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MIGDA SYSTEM 1 (MIGS1): A MODEL FOR STUDYING MANAGEMENT SYSTEMS OF AN INTEGRATED
SHEEP - WHEAT’FARM IN THE SEMI-ARID. ZONE OF ISRAEL

" N, G, SELIGMAN, R, W, BENJAMIN and E, EYAL

Abstract
The computer simulation model presented in this publication

describes a farm system that comprises wheat cultivation and pas-

ture used for sheep husbandry. The wheat fields generally -produce

grain and straw, but under certain conditions they can be cut for
| hay or grazed, The sheep flock produces lambs for sale and‘ﬁoggets

for ewe replacement, Wool also provides incoﬁe‘which; under -exist-
" ing price ratios, is minor compared with-t@g income from lamb.AThe

model calculates biological and economic parameters which can be

used to determine the efficiency of different‘managemént manipula-

tions under varying economic and envirommental constraints,

The model was tested on a ley—farming ‘system in the northern
Negev of Israel and served to elucidate some of the factors that
determine its profitability. The model and éome of its output can
also be used to develop management aids for farmer and extension
use, particularly where integrated cro§ and livestock husbandry

create complex management problems.



INTRODUCTION

It has been shown that integration of sheep husbandry with wheat farming in the
semi-arid northern Negev of Israel should stabilize income and reduce dependence on
govermment droqght subsidies (13, 14). Nevertheless, the practice has not been accept-
ed, for reasons that are not quite clear, The purely economic advantages are offset
by the fact that non-integration is supported by drought compensation, but it has
also been argued that the complexity of and year-round involvement in sheep-hus-
bandry are too héavy a burden to offset the economic cost of non-integrated wheat
farming, This argument would hold if the advantages of integration were slight, but.

would be difficult to support if the economic gain were clearly and substantially

- greater, It is clear that the integrated systems proposed in the past are not based

on an optimum management strategy, nor have they been tested in a fully controlled
situation. There is thus a case for investigating the margin for improving profita-
bility and demonstrating its feasibility in the'region. One of the purposes of the
joint Israeli-Dutch research,project* can be seen in this light: to determine the
"potentlal profitability of crop and animal production in the climatically uncertain
semi-arid region, The physical part of the project is being conducted on an experi-
ment farm (Migda) near the Gilat Regional Experiment Station. Part of the project
is devoted to an analysis of the management options that can be defined for inte-
grated systems, The model descrlbed in this report has been defined so as to facil—

itate thls analysis.

1, Bdsic Structure of the Model

The model envisages one hectare that represents an integrated sheep - wheat

farm. The wheat and pasture growth rates are entered as driving variables derived

-Actual and Potential Production of Semi-Arid Grasslands, Phase II (APPSAG II).



from field measurenments or other crop and pasture models (5, 6). The sheep population
dynamics, liveweight and fertility are calculated subject to various management con-
straints: the wheat can be grazed, harvested, or ciit for hﬁy, and the aftermath
grazed or baled as straw; the hay or straw can be stacked or sold..All economic in-

puts and outputs are entered into a current balance which is summarized once a year.

The dynamic sector of the model is divided into the following sections: Timing,
B L]
Accounting, Sheep flock dynamics, Sheep liveweight and fertility, Feed supplementa-

tion, Supplementary roughage availability (hay, straw), Grazing management, Paddock

allocation, and Pasture and wheat growth,

The management options can be selected by pafameter changes: some are built
into the model, others need to be defined as combinations of parameters., The data
on which the model is based are éntered as a set of parametefs and fﬁnction'tables.'
' The model can be initiated at any stage of Fhe production year so as to make use of

recently available information on the state of the system.

2, Model Description

The listing of the'model is given in Appendik I. In the
following sections, the numbers in the left-hand margin of the
page refer to the line number where a variable being discussed

is defined in the listing.
368/419 2.1, Timing (sections 6,7,8)

The model is based on time steps of one week; week 1 start-
ing on October 1, the traditional beginning of the "agricultural

"

year" in Israel, This is the time of the year for accounting, but

the actual starting week can be set at any week in the year.

The system variable TIME counts the weeks, which can con-
371 . tinue over a number of years. YITIME is the week of the year
starting on October 1, The beginning of the accounting year is
372, 373 ‘flagged when NWYR = 1, which occurs when YTIME = 0, RTIME is the
374 week of the calendar year; and MONTH is the month of the calendar
year. All events that need to be flagged (joining, plowing,

harvesting, etc,) are defined in RTIME (calendar weeks).

The course of the growing season is monitored separately as
388, 418 ASMWK, which counts the number of weeks from germination (GERM)
419 and from the end of the growing season (EGS). During the growing




season a growth rate factér téM) which represents the integrated
effect of all climatic vériables, is greater than zero. The table
141/5 of SM values is calculated independently of the model (see
Appendix IV) and is based on the actual undisturbed growth curve
measured in the field or calculated by means of a canopy growth
model. SM is a factor between O and 1 based on a calculation of
actual growth rates and a potential value based on observations
in the regionh; it is calculated on the basis of exponential growth
until the canopy closes (at about 1900 kg dry matter per hectare
[DM/ha]) . Affér canopy closure, potential growth rate is taken as
constant at about 200 kg DM/ha/d. If actual growth rates exceed

the potential rates used, SM can attain values above 1.

?iég days are signaled as 1 on the day of the event, 0 other-
wise, Most flag days are calculated with a standard function MACRO
92/4, 398/405 MACT which inputs the week (in YTIME) in which the event takes
place, and outputs 0 or 1, The calendar weeks are converted to
97/9, 349/359 YTIME by another MACRO CT which is activated in the initial sec-
. ' tion of the model. Once‘an event has‘taken place, its occurrence
is maintained on record until the record becomes redundant. This
102/5 is done with MACRO CDX, which also records the week in YTIME that
the event tookzplaceu The following events are not preset, but
411/5 are calculated by the program; weaning date, sﬁle date of weaners,

germination date, and end of growing season date.
 425/503 2.2. Accounting (section 9)

Tha accounting system is highly simplified so as to give an
indication of the main costs and benefits of the system being
tested without becoﬁing involved in complexities such as money
flows, credits, and inflation effects. It assumes constant prices,
an initial balance, a constant updating of income, end-of-the-year
entry of‘costs, and separate interest rates for positive and nega-

_ tive (overdraft) balances. These are maintained as an annual
428 ' balance (ANBAL).

432/4 The gross income (GRINC) éccumulates income from sale of lambs,
weaners, ewes, wool, wheat grain, excess straw and hay. The grain
437 harvest is the average for all fields that have not been grazed,

750, 757/8 Wheat yields of grazed fields are regarded as zero if grazing



267/8, 282
472
438

440
441/3, 129/131
135

b44/468
467/8

455, 458

453/7

474, 230
477/484, 705

233
355, 175

488/502
492
194

196/7
191

193

273

tdok place later than a threshold date (NOGEF). The details of the
procedure are given in the section on wheat and pasture growth.

Grain is.sold and used after harvest. Wool yield is taken from

ewves only.

The number of weaners sold is that above the number needed for
ewe replacement, The price for lamb and mutton can vary with the

time of year and with the lamb.and ewe body condition.

Price of hay'and straw sold after harvest (HARY}) depends on
the year; it goes up in bad years and down in good years (HPINC,
SPINC}. Limits are set on these fluctuations, so that price will
not go far below half or much above twice the average price. A
poor year is one when the primary production of the least grazed
(or ungrazed) wheat field (PP4) is < 3 t/ha. A good year is omne
when PP4 is > 6 t/ha. ' |

Lambs are sold at weaning unless raised as weaners (RAISW = 1).

' Weaners that are not being retained for ewe replacement are sold

as soon as their liveweight increase (WLWCH) drops below a minimum.

~rate (MINWGR), as soon as they reach:sale weight (SWW), .or when it

is close to the plowing date (PTIM).

 The costs of the operation.are calculated at the end of the
year (October lst = NWYR).In the program they are in fact calcu=-
lated in the last week of the current year, which is when plowing
(or discing) of the wheat field is set to take place. The costs
reflect the current year's expenses for ﬁaintenance of pasture
(CPAST); wheat cultivation (CCULTW); wheat harvest (CHARW); sup-
plementary feeding (CSUPP); preparation and baling of straw and
hay (CHARS, CHARH); miscellaneous sheep expensés such as veteri-
nary costs (FXVPE) which are dependent on the breed (BREEDF);
fecundity hormones (HORMT); and cost of labor per ewe (CLPE). Also
included is the interest on the value. of the sheep (DEPOSR #*

INEWE). The cost of ram maintemance is not taken into account

separately.

The cost of the pasture includes a fixed cost (FXPC), fertil-
izer cost, and paéture seed cost - to the extent that seed was
used (IGVP).




19

. 194

194

781/2

508/542

224

509
410

230
510

511/6
398, 349, 176, 174

514, 513
515, 516

e

The wheat harvest cost is made up of a fixed cost based on

the area harvested (FHC) and on a variable cost dependent on the

. amount of grain harvested (VHC). The cost of wheat cultivation

until harvest (discing and sowing, fertilizers, seed, etc.) is

entered as a parameter (CCULTW).

The supplementary feed costs account for two types, expensive
concentrate feed (CONCF) and a cheap roughage - in this case cot-
ton gin waste (COTW); the latter item represents feeds based on

locally available agricultural wastes.

The hay and straw costs include raking and baling only. The

amounts of straw (BALSC) and hay (BALHC) are calculated elsewhere.

2.3. Sheep flock dynamics (section 10)

Only three classes of sheep are mohitored:-eweé, lambs and wean-
ers. Rams. are not accounted for sepérately but-can.be~regarded-as
ewes for feed balance and costing purposes. In this case it would
be necessary to adjust the lambing rate (BREEDF) accordingly. As
the ram : ewe ratio is around 1 : 30, the effect of ignoring the
rams completely is probably insignificant, if the practice.is
consistent among runs. Hoggets are classifigd as weaners until
the end of the current season, and then they are re-classified

as ewes,

The number of ewes (NEWES) is set initially (INEWE). The
ewes are culled one week after weaning (CTIM) and replacement
hoggets are added one week before the end of the current season
(PLOW) . Ewe mortality (EMORT) is set as a parameter but mortality -

occurs throughout the year. The dead ewes are registered in DEWES.

The number of lambs born is determined by one lambing week
(LAM),. which occurs 21 weeks after a pre-set breeding week

(JWEEK). The number of lambs born depends eventually on ewe condi-

" tion at joining and at lambing (ECON), on the breed characteris-

tics (BREEDF), on hormone treatment (HORM), and on lamb survival
(LSURV) soon after birth.



514

134, 136/8

552
225
225

513
224
398, 174, 164
515
224

522/535
511
474

522, 230

518
224, 230

THE REDUCTION-FACTOR~-DEPENDENT EWE-
CONDITION (EWCON) AND THE LAMBING
SURVIVAL FUNCTION (LAMRT)

FUNCTION EWCONB " FUNCTION LAMRT
EWCON  ECON BRDFR  LSURV
0 0 0 1
1 0 0.5 1
2,5 1 0.8 0.98
4,0 1 1.0 0.95
5.0 0.5 1.5 0.9
2.0 0.85
3.0 0.7

At lambing (LAM = 1), EWCON is reduced
by 0.2 to calculate actual lambing
rate.

EWCON is defined as a linear function of ewe weight (WEWE)
between ZERO, which is the mean breed weight at zero conditiqn,
and the maximum breed weight (MXBRW). The scale runs from 1 to 5
and can be measured subjectively by palpating the sheep spine in

the lumbar region and estimating the fat cover of the vertebrae

(4). The variable, BRDFR, monitors the effect of ewe-condition
and hormone treatment on breed fecundity (BREEDF) at joining
(JOIN), It is set to zero at weaning (WEAN = 1). The hormone
treatment (HORMT) is ineffective if ewe condition at joining is

< 2, If hormones are not used, HORMT = 1; if they are used,

HORMT > 1, the exact value depending on the breed and other fac-
tors, and a reésonable estimate has yet to be determined. On
weaning (WEAN = 1), all lambs are either sold or transferred to
the weaner category., Lamb mortality after the first week and pre-
dation of lambs (and ewes) is not taken into account in the pre-

sent model. If the lambs are sold (SELLL), this is done at weaning

so that considerations for selling are included in the weaning

routine, Lambs are sold if they are not raised as weaners (RAISW =

0).

Replacement of culled ewes is done at weahing (WEAN = 1) and
covers both a culling rate (CULLR) and annual ewe-mortality

10



522/535

525, 229
230

526, 552
225

527

528, 227

528, 689

713, 227

530

533/4
687
350

689

540/1
518

477/82

548/551, 225
554/8

Weaning depends on a number of factors and -management, cri-

teria. Thgse can be changed and, in principle, can be optimized.

Lambs are weaned. when amy one of the following conditions is met:

‘a) lambs are older than a minimum weaning age (THEW), an early

weaning option is set (EARLW = 1), and. liveweight increase is <
200 g/d;. ‘

b) lambs are more than 4 weeks 0ld and ewe condition (EWCON) is
less than a threshold condition (ECWN);

c) the green season is over and only 300 kg dry pasture per hec-

tare is left on the area available for grazing;
d) the weight of lambs is above a maximum weaning weight (WLW);

e) lambs are over & weeks old and the liveweight increase (LMWCH)
is < 100 g/d;

£f) the age of the lambs (AGW) is above a preset age (FWAGE); or

g) it is 4. weeks before joining and ismbs have not yet been weaned.

Lambs are sold when any one of the following criteria is met::
a) the liveweight of thelambs:is > 50 kg;
b) the breeding season has started; or

c) the liveweight increase of the lambs is < 100 g/d and the weaners

will not be raised (RAISW = 0),

The weaners include hoggets that will be raised for repiace4
ment (REPL1) and those raised for fattening on pasture if that
option is set (RAISW = i). The number of weaners is,reduced'ﬁhen
those to be fattened are sold (SELLW). AllAweaners are classified

as ewes at the end of the current year at plowing time (PLOW = 1).

2.4, Sheep liveweight and fertility

2.4,1, Ewe liveweight, InitialAweigh;Aof.ewe-ﬁust be‘ﬁreset ’

(IWEW). The weight is changed weekly accbrding‘to‘the‘énergy'bal—'
ance (EWCH), After lambing, a reduction in ewe liveweight is
recorded due to weight of the lamb and of.;hg‘éfﬁef;birth. A fur-

ther correction is recorded at the end'of,;he $eason;'when'the'

11



weaners are moved into the ewe category. The ewe is an average
one representing the mean for the flock. No attempt was made at
this stage to ﬁlgce ewes in discrete classes.,
554/9
561
574
569/70

The ewe_livewéight change (EWCH) is.calculated from the ewe
feed balance (EWFB), which is based on the digestible dry matter
intake from pasture (EWINT * DIGPE), from supplementary feed
(SUPPE), and the requirement for maintenance (DIGDME).

The digestible dry matter (pr) requirement for ewes is pro-
portional to its metabolic body weight (WEWE0'75), and a parame~
ter relating requirement to weight, KMNT (= 0.04 kg DDM/kg). If
the ewes are grazing (DEFERR = 1), then maintenance requirements
will increase as the p;éture becomes incfeasingly sparse and the
intake drops. The maintenance requirement for grazing can, in an
extreme case, be doubled, If intake of green or dry pasture EGPI1
or EDPI1, reépectivéiy) is equal to the potential intakes of
green or dry pasture (PGCXE or PDCXE, respectively), then there

will Be no increase in maintenance requirement,

From the feed balance (EWFB), allowance must be made for

milk production., This is not defined explicitly, as the digestible’

, dry matter requirement for lactation is calculated from the lamb
555 liveweight gain and maintenance requirement. The equation used is:
EWCH = BIFB * 0.55 - LER * 0.62 * (LMWCH/0.77 + KMNT * wLAMO*7")
where EWCH = mean ewe weight change (kg/sheep/d),
EWFB = ewe feed balance (kg DDM/sheep/d),
0.55

LER = lamb/ewe ratio,

conversion factor of DDM to ewe liveweight (1),

0.62 = conversiéon factor of DDM (in milk) to lamb liveweight
(9,
IMWCH = lamb weight change (kg/lamb/d),
0.77
229 ' _ KMNT

conversion factor of lamb liveweight change to DDM, and

coefficient for calculation of DDM requirement per kg

of lamb metabolic weight.

557 If EWCH is <>0, then fat reserveé are being utilized, and the

liveweight change is adjusted as follows:
EWCH = EWCH * 15.481 * 0.62/(20. * 0.8), where
15,481 = metabolic energy content of 1 kg DDM (MJ), and

12



562/576, 562
563/4

566/7

564, 573
584/8, 926/.997

238

563/4
571
568
566/7

568

712

713
567 |
226, 575/6

20.%0:8:. = metaboiic energy of 1 kg shee§~liveweight loss.

Dry.matter intake of tﬁe,ewe-frqm pasture (EWINT) is calcu-
lated separately for green pasture and dry pasture, and includes
pasture intake of the lamb, Greéen plant components are always pre-
ferred and dry plant components. will be téken only if the green
fraction is less than potential dry matter intake for dry pasture.
Intake is limitéq by the maximum daily pasture intake éf an éver-
age ewe-lamb unit (?GCXE?VPDCXE), by the grazable pasture (GPE *
EGEF, DPE * EéEF), or by the mean daily available pasture during
the current week (GPE/]”Gr DPE/7), '

EGEF is the ewe grazing efficiency factor on sparse pasture
(in hectares/sheep/day) and is equivalent to S in Noy-Meir (10).
The pasture intake due to the lambs is zero for the first 4 weeks

‘after lambing. Subsequently, the lamb intake on sparse pasture is

- estimated as a fraction (WLAM/WEWE) of ewe intake. It is the mean

lamb intake per ewe and so is multiplied by the lamb-to-ewe ratio
(LER). The maximum intakes (PGCXE .and PDCXE) are based on a value
for dry sheep (2 kg and 1.5 kg: DM/sheep/d for green and dry
pasture, respectively), plus intake for lambs: 0.5 kg for singles
and 1,0 kg DMJd for twins (regulated by LER) in green pasture
and 0.2 and 0,1 kg/d, respectively, in dry pasture. The values
reflect the greater‘appetite of the sheep as the lactation demand
increases, and the smaller intake on dry pasture even when require-
ments are high, If the maximum.intake capacity of the lambs
(MXDMIW) is greater than that part of the ewe intake that covers
lactation, then it will override the previous consideration. The
MXDMIW is dependent on lamb age (AGEW) and when the sheep are on .
dry pasture, it is reduced in proportion to the digestibility. of
the dry pasture (DIGB/DIGE).

13



120, 151/2

575/6.
226

227 -
226

226
685/692, 688
512 .

688, 139, 155

Agefdependent maximum dry-matter-intake function for lambs (9)

AGEW (age in weeks) .° MXDMIW (kg DM /lamb/d)

0 0
4 0
5 .3
6 .5

10 72

12 ‘ A

16 - 1,00

19 1.06

22 : 1.20

40 1.50

52 1.70

The digestibility of the dry pasture (DIGD) is relatively

high soon after the green season (HDD) and then drops as the sea-

son progresses and the sheep select out the finer, more digestible

- parts (and some get-blowfi:away by wind)*, After a period of high

quality dry pasture (HQ?PP), the digestibility of the feed drops

-to a low value (IDD), After germination, the DIGD drops to 0.4,

and after 8 weeks most of the old pasture has decomposed or weather~-

‘ed away and the new dry pasture again has high digestibility (HDD).

2.4.2 Lamb liveweight: The mean birthweight of the lambs (IWLAM) is

dependent on the conception rate (LAMFR) and on the ewe's condition

_ at lambing (EWCON):

Effect of relationship between conception rate (LAMFR) and ewe

condition (EWCON) on lamb birthweight

- LAMFR BIRWT EWCON ECONLM
(conception (wt in kg/lamb) (ewe condition) (reduction
rate) ~ factor)
0 o 6.0 0 0
0.5 6.0 1 .‘ 0
2.0 - 3.0 1.01 _ 0.5
3.0 2.5 2.5 1.0
| 5.0 - 1.0

* N, de Ridder, R,W. -Benjamin and E. Eyal. Unpublished data from
Migda experiments,

14




689 7 The Tiveweight change of .the suckling lamb (LMWCH) that is

grazing with its mothér depends’mainly on the condition of the

691/2 mother (EWCON), on whether the pasture is green or dry, and on
153 the age of the lamb., Tt will also be influenced by feed supple-
697, 231 mentation to the lamb (wifh,éreep feeding for instance: D2SUPL),
568 and whethe; there are miltiple+births (LER), If ewe condition

is above 1, IMWCH is a function-of lamb age (function LMWIT shown
.below) and of pasture condition. The effect of pasture condition
is simply to halve the growth rate determined by function LMWIT
if the growing season has ended, If ewe condition is below 1,
691, 569/70 IMWCH is proportional to the DDM intake of the ewe above mainte=-
nance with an upper limit of 350 g/day. If lambs are given sup-
689 plements (D2SUPL=1), the lamb growth rate is 350 g/day, regardless

of other factors.

The growth rate figure derived thus far is finally adjusted
in accordance with the lamb-to~ewe ratio (function LGRT, shown

below), with a maximum reduction of 30% for triplets (7), .

153, 140 Effect of lamb age (AGEW) and of multiple birth (LER)
on the liveweight change of lambs on pasture
AGEW IMWIT | LER LGRT
(weeks) | (kg/lamb/d) | (lamb/ewe) | (reduction factor)
.25 0 1.0 .
k .35 1 : 1.0
12 .35 2 0.8
20 .20 3 0.7
40 .10
52 . L,10
703/714 . 2,4.3, Weaner liveweight, The initial weight of the weaners is

normally the weight of the lambs at weaning, (If the model is run
344, ]03: . ‘from midseason after weaning, the initial weight, IWW, is the
" weight on the starfing day,) At the end of the dry season (PLOW =
1), when weaners that have not yet been sold are hoggets retained
for breeding, the weaners are moved to the ewe category and weaner
705 weight is zeroed. The weaner liveweight change (WLWCH) depends on

706 < its feed balance above maintenance (WFBAL) and on a conversion

15



efficiency of digestible dry matter to liveweight, which 1s

703 dependent on the weight of the weaner (WWNR). Thus, WLWCH = WFBAL*

0.62 * ECWT '

Wheré WFBAL = feed balance, in kg DDM/weaner/d,

0.62 = conversion to liveweight chaﬂge (8), and

ECWT = efficiency factor. .

The values of the efficiency factor are as follows:
122, 154 Weaner -weight (kg) “Efficiéﬁ£§5facton:'ﬁ’Reference

(WWNR) ‘ (ECWT)
2 O 0.77 (3)
42 “ o5 9
55 . 0.50% E. Eyal*

706 The weaner feed balance (WFBAL) is relatively straightforward,

being the difference between DDM intake (from green and dry pas-
708 ture; and from supplementary feed, SUPPWC) and the weaner require-
229 i ment for'maintenance (= KMNT * WWNRO'75, where KMNT for wéaners

is the same as that for ewes, 0.04). The green and dry pésture in-
710/11 takes (WGPT and WDPI, respectively) are liﬁited'by the age-depend-
712 ent intake function MXDMIW (see above for lambs), or by the
710/11 grazing efficiency (EGEF) on sparse pasture or by ‘the -amount of .pas-

tﬁreiavailable, The amount available is the amount of forage on
953/966 the pasture minus an ungrazable residual that varies with the

amount of biomass (see "Grazing management" below).

2.5. ?eed supplementation
633/678 2,5.1, Ewes. As the Migda model is désigned‘to analyze management

options ig_a context“whe;e supplementation .is feasible, some prac-
tices which are considered minimal for proper'shéep husbandry are
built into the supplementatidn toﬁtiné, and other possible supple-
| mentation practices are Left as open management options, Thus, if
~ grazing is deferred because of pasture scarcity, the sheep are
maintained by suppleméntation. Before joining and lambing, the
sheep will be given supplementafy feed if necessary ("flushing"

and 'steaming up").

%
Unpublished data,
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228

641/2

281
225

646/7

666/676
661, 230
661, 226
651/8
652

569/70, 229

651

656/8
653

665/676
770

666
569/70

675/6
669/70

671/3

Supplementation isibased on concentrate feed} straw and hay
if available from sta;ks-on the farmj and cotton-gin waste - which
is a very cheap roughage with a dry matter dlgestibility somewhat
higher than that of straw (0.5 compared with 0.4 for straw and.
with 0.6 for hay - DIGCW, DIGS, DIGH1 respectively ~ parameters
that can be adjusted if necessary). The calcilations for supple-

mentation are based on DDM.

The amount of available DDM per day in hay (AVHAY) and straw
(AVSTR) is calculated. Ifjthe sheep are on pasture and the pasture
intake is greater than a éet minimum (TULP), and ewe condition
(EWCON) is above a threshold value (ECSF), then there is no sup- .
plementary feeding, even for flushing and steaming up. However,
if ewe condition is below ECSF, éwes will be'given‘supplementary
feed for flushing (from 4 weeks Before.joiping until 2 weeks
after) and for steaming up (from 4 weeks before lambing until 2
weeks after), At other times ewes wili be given supplementary feed
for maintenanceonly if it is set as an option (D2SUPE = 1) or if
ewe condition drops below a pteset danger point (CRASH). Supple-
mentation for flushing and steaming up is aimed at providing a
fraction-above'maintenance, DIGDME * (1 + FLUSH), where DIGDME is
the DDM requirement for ewe maintenance and FLUSH is the extra
fraction above maintenance, If hay is available, it will be given
(SUPPEHL; if it is not, or is insufficient, the required amount
of DDM'will be given as concentrate feed. If the hay requirement
(SUPPEH) is greater than 1.5 kg DDM/day, the excess will be given

as concentrate,

Supplementation for maintenance is based on cheap roughage,
straw, or cotton gin waste. Straw will be given if it is available
on the farm (SSTAK), otherwise cotton-gin waste, which is regarded
as always available, will be given. Straw supplementation (SUPPES)
is the difference between DDM requirement for ewe maintenance
CbIGDME) plus laﬁb requirement (for maintenance and liveweight
gain) and the pasture intake from both green gnd dry components,

If no straw is available, or if it is inspfficient, the straw re-
quirement will be made up by cotton. gin waste (SUPEC“). Also, 1if the
DDM straw raquifement is > 1 kg, the-difference will be made up with
cotton-gin waste up to a daily DDM requirement of 1,25 kg/ewe; any-
thing above that will be given as concentrate feed (SUPPEC).
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682

694/9

697/8
565
566

699
697/8

565
569/70
226
566

699, 229

707/8

707

707, 233

709/712
707/8

233

708, 710/11

770/797

Ewe supplementation from all sources is summed up in SUPPE,

2.5.2, Egggg; Concentrate-only is used forvsupplementary feeding
of lambs. No suﬁplements are given during the first 4 weeks after
birth. If lamb supplementation is a feasible option (D2SUPL = 1),
it will be implemented only if ewe intake of green pasture (EGPI)
is < 907 of ewe potential intake (PGCXE), The actual amount of
concentrate given (SUPPLC) will be twice the lamb maintenance re-
quirement (2 * DIGDML) multiplied by the feed deficit of the ewe,
expressed as (EGPI - DIGDME/DIGG)/(PGCXE - DIGDME/DIGE),

where EGPI = ewe green pasture intake (kg DM/ewe/d),
DIGDME = ewe maintenance requifément (kg DDM/ewe/d),
DIGG = digestibility of green pasture (kg DDM/kg DM), and
PGCXE = potential green pasture intake (kg DM/ewe/d).

The constant (KMNT) used in the calculation of lamb mainte-~

nance 1is the same as that used for the ewes and the weaners.

2.5,3, Weaners, Feed. supplementation of weaners is considered
only if it is allowed as a feasible option (D2SUPW = 1). If it 1is,
then the supplement consists:of concentrate only (SUPPWC). The

“amount given, in kg DDM/weaner/d, is the least of one of the fol-

lowings

a) a pre-set ceiling supplementation level (MXWSUP);

B) the difference between weaner potential dry matter intake and
actual green and dry pasture intake (WDPDF);

c) the DDM requirement for maintenance plus the requirement for
minimum weaner growth (MINWGR) minus weaner intake of green

(WGPT) and dry pasture (WDPI),
The weaner pasture‘intake.is described in section 2.4.3.

2,6.Supplementary roughage availability

Whereas cotton gin wasté represents a cheap low-quality
roughage that is freely availabié and can be stockpiled to ensure
year-round availability, straw and hay are produced on the farm
and can be used only if available from the farm's stacks. The‘hay
is meant to be wheat hay that is produced in years when the wheat
biomass is sufficient for a hay harvest, but the chances of har-
vesting a grain crop are low. Part of the "wheat area" can be

parameterized to represent a forage or hay legume and the pasture
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771/3
330, 345

771

666
509

228

771, 774

295
274, 244

773

75

248, 824, 829
834, 839, 23
814 |

842
285/292
276, 278/9

288
224, 200

355, 175

359, 177/8
283, 271

75

ican also be cut for hay by appropriate parameterization, but these

options have not yet been implemerited.

2,6,1, Straw., A straw-stack (SSTAK) is maintained which can start

from scratch (ISST=0) or from an available straw supply (ISST > 0).
The straw is monitored in kg/ha, Straw is added to the stack by

,balﬁng straw from harvested wheat fields, and is removed by use

and, #f in excess, by sale, The use is SUPPES * NEWES * 7/DIGS,
where SUPPES = daily straw requirement (kg DDM/ewe/d),

NEWES. = number of ewes/ha,

7 = conversion of the daily requirement to the weekiy requirement,

and DIGS = digestibility of the straw (kg DDM/kg DM).

The sale of straw (STSELL) is the excess above a maximum
amount (SSTAK « MXSST), if there is an excess ahd it is sold at
the end of the égricultﬁral year (PLOW = 1), The MXSST is based on
the estimated maximum number of weeks of straw supplementation
(WSTSL, the planned number of ewes (INEWE), and the daily ration
(1 kg),

The amount of straw baled (BALST) is calculated separately
for each wheat subsection. The option, D2BS, can be invoked or
suppressed by adjusting the parameter SOP (= 1 or O, respectively),
the value of which is passed on to D2BS in the pasture growth sec-
tion (see below). The actual decision to bale straw (BAYL) depends
first on whether the amount of balable straw in the wheat area
(DVW * B) is greater than a threshold .value (T); and second on
whether all of the straw will be grazed (E > DVW * FRW) or not.

B, T and E are the fraction that can be baled, the minimum thresh-

old for baling (kg/ha) and ewe straw requirement calculated as:
ENEWE * 10,5 * (PTIM- < ST)/ (L. + WASTE)

where INEWE = planned number of ewes/ha,

10.5 = stubble grazing intake (kg/ewe/wk),
PTIM = plowing week when stubble will be turned over,
ST = straw baling week, and

WASTE = fraction of residue wasted by trampling, wind effects, etc,

The amount of straw baled for each wheat section, in kg/ha
(BLST), is thus
BLST = D2BS * DV * B * BAYL
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773

20/79
817/840

775/8

777, 279

275, 23, 77
77

403, 358, 174

77
.78, 279
78
813
381
76
.590/630
590
414, 419
357, 175
633/676

where DVP - is the amount of dry biomass in each wheat section.
The total amount of straw baled is summed up from the baled straw

yield of each section.

(In the present model, which is written in CSMP, the-vegeta-
tion calculations are defined in a MACRO (GROGV) which is then
written out with appropriate variable substitution for each of

the pasture and wheat sections,)

2,6.2. Hay. The operation of the hay stack (HSTAK) (addition,
utilization and salg) follows the straw-stack procedure in most
details, The differences are related to leaf loss in the swath
and to the decision to.bale hay. The fraction of dry matter lost
during drying is represented by HLOSS,

The option to bale hay, like straw, can be invoked or sup-

pressed (parameter HOP = 1 or 0, which is transferred to D2BP in

the MACRO GROGV). The actual decision to cut hay (D2BH) will de-
pend on whether the following conditions are met on the day the

decision to cut must be.taken (HAY), which is set here as week
11 (mid-March):

a) total biomass (green and dry) is > 2000 kg/ha, and green bio-
mass is at least 1000 kg/ha; and

. b) grain/straw ratio is less than a threshold value (THGSR); and

c) the growth conditions (soil moisture) are unfavorable for a
good grain harvest (TUDRY = 1), This occurs if the exogenous
growth control function, SM,.is < 0.2 (of potential growth).

If D2BH = 1, then the amount of hay that will be cut is the

excess above 500 kg/ha éreen biomass plus the excess of 1000 gg

of dry biomass.

2.7, Grazing management

The animals graze year round (DEFER = 1) on pasture, wheat

stubble or green wheat unless they are moved to corrals (DEFER =

" 0) because of pasture management considerations. Before germina-

tion of the vegetation (GTIM) and after a last defermemt date
(LDTIM, beginning of March), the sheep are kept on pasture., If
pasture is sparse during this period, the sheep may or may not

recelyve supplements (see sectian 2.5.1), but they are not removed
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Pasture consumption and growth rate

(kg DM/ha/d)

Fig. 1. Relationship -between pasture consumption and pasture growth

PGCXE

PCCXE*NEWES/FRPAST

during the early'égﬁonential growth bhase (after ref, 9),
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Green pasture vegetationLQVP (kg DM/ha)

GVSAT = PGCXE/EGEF + RZP | (kg/Ba),
GVSAFE = (PGCXE * NEWES/FRPAST)/RGRPE (kg/ha),
RGRPE = {GRVP/7)/GVP | ¢ /ddy),
GVEQ = HS * RZP/(HS - RGRPE) . . (kg/ha),

HS = NEWES * EGEF . - C . /day),
CRITGV = (GVSAFE + GVEQ)/2 - (kg/ha),
PGCXE = potential DM consumption/ewe/ha (kg/ha), and
BZP = residual ungrazable ﬁasture ‘(kg/ha).
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603

604

607

606

604

221, 233

605

- 609/10

610/11

612/13

613

from pasfure. Grazing deferment can take place during the green
season if the amount of green biomass is below a threshold that
endangers the productivity of the pasture under the given sheep
population deﬁéity (= stocking rate). The criteria for deferment

" used in this model are based on the concepts developed by Noy-Meir

(10); A graphic pfesentation of the relationships between pasture
growth and consumption is given in Pigure 1, The following values
are defiﬁedz ‘ ‘

a) GVSAT = minimum émount‘of greeﬂ‘vegetation necessary for daily
sheep intakelto.attain satiation;

b) GVSAFE = amount of vegetation sufficient to prevent green pas-
ture bifomass (GVP) from being grazed down to a low equiiibrium
point (GVEQ); |

c) CRITGV = a value below which‘sheep should be taken off'the.pas—
ture in order to prevent grazing down to GVEQ (here taken as
an‘arbitrary value between G?SAFE and GVEQ);

d) GVEQ = a low equilibrium point at which the growth rate of-pas-
ture equals the sheep co?sumption rate;

e) RGRPE = relative growth rate of the pasture being grazed by

eweg;
f) EGEP = ewe grazing efficiency (ha/sheep/d); and
g) HS =

NEWES * EGEF.

If the sheep are on pasture, grazing will be deferred (DEFER
= 0). if any of the following conditions is met: ’

a) the relative growth rate of the pasture (RGRPE) is less than
the herd grazing éfficiency<timgs a safety factor (SAFFE); and
both green and dfy pasture vegetation (GVP and DVP) are less
than GVSAT; ﬁ

B) the green pasture vegetation (GVP) is gfeater‘than GYSAT, but
flock consumption rateAﬁer day times a safety factor (SAFF)
is greater than daily pasture growth rate; ‘

c) ewe green and dry pasture consumption (EGPI1 and EbPIl) is
less than a threshold value (TULP); or

&1 a prewset period after germination CDEFW) has not-elapsed.

Implemenfation of deferment will also be conditional on addi-

tional considerations:
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616/7

618
618

616, 620/1

625
617

925/995

722/765

757/8

757/8
757, 750

750
750

722/747

i. less than two previous deferments have taken place in the
current. season;

ii. the last deferment date (LDTIM) has not yet passed;

iii. if the pasture is not being grazed then deferment will be
continued; ' | |

iv. if the pasture is being grazed, the criteria are temporarily
relaxed in the event of later improvement in pasture growth
rate, In this case deferment will not be implemented even if
the herd daily consumption rate is greater than the daily
growth rate as long és the amount of green pasture vegetation

is greater than CRITGV or GVSAT, whichever is smaller.

If the pasture is not being grazed (DEFER = 0) and any of the
above criteria are not met, then the sheep will be returned to pas-—
ture (DEFER = 1), Only two deferments and refurns are allowed
during the growing season, i.e., grazing wili not be deferred for

a third time within one grazing season. .

2.8, Paddock allocation

The decisions that must be made are: whether or not to graze
the pasture; if the pasture is not grazed - whether or not to
graze the green-wheat or-wheat stubble; and if ‘the wheat area 1is

grazed - which subsectien to graze.

Entry of ewes and ‘weaners into pasturéfor wheat is monitored
by AINCRE and AINCRW, which represent the accumulated increment
of wheat paddocks grazed by ewes or weaners: If AINCRE = AINCRW =
0, then there is no grazing of wheat fields, green or dry; if
AINCRE = AINCRW = 1 ~ 4, then 1 to 4 wheat‘sﬁbéections are grazed,
These subsections are incremented one at a time as théy become
grézed out ‘and insufficient pasture is available to whibh to res
turn, At harvest time (HARV1 = 1) all wheat suBsections are opened
up to grazing the aftermaths, The wheat fields are closed to graz-
ing (-AINCRE * ZAINC). after plowing (PLOW = 1), after the booting
stage (ASMWK > NOGEF); and when the amount of vegetation, green
and dry, is less than the»ungrazabie residual (GVW + DVW < REW1).

The decision to graze the green wheat is implemented by
the variables INGWE and~INdWW, which become unity and pass on the

/
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957/8

728/9
274, 243

730/1

735/9

736

282, 269, 590
231

735

738

602, 281

740
836, 53
275, 246

741/2
358, 174
279

745/6

757/8
925/995
583/5, 717/20

value to AINCRE and AINCRW,

The decision to put weaners on green wheat is taken when weaners

are to be raised on pasture and at weaning the available pasture -

DM is less than the ewe requirement until the next germination

date., Weaners already grazing green wheat will be allowed access

to an extra wheat subsection if weaner liverweight gain (WLWCH) <

200 g/d and the available green and dry biomass in the wheat sub-
section being grazed (GPW and DPW) is less than GVSAT/1.5. The

division by 1.5 represents the lower satiation index of weaners

compared with ewes,

The decision to put ewes on green wheat is taken if one of

the following conditions is met:

a)

b)

c)

the wheat has passed an early establishment stage when
grazing is hot allowed (GTIM + EWG), the animals are off pas-
ture (DEFER = 0), green wheat grazing-is allowed in principle
(D26CW = 1), and the amount of dry matter in the wheat fields
is greater than either a minimum‘amount for grazing (MINW4G)
or the amount necessary for satiation, times a safety factor

(GVSAT * SAFF), and the ewes are not receiving supplements;

the growing season has ended (EGS = 1) and the grain yield
of the least disturbed wheat field (WG4) is less than a mini-

mum necessary for a harvestable wheat crop (MINGH); or

it is time to decide whether to cut the wheat for hay (HYTIM)
and the total above-ground biomass is less than a minimum for
hay cutting (WFAIL).

If one wheat subsection is already being grazed (AINCRE > 1)

-and the biomass available for grazing is less than half that neces-

sary for satiation, then the sheep are allowed to move into the

next subsection.

Once the decision on wheat grazing has been taken and AINCRE

and AINCRW have been updated, the appropriate paddock must be al-

located. This is described in the subroutine* PADOK. It is called

éeparately for ewes and weaners., In the subroutine the calls are

* This subroutine has been used instead of a MACRO in order to
save space in the CSMP translation table.




925, 585, 720
958, 966, 977/8

934 /945
974/8

977/8

934/940

948/9
951/966

958, 966

48/50

968/970

976, 280

980/1
986/993

20/78

differentiated by EWOWN (0.5 for ewes, 1.0 for weaners), where
EWOWN is a factor used to multiply the residual biomass. The lower
value for ewes implies that the ewes are better able to utilize

sparse pasture than the weaners.

If AINCRE or AINCRW is zero, then none of the wheat subsec-
tions is allocated (ZP = 1). Instead, the sheep will be regarded
as being in pasture and the values of green and dry pasture will

be returned as GPE,DPE or GPW,DPW, depending on whether a: ewe or

weaner call is being processed. If AINCRE or AINCRW > 0, then

wheat can be grazed and the number of subsections from which a

permissible choice can be made is determined by the value of

_AINCRE _or AINCRW. From the;e, the subsection with the highest

green and dry biomass is determined., The choice will be made by
green biomass unless the amount is < 500 kg DM/ha and the amount
of dry biomass is more than double the amount of green blomass.
In the latter case, the choice will be made by dry biomass. The
appropriate ungrazable residual biomass (RZW(N) * EWOWN) is then
subtracted from the dominant fraction (green‘or dry), RZW changes
as the canopy grows., If the available wheat pasture is less tﬁaﬁ
the amount needed to ensure intake of about 1.5 kg/sheep/d and
the available pasture for grazing, then the Ppasture paddock will

-hberallocated instead of a wheat subsection.

If the pasture is allocated, then the ungrazable residual
will be deducted from green or dry, whichever is the dominant
fraction, If it is deducted from dry, then a minimum ungrazable
residual (MNRZ) will still be deducted‘from,the gréen, implying
that when the plants are nearly dr&, some of the green is unavail-

able -~ as stem~base or other parts that are difficult to graze.

If the biomass in the pasture allocated is less than the un~
grazable residual, the available pasture ‘is zero., The subroutine
also returns the number of the allocated subsection, if one is

chosen,

2.9, Pasture and wheat growth

L
The changes in the amount and compositiqn ofxthé vegetation.
are calculated séparately»for the pasture and for eaéh.of the

wheat subsections. The basic calculations are defined in MACRO
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20/78, 817/839

Table 1

26/46

28, 418, 53
22, 273
818, 823 ....
281, 29, 35
43, 44

28
404, 354, 174

35/39

39, 147/9

141/5

GROGV, which is then invoked as necessary. The MACRO is divided

into the following sections:

green vegetative biomass,

residual green biomass,

dry vegetative biomass, and

1,
2.
3. seed production and grain harvest,
4,
5.

balable straw and hay,

The output and input variables of MACRO GROGV are summarized in
Table 1. The line references cited lead to the MACRO definition,

the invocations and the sources of input variables.

2.9.1. Green vegetative biomass., The green biomass is initiated

at germination (GERM = 1) from the pasture'seed stock in the soil
(GRAIN) or from sown pasture, or wheat seeds (IGV = IGVP, IGVW) - a
fraction of which, FRG, is converted into above-ground biomass.
FRG is set at FRGERM for pasture seeds and as 1 for wheat seed.
The balance of growth rate (GRV),death rate (DRGV), consumption
(intake) rate.(ING), and green vegetation removal by cutting for
hay is summarized by NGRV (net growth rate of vegetation). After
the grain harvest date (HARV1), there is no more green vegetation

until the following season.

2,9.1.1, Growth rate of vegetation. The calculation of the growth

rate of the vegetation (GRV) is dependent on exogenous information
on the growth curve of undisturbed vegetation for the current

?ear. This can be data actually measured in the field; eutput:dgts
of a canopy growth model like ARID CROP or PAPRAN (5,6,12),; or even

- predicted values based on rainfall probabilities; From the growth

curves a relative growth factor (SM) is calculated which relates
the measured growth rate to a potential growth rate. The potential
growth rate is a relative growth rate (PRGR) during the exponen-
tial phase of growth, and a linear growth rate (MXGR) thereafter,
the transition being made when the green biomass > 1900 kgDM/ha.

The values for SM are generalli between'0 and 1 but can conceiva-

- bly be above unity if measured growth rates are above the assumed

potential growth rates. The SM values are calculated in a separate

program (see Appendix Iy) and are entered as FUNCTION SMT. The
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809

35

35/9

measured growth values are used by the same routine to calculate

a growth curve based on weekly interpolated values, FUNCTION MGCT.

Thé SM values are used to calculate a weekly exponegtial
growth rate (WEGR) and a weekly linear growth rate (LINGR), and
reflect the growing-éonditions for the current week. These are
determined by‘sdii ﬁqisturg and fertility, climatic conditions,
and the state df an ungr&zed growing crop or pasture canopy. The
growth rate calculated in.tﬁé.mbdel is also dependent on the green
biomass, GV, Here, tdo; the growth rate during the early stages,
upto 1900 kgDM/ha, is based on exponential growth, and on linear
growth'thefeafter,-bﬁtfbeéause of different initial values and
defoliation due td.grazing,.the calculated rates will be different
from the measured ﬁalues-that'aré'based on undisturbed growth. To
this point, it is aSSumed that:thgre is no feedback from the state
of the vegetation to the curreﬁt'SMvvalue; This is clearly not
true, but could be a fair approximation where thereuare large dif~
ferences in SM over the season and'.fr‘om season to season. The main
feedback on the Sﬁ is most prébaBly due to the effect of différent
growth rates on the soil wate::balénce. In order to take this ‘into
account, a "soil moistureAreséfve"fis‘postuléted which starts at
zero Bgt'whiéh,is increased‘whenevér the:¢alculated growth rate is
less than the measured, This "ﬁqisﬁuré fgséfﬁe" improves growing
conditions for subsequent.growth‘By‘iﬁcreasing tﬁé value of SM. If,
as a result, calculated growth-is greater than:measured, the "soil
moisture reserve" is depleted. Iﬁ:is also continuously depleted by
an evaporation factor which increases wifh_potehtial evaporation
as fhe summer pfqgresses. The amount of water added»tb and depleted
from the reserve depends on the amouﬁt of growth*énd on.a water-use
efficrency~factor, This is'a mimicked‘constfuétidn ﬁhich; for all
its artificiality, does incorporate the main charactgfistics of the
soil moisture - veggtation,growth feedback pathway. Whether it im-
proves the estimation of growth rates of graééd‘canobies remains

to be seen,
The actual computations are as follows:

The net growth rate of the vegetatioﬁ (GRV) is exponential (EXGR *
GV) as long as GV < 1900'kg/ha, and linear (LINGR) otherwise.
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Growth is partitioned into vegetative parts and seed formation and
fill by a factor (TRG) that controls translocation to grain. This
starts to operate sooﬁ after flbwering, here taken as 13 weeks af-
ter germination (ASMWK % 13). During the first 2 weeks,. seed fill -
proceeds at a relatively slow rate (ETF) as sink sites are being
formed; subsequently, it proceeds at a faster rate (LTF). These
translocation rates are different for pasture and wheat, but onset
of flowering is regarded as happening at the same time for both
vegetation types. Growth and translocation continue (DVS = 1) as
long as there is green biomass and as long as the vegetation has
not reached full maturity. This will be attained within 25 weeks
after germination or at a photoperiodic end-date (ETIME), whichever

is earlier. ETIME has different values for wheat and pasture:

The weekly exponential growth rate (EXGR) is the greater of
(a) WEGR, which is based on a potential relative growth rate
(RGR), multiplied by the growth condition factor (SM), or (b) a
weekly potential growth rate (PRGR * D7), multiplied by the sta-
tus of the moisture reserve, whichever is the-greater. The status
of the moisture reserve (AVW) is defined as. AVW/WTPG, where WIPG
is the amount of available moisture necessary to ensure no mois-
ture limitation to growth., The linear weekly growth rate (LINGR),
similarlv, is a maximum growth rate (MXGR) multiplied by SM eor
AVW/WTPG, whichever is greater. The value of AVW/WTPG is in‘Both~
cases. between 0 arnd 1, ‘ | \

The available moisture reserve (AVW) starts as zero (AWI = 0)
or, if the simulation begins in mid-season, with whatever the sta-
tus is at thatpbint in time. Whenever the measured‘growth réte~(MGR)
exceeds the actual growth rate (GRV), the moisture that was not
exploited will be added to ‘the moisture reserve, and'zigg versa.
The measured growth rate (MGR) is the derivative of the measured
growth curve (MGCT), calculated at mid-week. The conversion from
kg/ha to mm is effected by multiplying the difference by M/10,000,
where M is the ratio between growth and transpired water, taken
here as 200 kg water/kg DM, The moisture store is being constantly
depleted by surface evaporation, calculated as a constant fraction
(EVBS) of AVW which increases in the summer (SINFAC = 3) and de-
creases in the winter (SINFAC = 1).
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2.8.

" wheat harvest time (HARVL =

2.9.1.2. Death rate of vegetation. The death rate of the green

vegetation (DRGV) applies only to the green vegetation that is'not
grazed in a given week, It can occur because of senescence
(SENESC) or because of excessively dry conditions, which prevail
when SM < 0.1, in which case the death rate rises to a more severe
drying rate (DR?R)..If there is green biomass im the field at

1), whatever is not translocated to

seed (TFVS) is transferred to the dead biomass fraction.

2.9.1.3. Green pasture intake, The amount of green vegetation in-

gested by the sheep (ING) is the amount consumed in one week by

both ewes (EGPI) and weaners (WGPI), per hectare of the pasture
or wheat paddock that is being grazed. They cannot graze any more
green vegetation than is available in one week (GV/DELT) and will

not consume vegetation unless they are on pasture (GRZN = 1). The

 green biomass consumed by ewes (EGPI) represents the pasture con-

- sumed by both ewe and suckling lamb, It is limited by the physio-

logical intake capac1ty of the ewe and lamb (PDCXE) or by the
availability of the pasture for ewes (GPE) and the grazing effi-

ciency of the ewes (EGEF). The green biomass consumed by weaners

"(WGPI) is limited by an'age—dependentgmaximum intake rate (MXDMIW)
or by the available pasture and the weaner grazing efficiency

(EGEF), here taken as‘equal to that of the-ewe.

2.9.1.4, Available green pasture. The’ green pasture available for

grazing in any paddock is ‘the standing green biomass minus the un-

grazable residual (RZ), which 1is very little (MNRZ) soon after

germination when the plants are young, but increases as the plants

"become established and develop tougher stem bases. The rate of in-

crease (IGVR) is assumed to be zZero until the plants start flower-
ing (TRG > 0), after ‘which it increases at a. f1xed proportion
(0.012) of- the growth rate (GRV). The proportion is - derived from

the observation that after a heavy growth of pasture," reaching

 about 10 t/ha about 600-700 kg will remain ‘as ungrazable residue.

after a summer of heavy gra21ng. This is not exactly the same as

_green ungrazable residual ‘but is a fair approximation. There will

be much less ungrazable res1dua1 in a’ poor year, as has been ob-
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served*. No distinction is made in the present model between wheat
and pasture with regard to RZ; however, different grQWIh rates due
to grazing will result in different residuals, the ungrazed vegeta-

tion ending up with a larger RZ,

' Thé RZ at the end of the green season is maintained until the
field is plowed in the case of wheat paddocks (PLOW 1), and until
the next germinatlor} date .(GERM = 1) in pasture.paddocks. After
germination, RZ is reset to MNRZ in both types of vegetation.

2.9.1,5. lotal<primary production. Total primary production (P) is

calculated as the integral of the growth rate of the vegetation,

including seed growth, It is zero at.the beginning of the season

(IP = 0), though for runs that begin in mid~season, IP would be
set ‘to the value attained at the beginnlng of the mid-season runs.
In the case of primary production it is unlikely that this would
be a measured value but would be in the output. from a separate
run, The- total prlmary production is used to determine the level

of productivity attained in a given year, which influences the

price of hay and straw. As the wheat may be grazed, the primary

production is a more rellable measure of how good or bad a year it
was. For this purpose, we take the primary productlon (PP4) of the
wheat paddock least llkely to have been grazed.

2.9.2. Seed production and harvest. The amount of seed produced

- (GRAIN) depends on the rate of seed fill (GRGR) which begins as

soon as TRG > 0, and is calculated as GRV * TRG At the end of the
growing season, a fraction of the remaining green biomass is trans-
located to the seed (TFVS * GV), If the amount of seed exceeds half
the total biomass (GRAIN > (DV + GV)), seed £i11 will stop. It can
continue subsequently if the amount of vegetative biomass has in-
creased in the meantime. If a wheat field is grazed after booting
(¢ = 0), then grain growth is prevented ~The photosynthate that

. should have gone to the grain is not re-allocated to the vegetative

organs, as it appears that grazing wheat late in the season removes

most of the.leaves -and reduces photosynthesis'drastically 2).

* Benjamin, R. (l979) Unpubllshed data from summer pasture experi-
ment, Migda, Israel, '
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Brazing paéture, on the other hAnd, does not prevent seed fill

(G = 1) but will reduce it whenever the growth rate of the vegeta-
56, 819, tatle 1  tion (GRV) is reduced bécause of grazing (G = 1, - min(l., GRE +
21/78 GRW)). GRE and GRW are set at 0 for pasture calls to MACRO GROGV;
for wheat célls, GRE and/or GRW willlbe set at 1 if the paddock in

584/5, 719/20 question was grazed during the.reproductive stage. This is deter-

926/996, sect.2.8 mined in calls to SUBROUTINE PADOK,

53 Seed biomass can bé_reduced by germination, harvest, seed

54 o predation, or burial by plowing, At germination (GERM = 1) the a-
mount- of seed in the soil (GRAIN) is reduced by the fraction that
germinates. This fraction is immaterial for wheat, as virtually
none of last year's grain crop remains. For pasture, especially
where no pasture seeds are sown, the regrowth depends on the amount
of seed available (GRAIN) and its germination rate. It may Be that
very little was available for germination in a given year -(because
of poor prodﬁction in the previous year or heavy ant predation (8,
11); in this case there would still be germination from stocks in -

54, 274 the sofl. A minimum seed stock (MINSS) is thus always available
’ for germination, '

55 ' In the event of wheat being.gut for hay (D2BH = 1), the seeds
76, 67 .- ' will be transferred to the cut hay. The grain yield harvested

53, 57, 278 } (GRHAR) is a fraction (FRHARW) of the:crop. The rest remains in the
- field (as GRAIN). (Again, fields grazed during the Peproductive stage
are not harvested.) The grain will be harvested (HARV = 1) only if

275, 406 the harvestable grain yield is above a threshold level (MINGH);

406

otherwise, the grain will remain in the field and will be available
for grazing. (The decision to harvest could be optimized less
crudely than in this procedure, especially where animal density is

high and concentrate feed will be fed anyway.)

58 All the causes of seed loss in the pasture paddocks (ant, ro-
4 dent, bird predation, grazing) are lumped together in a relative
279 o 'seed loss factor (SLWK) which results in an exponential decrease
in the amount of available seed (GRAIN) from seed Qispersal onward
58,354, 174 (ome week after harvest time, HTIM + 1). With SIWK set at 0.1, the
| seed stock (GRAIN) is halved about every 7 weeks.
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The grain harvest is stored (as an integral, GHARV) until it

is sold and accounted for.

2.9.3.»Dr§ vegetative biomass. The amount of dry above-ground bio-

mass (DV) changes as green tissue dies (DRGV) and, as the dry ma-
terial is removed by grazing (IND), by loss due to trampling and
weathering (LOSS),-and by the harvesting of straw or hay. The
seeds’are added to the dry biomass when wheat is grazed in the re-
productive phase (G = 0 in the wheat plots), and when the whéat is

- cut for hay (D2BH = 1). In the latter event, it would not have been

grazed prior to being cut for hay (G = 1), All dry material is
buried when the wheat fields are plowed at the end of the summer
(PLOW = 1).

Dry material that is not grazed or removed by harvest decreases
by weathering, wind !loss, removal by ants, rodents, etc., and by

trampling during grazing (LOSS), The losses (LOSSl) that are not

due to trampling are represented by four rate factors: a dry-mat-

ter loss on maturity (DMLOM), due to seed dispersal and predation;
a dry-matter decomposition rate (DML2) which is operative during
the early part of the wet growing season (ASMWK ¢'8); a weathering
rate of new dry material (DML3) during the latter part of the grow-
ing seasonj and a summer weathering rate (DMLl when ASMWK = 0).
These rates are applied to the dry vegetative material that is not

grazed in a current week (DY/DELT - IND)*,

The losses due to trampling (WASTE) are a function of the
grazing intensity, here represented by the intake of dry vegetative
material (IND), o

The consumption of dry material by grazing (IND) is the sum of
dry matter intake of ewes (EDPI) and of weaners (WDPI). The units
of IND are kg DM/ha/week for each vegetation type and paddock as
the daily intake rates are multiplied by seven times the number
of animals per hectare, The dry matter intake of ewes (EDPI) is the
intake of the ewe plus lamb and is limited by the potential dry

pasture intake of the ewes (PEDPI)'when‘there is sufficient pasture,

* DY, a state variable, is divided by DELT in order to maintain
unit~consistency with IND, which is a rate. Thus, the weathering
rate factors are dimensionless in the present context.
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233 ' and by the grazing efficiency of the ewes (EGEF) when the pasture
' is sparse. The dry pasture intake of the lamb is zero for the

first 4 weeks, but subsequently is taken as proportional to the

571 4 ewe~intake by the factor WLAM/WEWE, The number of lambs per éwe
568 (LER) also influences the EDPI, The amount of dry pasture consumed
- depends on the availability of gréen pasture and directly on ewe
563/5 _ green pasture intake (EGPI), It is assumed that oﬁly the difference
between potential dry pasture intake_(PEDPI) and EGPI is consumed.
573 | If EGPI is greater than PEDPI, no dry pasture ﬁili'Be consumed,
710" " The dry~§asture intake of the weaners (WDPI) is dependent on the
711 ; green pasture intake (WGPI) in a similar way.lThe méximum‘dry pas-
712 ture intake of the weaner (MXDMIW) is age-dependent and hére is not
influenced by the digestibility of the dry pasture. The grazing ef-
233 ficiency factor (EGEF) is also the same for gréen and dry pasture.
75 . The removal of dry vegetative material as straw (BLST) is op~
275, 824,.. erative orly in the wheat fieldé'when'BLST = SOE'= 1. The decision
814, 405, 359 to bale straw (BAYL) is taken .2 weeks after harvest time (BS =1
177, 178 at HWEEK + W2BS), BAYL = 1 only ifAthe;am0uqt of wheat straw that
814, 842, 278/9 can be baled (DVW * B) is greater than a miniﬁum'amount (T), and
288 if the ewe requiraneﬁt for wheat stubble (E) is less than the
' ' amount of ayailable dry material in the field, The'ewe requirement
224 (E). #s the product of the number of ewes (INEWE), the weekly stub-
283 ble intake (10.5 kg DM/ewe/wk)., aﬁd.a'waStage factor (1 + WASTE)
| | due to trampling while grazing, This is based on a ;oﬁgh estimate
of waste:and on the assumption that the waste due to trampling and
that due to feeding straw in a corral, are of about the same magni-
49 _. tude. The ungrazable residual biomass (RZ) is‘incladed in the WASTE
- - factor in the present context, If straw. is to be baled, only a
JS; 278, 66 . fraction (B) of the dry vegetativé material (DV) can belcollected
and the rest remains to be grazed if necessarj} ‘
77/8; sect, 2,6.2, If hay is cut (D2BH = 1), then the dry vegetation above 1000 kg/
68 | ' ha (DV - 1000) will be removed as hay; the rest remains to be grazéd

if necessary.
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3. Managenent Options

A number of managemént options are built into the model in
the sense that the criteria for decisions are fixed (e.g. the
decision not to cut wheat for hay (D2BH=0) if the total dry mate-
rial is < 2 t/ha and the green material is < 1 t/ha). Many other
critefia are fixed as default values, but can be changed simply
by:}esetting parametefé (e.g. the threshold grain~to-shoot ratio
(THGSR) above which hay will not be cut). Other parameter changes
can be made; albeit less conveniently, by changing the values on
the input string to the various MACRO calls, For example, the
option to cut the pasture for hay is eliminated by setting the
dummy variable (D2BP) to zero in the MACRO calllfor the pasture
paddocks (second parameter to the right of ISP). Again, if this is
not to be regarded as a constant situation, the zero can bé re~-
placed by a parameter or variable for easier manipulation. (Chang-
ing ftied values in MACRO calls cannot be effected in reruns. The
CSMP program must be re-translated and re-compiled. Thus, if dummy
v;riables for specific MACRO calls are not to remain constant over
a large series of runs, it is worthwhile to replace constants by
parameters that can be changed from run to run or by variables

that can be set by decision rules in the model itself.)

3.1, Land Management

The allocation of land between wheat and pasture is con~
trolled by the parameter FRPAST, defined as the fraction of total
area under pasture, for which a standard setting of 0.5 is general-
ly used. Once FRPAST is set, the fraction of the farm under wheat
FRW) 1s set automatically, The wheat will then Be subdivided
Into four equal sections (fields), These sections can be opened
up for grazing if the necessary criteria are met (see section
2.8). Other manfpulations are dependent on the type of farming
system, Thus, If the farm is made all pasture (FRPAST=1), there
.is no point to setting special wheat parameters an& vice versa.
The combination of wheat and pasture can be set up to represent an
alternatipng rotation between wheat and pasture or a fixed system
where the pasture sectfon is not rotated with the wheat, but the

area allocated to wheat can be subdivided into legume and wheat.
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- 3.1.1. Fixed ley system. This system is characterized by the

fact that the pasture is not sown every year but regenerates from
see& that has remained from fﬁé natural seed production of previ-
ous years. The amount of pasture seed sown is set to zero
(IGVP=d). The model is set up so that the fixed ley is the de-

fault optioen.

3.1.2, Alternéting ley system. Here the pasture is sown, so the

amount and cost of seed and cultivation costs must be set. The
relevant‘parameters are;

IGVP = amount of seéd sown (kg/ha)

CPSEED = cost of pasture seed and cultivation (IL*/ha).

Since the pasture is cultivated, the PLOW parameter in the MACRO
GROGY calls is set to PLOW (instead of zero as in the fixed ley).
The present version is baéed on the pasture and wheat rotating every
year, with'no carfy;ove; effects from one-year to -the next year taken
into account. Longer pasture periods in a run over more than one
year could be implemented by using the END CONTINUE option and
setting IGVP to zero in the runs that represent years when the
pasture 1s not sown. In this case a small alteration in the MACRO
GROGV. pasture call needs to be made. The MACRO dummy variable PLOW
must be changed from zero to, say, PLOP (plow pasture). PLOP is

then defined in the DYNAMIC section as PLOP - PLOW * PLOWP, and
PLOWP is defined as a parameter. In years when the pasture is not

plowed, PLOWP=0; in the year that it is plowed, PLOWP=l.

If the sown pasture is an all-legume pasture, the digestibil-

" ity values have to be set to appropriate values (see section 6.4).

The amount of seed sown (iGVP) would, as a rule, be one-quarter to

one-half of that sown in mixed pastures.

3.1.3. Fallow. In the calls to MACRO GROGV, the values of some
parameters in the input string can be adjusted (Table 1). The sec-

tions fallowed should have no vegetation, so the amount of seed

* When the computer program was written, the local currency was
the Israel pound (IL); today it is the shekel (IS).
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sown (IGV) would be set to zero (instead of the default value,
IGVW). In the sections with wheat, the better growth due to water
storage would have to be accounted for by adding AVWI to the input
string in the MACRO definition and then defining separate initial
reserve water in the wheat sections and zero in the following:
e.g. AVWI1 = AVWI2 = say 50mm; AVWI3 = AVWI4 = 0, These values
could be defined as parameters or entered directly into the input
string at the appropriate dummy position for AVWI, As these vari-
ables have not been defined in the present version (20.VIII.1980),
runs with fallows should not be attempted unless these revisions

are implemented.

3.1.4, Legume - wheat rotations in the fixed ley. The differences
between wheat and hay or pasture legumes that can be accounted for
in the present model are as follows:

initial amount of seed sown | IGV

age of vegetation at seed fill initiation ETF

age of vegetation for unrestricted see& f111 LTF

fraction of assimilate translocated to seed TFVS.

The pfesent version can account for legume pasture in an alter-
nating ley system, but legume - wheat rotations within the culti-
vated area of the farm require some modification of the program.
The amount of wheat seed sown must be differentiated .from the
amount of pasture.seed sown, so IGVW must be split, say to IGVW
and IGVL, and then IGVL will represent the amount of seed sown in
the legume subsections. One to three subsections can be allocated
to legumes, Similarly, EWTF, LWTF and TFVSW would have to be sub-
divided and legume parameters added, say ELTF, LLTF and TFVSL. As
the cultivated aféa in the fixed ley would not be grazed except in
a drought year, the need to account for the different digestibil-~
ity of the 1egumé pasture could perhaps be neglected. Also, the
criteria for sheep entry into the cultivated area and field allo-
cation could be left as they are. If the legumes should be grazed

before the wheat, then the legume subsections (or 'fields') should

‘be defined before the wheat subsections and vice versa.

N
It is more of a problem to simulate cutting of the legume hay

at an ‘appropriate time as the criteria are not the same as those
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used for cutting wheat for hay. The option open in the present
version, with small changes, is the following. The calls to the
legume or wheat subsections can be differentiated by adjusting
the value of the paraﬁeter PS in the MACRO GROGV input string. At
present, 1 indicates pasture and 0. indicatgs wheat. Say legume is
indicated by setting PS to -1 in the appropriate calls of MACRO
CROGY. The decision to cut wheat for hay can be defined as D2BHW
(instead of D2BH as at present) and the 1ggumé hay as D2BHE. Then
D2BH will be chosen according to PS as it ié set for each field.

D2BH = INSW (PS + 0.5, D2BHL, D2BHW)

D2BHL can be defined as:

D2BHL = HAY * INSW (GV + DV - 2000., 0., INSW (GV + DV -.6000.,
INSW (GVP + DVP - NEWES * 12, * 14., 0., 1.), 1.)

implying that on the day when the decision must be taken (HAY = 1
in week -11, mid-March), hay will be cut from the legume fields if
the total green and dry biomass is.> 2t DM/ha and the amount of
pasture in the pasture plots is enough to maintain the flock
(NEWES) for at least 12 weeks consuming 14 kg-DM/ewe/wk. In.any
event, hay will be cut if the standing biomass in the legume fields
exceeds 6t DM/ha. This is a framework definition and if other values
for the criteria are required, or if an optimizing routine is to be

devised, then theyAcan-be adapted or added to the above procedure,

After the hay is cut and baled, the hay aftermath should be

available for grazing. This can be effected by ensuring that AYNGRE

and/or AINCRW take on values equal to the number of legume paddocks.

Preference would be given to weaners if there are any available at
the time, It would be necessary to include this condition in the
definitfon of AINCRE and AINCRW and it could be added as follows:

AINCRE = INTGRL(TAINE, INGWE~(INGWE + AINCRE - NOPPE) * HAYSW - .,.
(INGWE + AINCRE ~ 4,) * HARV] - etc.
ATINCRW = INTGRL (IAINW, INGWW-(INGWW + AINCRW - NOPP) * HAYSW - .

(INGWW + AINCRW - 4.) * HARVI - etc.

The new variables NOPPE (number of open paddocks for pasturing
ewes), NOPP (number of open paddocks for pasture) and HAYSW (switch
which is normally zero, but equals 1 one week after hay harvest if

hay was indeed harvested) are defined in the following procedure;
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60

PROCEDURE NOPPE, NOPP, HAYSW = HAYDAY (BLHYl, BLHY2, BLHY3,
| BLHY4, NWNRS)

HAYSW = 0.

IF (YTIME .NE. HYTIM) GO TO 60

BHl = INSW(-BLHYl, 1., 0.)
BH2 = INSW(-BLHY2, 1., 0.)
BH3 = INSW(-BLHY3, 1., 0.)
BH4 = INSW(-BLHY4, 1., 0.)
CONTINUE

IF (TIME .NE, HYTIM.+ DELT) GO TO 62
NOPP = BH1 + BH2 + BH3 + BH4
J = NOPP

AFMATH = 0,

61

CALL ARRAY (DVWL, DVW2, DVW3, DVW4, DVAM)

'CALL ARRAY (GVWL, GVW2, GVW3, GVW4, GVAM)

D0 6L K = 1,J

AFMATH = AFMATH + DYAM(K) + GVAM(K)
AFMATH = AFMATH * FRW * J/4, ,
'NOPPE = INSW (NWNRS * 14, * (HWEEK - HYWEEK) * 2, - AFMATH, 0.,
| ' NOPP)
. HAYSW = NOPP/(NOPP + NOT (NOPP))
CONTINUE '

62

In the above procedure, BHL-4 are equal to one if the paddock has
been cut for hay, and zero otherwise., If the aftermath (AFMATH) is
more than double the needs of the weaners, then ewes are allowed

to graze thejaftermath too. The weaners' needs are.set at 14 kg DM/
wk for the period between hay and grain harvest date, after which
all paddocks are opened to grazing (see definition of NOPPE). The

END PROCEDURE .
STORAGE DVAM(4), GVAM(4)
TABLE DVAM(1-4) = 4%0., GVAM(1-4) = 4 * 0,

criteria for determining a positive NOPPE can be changed or re-

placed by an optimizing routine if necessary.

There remains the need to correct the accounting procedure if

1egumes_replaée wheat, The variable COST must be redefined as

follows. Instead of line 500,
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712
710/11

CCULTW * FRW + .....)/DELT write -

(l-FRLEG)*(CCULTW*FRWfCHARW+CHARS+CHARH)+FRLEG*FRW*

. | (ACLEG~VALNIT) ) /DELT
FRLEG = NLEGP/4

PARAMETER NLEGP

PARAMETER ACLEG = annual cost of a legume pasture (IL/ha)
VALNIT = NITFIX * CFERT/0.21

number of legume paddocks (0-4)

PARAMETER NITFIX = nitrogen fixed by legume (kg N/ha)
Note: All money units should be changed from IL/ha to $/ha in a

future model to eliminate inflationary effects,

3.2, Sheep management. The model is set up to deal with a breeding
sheep flock that prodﬁces weaned lambs that can optionally be fat-
tened on pasture (RAISW), The breeding season and system (breed
type, hormones given to increase fecundity), as well as the sup-
plementary feeding regime, can be manipulated as discussed in sec-
tions 3 to 5 above., Grazing management includes deferment of graz-
ing and paddock allocation. These aspects have been covered in
sections 7 and 8, Two further systems that have been discussed in

relation to sheep management practice at Migda are lamb-fattening

-on concentrated feed and opportunistic stocking of the pastures.

3.2,1, Lamb-fattening on concentrated feed. It will often be

necessary to wean the lambs before they have reached a desirable
narket weigﬁt. In heavily stocked pastures it may be necessary to
wean early as a matter of course. Whereas the weaning procedures
have been elaborated (and could be improved), the alternative of
fattening:the animals on concentrate only has not, The simplest

way to include concentrate fattening would be to zero the weaner

pasture intake and replace it by concentrate:

PARAMETER RAISW = 1,, to ensure thaf the weaners are not sold
at weaning.

SUPPWC (concentrate supplement for weaners) must be redefined,
say as SUPPWP (supplement for weaners on pasture), and then,
SUPPWC = INSW - (~<FATLAM, MXDMIW, SUPPWP), where MXDMIW is the
maxipum dry matter intake for ewes, It is now hecessary to
zero-the pasture intakes calculated for weaners (WDPI, WGPI),
These need to be,fedefiged as, say, WDPIl and WGPI1l, Then:
WDPI INSW(<FATLAM, 0., WDPI1)

"WGPI = INSW(~FATLAM, 0., WGPI1)
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PARAMETER FATILM = 1., if weaners are to be fattened in feed
' lot, and 0. otherwise.

FATLAM = INSW(-WEAND, INSW(~SOLDW, 0., FATLM), 0.)

This procedure will fatten all the laﬁbs after weaning but
will return the hoggets to pasture after the other fattened weaners
have been sold. In order to separate the pasture fatlambs from the
future hoggets at weaning, it is necessary to define a new class
of sheep, viz,, fatlambs. Their number and weight would have to be
monitored in separate iﬁtegralsywithAtheir own routines. As this
is a considerable development of the model, it should be elaborated
with an optimizing routine that would consider seasonable lamb
prices and sale weights that would maximize income. It should re-
fine the costs to take into account capital investments in the
feedlot as well as the labor costs involved in fattening the lambs.
At this stage, these items should be added as a cost related to the
number of'weaners fattened and the fattening period.

CLFATL = INTGRL(O., FATLAM * NWNRS * DALICF)

PARAMETER DALICF = daily cost of labor and capital per fat-

'~ lamb (IL/lamb/d). ‘
CLFATL can then be added to COST in line 499, + CLFATL + e

3.2,2, ~Opportunistic lamb-raising on pasture. .Weaners can be

bought after the season has begun, to utilize excess pasture if the
farm is understocked, If the number of ewes (INEWE) is reduced to
zero, then all the pasture can be used for raising bought weaners
either on pasture with the standard options for management manipu-
lation or with special legume pastures, It would be necessary to
add the number of bought weaners, NBWNRS, to the weaners on pas-
ture, assuming they have the same weight as the lambs that have
grown on the fgrm, or that have a minimum live~weight if there are
no'home-grown lambs. When home-grown lambs are weaned and added to
the bought weaners, it is necessary to calculate an average weight
for all the weaners from that point on, uniess the bought weaners
are maintained in a separate class'throﬁghout. This again is a
considerable expansion of the.model and will . not be developed at
this stage. A routine that could handle the additional situation
of whether there are or are not home-grown weaners, could be de-

fined as follows:
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PROCEDURE NBWNRS, IWBWNR, BIWNRS = OPPORT (GVP,DVP,GVWL, GVW2,....
GVW3,GVW4,DVW1, DVW2, DVW3, DVW4, RTIME, NEWES, HWEEK, WLAM)

" BIWNRS = O,

65

66

IF (RTIME ,NE. BITIME) GO TO 67

BIWNRS = 1. .

WPAST = GVP + DVP

IF (NLEGP ,EQ. 0,) GO TO 66

CALL ARRAY (GYWL,GVW2,GVW3,GVilk,GYAM)

CALL ARRAY (DVWL,DYW2,DVW3,DVW4,DVAM)

J = NLEGP |

DO 65 K=1,J 4

WPAST = WPAST + (GVAM(K) + DVAM(K)) * FRW * J/4,

CONTINUE .

NBWNRS = AMAX1(0.,(WPAST - NEWES * (HWEEK-BITIME) * 21.) /

((HWEEK - BITIME) * 14.))

IWBWNR = AMAX1(WLAM, 15,)

CONTINDE

ENDPROCEDURE .

PARAMETER BITIME = 6. (mid~February)

PARAMETER' NLEGP (see section 3.1.3.)

STORAGE DVAM(4), GVAM(4) '

TABLE DVAM(1-4) = 4%0., GVAM(1-4) = 4%0, _

It is now necessary to eéfect changes in NWNRS, WWNR and COST as

required; '

NWNRS = INTGRL(INW, ..... -NWNRS*PLOW+ NBWNRS * BIWNRS) / DELT)

WWNR = INTGRL(IWW, (BIWNRS * (IWBWNR+WWNR)/ (NBWNRS+NWNRS)+ cee
WEAN * (WLAMHWWNR)/ (NLAMS+NWNRS)- WWNR * (BIWNRS + WEAN))/...
DELT + WLWCH * 7. * (1. ~ PLOW) - etc.

COSTWN = BIWNRS * NBWNRS * IWBWNR * PRWNR * HIKE

This item has to be added to the farm. It is unlikely to be
an expense that can be postponed until the end of the financial
year, so it should be incurred when the weaners are bought and
entered into the calculation of annual balance (ANBAL).

ANBAL = INTGRL (INBAL, GRINC-COSTWN-COST +  etc.

The parameter HIKE represents the ratio between the cost of

the young bought weaner and the.price of the full-grown weaner:
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PARAMETER HIKE = 1.5- (i.e., young weaner is 50% more expen-

sive per kg liveweight).

From here on the weaners will be subject to the management options

previously défined for weaners. Parame;er RAISW should be set to 1.

However, the decision to give supplementary feed to the weaners

can be controlled by D2SUPW. At a later stage it would be desira-
ble to optimize the supplementary feeding and sale of the weaners
endogenously,

4, PARAMETERS

4.1, Physical and Biological Parameters

'4,1,1, Vegetative Growth and Seed Production

. MXGR

TFVSW

. PARAMETER DEFAULT UNITS DEFINITION
o VALUE
- DML1 0.001 /day dry vegetation loss rate (weathefing) ~ summer
DML2 0.05 /day " " " " -~ beginning of gro&ing season
DML3 0.01 /day " " " " - end of growing season
- DMLOM 0.15 /day " " " " -~ on maturity (seed dispersal,
g ‘ etc.)
DRYR 0.10 /day drying rate of green vegetation after end of growing
: season ‘
EPTF 0.10 - allocation factor -~ growth to early seed fill (pasture)
EWTF 0.30 - 1" " - 1" " " " 1" (wheat)
FRGRM 0.50 - fraction of pasture seed seed stock that germinates
! LPTF 0.30 - allocation factor - growth to late seed fill (pasture)
LWTF 0 90 - " " - " " ”" " " (_Wh.eat)
" MINSS 10. kg/ha minimum seed stock in soil (never O)
- MNRZ - 30. "kg/ha " ungrazable residual vegetation
200. kg/ha/day maximum growth rate of vegetation
PRGR - 0.1 /day potential relative growth rate of vegetation
RGR 0.1 /day o ~ (redundant)
'SENES 0.01 /day dryiﬁg rate of green phytomass
- SLWK 0.1 /week weekly -seed loss rate due to predation by insects,
: _ . birds
' .I?VSP, '0.05. - translocation fraction - veg to seed at maturity (pas~
i ‘ ture)-
0 lO _ " " - nom " " 1" (wheat)_
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PARAMETER DEFAULT UNITS

-DEFINITION

VALUE

4,1,2. Growth Control Factors

EVBS 0.01 /day evaporation constant for dry soil

M 200 - transéiration : growth ratio, kg water/kg DM produced

MGCT FT kg/ha/time measured or calculated growth curve over growing
season

SMT PT - growth regulation factor (redundant)

WIPG 20 mm available water threshold for potential growth

4.1,3. Animal Characteristics

AFTBF 1.5 - after-birth factor (on lamb weight) for ewe weight
loss at parturition

BIRWT FT kg/lamb/BF birth weight of lambs, fn of BRD?R (=BF)

ECONLM FT /EWCON reduction factor on birth weight, fn of EWCON

ECWT FT - liveweight conversion efficiency, dig DM/kg LWG, fn
of AGEW

EMORT 0. /year ewe mortality factor

EWCONB FT - fertility factor at joining, fn of EWCON

EWCONS FT : - price reduction factor, fn of EWCON

KMNT 0.04 - maintenance coefficient (kg DDM/kg metabolic body wt)

LAMRT - FT /week lamb mortalityv rate, fn of BRDFR

LGRT FT - growth rate reduétion factor, fn of LER

LMWIT FT - kg/lamb/wk potential lamb weight gain, fn of AGEW

LWRT FT - reduction factor on price of weaners, fn of WWNR or
WLAM '

MXBRW" 75. kg/ewe maximum breed weight (German Mutton Merino)

WOOLSH 2.5 kg/ewe/year annual wool yield

" ZERO 35. kg/ewe zero condition weight for adult sheep

4,14, Plant/Animal Interactions

CXWT PT kg/sheep/day maximum DM consumption of weaners, fn of AGEW

EGEF 0.004 ha/day ewe grazing efficiency (S in Noy-Meir publications)

EWG 4, week earliest wheat-grazing .week after emergence .

GPTH 150, . kg/hé green pasture threshold (redundant)

HODPP 8. week

high~quality dry pasture period
' ' ‘ (contd,)
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PARAMETER DEFAULT 'UNITS . DEFINITION

VALUE
NOGEF 8. week period of no grazing damage‘to Qheat yield
SAFF 1.2 - safety factor for deferment (GVP ,GT. GVSAT)
SAFFE 4, - " " " " (GYP .LE. GVSAT)
TULP  0.25 kg/ewe/day DM intake threshold for grazing deferment
+ WASTE 0.3 - (=STWST) DM loss due to trampling
WPAST 2000. kg/ha . minimuﬂ'pasture for weaner grazing

4.1.5, Feed Parameters

DIGC 0.8 - ' digestibilityfof concentrate feed

DIGCW 0.5 - " " cotton gin waste

DIGC 0.75 - " " green pasture

DIGH 0.6 - | " " hay

DIGS 0.4 - " " straw

HDD 0.65 - _ " L dry pasture = high value
LDD 0.55 - " "moom " low .value

4,2, Management Parameters

4.2.1. Land Management

FRPAST - 0.5 .- fraction of area under pasture

4,2,2, Crop Management

B 0.5 - fraction baled of post-harvest wheat biomass

D2GGW 0 - (=GGWH) switch management decision to graze green
wheat '

FRHARW 0.9 - - fraction of wheat grain harvested

HLOSS 0.25 - fraction of DM lost in haymaking :

HOP 0 - (D2BP in MACRO GROGV) cut wheat for hay option

IGVW | 150 kg/ha - amount of wheat seed sown

MINGH 500 kg/ha minimum amount of grain to harvest

SOP 1. - (D2BS in MACRO GROGV) bale wheat straw option

T ' 1000. kg/ha threshold stubble weight for baling

THGSR ©0.05 - threshold grain:straw ratio for wheat hay decision

W2BS 2.0 week delay between grain harvest and straw baling

WFAIL 1000. kg/ha wheat failure threshold to allow ewes to graze

WHYS 7. " week length of planned hay supplementation period

WSTS 16. week " " " straw supplementation period
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4.2.3, Pasture Management

PARAMETER DEFAULT " UNITS

.DEFINITION

VALUE
DEFW .0 v week
DEFTHR 60, kg/ha . -
IGVP 0 kg/ha
AFERT 600. kg/ha

arbitrary deferred grazing period after emergence

" green phytomass threshold for deferment (redundant)

seed sown in pasture

amount of fertilizer applied (ammonium sulfate
equivalent)

- 4,2.4., Animal Management

ER

AWDP - 12.' week

BREEDF 1. lambs/ ewe
CRASH 0.5 -

CULLR 0.2 [ evre
N2SUPE 0 R

D2SUPL 0. . -

D2SUPW 1 -

EARLW 0 A -

ECSF 3.0 -

ECWN 0.8 -

FLUSH 0.25 -

FWAGE 30, week

HORMT 1, -

MINRW 25, kg/lamb
MINWGR 0.1 kg/head/day
MXW SUP 1. " kg/head/day
RATSW 0 -

SWW - 50. kg/head
WLW '50. - kg/head

.on " 1" 1"

d;y pasture reserve beyond NWYR

poteﬁtial breed fertility (German Mutton Merino)
ewe condition for supplementary~féeding (0-5)
guliing.rate

‘switch management decision to give supplementary
feed to éwes (0,1)

" " " give éupplementary

feed to lambs (0,1)

" n " " give supplementary

feed to weaners (0,1)
" " : " for early weaning o,1)
ewe condition threshold for steam up and flush

weaning

' extra feed allowance during breeding, lambing

imposed weaning age
fertility factor due to hormone treatmeﬁt
minimum lamb weight for replacement

"

acceptable weaner growth rate on pasture

maximum weaner supplementary feed ration (kg digest-
ible conc. DM)

switch option to raise weaners on pasture or to sell
sale weight of weaners

maximum ﬁeight of lambs at weaning
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PARAMETER DFFAULT UNITS
VALUE =~

4.2,5. Flag Days

DEFINITION

EGWEEK 8 _ week

EPWEEK 17 "
EWWEEK 19 "
HWEEK 21 "
HYWEEK 11 "
JWEEK 32 "
'LDWEEK 9 "
PWEEK 39 "
SHEARW 22 "

SWEEK 40 "

last possible germination date (éend Feb.)

pasture maturity date (=beg.

May)

" wheat maturity date (=mid May)

harvest date (=end May)

date for decision to cut wheat for hay (=mid March)
joining date (=mid Aug.)
latest grazing deferment date (=beg. Marchi
plowing date (=end Sept.)

shearing date _‘ (=beg. June)

start of simulation year (=beg. .Oct,)

4,3. Economic Aspects

4.3.1, Accounting

BALE 0.117 IL/kg
CAPINT  0.09 -
CCULTW  1700.  IL/ha
CHORM 25.  TIL/head
CLPE 30. IL/head
'DEPOSR,' 0.05 -
FHC 200. IL/ha
FXEC 200. IL/ha
FXVPE . 30. IL/head
HPINC 1 0.3 -
LOANR 0.1 -
RAKE, 45, IL/ha
SPINC 1 0.25 - -

VHC - 0.06 IL/kg

cost of baling hay or straw

interest on capital (redundant)

cost of wheat cultivation (plow, fertilizers, seed,

cost of fecundity hormone treatment

cost of labor per ewe

deposit interest rate

fixed wheat harvest costs

fixed pasture costs (fence, water, fertilizers, etc.)
fixed veterinary costs per ewe

relative hay price increase or decrease - season-de-

loan interest rate

cost of raking straw

relative straw price increase or decrease

variable harvest costs

etc.)

pendent

- season-
dependent
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PARAMETER DEFAULT UNITS | DEFINITION
VALUE

4,3.2. Prices

CFERT 1. _ IL/kg brice of fertilizer (ammonium sulfate units)
CPSEED, 7. 4 " " " pasture seed (medic, vetch, barley) .
PRCONC 2.4 . " " " concentrate feed

PRCOTW 0.55 " " " cotton gin waste

PRET FT "o " " ewe liveweight, fn of YTIME

PRGRN 1.8 wo " " grain

PRHT FT " " " hay, fn of YTIME

PRLT FT " " " lamb liveweight, fn of YTIME

PRST T " " " straw, fn of YTIME

PRUOOL 7.0 v "N ool

4.4, Model Implementation
4,4,1 1Initial Values

AVWI 0. * ™m Initial soil moisture reserve for transpiration

IAINE 0. - " no, of whéat paddocks open for grazing ewes
IAINW O, - oo " " "o " weaners
IAS 0. week " no, of weeks after germination

IBHY 0. kg/ha " amount of baled hay

IBRF 1. - " value of breéding factor

IBST 0. kg/ha " " amount of baled straw

ICF 0. kg/ha accumulated amount of concentrate fed at start of run
ICW 0, kg/ha . " " " cotton gin waste at start of run
IDI-4 0. kg/ha C initial amount of dr& phytomass in wheat subsections
IDEF 1. - " state of deferment -invocation (0 = defer,

. 1 = do not)
IDMC 0, kg/ha - " amount of DM already consumed, wheat & pasture
IDVP 1000. kg/ha " " " dry pasture
IFGW 0. - C " fraction of wheat area open to grazing
I61-4 0. kg/ha " green phytomass in wheat paddocks
1GP. 0. kg/ha " " " " pasture paddocks
IGVP 0. kg/ha -amount of pasture seed sown
IGVWW 150,  kg/ha " " wheat "

IHl<4 O, kg[ha ‘ "M orain alreédy harvested
o (contd.)
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- PARAMETER DEFAULT UNITS . DEFINITION

VALUE
IHST 0. kg/ha initial amount of ﬁéyiin‘héygtack
IMGR 0. kg/ha ’ " measured bidmaSS value (for_derivative func-

tion)

INBAL 0. IL/ha " bank balance
INEWE 5 head/ha " sheep (ewe) denéity
INL 0, head/ha " no. of lambs (=INLAM)
INW 0. head/ha " " " weaners ‘
IP1-4 0. - kg/ha : " primary production in wheat paddocks
1PP 0, kg/ha " " " " pasture paddocks
TPY 0 kg/ha ' " potential " » pasture
IREP 0. head/ha " no. of ewe replacements
iRZl—& 30.. kg/ha " residual ungrazable phytomass ~ wheat
IRZP 30. kg/ha " " " " - pasture
1S1-4 . 0. kg/ha " standing seed in wheat paddocks
Isp 100. kg/ha o seed stock or standing seed in pasture
ISST 0. kg/ha " amount of straW"iﬁ straw stack
IWEW 55. kg/head " weight of ewes '
TWL 0. kg/head " " " lambs (=IWLAM)
IWW 0. . . kg/head . " " "™ yeaners
*

Note: most zero default initial values are defined as variables so that it is
possible to make exploratory runs that begin at any time during the year when
the "fnitial" value may be non-zero,

4.4,2, 'Output Options

CHESHB . - 1

1 = print annual account summary, 0 = do not
LBL 1, - 1 = print label for annual account summary, O = do not
POLICY 1. - | identification number of management policy
SPOUT 1. - 1 = call output on flag days, 0 = do not

4.4,3, Multiple-Year Runs

The simplest way to implement multiple-year runs is to use the statement END
CONTINUE instead of END. It is then necessary to place the new measured growth curve
data (and any desired change in management policy option selectors) éfter END CONTINUE,
This ‘can be repeated for any number of years, The end of the last.simulation year

"should be indicated by a simple END statement., It may be necessary to replace the
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TERMINAL statement by a NOSORT followed by appropriate directions. The multiple—year
run would then he set up as follows: ’ '

IF(YTIME .NE. 52,) GO TO 1000

1000 CONTINUE
SORT
END CONTINUE
FUNCTION MGCT = ,,.,

-

FUNCTION SMT = ,,,.
END CONTINUE

END CONTINUE
END
STOP
ENDJOB.
5. FUNCTION TABLES (DEFAULT VALDES)

The function tables are listed here in alpbabetical order: Intermediate vélues»are
calculated by linear interpolation by CSMP,

5.1. - FUNCTION BIRWT

Birth-weight of iambs‘(kg/head) as a function of litter size, BRDFR (lambs/ewe).

BRDFR 0, 0,5 2,0 . 3,0
BIRWT 6, 6. 3, 2.5

5.2. FPUNCTION CIXWT :

Maximum dry matter consumption of weaners (kg DM/head/d) as a function of age of
weaner, AGEW (wk}, , . .

AGEW 0.0 4.0 5.0 6.0 10.0'.12.0 16.0 19.0. 22.0 40.0 52.0

CXWT 0.0 0.0 0,3 0,5 0,72 0.74 1.0 1.06 1.2 1.5 1.7




5.3. FUNCTION ECONLM

Reduction factor (dimensionless) on lamb birth-weight as a function of ewe condition,
EWCON (dimensionless) .

" EWCON 0.0 1.0 1.01 2,5 5.0

ECONLM 0.0, 0.0 0.5 1.0 1.0

5.4, TPUNCTION ECWT

Conversion efficiency of digestible dry-mattér above mafntenance requirement of live~
weight (kg liveweight gain/d/kg DDM) in weaners as.a function of weaner liveweight
(VWNR) . '

WaNR 0.0 2,0 42,0 55,0

ECWT 0,77 0.77 0,55 0.5

5.5. TFUNCTION EWCONB

Reduction factor (dimensionlgssl on.ewe.cohception rate as a function of ewe condition
(EWCON},

* EWCON 0,0 1,0 2,5 4,0 5.0

EWCONB @Q,0 0.0 1,0 1,0 0,5 .

5.6, FONCTION EWCONS |

Reduction factor (dimensionless) on sale price of ewe as a function of ewe condition
evcon) . )
EMCON 0,0 1,0 2,0 3,0 5.0

EWCONS' 0,0 0.0 0,67 1.0 1,0

5,7. TFUNCTION LAMRT

LaﬁE morta1ity~reductipn factorA(dimensionless) as a function of litter size (BRDFR).
BRDFR 0.0 0.5 0.8 1.0 1.5 2.0 3.0 |

CLAMRT 1.0 1.0 0.98 0.95 0.9- 0.85 0.7

5.8. * FUNCTION LGRT

" Lamb growth rate reduction factor (dimensionlesé) as .a function of number of lambé
suckled per ewe (LER = lamb/ewe ratio).

LER 0.0 0.5 1.0 2.0 3.0

IGRT 1.0 1.0 1.0. 0.8 0.7

5.9. FUNCTION IMWIT

Potential lamb daily weight gain (kg/head/d) as a function of age of lamb (AGEW).
AGEW 0.0 4.0 12,0 20, 40, 52 |

IMWIT 0.25 0.35 0,35 0,2 0.1 0.1
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5.10, PFUNCTION LWRT

Price reduction factor on‘ﬁnderweight lambs (dimensibnleSS) as a function of lamb
liveweight (WLAM). ' : |

WLAM 0.0 5.0 10.0  50.0

LWRT 0.0 0.0 1.0 1.0

5.11. TFUNCTION MGCT

Measured grdwth curve (kg DM/ha) as a function of simulation year‘time (YTIME, in
weeks) .,

YTIME 0. 7. 8. 9, 10, 11, 12, 13, 14, 15, 16. 17,
MGCT 0. 0. 20. 40, 80, 150, 250, 400, 650, 1000, 1500. 1900.

YIIME 18, 19, 20, 21, 22, 23, 24,  25. 26. 52,
MGCT 2400, 2500. 2600, 2800. 3000, 3200. 3300. 3400. 3500. 3500.
Source: Migda, Field 13, NPK, 1976/77. Field data recalculated to obtain weekly values.

5.12. FUNCTION PRET

Seasonally dependent ewe price (IL/kg liveweight) as a function of simulation year
time (YTIME, in weeks).

YTIME 0. 52,
PRET 15. 15, .
Note: Dummy values based on 1977 prices, All prices must be updated to the year being

simulated unless constant values are assumed.,

5.13. FUNCTION PRHT

Seasonally dependent hay price (IL/kg d. wt.) as a function of simulation year time
(YTIME, in weeks),

YTIME 0. 52,
PRHT 0.90 0.90  Note: see 5.12.

5.14, FUNCTION PRLT

Seasonally dependent lamb liveweight prices (IL/kg) as a function.of simulation year
~ time (YTIME, in weeks]),

YTIME 0. 52.

PRLT 23,  23.

Note: see 5,12,

5.15. TUNCTION PRST

Seasonally dependent straw prices (IL/kg d. wt,) as a function of simulation year
time (YTIME, in weeks). '

- (contd.)
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YTIME 0. 52.
PRST  0.45 0.45
Note: see 5.12.

© 5.¥6. PUNCTION SMT

‘Reduction factor on potential growth (dimensionless) as a function of

time (YTIME, in weeks). Calculated from undisturbed grdwth curves for

simulation year.
YITTME O, 7. 8., 9. 10, 11, 12. 13, 14, 15,
SMT 0. o0 .1 ,95 .92 ,76 .69 . ,65 .56 .43

YT'IME 26, 21. 22, 23, 24, 25, 26. 52,
SMT 17,16 12 06 .03 06 0. 0.

Note: see 5,11 (sourcel,

53 .

16.
.23

simulation year

the particular

17.
. 24

18,

.09

19,
.09



10.

11,

12,

References

Agricultural Research Council, (1965) Nutrient requirements of farm livestock.

No. 2: Ruminénts.'H,M.S.O., London.

Benjamin, R.W., Eyal, E.,, Noy-Meir, I. and Seligman, N,G, (1978) The effect of
sheep grazing on the grain yield and total d€y~m£tter production of wheat
in an arid region. Hassadeh 57: 754<759, (Hebrew, with English summary)

Jagush, K,T, and Mitchell, R,M, (1971) Utilization of the metabolizable energy
of ewes' milk By the lamb, N.Z, Jl'agric;'Res. 14: 434-441,

Jefferies, B.G, (1961) Body condition scoring and its use in management,

Tasmania J. Agric. 32: 19+21,

Keulen, H, van (1975) Simulation of Water Use and Herbage Growth in Arid Regions.
Simulatjon monographs, PUDOC, Wageningen, The Netherlands.

Keulen, K, van, Seligman, N.6, and Benjamin, R.W, (1981) Simulation of water use
and herbage growth in arid regions - a re-evaluation and further develop-
ment of the model ‘Arid Crop';‘Agric;'§2§t, 6: 159-193,

Large, R.V. (1970) The biological efficiency of meat production in sheep. Anim.
Prod. 12: 393-401.

Loria, M. (1981) Changes in botanical composition-of annual vegetation under
grazing. Ph.D. thesis, The HebreW'UniVérsIty of Jerusalem, Israel.

Ministry of Agriculture, Fisheries and Food. (1975) Energy Allowances and Feeding

Systems for Ruminants, H.M.S.0., London.

Noy-Meir, I. (1975) Stability of grazing systems: an application of predator-
prey graphs, J. Ecol, gg: 459-481,

Ofer, J. (1980) The influence of ants of the genus Messor on soil and vegetation
in pastures. Ph.D. thesis, The Hebrew University of Jerusalem, Israel.

(Hebrew, with English summary).

Seligman, N.G. and Keulen, H. van (1980) PAPRAN: A simulation model for crbp
growth as influenced by water and nitrogen. Workshop on Simulation of Nitro-
gen Behaviouy of Soil-Plant Systems, Wageningen, The Netherlands.

55



13, United Nations Development PrOgram._(l967) Pilot Project in Watershed Manage-
ment on the Nahal Shikma;  Istael. Puibl, no, FAQ/SF: 6/ISR, FAO, Rome.

14, Zaban, H. (1981) A study to determine the optimal rainfed land use systems in a
semi-arid region of Israel, Ph.D, thesis, University of Reading, U.K.

56




APPENDICES

37



Appendix I
THE MIGDA SYSTEM MODEL
on the right-hand side of the program listing

The model is written in CSMP III. Program line numbers referred to in the text appear
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PROCEDURS INGWW, INGWZ,ZAINC=
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TA3LE SV(1-3)=8%C. 00000877
TABLE MMV (1-24)=24%0. 000008 78
PARAM ALh=bikh,s B532355., C66=6654y DTT=TTT44SPIUT=1. 000008 79
PAPAM POLICY=1., LBL=0.+ CHESHB=1. 00000880
PROCEDURE YM=CALMH(SELLL »SELLW»SELLG WL AM 4WWNRy GRAINH) 00000882
CaLL ARRAY(SELLLqQELvaCULL,SHEARvSELLGyPlOwoP'Ow,PLOWZSV 00000884
€Al ARRAY (PRLAM,NLAMSEL y Wi AMy PRUNR yNANRSL s HWNR sPRIWE 1REPL yWEWE 14 e 00000385
PREIOOL + 000 3 A% + PRGRN y GRATHH S 855 s PRSTR 3 STSELL 1 Cb61 « oo 00000886

PAHAY yHSELL D77 4COST4aPAST s CSUPP s MMV ) 0000088 7

CALLOP=0, 00000888

B0 71 J=1.8 00000889

) 00000890

IF((SPOUTE0ela) cAND. (GERMEQ el e DR WEGS S0 ol s NR.HAY EQ.Lee ... 00000891
OR.LAM.EN.L1e OR.MEANLEG, 1. +..00000892

0 HARV] o5QalesOReJOINLED L eaDR SV II) ENDLLL) ICALLOP=L, 00000893
1F(§V(J).ER.0.1G0 TO 71 00000894

DO 71 X=1,3 00000895
K1=(J=1)%3%K 00000896
YM{<1)=MMV (K1) 0000089 7

71 COMTIMUE 00000898

{F (CALLOP.EQ.1.) CALL OUTPUT 00000399
ENNPROC EDURE 00000900
A 00000901
00000902

00000903

TERMINAL 00000904
1£(.8" ,GE.1.)G3 TO 200 00000905
WRITET8,100) 00000905

31 =181 +1, 0000090 7

200 WRITE(B4101)POLICY INEWE , ANBAL s PPPyPP43DMCPH sCONCF sCOTH s GRATNH 00000908
1F (CHISHBL.NE.1.)6G0 TO 201 00000909
WRITE(8,102) 00000910
WRITE(8,103)YM 00000911
WRITE(E,104) 912

1.1 =0, 00000913

201 CONTIMUE 00000914
00000915

100 EORMAT(3X,* POLICY INEWE _ ANBAL PPP * PP4  DMCPW's +e. 00000916

' CONZ COTH  GRAINH') 0000091 7

101 FORMAT(1X,10F8.1) 00000918
102 FORMAT(/1X, *ACCOUNT1- _ PRUAM  NLAMSL WLAM _ PRUNR NWNRSL'yaes 919

' UWHR | PREWE REPL WEWE PRWOOL WooL ') 920

103 FORMAT{1X,'ACZOUNTL1-'y12F8.2/1X,ACCOUNT2="+1258.2) 00000921
104 FORMAT(1X,'ACCOUNT2-  PRGRN  GRAINH',11Xy 'PRSTR  STSELL'11Xsa.. 922
'PIHAY  HSIUUf,12X,'COST_ _CPAST CSUPPL') 923

TIMER FINTIM=52., GUTDEL=13., T21. 00000924
END 00000925
sTaP 00000926
0000092 7

SUBROUTINE _ PADOK (AINCR.EWOHM, : 00000928
SBPXsDPXy - ZPy Wls W2e W3, W4, Gl 162 +G3 4G4 ) 00000929
COMMON 00000930
00000931

C GRAZE PASTURE DR NUMBER N WHEAT SUBSECTION WITH APPROPRIATE GPW,DPW 00000932
¢ WHEAT AREA DIVIDED INTO FOUR SUBSZCTIONS,EACH FW/4 HA 00000933
00000934

00000935

C  OUTPUT HsGPH.DPH.GRW1,ETCas M=NUMBER OF WHEAT SUBSECTION SELECTED 00000936
DO 19 1 = 1.4 0000093 7

19 WGRZKW(T) = AMAX1{0.,AMIN1(1.,AINCR ={(I-1))) 00000938

c LOCKED  SWITCH 00000939
61 = WGRZWI(I) 00000940

G2 = WGRZW(2) 0000094 1

G3 = WGRZW(3) 00000942

G4 = WGRZW(4&) 00000943

CALL ARRAY(GVE14GVH2,GVY3,GVH4 s GVHH) 00000944

G ARRAY(DVALLDVAZDOVH3,0VH 4 yDVWH ) 00000945

CALL ARRAY(RZVIJRZW24RZW3GRZHE \RIW) 00000946

1P = 1.-dGRZUW(1) 0000094 7

IF( ZP.EQ.1.) GOTO 32 00000948
00000949

C FIND WHEAT SUBSECTIONS WITH HIGHEST GREEN AND DRY B1OMASS 00000950
GPX = AMAXT(GRATHGVW 1, GRU2XGYA2 s GRUTEGY N 1 GRUG GV 4 ) 0000095 1

DX = ANAXI{GRYIDVHIsGRYZ*DVI2 s GRIB*DVIE 4 GRUA4FDVN4) 00000952
[F(GPX+DPX.2Q.C.) G) 10 32 00000953
TF(GPX.LTe500..AND.DPX.GT 42.%6PX) GOTO 23 00000954
00000955

C CHOOSE BY GREEN RIOMASS,SUBTRACT RESIDUAL FROM GREEN 00000956
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Appendix II
DIRECTORY OF MIGDA SYSTEM MODEL VARIABLES

This directory includes all variables,
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le defined in the model. Statements that
parameters, comments) have been omitted.

Appendix III
ALPHABETICAL LIST OF THE MIGDA SYSTEM MODEL

This alphabetical list of the program statements provides a simple means of finding
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Appendix IV

PROGRAM TO CALCULATE SMT FUNCTION THAT IS SUBSEQUENTLY USED IN THE MIGDA SYSTEM MODEL

DIMENSTION DY(ZO)oV(ZO)»ADD(IZ)oR(ZO)vVC(BS)'SM(BS)vCOT(IO),GR(3S)1

GV(235),14(35)
ZD\A’%‘A A60/920'123o 01510'182-'21'2002430,273-730400335-?00’310061 -/

SM CALCULATIOM

¢

O

(7]
wv
L-4
z
o
>
[ <]
>
R -—
-0 >
— 4+~
()Nl hd
=N
e 0O
ITRo— >
—uo L3
o Ze C O
~N . co S
- F—d~ Z
—C w -~ - o I
neN ™ =3 C>00Cm =
- e - O T oF— o _s
-~y — WO eCM - =
=it Lill o ¢ o oll) opd i s OO D
—O ¢ D O00O0SE~ Il M~ o
O COZ NN NZEm— > W
[ o | I T P - § Jqdod
NGt = OVt - O3 O W0
—rtn | = QO XN I
CO>~—00LUTE>0WO I ouDmu D
GO 0>nGluX Ll Z0ou O~ Q)
1l -
o —_ o> L
o [o 0 — Q
(3 IS [ 135 }

T

P

[=]

=

o

Q

<

+

>

< w

o D

n <

Lt Lo

—+

—

>no

[=D-45
—t

(R},

CALCULATE EXP AND LIN GROWTH RATES FOR GREEN AND DRY BIOMASS

L)

—
)
=
it
pg
ra

~
-4

M

[w}

—

[0}
- O w_r
- L -~ o
- e Wit
- O e~
D= © e
o, N e
- R E- 44
— E
—> E m—
+ 0O . Y
[ -~ OO0
——w —~ OO
>+ N
C+ v 1y
(I)R( ——

N~ mn] 0 8-

> = C o
Nl > D> ook~
= ~ 2z
ow_  uunuouwuG-—
G e (O )Y

M o~

wr
w
<1
=
o
—
=4}
v >
b4 o
w o
w +
= re
ne
[V, 10Y) w
—> [-'¢
i (4]

[Valls'4
ol >
<SWip— 1
~UZ ¥
<UL W
owo w
Wy 3

(VR T

OCa wn
- w
CO0g =
-
Ll
>

WLIIOOVODOO

.GT.ZOO.).OR.(200.—V(J).LT.V(J+1)—200;))GO T 8

w
wv)
e
=
[}
- ™~ —
’ ’ ©
Q .
- > -
(-4
] o
(&) +
—_ -z~
o~ - W
= o wo
e L #* of¥
1y e~ - O
I - - =
L —~ e O —_ o~ O
Mt — = vy o 3
ol [ N e —_— — -~
+ -~ M~z G a & O
~ =M TN~ UNZ O W =
~ - NC—— I Ng ~—~ us w o
— P> ~T e # O# +
— VN e (O] o 4 -~ W= -~
I sl I EN~+E% Z e B i ]
—~ e~ e HTYT) s e . e - ~ Lt
Z N+t —~CFH GOSN _o>n>2
— e D> U~ T NT
> #> o HCC » ord e COC~Cit ¥y~ Cimrm
e Ty e R e it a1 Sl ont S T St S

~— o= B~ e v e g~ ~—7

NIGCGHENTWLE~nUWt hu CGuCouCouoCcod

IO GECE T = CmC SO N > C >0y
[S)

o ~ L >yg ac U

o8



N+DRY BI0OMASS

OR GREZ

s

'
.

ZTION FUNCTION

RATE REDU

SH GROWTH

(S U [

o

L
—

200.1G0 TO 12

- W«
oD 13
~—~ e 0o s )
H—~—QO>O M
— et et e et D
— n "<
SV~ C G
1VVIT.ITI—.H..
——— e &
CuuTOZGCEO
G AGnNC A

DeHALOGIVC(I+1)/VCIIN)/Ta+(VC(I+1)=VC 1))}/ (T.*20.))/2.

D
+
(T+#1)-vC(1)}/(7.%20.)

- NO
—

0.2+5X+F12.8)

—~ed

DATA'/8X,17('=")/3%y 'NDO',7X,y "JULTAN DAY ' ,8Xy

0e2+5X+FT7.3)

+SM(T)

1)
Fl

(
’

0X»10A%4/53X.38('="')//)

"ORTGINAL
1

‘0Xs 'CALCULATION FOR GREEN AMD DRY BIOMASS'/8X,37('-11/2X
'.
1
5

Xo 'VZ ', 10X, "SM1//)

coTt
1.5
Xy
R
o
o]
o1
1

1

*

e TMO= ——iX OIN—— OX
NertQO e ¢ O—WON ol Ol
1(,1{\VA11(U1(I — —t—
= —n _- by - =T
= g il = = <T IO g
ZEDTIT oI T WA E
oy - IQNIP\W NWr-ey <
XxCaDO>0x 0O~ C—orOC
oAy~ Col Ny St )
(8] Q
n ™M —— N (oo}
- G Ccn © Soev
— — — —

>
o -
2 =
(@] K%
v w.
w il
« [\
= Ows
o (&)
— xXZ
o} ouw
O
< [- 9.4
us aw
w <>
o 4
O Q .
o0
=z prag
O e [-4-4
(& (ool
- OWw =
> o
- Nt
aZ o ~0
e WO
DWO e >I
oL Oz -
&2 Y Ym] [ala)
g O — =z
oL - =da
Cx <t [e]
W o v
W >w ww
200 =
r<aus ut >
xTZ> O
I =w
- IZ Wy
3w Lgd
QeI o, W <u
Ul e oy )
OCOCO D«
wannn (W] 4
oo > Ju
cocce <

[BUSIRIS TS IS TSTS I [® [ W)

=4

w —
= -
- .
> R
[oV] L]
~
|
o~ .-
M —
0
o ™
— -
x
C o]
o ~
—_ -
* z
o o —
(@] — —
o - . Ll
[ <1 -,
—r~ - b3
—N w (23]
+~ o — - -—
— e Ll W= L . -
. -2 =N (23] (] .
~ - - . - .
3# o> CZX (o) . .
[ 4 O W= — (o]
o =~ ur e u -
! -~ X X - " -
. - e—_ O3 - -—
- -— — Ty . —_ —_
-~ I~ o - — -4 M -
E-3 ~-~ ) o= -— 0 - U 2 .
— >> w= =z . g Ll (@]
] O w wviac T - -
~— 1~ z- o v [ .
—_ > ot . m e — . - o)
-~ O o+ ~ —Xx —> - [Ta)
= + [ohe] ~ -0 —Ln < e
~— e~ o~ — <t @ * c —tn
zTOo™ - — e o — —lw -
WVl ~ o> - oo 1og L — T - .
| 4% G+ - (814 —~0 O [Vald (o]
—~O> *— 8] &) —lL = - -
o | ey - > - -— - D — -
C o O~ [ W =X w — -
O~ o> ~O0 - cun - -~ o
—tn o+ NO~— o~ -\ - - el
IR{= T 2 B R Lo 'SR N e _1 —N O L T N}
—_—0 _1 Sl IR TR A T O ¢ —_t' ~C <.
-t e e O _1Q) [YLIGE:) -~ —t— . - - ~ - o e(\! v o
— et 0> oG e O NN~ OX SNl d X 4+ X
QNN e~ NWH e~ _J1O0~>dWONO I O—WwWwoNI + O _1O0O~W
S Y OXTI~IOHIOIAMN= O T - e = D bttt Vi T
" GerdZ =N WNZ e = —ZFZ = U [

A COZ ()t D m m G g X G+ G =IO~ g
AL PTSIMODO IO T EM I - T NI 2R

— =P e oy ¢ e 7 T — O iy SO
>0 >0Cu 0 =Z0Cx 0~ C—aCOCC O Gz
C OO ENCEENOAL YC—O W ()0 3 O—0 U SAL ALl
(&)
< N o~ 3 Lo ~ O <
a2 m M O Gt ©C 0 <
— — — < ooy
(] -
— o—d

82



ACKNOWLEDGMENTS

This model is*partmoiﬁaﬁioiuéiﬁﬁtch~lsraeliwreseanch p?oject: Actual
and:PetentiaI‘Production of.Sémi;AridvPastuneéw Phase IT (APPSAG II). It was
financea’by tﬂeZDIneetonateéGenepélgfbr‘Iﬁternational;Coope:ation‘iDGIS) of
the Dutch Ministry of Fbrefgn Affairs and conducted with the participation of
scientists affiliated with the 'ARO, Bet Dagan; the Botany Department, The
Hebrew.Universityfof Jerusalem; Depaftmént;of Theoretical Crop Ecology,

Agricultural University, Wageningen; and CABO, Wageningen.

The authors wish ‘to thank the following colleagues: Mr. E.D. Unger,
for his invaluable help in collecting all the material for this publicationm,
indexing the textjaudﬂprqaf-reading:the.manu5cript; Mrs., Hagit Baram, who
‘kept the computer files in brdér and, together:with Mr. Zvi Hochmaﬁ, parti-
cipated in the development of fhe:model; and Prof. I. Noy-Meir, Botany
Department, The Hebrew University of Jerusalem, for his useful comments

and suggestions,



ATIn nyan
N121 ,71¥?? NP1 2T173I0-7287W7 GnIPn_agnn up?2118Dn 77n~xvnlxr ATy
Y 0o 1en Vw DTH-n 212- 5y 1030 PI21790. .nxnn7 nvnvnx 0MTINI-AYIN Y 7y1911
AR DARY) np?nnnn g2agIin ’Nbvnn atibhe %0300 g7a7In 12 19nnwn1 ’1371nn
ATE 271722 v peoraxen a7 IR apnoan ,0297911721 N732yn- 070137380 YU

. 12273081 CABO-nY , 1432208 7w n’xﬁpnn 10?0717 1IN]

_ $NTA D?TI¥N 021a0n0
Yy uvvw11’3 _nrayn nu’v11’11xn Y nvvJu1:7 nv?nnnn ,1AJ1N T2 Y -

N3210% MINNBDBA AN 1730 0A XD AT u1un97.1n1nn JIAIR2Y §ADNY D20 AMTY

_ _ ;T?0=102. DX A7am
D Oy TN71 ,N80NPAY 2PADA X3P NVIPA YY AI0P ABR OY-11 NYARN 'aaY -

v 7100 ninraa , 10210 72¥
AP?73012% ApYARDAB L,17RR-213 'Y 181190173700 nYYryvan n1yxn1 nyn -

.01 nvwnyn nu7011’31nn v




2119¥0 1211 ,0701) ayn-an7d ndaynl penn Mvewy mMin?l? T1In

*kINO'Y L%TID?232 1V L ®x DAY A

3 X 7N

© MITEnmY avn MTen nadTnn LNnrPEn ndIyn INAR AT DIP19A NAWAN 7740
IN AWIN-NOY - 07022100 D?NINAY LBPY 0237y3Aa D2P9In av2na mMyTen . INYY? ayan
SR AT 770 v oamwpn L1yt - 1w31.n915nn$ n1?90 X177 OINYD QTY Layan
0°w1230 190NY ,AYIn PNDE-AUIN NOEA PDN?Y MAYAIIN ,N13WY PERR N1?YDIX NNIY
A7XD 71NN . PIIPR 177230 1YY anTien naTtay a2yl moewy L noeY 2ap0nn
710730 mwrw v 1270 DN YIAPY pOx 1oy pN }nwva171’31'n1’7355 ATIN-NIDN
' “Nn13wn

MN2AIRA NIRYID 1720 ,7119¥0 1A31 ,AYIN-AnYS pen NN AD1I YTINN
027137 Y NP7 7TINN LAYRD DIdIYR 78 101NN DN DPYAIEA ,0°001A0 §0 pYn
N137YNY DONXRINN L, 0°ABRIAD 1A% 0°0IED fa ,Y10°3-21TY NIn29Y DIpl wnwY
LNINYT ngen

™Y T 277247 100a ,ayanY aptnnan #
0220=27y2 AT 11000, INYY Apnnn **



0\75636 32 . £ 633



s

!

WIPnn WNnn 7aan
0220-29y2-3PNY- 11380 * 1A) AT8 291T°A% Tomn .
" | .

-

0o¥1) AyIN-AN79- NDYNa pehn MV NIn217 770
7219¥N- 2A02

5k 'Yy L, 3PD%33 ' LmavhT am

207 'DR TNI?N 0IDID

027yTn 0In10%95 ApSNn
PT-R73 ,23p511 1O
1981 - a'awnn o~



INY{7NN 7NN 7

0™n-'"7V1 /N7 10NN 121 T 77 onn

'

TDIVN1 7Wnn mow N7 770
RN 1111 O'waD avIn-ian7n

7RV, 17, 1nrT7 27

3 ANt kA
nipona ‘L:-‘}m‘?
prn R

207 'Dn TNI'"N 01019

ovyIn OMoIaYy a7INnn ' /

nT- N LU PN | 5 N

1981 — 1" nwnn




