0,2500 < 5 <= (.3000
i\ 11 9999909 : N
'ﬁ 12 9999959 0.3000 < 6 <=  0.3500
u- 13 999999 Vi .l _ . : .
1% 9999979 §.3500 < 7 <= 0.4000 :
. ‘15 999999 P : 9
. 16 9999909 ' 0.4000 <8 = 0.4500 :
. 17 9999909 o ,
“© 18 9999959 0.4500 < 9 <= 0.5000
; 19 999999 . - o
!, 20 999999 0.5000 < *
TOTAL = 277.9714 MM WATER 149
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DV NONS LAV IOVt - DWVWR YO RP AN OO0 LN —

QUBNOWVPWNAODIDE NN -

QOCOCOOODOCS-A-ANNLIWIN-

VOLUNETRIC NITRATE CONTENT 0F SOIL
AT THE END OF MAIN

UNITS = MG/N PER CMwwel
12345586

- <=
.0.0000 < Q <=
22221
33332 3.0100 < 1 <=
33333 .
33333 0,0200 ¢ 2 <=
33332
22222 C.0300 < 3 <=
12211
11111 0.0400 < 4 <=
11111 :
00000 o 0.0500 < 5 <=
gaaeaQa oE :
t0gooQ 0.0600 < 6 <=
0nN0Q000
go00000 0.0700 < 7 <=
gog00ag
goqQoa 0.0800 < 8 <=
0Qd¢o0
90040 0.0900 < 9 <=
oogoaa
005000 0.1000 <
TOTAL = 7S5.4926 MG N

VOLUMETRIC WATER CONTENT OF SOIL
AT THE END QF MAIN

UKITS = CMe»3/CMe+3 SOSL
123456 <=
n.0000 <§g <=
3.0500 < 17 ¢=
>Qi1ooc <2 ¢n
0.1320 < 3 <=
D.ZDDDCﬁyk <=
0.2500 37§ <=
(,3000 < 6 <=
v 0.3500 ¢ 7 <=
0.5000 ¢ & 4=
0;6500 < 9 <=
0.5000 < »
TOTAL = 268.679¢6 AN WATER

ROOTS IN EACH CELL, TOTAL
AT THE END OF RUTGRQ

000 8 D O B0 0D 03 08~ ~3 O~ O D W
000 G000 V0D O0rDH W~ O ~ VO W
10100 0 010 00 0 00 WO NN
2010 0 X0 0 00 T D 0O 08 Zd =g A~~~ n
200 Y0 D DG 0 0O 0 G 0~ O~ O UR
0.0 00010 DV D O~ ~3 O O O Ukt

UNITS = G/eMawn3 SOIL
123454 <=
- 0.0000 < 0 <=
4204 ~
9742148 L 0.6001 < 1 <=
43221090 W
532200 70,0005 ¢ 2 ¢=
322100 . N
222110 0.0050 < 3. <=
22100 : :
2110 © 0.0100 ¢ 4 <=
11700 .
"1.0.0 0.0150 < § <=
co : ’ -
a - .0.0200 < 6 <2
S,
| < 7 <=
) <. 8 <=
0.0350' ¢ 9 <=
© @.0400 <
TOTAL = 0.4732 GM. DRY WEIGHT
148

LEGEND
0,0000
0.0100

0.0200

~ 0.0300

0,04400
00,0500
0.0400
3.0700
0.0800
g.g9aa
g.1000

" LEGEND

g.0000
0.0500

g.1000
0.1500
0.2000C
0.2500
0.3000

0.3500

¢.4000

Q.4500:

0.5000

LEGEND

--0.,0000

0.0001
0.000S
0.UQ5s0
0.91aa
0.0150
g.0200
c.nésu
0.0300

0.0350

0.0400

Q

- -

JULIAN DAY 75

e
A
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PSIS FOR EACH LAYER AND COLUMN

W

. ORIGINAL PAGE 1S
" OF POOR Q''ALITY

AT THE END OF MAIN

uNITS
12

Ga
2 0 |

NNSNSNNNANNNNOAMSILINNNG
NNNUSNNNNNNNOOWVH I WULUNLWO
NNNNNNNNNVNACR AN AW IA-
NANNNNNNNNYNOCR N LI

TOTAL

PN

8,378E-01
LEAFRT
A.1796+M1
SPONL
C.522€=02
RESC
J.681E+00
SLEAFN
0.347E=01

SP!KS(I)

0

n
SECOND
10
DAYLNG
3.135€+02
RCH20
0.2708-01

UNITS
23

.
OCOONNGE OO0V 3NNNNN  ~a
CAOACATCUOC -2t NNINNN
CCO00COULD-An AN

TOTAL

000G NAO0SdsaMNiVNNN &8

CHex3/CHe®3 SOIL
-15.0000 <
-10.0000 ¢
=6,0000 <
-3.0000 ¢
-1.5000 <
~1.0000 <
-0.4000
=0.4000
-0.2000 <
-0.1000 ¢
0.0000 <
248.6796 MM WATER

NNSNNSNUNNNNNOUVIMS LN NIND

o

JULIAN DAY=120

PSTAND PTSN
0.962E+02 0.1006+01
STEMWT GLUNWT
0.7986-02 0,000€+00
SPOSTM SFDGLM
0.1266-03 0.000E+00
RESN REQN
0.194E=C1  0.9708~03
STEMN GLUMN

F

0.179€E=03 0.000&+00

LORET(I)  LEAF(I)
n 6
0 6
0 6
ACCOEG PSIAVG
638.13  =n,233428+01
LAL XLEAFL
0.3908+01 0.320€+03
STRSD STRSN

0.100E+01 0.100€+Q1

VOLUMETRIC NLTRATE CONTENT OF
AT THE END OF MAIN

OQOOGOOAODDOO0OS AN Ul

MG/N PER Cme»3

68.8718 NG N
149

B A SV S U S

4
0.0000 <

2 i

g 0.0100 <

g' 0.0200 <.

1 0.0300 <

1

1 0.0400 <

1

v} 0.0500 <

0

g 0.0600 <

-9

0 0.0700 <

0

g 0.0200 <

0 0.0900 <

h

0 0.1000 ¢

e}

@

r e —— %

75

’
Resp !
0.000E¥00

CSTRSF
0.100€+01
£

N
0.100€+01

ANVHES(L)
999
999
999

JULIAN DAY
LEGEND
<» «15,0000 .
G <w =10.0000 N\
¢<u  «46,0000 \j
¢x  =3,0000
< «1,5000
<n "1 0000 1
<= =0,4000
<= -0.4000
<= =0,2000 N
<= =0,1000
<= 0.0000
. :
IDAY= 75
PTSRED RESCF RPLANT
0.507E+00 0Q.1786+00 0.554E=01
GRANWT ROOTNT -  SPN,
0.0005+00 0.1476+01 0.3038+01%
SPOGRN SPOWRT CSTRSY
0.000E+00 0.2706-01 0.100E+01
“NPOOL NSTRES NV
.0+200E-01 0.1006+01 Q.100€+01
IGRANN LEAFCH SUPNO3
‘0.0006400 0.194E=01" 0.594E=03
JOINT(L)  g§0OT(I) HEADCI)
999 999 999
999 999 999
99% 999 999
OLFREN TILLER,
31
~INT TAVG
0.788E+00 0.472E+01
WSTRSD Ep €S
0.739E+00 0.199E+07 0.390€+00
S01IL JULIAN DAY 120
LEGEND
<x  0.0000
g <= 0.0100
1 <= g.0200
2 <s  0.0300
3 <= 0.0400
4 <= 0.,0500
S <= 0.0600
6 <= - 0.0700
7 <= 0.0800
§ <= 0.0900
9 <a . 0.1000G"

»

S

o




ORIGINAL PAGE IS

- VOLUMETRIC WATER CONTENT of SOl JULIAN DAY 120
OF POOR QUALITY AT THE ENO OF MAIN o ‘
UNITS = CMww3/CMaw3 SOIL LEGEND
123456 <=, 0.0000
0.0000 < 0 <= 0.0500 a
1 445544 4
2 4455446 0.0500 < 1 <= 0.1000
"3 666666 ,
& 6666086 0.1000 ¢ 2 <= 0.1500
5 4667766 - s
4 5586655 0.1500 < 3 ¢»  .5.2000
7 66606606 7%
8 667T66 0.2000 < 4 <= 0.2500
. -9 7?7?77 . "
10 778877 0,6300 < 5 <= 0.3000 :
11 8888283 )
12 883888 ~0.3000 ¢ 6 <a  0.3500
13 999999 .
1% 999999 0,3500 < 7 <= 0.4000
15 999999 ]
16 999999 0.4000 < 8 <= 0,4500
17 99¢ 999 Vi
) 18 9999909 0.4500 < 9 <= 0.5000
19 999999 o
20 999999 0.5000 ¢ »
TOTAL = 235.7825 MM WATER
‘ROOTS IN EACH CELL, TOTAL "JULIAN DAY 120
AT THE END OF RUTGRO
UNITS = G/CMe®3 SOIL LEGEND ’
123456 , <= 0,0000 \
6.0000 < 0 <= 0.0001
1T 42100 ’ &
2 975320 0.0007 < 1 <= 0.0005
3 S43210 o S
4 A& 3IZT TG "9.0005 ¢ 2 <= 0.0050
s 433214 ,
6 333210 0.0059 < 3 <= g§.0100
7 332200
3 222200 0.0100 < 4 <= 0.0156 : e
9 222100 -
10 2221¢" 0.0150 < 5 <= 0.3200
11 21100 5
12 1100 0.0200 < 6 <¥  0.0250
13 100
: 1; g 0 0.0250 < 7 <a  0.0300
1
14 0.0300 ¢ 8 <= 0.0350
17
;g 0.0350 < 9 <= , 020400
, 20 0.0400 <
TOTAL = 0.2721 GM. DRY WEIGHT
PSIS FOR EACH LAYER AND COLUMN JULIAN DAY 120 B
AT THE ENO OF MAIN {
4 UNITS = CHwo3/CNow3 SOIL LEGEND
123456 <= ~15,0000
<15.0000 < 0 <a =10.9000
1 123321 , ,
2 222222 «10.0000 ¢ 1 <& =6.0000
. 3 222222 .
4 222222 «4,0000 < 2 <= =~3.0000
s 223322
& 233332 -3.0000 < 3 <3 =1,5000
7 3333373
g 3346733 «1.5000 < 4 <= =1,0000
. 9 . 444444 4
. : . 10 S55%5°% -1.0000 < 5 /<3 =0.6000
: s 11 568665 , ,
TN 12 8 6 6666 -0.6000 < 6 <= =0,4000
13 77?2777
i r7TTrTTOY ~0,4000 ¢ 7 <2 =0.20005 ,
15 777777 _ ' e
16 777770 -0.2000 < 8 <= =0.100C . .. . .
17 rr?rrr? ; , , ‘
18 7277777 -0.1000 ¢ 9 <= 0.0000 ’
19 77?7?17
20 777777 0.0000 < »
TOTAL = 235.7825 MM WATER ; “
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ORIGINAL PAGE 18
OF POOR QI'ALITY

&

JULIAN CAY=149

PN PSTANO © PYISN
) 0.238E=01 (0.562€+02 V.100E+01
VE LEAFUT STMWT GLUMWT
* SPOUL SPOSTH SPOGLY
0.0008+00 0.425€-02 0.000E+00
. . RESC RESN REQN
. 0.721E+00 0.,2556<01 0.1058~02
SLEAFN STAMN GLUMH

0.349E-01 Q.215E=-02 0,000€+00
SPIKS(I) FLORST(I) LEAF(T) d
3

0 ] [

0 2} 6
SECOND ACCDESG PSIAVG

10 927.53 =0,13399€+01
DAYLNG LAL XLEAFL
N.147E+02 0,436E+01 0.320E+03
RCH20 STRSD STRSN

0.306€+01 0.1008+01 0.100£+01

VOLUMETRIC NITRATE CONTENT QF §
AT THE ENO OF MAIN -

UNITS = MG/N PER CMew3
123456
0.0000 < 0
1 112211
2 111111, 0.0100 < 4
3 222222
b 222222 0.0200 < 2
5 222222
6 111111 0.0300 < 3
7 111111
g 111111 0.0600 ¢ &
9 111111
10 111111 0.0500 < 5
11 0000Q00
12 000000 0.0600 < &
13 000000
1 000000 0.0700 < 7
1S 0000040
14 000000 0.0800 < 8
17 000000
18 0000¢CO 0.0900 < 9
19 000000
20 000000 0.1000 < *
TOTAL = 63,5477 MG N
VOLUMETRIC WATER CONTENT OF SOI
AT THE END OF MAIN
UNITS = CMew3/CM#*3 SOIL
123456 '
: 0.0000 < 0
1 778877
2 667766 0.0500 < %
3 7888487
& 77T 0.1000 < 2
5 667766
6 556655 0.1500 < 3
7 6666606
8 6666066 0.2000 < 4
9 777777
10 7772777 0.2500 ¢ 5
11 88asgeas
12 8888838 0.3000 < 6
13 8888383 2
1% 999999 0.3500 < 7
15 999999
15 99929939 . 0.4000; < 8
17 9999909 F
18 999999 0.4500 < 9
19 899999
W 999999 0.5000 < »
TQTAL =

44,5627 MM WATER

151

10AY=100

PTSRED R
0.86CE+00 O
GRANYT R
0.000€400 ©
SPOGAN s
0.000E+00 O
NPOOL N
0.2566-01 §
GRANN L
0.000€+00 O
OIgT(I) 8o

o ..y
ESCF PPLANT RESP i
«198€+00 0.639E-017 0.291E=-01
00TWT SPH
+2076401 0.396E+09
POWRT csTasy C5TRSF
+3066=01 G.160E+01 0.100€+01
STRES NV NF°
.100E+01 0,100€+01 0.100g+01
EAFCN SUPNO3 o

«185E=01 Q.741E=04
0Tl HEAD(T) AN;ggS(l)

999 999 .
999 999 999 @
999 999 999 )
TTILLER
8
TAVG
162402
I ES

E
«2336+00 0.33CE+Q0
JULIAN DAY 149

&)

v'\
JULIANDAY 149

H

83
DIFREN
31
INT
0.825e+00 0
WSTRSD
0.430£+00 @
oIL
LEGEND
<= 0,0000
<= 0.0100
<= 0,0200
<= 0.0300
<= 0.0600
<= 0.0500
<s  0.0600
<s  0.0700
4= g.0800
<= 0.0900
<= 0.1000
L
LEGEND
<s  0.0000
<= 0.0500
<= g.t000
<3 0.1500
<n 0.2000
<= 0.2500
<z @.3000
<=  0.3500
<s . 0.4000
<z 0.4500
¢z C.5000

it

I
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OF POOR QUALITY ROOTS IN EACH CELL, TOTAL . JULIAN OAY 149

AT THE END QF RUTGRO

UNLITS = G/CMww3 SOIL LEGEND
12345¢4 <= 0,0000 .
» 0.0000 < 0 <= 0.0UU1 ' R
1 42100 . . v
2 975321 0.000% < 1 <= 0,0005
3 S46321 _
b &b 4320 0.0005 < 2 <= “ 00,0054 N
5 463210 ,
6 443220 0.0050 < 3 ¢&  0.0100
. .7 333210
8 33321¢C 0.0100 < 4 <= 0,0150
9 332210 )
10 22221¢0 0.0150 < 5 <= 0.0200
11 222210
12 2221400 0.0200 ¢ & <= 0,0250
13 221100
14 2114009 0.0256 ¢ 7 <= 0,.0300 :
15 1100
14 000 0.0300 < 8 <» 0.0350
17 006 : ‘ : ,
18 0O 0.0250 < 9 <= 0.0400 °
19 :
20 0.0400 < »
TOTAL = 0.3843 GM. DRY WEIGHT
PSIS FOR EACH LAYER AND COLUMN JULZAN DAY 149
AT THE END OF MAIR s -
UNITS = CMw#3/CN##3 SOIL LEGEND
, 12345% <= =15,0000
«15.0000 < 0 <= 10,0000
1 567765 . .
2 555555 -10.0066 < 1 <=’ =s,0000 .
I bbb bbb i
& 23.% 4632 =6,0000 < 2 <= =3,0000
s 223322 %
6 233332 ~3.0000 < 3 <= =1,.5000
7 333333 ,
8 333333 «~1.5000 € 4 <= <1,0000
9 4 bbb bbb _
10 555555 ~1.0000 < § <= ~0.4000
11 55555S
12 666666 ~0.6000 < 6 <= =0,4000
13 666666 ,
14 77?7?77 =0.4000 < 7 <= =0,2000
15 2?27?2777
16 2777?77?77 «0.2000 < 8 <= =~0,1000
17 rrrrr .
189 2?7 7rv7? -0.1000 < 9 <= 0,0000 =
19 777777? ‘
20 ?rr?rvTY 0.0000 <
TOTAL = 2464,5427 MM WATER ‘
JULIAN DAY=®174 IDAYN125
i . )
PN PSTANG” PTSN “ PTSARED RESCF PPLANT RESP
D.261E=01 G.637E+02 0.1006+01 G 979E+00 0.194E+00 0.809E=01 0.4556=01
LEAFUT STEMUT GLuUmMuT GRANUT ROOTYT -~ SPN
0,1886+01 0,348E+00 C.425€<02 0.00CE+00 0,279E+01 (,516E+01 :
SPOWL SPOSTM SPOGLA SPOGRN SPOMRT CSTRSV CSTRSF
G.000E+G0 0.167E=07 0.8056-03 0.CQ00E+00 0.373E<01 0.100E+01 0.100E+01
RESC RESN REQN - NPOOL NSTRES NV NF
7996400 0.311E=01 C.165E-02 0.3136-01 0.100€+01 0.100E+07 0.100E+01
SLEAFN . STEMN GLUNN GRANN LEAFCN SUPNO3
0.318E=01. 0.9%2E-02 0.125E-03 0.000E+00 0.169€~01 0.208E=-03
SPIKECL)  FLORETCL) ~ LEAF(L) -JOINT(IY  800T(D) HEADII) ANTHES(I)
19 i} 3 87 114 120 999
19 h} 4 a7 114 120 999
19 0 6 88 -~ 118 121 999
SECOND ACCDEG PSIAVG DIFREN TILLER
14 1290.87  =0.10578€+01 39 8
DAYLNG LAL XLEAFL INT TAVG
0.150£402 0.634E401 0,3206+03 0.825€+00 0.171E+02 .
RCH20 STRSD. . STRSA WSTRSD EP . ES )
0.100E+09 - 0.100E+01 0.401€+00 i

0.373e-01 0.729€+00  0.826E+00
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ORIGINAL PAGE i$
OF POOR QUALITY

VOLUMETRIC NITRATE CONTENT OF SOIL ) JULIAN DAY 174

AT THE ENO 0F MAIN

UNITS = MG/N PER CMw#e3 LEGEND

123456 <=  0,0000
0.0000 < 0 <= 0,0100

111111 g ”

111111 0.0100 < 1 <= 0.0200

121121

222222 0.0200 < 2 <»  0.0300

222222

111111 0,0300 ¢ 3 <a  0.0400

111111

111111 0.0400 ¢ & <=  £.0500

111111

111111 0.0500 < 5 <= 0,0600

coo00ao

000000 0.0600 < 6 <= 00,0700

000000

ngooo0o0 0.0700 < 7 ¢=  0.0800

000000

000000 0.0800 < 8 <= 0.0900

000000

00C000 0.0900 < 9 <x  0,1000

000000

000000 0.1000 < »

TOTAL = $8.6074 MG N

VOLUMETRIC WATER CONTENT OF SOIL JULIAN DAY 174

AT THE CNO OF MAIN

UNITS = CMw#3/CMe*3 SOIL LEGEND

123456 <= 0,0000
4.0000 < 0 <= 0.0500

ssa3s8s3s

677776 0.0500 < 1 <= §,1000

338843

39383832 0.1000 < 2 <= 0.1500

888888 :; ;

S66665 0.1500 <3 <»  0,2000

566665 .

666666 0.2000 < 4 <= 0,2500

6466066

777777 0.2500 < 5 <= 0.3000

777777 - '

778877 0.3000 < & <= 0.3500

8338383

838382838 0.3500 < 7 <x  G.4000

889988

999999 0.4000 < 8 <= 0.4500

999999

999999 0.4500 < 9 <=  0.5000

999999

999999 0.5000 < «

TOTAL = 262.4754 MM WATER

ROOTS IN EACH CELL, TOTAL JULIAN DAY 174

AT THE END OF RUTGRO

UNITS = G/CM**3 SOIL LEGEND

123456 <= 0.0000
0.0000 ¢ 0 <= 0.0001

s2110

9 8% 321 0.0001 ¢ 1 <= . 0.0005

556321

S55422 0.0005 < 2 <a  0.6050

656322 g ,

44 6321 0.0050 < 3 <= 0.0100

366221 ,

364221 0.0100 < & <= 8.0150

333221

333221 0.0150 < 5 <= 0.0200

333221 .

222210 0.0200 < 6 <= 0,0250

222210

222210 0.0250 < 7 <3 0.0300

222100 ‘

221100 0.0300 < &8 <= 0.0350

11100 A

14800 © 0,0350 < 9 <= 0.0400

ao0o0 :

0 0.0406 < »

TOTAL =

0.5180 GM. ORY WEIGHT
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VOLUMETRIT WATER CONTENT OF SOIL JULLZAN DAY 199 “
AT THE END OF MAIN :
UNLTS = CM*#3/CiHes3 SOIL LEGEND
. 123656 <= 0.0000
0.0000 < 0 <=« 0.0500
1 ass88s
2 677176 0.0500 < 1 <& 0.1000
3 388483838 .
6 77?7727 0.1000 ¢ 2 <% 0.,1500
5 7277?77 o
. . 6 S66665 0.1500 < 3 <= 0.2000
?7 S66665
8 6666646 0.2000 < 4 <= 0.2500
9 6666664
10 666666 0.2500 < 5 <= (.3000
11 277?777 ) =
12 ?7v?rvt? 03968 < 6 <x  0.3500
13 2771777
1 777177 0.3500 < 7 <= (.400C
15 88382838 ¢
16 8388483 0.4000 < 8 <=  0,4500
17 3888388
18 999998 0.4500 < 9 <= Q.5000
19 999999 .
20 999,999 0.5000 ¢ »
TOTAL = 230.2652 MM WATER
ROOTS IN EACH CELL, TOTAL " JULIAN DAY 199
AT THE END OF RUTGRO .
UNLITS = G/CM#»3 SOIL LEGEKD
123456 . <%  0.0000
, Q.000 < 0 <= 0.0001
521G . :
2 986322 0.0001 ¢ 1 <= Q.0005
3 5546322
4 S55/5422 0,0005 < 2 <» 0.3050
5 SSi5322 :
& 445321 ' 0.0050 ¢ 3 <= 0.0100
7 344321 i
8 344321 0.0100 < 4 <=  0.0150
9 344321 : .
10 344321 $.0150 ¢ 5 <=  0.0200
11 343321
12 333221 13,0200 € & <= 0.0250
13 333221 |
1% 332221 0.0250 ¢ 7 <= 0.0300
15 222211 ‘ .
16 222211 0.0300 < 8 <= 0.0350 o
17 2221140 .
18 2211400 0.0350 <9 <= (.0400
19 111000
29 11000 ., 0.0400 < »
TOTAL = + 0.6707 GM. ORY WEIGHT
PSIS FOR EACH LAYER AND COLUMN JULIAN OAY 199
AT THE END OF MAIN :
UNLTS = CMw#3/CMwe3 SOIL LEGEND
123456 ; <s =15,0000
«15,0000 < 0 <= =14.0000
1. e
2 555555 -10.0000 < 1 <= =4.0000
I bbb bbb :
4 333333 «6,0000 < 2 <= =3.0000
5 333333 .
6 233332 -3,0000 ¢ 3 <= =1,5000
7 333333
8 333333 -1.5000 ¢ 4 <= =1,0000
¢ 333333
10 4 44444 -1,0000 < § <= =0.6000
11 44 bb b4
12 b & & 4 46 4 «0,5000 2 6 <= =0,6000
13 555555
16 S 558555 «0,4060 ¢ 7 <= ~0.2000
1S S55555 kY _
16 777777 =0.2060 < 8 <3 =0.1000 ,
i7 56 5 6 6 &
18 6666 6 4 ~0.1000 < 9 <= 0.080C0
19 777777
20 771717 0.0000 <
TOTAL = 230.2652 MM WATER N
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ORIGINAL-PAGE 1S
OF POOR QUALITY

i

JULIAN DAY=212 ‘T0AY=143
PN PSTAND PTSN ATSRED RESCF PPLANT RESP
0.2386=01 0,873E+N2 0.100E+01 O0.904E+00 0.241E+00 0,127E+00 0.921E=-01
LEAFWT STEMNT GLUNUT GRANWT ROOTHT SPN
0.188E+01 0.415E+00 0.934E~02 0.245£+01 O0.359E+01 0.876E+01
$POUL SPOSTH SPOGLN SPOGRN SPOWRT CSTRSY ' CSTRSF
0.000€+00 0O.0N0E+C0 0.180E«03 Q.154E+400 O0.818E~02 (0.1006+01 0.7100E+01
RESC RESN REQN NPOOL NSTRES NV NF .
0.852E+00 0.141E<04 (0.251E~03 0.542€-03 0.111E+00 Q.D00E+00 Q.117€+00
SLEAFN STENMN GLUMN GRANN LEAFCN SUPNG3

J.188E~01 0.415E=02 0.936E~Q4 0.7356-01 0.100E-01 (0.528E=03
SPIKE(L) FLORET(I) LEA:(I) JO;gI(I) 800T(L) HEAg(I) ANTHES(I)
[

19 60 114 120 126

19 6Q ] 37 114 120 126

19 40 [ 88 113 121 127
SECONO ACCOEG PIIAVG DIFREN TILLER B

14 2028.31 '0.125515’01 31 8
DAYLNG LAL XLEAFL INT TAVG
C.143E+02 0.436E+01 0,320E+03 0.825€+00 0.182E+G2
RCH20 STRSO ~STRSN WSTRSO EP ES
0.0008+00 0.824E+00 0.100£+01 0.511E+00 O0.167E+01 0.663E+00

VOLUMETRIC NITRATE CONTENT OF SOIL JULIAN DAY 212

AT THE END OF MAIN

UNXTS = MG/N PER CM#*#3 v LEGEND

12345 . <= 0.0000

0.,0000 < 0 <= 0,0100

111111 *

1711111 0.0100 < 1 <= 0,0200

222222 ;

111191 0.0200 ¢ 2 «= 0.0300

111111 :

111111 0,0300 < 3 <= 0.0400

111111

111111 0.0400 < 4 <= (0.0500

111111

g00o0QgaQ 0.0500 < 5 <=* 00,0600

600000

0000040 0.07600 ¢ § <= 0.0700

800000 . '

ggo0o0ad 0.0700 < 7 <= (.0800

0609000 :

ggoo00a 0.0800 < 8 <= 0.0%00

gacocao

goenoca 0.0%00 < 9 <= 0.1000

0030040

000000 0.1000 < *

TOTAL = §5.1046 MG N

VOLUMETRIC WATER CONTENT OF SOIL JULIAN DAY 212

AT THE ENO OF MAIN

UNITS o CMe#3/CMa*3 SOIL LEGEND

1234% [ <= 0.000Q0

0.0000 < @ <= 0.0500

7rve?r7rv?

8883888388 0.0500 < 1 <= 0.1000

999999

AR A A N { . 8.1000 ¢ 2 <= 0.1500

777777

566665 0.1500 ¢ 3 <= a.2000

566665 ,

6666646 0.2000 < & <= 0.2500

65 66 6 66 .

6 66666 0.2500 ¢ 5 <= 0.3000

6666 46%6

T8 677 0.3000 < 6 <= 0.3500

777777 i

IO AR A A A 4 0.3500 < 7 <= 0.4000

v77?777?

7?7?7777 0.4000 < 8 <= 0.4500 :

8888288 :

3888283 0.4500 < 9 <= 0.5C00

999999 A

999299 0.5000 < »

TOTAL = 227.3863 MM WATEP
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ORIGINAL

ROOTS 1IN EACH CELL, TOTAL
AT THE END OF RUTGRO.

PSIS FOR EACH LAYER AND COLUMN

SO NNNRNNWUHWWHENWN S W= )
OO =23 NN A NN NN N RO

G/CMw#3 SOIL

5

6

OO QD b mb odwd od b b =t b =b NN NN

0.0000
0.0001
0.0005
¢.0050
0.0100
Q.0150
0.0200
0.0250
0.0300
0.0350
0.0400

<

<

<

<

<

o LR

PAG
OF POOR QUALE:r'g

0
1
2
3
4

o8 N oown

<=
<=

<z

LEGENO
0.0000
0.0001
0.0005
0.0054
0.0100
0.0150
0.0200
0.0250
0.0300
0.0350

0.0400

0.46646 GM. DRY WEIGHT

AT THE END OF MAIN

wxr FINAL YIELD (BU/ACRE) 1§

NNV HF PUHULUUWULKIHRWONO »
NN P S SULILIRUWBIWH NG
NN S SPTULHWNWUWEOO O

UNITS
123
1 521
2 986
3 0S54
b 555
5 555
6 4 bS
7 344
8 346
9 344
10 346
11 343
12 333
43 333
1% 332
15 222
16 222
17 222
18 221
19 111
20 1140
TOTAL

UNITS =
123
1 666
2 777
3 666
L 333
s 333
6 233
7 333
8 333
9 333
10 433
11 4 &4
12 4 4 4
13 4 4 6
1% 553
15 555
16 66 6
17 666
18 66 6
19 777
20 777
TOTAL

Chex3/CMexl SOIL
)

-15.0000
-10.0000
-4.0000
-3.000¢
=1.5000
-1.0000
'=0.6000
-0.4000
-0.2000
-0.1000
~ 0.0000

<

<

¢

227.8863 MM WATER

- O

*

b4.94

o O ® N OO0 WM wnN

<=
<=

156

LEGEND
-15.0000
=10.0000
©6.0000
~3.0000
=1.5000
=1.0000
=0.6000
-0.4000
-0.2000
’=0.1000
0.0000

oN DAY 212

JULIAN DAY 212

JULIAN DAY 212

e

e
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