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AP 3TRACT
 

This document describes a whole-farm model based on data from

farm scale crop, sheep and native pasture experiments managed

by scientists. The 
data are integrated using linear

programming 
(LP) and tests of the economic viability of

intensified production systems are presented.
 

A six year experiment 
 at Tel Hadya, 30 km SW of Aleppo,

Syria, provided data on four rainfed crop 
 rotations: (1)
barley-fallow, (2) barley-vetch, (3) wheat-lentil-water melon

and (4) wheat-vetch-water melon. "Traditional" rotations (1

and 3 above) were managed as by farmers in the area; "highinput" rotations (2 and 4) incorporated vetch crops for
 
pasture or nay and used "improved" cultural practices and
cereal varieties. Experimental flocks of Awassi ewes

provided three 
 levels of nutrition-performance data.
Preliminary estimates were used for native pasture offtakes,

with and without phosphate fertilizer. A farm survey in 1985
 
provided price data.
 

The LP model was 
used to compute optimal solutions for 36
 resource and 
 management scenarios. Farm profits with the
 
"high input" rotations were greater than those of the"traditional" rotations 
under all comparable resource

conditions, the former being vssociated with greater crop

yields and sheep numbers. 
 Profits and ewe numbers increased

when native pasture was added to the 
farm, and increased

further with fertilized pasture. ewe
Optimal numbers

declined 
with a change from low to high nutritional regimes,

but farm profits were little affected.
 

The present analysis suggests the replacement of fallow and

lentils by vetch, with judicious management, may lead to more
productive and profitable crop-livestock husbandry in

environments similar to Tel fladya.
 

j/ agricultural economist, Farming Systems Program

Z/ animal scientist, Pasture, Forage and Livestock Program
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CHAPTER 1. INTRODUiCT OM
 

Whole-Farm Analysis:
 

This document descrihes the first quantitative whole-farm 

analysis completed at ICARDA. It involves, from both 

biological end ,connmir viewpoints, thn simultaneous 

consideration of the many interdependent er:)p and livestook 

activities on a farm. In order to answer the question, "what 

is tht hoest crop-livestock manafgement plan for a farm in the 

Tel Ihidya area of northwest Syria", a number of interrelated 

questions must. be connsidered simultaneou sly, for example: 

What is the best. crop rnl.ation? What is the best way 

to market. the7 crops, by direct sales or throuqh the 

sheep? What is the best nuimber of ewc:. for a farm? 

What is the nest level of sheep nutrition? What is 

the be.t, way to use the available native pasturr? 

What are the best amounts and types of supplementary 

focd t.olpurchase?
 

Certainly, the answers to these - .source mannaement. questions 

will depend upon a number of considerations, the first of 

whi h is a clear definition of the word "host." It is 

convenient to consider "whole-farm profit maximization" as 

the critorion for defining "host." This allows- the use of 

linear programming (1,P) echniquOS to determine a 

simultaneous set of answers to these questions. IP is an 

"optimizing" method which can he uq.ed to anmaximize 
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objective 
 function, 
such as whole-farm profits, 
 subject to
 
explicit quantitative constraints.
 

It is recognized, of course, that farmers may have additional
 
and even more important goals such as 
 risk avoidance or
 
assured family subsistance. 
But, for the sake of simplicity,
 
we assume 
 a Profit-maximizing 
criterion, 
and the 
market
 
orientation it implies. 
 Methods for considering other goals,
 
and especially those dealing with weather-related risks, 
 are
 
discussed 
in the final chapter.
 

Quantitative 
 data on the biological 
 and economic
 
relationships 
which define the farming systems of 
 the area
 
are key prerequisites 
 for answering 
 the above list of
 
questions 
on what is "best." 
The basic biological data used
 
in the present study were obtained from an integrated project
 
on crop rotations, 
 sheep and native pasture at !CARDA's Tel
 
Eadya station (36' 01' N, 
36 586' E), 
 30 km SW of Aleppo.
 
Average annual 
rainfall at the station is about 
 330mm.
 

The "Unit 
Farm" crop rotations were established in 
 October
 
1979 with the objective 
 of comparing 
the traditional
 
rotations of farms in the Tel 
HIadya 
area with improved high
input rotations 
which allow 
 intensified 
 crop and 
sheep

production. Associated with the Unit Farms were three flocks
 
of Awassi ewes, 
 established 
in June 1981. 
 The three flocks,
 
each containing about 35 ewes, 
 were subjected tc low, medium
 
and high nutritional regimes. 
 The low and high regimes were
 
beyond the extremes found in 
a survey of sheep management in
 



3 

V1W Syria (Thomson and Bahhady, 1983). 

A farm survey, conductord in NO Syria in 19 A5 (Nordblom, 

fort;hcming), provided the ecnnnmic data for the "whole-farm 

IP mnde']" deserihr-d in this donumnnt. 

Even with all the biological ind econnmic data embodied in 

the ,hole-farm IP model, nnd its ;imple ri.jective of profit, 

maximisation, no resource mnanfrtmont recommendations can he 

off .rcd wi thnut refercr. ! to a prirticul ar sot of resource 

constraints. For e,;ample, exactly how; much arable land and 

nat.ive pasture ]and is c-nlrollid by the farmer and what 

soils, shallow or reep, are fnimd on t1he arable land? In 

the present, study, profit-maximising solutions are found for 

3r) diffrent, resource and nmnagr meni, scenarios. 

Ob,jcl.,i ye.s :
 

The three objectives of this document are:
 

I. 	 t.o describe the bio--ecnomic parameters of rainfed 

farming systems in the Tel Ifndva area, as needed for a 

whole-farm analysis; 

2. 	 to serve as a reference document for future use of the 

whole--farm [,P mondel; and 

3. 	 tn provide training material on resourne management in 

rainfed farming systems. 

This document is intended for use by s(i ent i sts and 

technicians. It may be ,usnd as an illustration of farming 
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systems in the Tel Itadva area, and of methods applicable to 
analysis 
of integrated crop-livestok systems, 
 LP methods 

allow the consequennes of interac:tions within the farming
 

system to be tra.ed quantitatively, showing that the whole
farm is more than the sum of its parts. 

Sufficient detail is given on the data and structure of the 
model to enable others to repeat the calculations or make 
their own changes in the mndel: a computer with any 
standard LP software package can he used. Such complete 
documentation is intended tc oneournae and facilitate further 
use of hio-eanonomie r sults t.hrough modelinn. 



CHAPTER 2. BIO-ECONOMTC 	 PI, ATIONfilTPS 

This chanter presents brief summaries and explanations of 

result.s from experiment0Ad flocks and crop rotations at Tel 

Hndya, in formats suitahle for the linear programming (IP) 

analysis which follows. Data on native pastures and prices 

are also prosented. 

Crop Rnottions: 

Four crop rotations were studied in the Unit Farm project: 

1. 	Barley-Fallow: traditional two-year rotation
 
nn shal ow soil;
 

2. 	 Barley-Vetch: high-input two-year rotation
 
on shal low snil;
 

3. 	Wheat-Lentil-Mnln: traditional three-year rotation
 
nn dorn snil; ,rd
 

4. 	Wheat-Voteh-M,Ion: high-input three-year rotation
 
on rnep SiL.
 

The crops in these rotations were grown, on plots of 1.0 to 

3.h ha, in each of the six years of thr- Unit Farm experiment, 

(ICARDA, I10MS). The traditional rotations were mananed 

accordinog to agronomnic practi es common in the Tel Hladya area 

while the hiah-input rotations us.d improved cereal 

varieties, 
 imnroved fertilizer levels, shallow cultivation
 

and a senI drill. Careful recordh of all inputs and outputs 

were kept. The crops not only provided data for the whole

farm mrel, hut also most. of the fNed for the three 

experimental flocks ( 1hornson, et al, 1983). 
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Costs and Crop Yields:
 

The operations, inputs, direct costs and yields for each crop
 

in the four rotations are summarized in Tables I to 4. The 

"dunnum" (du), one tenth of a hectare (0.1 ha), was chosen as 

the unit of land area in the model because it is the one most 

used by local farmers. To determine the average cost per 

year for the two and three year rotations, the sum of the 

costs for the two or three crops in each rotation is dividr.d 

by two or three, respectively. Likewise, crop yields,
 

averaged over the six seasons of the experiment, are
 

presented 
 in these tables in kq per dunnum per year. All 

cost and price figures are given in Syrian Pounds (SL), as 

prevailing in the summer of 1985 (SL 3.0 = $ 1). 

The traditional barley-fallow rotation on shallow soil has
 

the lowest costs and the lowest yields (Table 1). The high

input barley-vetch rotation offers higher yilds and 
more
 

feeding options for somewhat higher costs (Table 2).
 

A different pattern is found when comparing the three-course 

rotations on deep soils. The traditinnal wheat--lenhil-melon 

rotation (Table 3) suffers from the high cost of btnd 

harvesting the lentil crrp, and from the lower yields of
 

wheat relative to the high-input wheah-vetch-molon rotation 

(Table 4). 
 Lentil straw and vetch hay present similar 

advantages for winter feeding: high nutritional quality and 

flexibility in the timing of use. However, since lentilthe 

crop is hand harvested, no stubble is available for grazing,
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TABLE 1. Barley-Fallow Rotation (BFROT) Costs and Yields
 

A. Costs: SL/du
 

1. Whnr~oy year 

cultivatinns (2 x SI, 5.7) 11.4 
red (10 kg X SI, 1.5) 15.0 

Bending 2.5 
fortilizor: (1 kg II x SL 1.0) 1.0 

(4.6Ug phowihatte x SL,2.17) 10. 0
 
r
hand brrmlcasl flnr 2.1 

mnehinri hhrvst anid Mainf 20. 1 
transpor tation 3.0 
straw nlItection (raking and transport) A.3 

Total Costs in barley year = 72.2 

2. Fallow year (uultivation eost.s (2 x S1, 5.7) 11,4 

B. Average Annual Cost of Two-Year Rotation:
 

(total harley costs r fallow costs) / 2
 

(M1. 72.2 + SI, 11.4) / 2 = SL 41.8/du/year 

C. Average Yieldsk
/
 

Yield/du/2 years Yield/du/year
 

barley grain 127.2 kg DM" / 63.6 kg DM 
barley straw 68.0 1,(gDM 34.0 ka DI 
barley stibble 9.3 kg DM 44.6 kg DIM 

1/ SL = Syrian Pounds: SI, 3.9 = $ 1 in 1985 

du r dunnum = 0. 1 hectare 

.!/ average yield data over six years, from Unit Farm 

3/ DH = dry matt;nr 
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TABLE 2. Barley-Vetoh Rotation (BVROT) Costs and Yields
 

A. Costs: 
 SL/du
 

1. Barley Year
 

cultivation (3 x SL 5.7) 
 17.1
 
seed (10.3 kg x SI 1.5) 15.5
 
seeding 
 2.5
 
fertilizer: (5.1 kg N x SL 1.8) 
 9.2
 

(4.2 kg phosphate x SL 2.17) 9.1
 
hand broadcasting 2.5
 

machine harvest and bagging 25.0
 
transportation 
 7.2
 
straw collection (raking and transport) 8.8
 

total barley cost 969
 

2. Vetch Year
 

cultivation (2 x SL 5.7) 
 11.4
 
seed (14 kg) x SL 1.7/kg) 23.8
 
seeding by hand broadcasting 3.0
 
fertilizer: ( 5.1 kg phosphate x SL 2.17) 
 11.1 

hand broadcasting 2.1 
total vetch establishment cost = 51.4 

Vetch Hay Harvest Costs: (optional)
 
mowing 
 10.0
 
handling, ie., turning 
 14.0
 
transport 
 JO.O
 

total vetch hay harvest costs = 34.0
 

B. Average Annual Cost of Two-Year Rotation:
 

(total barley cost + total vetch establishment cost)/2
 

(SL 96.9 + SL 51.4) / 2 = SL 74.2/du/year
 

C. Average Yields: Yield/du/2 years Yield/du/year
 

barley grain 
 219.8 kg DM 109.90 kg DM
 
barley straw 95.5 kg DM 
 47.75 kg DM
barley stubble 171.8 ka DM 85.90 kg DM
 

vetch pasture 250.0 kg DM 125.00 kg DM
 
or vetch hay 150.0 ka DM 75.00 Ig DM 

and vetch stubble 62.5 kg DM 31.25 kg DM 
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TABLE 3. Wheat-Lentil-Melon Rotation (WLMROT) Costs and Yields 

A. Costs: 
 SL/du
 

1. Wheat Year
 
cultivation (2 x SL 5.7 ) 11.4
 
seed (12 kg x SL 1.85) 22.2
 
seeding 
 3.5
 
fertilizer: (4.1 kg N x SL 1.8) 7.4
 

(5.6 k9 phosphate x SL 2.17) 12.2
 
hand broadoasting 2.5 

machine harvest and hagging 22.4
 
transportation 
 4.8
 
straw collection (raking and transport) 7.4 

total cost of wheat = 93.8 

2. Lentil Year
 
cultivation (3 x SL 5.7) 
 17.1

seed (12.5 kg x SL 1.77) 22.1 
fertilizer: (6.2 kg phosphate x SL 2.17) 
 13.5
 

hand broadcasting 2.5
hand harveot labor 75.3 
transportation 
 14.0
 
threshing, winnowing and bagging 26.0 

total cost of lentils 170.5
 

3. Water Melon Year
 
cultivation (4), includes 1 by hand 38.3 
seed (0.j kg x SL 46) 13.8
 
hand planting 7.5
fertilizer: (1.8 kg N x SL 1.8) 3.2
 

(4.8 kg phosphate x SL 2.17) 10.4 
hand broadcasting 2.5


harvest 6.0 
transportation 
 18.2
 

total cost of water melons 99.9
 

B. Average Annual Cost of Three-Year Rotation:
 

(wheat costs + lentil 
costs + water melon costs)/3
 
(SI, 93.8 + SL 170.5 + SL 99.9)/3 = SL 121.4/du/year 

C. Average Yields: Yield/du/3 years Yield/du/year
 

wheat grain 171.4 kg DM 57.13 kg DM 
wheat straw 80.5 kg DM 26.83 kg DM

wheat stubble 83.3 kg DM 27.80 kg DM 

lentil grain 76.1 kg DM 
 25.37 kg DM
 
lentil straw 129.4 kg DM 43.13 kg DM 
water melon 394.5 kg fresh 
 0.132 mt
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TABLE 4. Wheat-Vetch-Melon Rotation (WVMROT) Costs and Yields
 

A. Costs: SL/du 

I. Wheat Year
 
cultivation (2 X ST, 5.7) 
 11.4
 
seed (11.3 kg x SL, 1.85) 
 20.9

sooding 
 3.5

foctilizer: (5.3 kg N x SI, 1.8) 
 9.5
 

(4.0 k phosphate x SL 2.17) 8.7 
hand broadcasting

machine harvest. and bat1ging 	
2.5 

25.2
transportation 
 7.4
 
straw collection (raking and transport) 
 8.9 

total cost of wheat = 98.0 

2. 	Vetch Year
 
cultivation (2 x SL 5.7)

seed (14 k9 x SL 1.7) 	

11.4 
23.8


seeding 
 3.0

fertilizer: (5.1 k9 phosphate x SL 2.17) 11.1
 

hand 	 broadcasting 2.1
 
total vetch establishment cost 51.4
 

Vetch Hay Harvest Costs: (optional)

mowing 
 13.5
 
handling, ic., turning 
 18.9
 
transport 13.5 

total vetch hay harvest costs = 45.9 

3. Water Melon Year
 
cultivation (4), includes 1 by hand 

seed (0.3 kg x SI, 46) 	

38.3 
13.8

hnnd 	planting

fertilizer: (3.5 SL 	

7.5 
kq N 	x 1.8) 6.3 

(4.8 kg phosphate x SL 2.17) 10.4
hand broadcasting 2.5


harvest 6.3
 
transportation 
 19.2
 

total cost of water melons = 104.3 

B. Average Annual Cost of Three-Year Rotation:

(wheat costs + vetch estab. costs 4- water melon costs)/3

(SL 98 + SL 51.4 + SI, 104.3)/3 = SL 84.5/du/year 

C. Average Yields: Yield/du/3 years Yield/du/year
wheat grain 	 223.8 kg I)M 74.60 kg DMwheat st:aw 97. 0 	kq DM 32.33 kg DMwheat stubble 114.8 kg DM 38.3 kq DMvetch pasture 338.3 kg DM 112.77 ka DM 
or vetch hay 203.0 kg DM 67. 67 kg; DMand vetch stubble 
 84.6 	kg DM 28.20 kg DM
watermelons 
 415.6 kg Fresh 0.139 mt 
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as is 
 the case following the mechanized harvest of a vetch
 

hay crop. 
 While barley and wheat crops provide grain, straw
 

and stubble, lentil crops yield grain and straw 
only, and
 

vetch provides the options of spring 
grazing or hay
 

harvesting and stubble grazing.
 

Straw biomass was estimated according 
to assumed harvest
 

indiuies of 41 and 47 
 for barley and wheat, respectively.
 

Amounts of cereal straw collected (Tables I to 4) were
 

estimated as a function of grain 
 yield (Nordblom,
 

forthcoming). 
 Only 75% of the remaining cereal stubble was
 

assumed available to sheep since closer grazing would lead to
 

undernutrition.
 

Hay production from vetch involves losses since the crop 
has
 

thick stems 
and needs considerable 
drying and handling
 

before it.can be stored (Rihawi, et al, 
1987). Thus, grazing
 

of 
 the crop in spring yields more consumable dry matter than
 

when the crop is harvested for hay and the stubble grazed.
 

However, the hay is a valuable feed for use in winter when it
 

may replace more expensive feeds. The trade-offs facing the
 

farmer in the decisions on 
how and when to use a vetch crop
 

are incorporated in the whole-farm LP model, 
 along with the
 

other considerations menticned above.
 

All farm 
labor for crop and sheep activities is assumed 
to
 

cost SL 
 30 per day in wages, and charges are made at the
 

normal custom rates for specialized operations, such as hand
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broadcasting of seed, 
tractor cultivation and mechanized
 

harvesting. In practice, unpaid family labor is 
 generally 

used in farm operations in the Tel llad:',a area, hiredbut 


agricultural 
 labor is alro found. A judgement was made in
 

the present analysis to charge the farm wnae rate 
for all
 

labor. 
 Thus, while labor and machine availability per se are
 

not considered as constraints in the present analysis, 
their
 

costs are counted. 

Experimental Flocks:
 

One major aim of the research on sheep husbandry at ICARDA is
 

to define relationships between the level of nutrition 
and
 

sheF'p performance measured as milk yield, lamb production and 

cull sales. For this purpose, three experimental flocks were 

estahli.shed in June 19fi1. They were suh.jected to low, medium 

and 
 high levels of nutrition and all inputs and performance
 

parameters wore recorded. The fifth breoding cycle of the 

experimental flocks completed the projent in 
1986.
 

Nutrition and Performnnce of Ewes: 

For the purpose of the present study, nutrient needs of the 

ewes are defined according to the four major seasons of the 

reproductive cycle:
 

1. stunmr: ewes nn-lactating, mating season (June - Sept.), 

2. fall: late preqnanny (October - December),
 

3. winter: lambing, early lactation (January - February), 

4. spring: mid and late lactation (March - May).
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Total nutrient requirements on a per head (hl) basis for each 

are calculated by multiplying the daily requirements, 

for the particular stage of the reproductive cycle, by the 

number of days in that season (Table 5). The seasonal 

season 


requirements are expre.!;sed as constraints with dry matter 

intake (in kg of DM) having an upper limit, and crude protein 

(in kr;* of CP) and metabolizable energy (in mega joules (MJ) 

of ME) having lower limits. The upper limits for intake are
 

expresscd as percentages of liveweight (1-11). 

Since high nutrient density is associated with higher costs, 

feed irnyes are chosen which satisfy the requirements at the 

least cost. Thus, the constraints are used to ensure that 

dietary composition in each of the four seasons is sufficient 

to allow the specified levels of ewe productivity. 

Ilevels of ewe performance associated with cr:h of the three 

nutritional regimes are shown in Table 6. The performance 

paramntcrs with greatest economic importance aro milk sales, 

weaned lamb sales and cull e.e sales. Wool is suh a minor 

eonnnmic product in the farming system of the area.t.hat it 

has boon ignored in the present analysis. 

It.is assumed that. no milk is sold in the first two months of 

In the presentlactation s ince it is all consuimed by lambs. 

analy,; is, lambs arc nOsumed to be sold after ,caninil in 

March, at around two month.; nf age, and all suhsequent milk 

is sold. Ewes on the higher nutritional regimes have better 

fertility, higher milk produljtion, faster growing lambs, 



-----------------------

-----------------------
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TABLE 5. Nutritional Parameters for Three Ewe Regimes
 

SEASON and PARAMETERS LOW 
_.REG IME 

MEDIUJM HIGH 
Ewe Liveweight (LW): 40 kg 45 kg 50 k9 

A. Summer (Jun,Jul,Aujg,Sep) 
i----------------------DM2 upper limit: 3% of LW (kg/hd/day) 1.2

CP3minimum % of DM 5 %
ME minimum (MJ/hd/day) 7.0 

1.35 
6 % 
7.6 

1.5 
7% 
8.2 

DM upper limit (100 kg/hd/120 days)
CP minimum (100 k/hd/120 days)
ME minimum (100 .J/hd/120 days) 

1.44 
0.072 
8.4 

1.02 
0.097 
9.12 

1.80 
0.126 
9.84 

B. Fall (Oct;Nov,Dec)
 

DM upper limit: 4, of LW (kg/hd/day) 1.6 1.8 2.0
CP minimum % of Dii 8 10 % 12 %ME minimum (.J/hd/day) 8.7 9.5 10.2
 

DM upper limit (100 ka/hd/90 days) 1.44 1.62
CP minimum (100 ]kg/hd/90 days) 0.115 
1.80
 

0.162 0.216
lIE minimum (100 I-IJ/hd/g0 days) 7.83 8.55 9.18
 

C. Winter (Jan,Feb) 

DM upper limit: 5," of LW (kg/hd/day) 2.0 2.25 2.5CP minimum % of DH 8 % 10 % 12 %ME minimum (MJ/hd/day) 15.0 17.0 19.0
 

DM upper limit (100 kg/hd/60 days) 1.2 1.35C minimum (100,ka/hd/60 days) 0.096 0.135 
1.5 

ME mirimum (l(GJ 11./hi/60 days) 9.0 
0.18 

10.2 11.4
 

D. Spring (Mar,Apr,May)
 

DM upper limit: 4% of LW (kg/hd/day) 1.6 1.8 2.0
C1' minimum % of DH 8 % 9 % 10 %
IE minimum (MJ/hd/day) 10.0 12.0 14.0 
DM upper limit (100 ka/hd/90 days) 1.44 
 1.62 1.80
CP minimum (100 krj/hd/90 days) 0.115 0.145 0.18
HE minimum (109 ,J./hd/9g days) 9.0 10.8 12.6 

-
 -


I DM = dry matter 
2 CP = crude protein
3 ME = metabolizable energy, expressed in mega Joules (MJ)
 



-----------------

TABLE 6. Ewe Performance Parameters Under Three Regimes
 

PEGIE
 

IOW MEDIUM H[IGH 

A. 	Milk Sales: 
(production beyond use by lambs) 

1. 	 In first 2 months (Onn,Feb) 
all. milk used by lambs -

2. 	 In lnst 3 months (Mar,Apr,May)
of lactation (total kq nilk/hd): 40 50 60 

B. Weanc:d Lamb Sales (1st week in Mar): 

1. 11o. of lambs weened per ewe: 0.7 0.8 0.9 

2. Wonnin, %it. of lambs (ka/lamb): 16 18 20 

3. Iamb sales per ewe (k'Z/ewe) 11.2 14.4 10.0 

C. Cull Ewe Sales: 

1. Culls a: % of 
openingt inventory: 12 14 16
 

2. Pt. of cull ewes (kg/hd): 4045 50 

3. 	Cull sales per ewe (kg): 4.0 6.3 8.0
 

D. 	 Ewe Mortality Raton: 

1. 	,we 1doths as Y of 
opi'n i nt, i nvntory : a 6 4 
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lower mortality levels and higher annual cull ewe sales, the
 

latter being due to lower mortality among ewes and their
 

higher culling weights. The economic trade-offs between ewe
 

nutrition and performance are key aspects of the whole-farm
 

analysis.
 

Feedstuff Quality: 

The main feedstuffs used in the Tel Hadya area are listed in 

Table 7. The crude protein and metabolizable energy values 

of the feedstuffs are taken from ICARDA and published 

results. Cot;tonseed cake and wheat bran have high nutrient 

densities and were available at. subsidized prices. If no 

artificiaI upper limit- were imposed on their inclusion, a 

diet. calculated simply on least cost satisfaction of the DM, 

CP and HE reqirr.-nts woulId call for unreasonably high 

proportion ; of tHhoe. two feeds in the mix. Therefore, upper 

limits of 101 on the inclusion of each of these feedstuffs 

are imposed for the sake of nutritional balance. 

With th, ,xception of cottonseed cake and wheat bran, all 

feed-t.,iffs shown in Table 7 can be grown on t.he farm. The 

farmer has the choice of selling his crops, feeding them in 

different seasons of the year and purchasing, extra quantities 

to supplement farm production. 

The present. analyiis assumes that stubbles of barley, wheat 

and vet,:h hay crops are only available in the four month 

suimmer perind and that these feedstuffs can neither be 
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TABLE 7. Nutritional Parameters of Feedstuffs
 

Crtde Protein Metabolizable Energy
 
Feedstuff (M of DM) (WJ/kg DM) 

Vetch Hay 12.0 8.0 

Vetch Pasture (in Spring) 20.0 10.0
 

Barley Grain 12.0 12.8 

Bar]ey Straw 3.3 5.8
 

Wheat, Grain 12.0 12.3 

Wheat Straw 3.0 5.5 

lentil Grain 25.0 12.4 

Lentil Straw 7.0 7.0 

Cottonseed Cake 37.0 11.5 

Wheat Brnn 16.5 11.0 

Grazed Stubbles after 

MI.;hanical Harvest: 

Barley Stiuhb]e 4.0 6.0 

Wheat Stubble 4.0 6.0 

Vetch St bble 6.0 6.0 
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purchased nor sold, even t.hnugh happens inthis practice. 

Costs and Prices of Sheep and [arm Products: 

Each unit of product sales or feed purchases has a price or a 

cost;, The prices and onsts listed in Table 8 are largely 

hased on 1985 survey results (Nordhlom, forthcoming). Where 

survey data were not available, it was assumed that purchase 

eost.,; of a giiven commo(lity are 15% hig[her to the farmer than 

the price he would get. if selling the same cnmmodity. 

A rep]arcment, allowance of SI, 100 is charged for each ewe 

enunted into the flock by the IP mode]. In a steady-state 

flock, it. is assumed that young replacement ewes exactly 

balance the numbers of ewes which die or soldare as culls 

each year. The replacement, al lowance is ahout, nne-fifth th
 

purchase 
cost of a young ewe. Nlo interest is charged on sth
 

capital invest.monts in thi.; aia].ys and upper
s, no limit is 

set. on capital investmonts to expand the flock. In a more 

detailed analysis, such aspect(s could he considered. 

Nat;ive Pasture: 

Each of the three experimental flocks at Tel liadya had access 

to 10 ha of unimproved native pasture. Howlever, because 

t he.e areas were not. Snmpl ed unti 1.lr!5, herhave 

availahilities assumed in this analysis are based aon new 

study invcnst igating effects of phosphate fertili',er 

application and stocking rate on native pasture productivity 

(ICARDA, 198n. p299).
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TABLE 8. Price and Cost Assumptions for Sales and Purchases
 

SALES 	 PURCHASES1
 

"
ITEM ACTIVITY PRICE (SL) ACTIVITY ' COST (Sl,) 

Vetch Hay X12=VISALE 0.783/kg 

Barley Grain X15=BGSALE 1.278/kg X22=BGPUR 1.47/kg 

Barley Straw X16=BSSAI,E 0.539/kg X23=BSPUR 0.62/kl
 

Wheat Grain X17=WGSALE 1.356/kg
 

Wheat Straw X184WSSALE 0. 435/kg 

Lentil Grain Xl9I=LGSALE 1.426/kg 

Lentil Straw X20=I.SSALE 0.783/kg X24=LSPUR 0.90/kg 

Water Melon X21=WMSALE 0.69/kg 

Cottonseed Cake 	 X25=CSCPFA 1.31/kg
 
and X26=CSCP11I 1. 31/kg 

Wheat Bran X27=WBPUfF 0. 55/kg 
and X28=WBP1JRW 0. 55/kcg 

Milk X60=MILKS 3.0/kg 

Iambs X61=LAMBS 12.0/kg 

Ewes X62=CULLS 8.0/kg X65=EWEPUR 100/head 3 

I 	 assume purchase costs are 15% higher than sales prices 

2 	activity code numbers (X.) and names are used to identify

(nommodity sales and purchthes; see Table 12, Chap-ter 3, for 
a more complete explanation of activities
 

3 	 annual replacement allowance for each ewe called into the
 
flock is asoumed to he SL 100
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Both unfertilized ("unimproved") and fertilized ("improved")
 
native 
pasture options are included in 
 the analysis. The
 
data for "imnroved" native pasture, which receives 25 kR of
 
phosphate per hectare each year, 
must he considered with 
caution. The ICARDAnew study on imnroving native pasture is 
continuing and more reliable data will become available for 

future analyses. 

The options 
 for grazing the native pasture are 
defined in
 
terms of the same four seasons as uSed to theidentify 
nutritional requirements of ewes. Referring to Table 9, six 
grazing options are specified for "unimproved" native
 
pastuire, three of which allow grazing in only one season of 
the year while otherthe three allow grazinr in two seasons. 
The inimesix grazing options ar(.. d:fined in TIb]e I( for 
"improvd' native pasture which has higlher yields of 
availahle herhicle. Tables 9 and ]0 show Ihe estimated dry 
matter yields and estimated CP and HIN composition of pasture 
herbig under the various opti, ns. 'The following assimptions
 
are mpde to simplify 
the native pasture component of the 

wholi- farm rnodrel: 

1. 
 riative pat;ture is available for the exclusive use of thq 
farmer'.s sheep - theunder traditional communal grazinq 
situation this would not le the case since other farmers 

could bring their .sheep to graze this land; 

2. herhage offtake, expressed in kg of D4 per dunnum, is 
the amount available to sheep duringl the specifiet 



---
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TABLE 9. Unimproved Native Pasture: 	Yield and Nutritive Value
 
Under Six Grazing Options
 

OPTIONS
 

SEASON AND PARAMETERS Summer Spring Fall Winter Winter 
 Spring 
nnly and and only and only

Summer intor Sprint 

A. SIMMER (Jun,Jul,Aug, Sop)
 

Avail heriti, (100 kg DM/du) 0.6 0.15 ---


CP 8% of DH1 ( ,1001;1-,CP/du) 0.048 0.012 ---... ... ..
 

HE 8 ,J/k. DM2 (100 HJ/du) 4. 8 1.2 .. .
 . . . 

B. FALL (Ot;, Nov, Den)
 

Avail herbg (100 kg DM/du) 0.--- --0.2 


CP 7% of DHI (109 kg, CP/du) --- 0.014 ... ... ... 

ME 7 M.J/kf DH (1(0,)0 M.J/du ) --- 1. 

C. WfNTEIR (Jan, Fob) 

Avail hcr'bg (100 khg J)/du) --- --- 0.2 0.3 0.2 

CP 6% of M (100 kg CP/dit) --- --- 0.012 0.'18 0.012 

ME 6 NJ/kgt DH (1001 MJ/du) --- 1.2 1.8 1.2 ---

D. SPRING (Mar,Apr,Mbay)
 

Avail h:rbg (100 kgT DM/du) --- 0.375 ---- --- 0.3 0.4
 

CP 12% of D.(100 kg CP/du) --- 0.045 --- --- 0.036 0.048 

ME 10 t.IJ/kg 1)1(100 MJ/dtl) --- 3.75 --- --- 3.0 4.0 

notes: 

1. content of crude protein in available hco'bage

2. content of retabnlizable energy in available herbage
 



---------------------------
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TABLE 10. 
 improved Native Pasture: Yield end Nutritive Value
 
Under Six Grazing Options
 

OPTIONS
 

SEASON AND PARAMETERS Summer Spring Fall Winter Winter Spring
 
only and and only and only
Summer Winter Spring
 

A. SUMMER (Jun,Jul,Aug,Sep)
 

Avail herbg (100 kg DM/du) 1.1 0.43 --- . .. 
 .
 

CP 8% of DM (100 kg CP/du) 0.088 0.034 --- ... ...
 

ME 8 MJ/kg DM (100 MJ/du) 8.8 3.44 --- ... ... ..
 

B. FALL (Oct, Nov, Dec)
 

Avail herbg (100 kg DM/du) --- -- 0.5 ... ... ...
 

CP 7% of DM (100 kg CP/du) --- . 0.035 ...
... --


ME 7 MJ/kg DM (100 MJ/du) --- --- 3.5 ---
 .. ..
 

C. WINTER (Jan,Feb) 

Avail herba (100 kg DM/du) --- --- 0.5 0.65 0.5 ---

CP 6% of DH (100 kg CP/du) --- 0.03 0.039 0.03 ---

ME 6 M.l/kg DM (100 MJ/du) --- --- 3.0 3.9 3.0 ---

D. SPRING (Mar,Apr,May)
 

Avail herbg (100 kg DM/du) --- 0.75 -- 0.65
--- 0.8 

CP 12% of DM(100 kg CP/du) --- 0.078
0.09 --- 0.096
 

ME 10 MJ/kg DM(100 MJ/du) --- 7.5 .. .--- 6.5 8.0 

Notes: 
1. improved by annual application of 25 kg P 0 per ha. Costs are:
 

SI, 54.25/ha for fertilizer(SL 2.17/kg), piu SL 25/ha for hand
broadcasting. Total cost is SI 79.25/ha or SL 7.93/du.
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season(s) such that grazing pressure does not lead to 

deterioration of the pasture over several years; and
 

3. 	 the quantity and nutritive value of available herbage
 

vary according to the season and grazing option, and
 

whether the pasture has been improved with fertilizer. 

In the course of describing the whole-farm model in the next 

chapter, nnd the sample of its results in the subsequent 

chapter, numerous references must be made to the bio-economic 

data 	baso presented in this chapter. 
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CHAPTER 3. THE WHOLE-FARM LINEAR PROGRAMMING MODEL 

Linear programming 
 (LP) has become a standard tool of farm
 
management research over the past; 25 years. 
 It is also used
 
in commercial agriculture, 
 moct commonly in formulation of
 
"least cost" diets for li '-:jtock and poultry. It also
 
provides 
a convenient operational method to deal with 
whole
farm planning problems. 
 This chapter describes the structure
 
and details of an 
LP model developed to reflect the 
 farming
 
nystems of Tel
the 
 Hadya area. A short review of LP
 
concepts, 
 adapted from Anderson, Dillon and Hardaker (1977),
 
is Civen first. A reference list on LP theory and 
applications can be found in Appendix B. 

In LP terms, the farm planning problem is to find optimallevels of the variables X1 ...... X...... Xn where X.
 
1' 


. 
represents 
 the level of the. 
.th farming activity. The
3 

activities 
define the various enterprises and actions 
 which
 can be practiced on the farm, and the various ways they can
 
be managed. 
 The choice of activity levels is restricted by a
 
set of m linear constraints in the form of equations or 

inequalities:
 

n n 
a X = b. a. .X. bjl j i 1,2 .1 i ,1 


(equations) 
 (inequalities)
 

where 
 bi (the right hand side) may denote the upper limit on
 
availability of the ith farm resource, such as arable land 
or
 
native pasture, 
or may be set to 2ero to define a constraint
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within the system; the aij terms are the technical input

output coefficients ohich specify the amount 
of the .th 

resource required for one tunit of the .th activity.
 

An example of a constraint "equation" is the requirement that 

barley grain production plus purchases must. equjal the amounts 

of barley sold and fed. An example of and "inequality" 

constraint is the requirement that the amount of cereal 

stubble consumed nuat he l.ss. thnn or gqq,21 to the amount
 

available.
 

These constraints are used to specify the competition and
 

interactions between activities. An additional constraint,
 

that ench activity level (X.) be greater than or equal to
 

zero, is imposed sinre negative areas of crops or nerative
 

numbers of livestock are 
impossible in real world s'olutions.
 

Optimality, in LP terms, is 
the calculated maxinization of an
 

"objective function,
" subject to the constraints specified 

above. In the present IP model, the objective function 

defines whole-farm net profit and may be expressed as: 

n
 
Maximize Z > c. X.
 

where: Z is whole-farm profit, and 
 c. is the net revenue
 
,]
 

(or cost) for each unit of the 
.th activity.
 

In LP, it is assumed that a., 
 b. and c are all known
 

constants: an assumption that is fully justified only 
when
 

all the planning coefficients are known for certain. 
 For the
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sake of simplicity, 
the present analysis takes all the
 

production parameters and prices from Chapter 2 as 
constants,
 

even though most of the biological coefficients are means of 
values collected over several years and the prices are those 

of .July - Autiust 1985. 

The basic! ilpuat-output parameters of the four crop rotations, 

the three ewe regimes and six native pasture options, as well 
as prices and costs for Fsales and input purchases, are now 

placed into the structure of the LP matrix which specifies 

the logic of their iterrelat.iormhips 

The 35 constraints defined for the model, along with their 

descriptions and physical unitf,, arc listed by number and 
endc name in Tahlc 11. Thcse identify the rows of the IP
 

matrix (see Table 13). Each of the 63 columns of the IP 

matrix represents an activity (X.), 
 and these are considered
 

the building blocks of -he whole-farm model. The code names, 

descriptions and physical units which identify the 63 

activities are shown in Table 12. 

The list, of constraints (Table 11), activities (Thble 12) and
 

the full LP matrix (Table 13), 
 are given in the following 11
 

pages. Further 
information and explanations en the model's
 

structure nro given in the final sections of this chapter.
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TABLE 11. List of Constraints for Tel Hadya LP Analysis
 

Row 
No. Code Description 
 Units
 

01 SSOIL shallow soil area available for cropping dunnum
 
02 DSOIL deep soil area available for cropping dunnum
 
03 NPAST native pa ;ture available for grazing dunnum 

04 BGRAIN barley grain 100 kg DM
05 BSIIARV barley straw for hand feeding 100 kg DM 
08 BS(3RZB barly stubble gruazable by sheep 100 k DM 

07 WGRAIN wheat grain 100 kg DM 
03 W3[iARV wheat straw for hand feeding 100 kg DtI 
09 WS(GRZB whuai; stubble gra-able by sheep 100 kg DM 

10 I.FNTGR lentil grain 100 kg DM
11 LSIIARV lentil straw and leaves (tibn) 100 kg DM 
12 I'AICPIH wat 1r melon production mt fresh 

13 VETCHIT vet.c:h production, trans. to hay or pasture 100 kg DM
14 V[IAY vetch hay production 100 kg DM
15 VSThRZB vetn;h stubble grahable by sheep 100 kg DM
 

16 DMSI[JU DM in summer diet (Jun,Jul,Aug,Sep) 100 kg DM 
17 CI'SUH,', crude protein in summer 100 kg CP 
18 ME"IIIM metabolizable energy in summer 100 I-IJ ME 

19 DHFALL DM in fall diet (Oct,Nov,Dec) 100 kg DM

20 CPF'A[,L crude protein in fall 
 100 kg CP 
21 ME'IAIJ, metabolizable energy in fall 100 MJ ME
 

22 DMWITNT DM in winter diet (Jan,Feb) 100 kg DM 
23 CPWNfT crude protein in winter 100 i( CP 
24 MWI NI'T nietaboliable energy in winter 1001MJ ME 

25 DMSrI DM in spring dict (Har, Apr, May) 100 kg DM 
26 CPSPHI crude protein in spring 100 kg CP 
27 MESI'flI metabol izable ecer'y spring MJ1n 100 ME 

28 MILKTR milk transfer (production to sale) 100 kg
29 IAHBTIf lamb transfer (weaning to sale) kg Live 

30 CULLTR cull ewe transfer (culling to sale) kg Live 
31 E1111T11 ewe transfer (to join flock) head 

32 CSCIl' control of cotton seed cake feeding in fall 100 kg DM 
33 CSCI'I control of cotton seed cake feeding, winter 100 kg DM
34 WB[," control of wheat bran feeding in fall 100 kg DM
35 1'l9 control of wheat bran feeding in winter 100 kg DM 

36 OBJ objective function (costs and returns) S11 
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TABLE 12. Aotivity List for Tel Hadya LP Analysis
 

Col Code 
No. Nrime Description 
 Units
 

01 DFIROT harley/fallow rotation on shallow soil 
 I dunnum
02 VFlOT harley/vetch rotation on shallow soil 1 dunnum
03 WIM[OT \hoi.t/]entil/water molons on deep soil 1 dunnum
04 WVMIOT wheat/veteh/,.or melons on deep soil 1 dunnum 

O5 VIIOPT vetch hay optinn ( to pasture) 100 kg DM
06 VI'; II vetch posture grauazing in spring 100 kg DM 

07 V[ISIJMM v,t.r-h hay fed in summer 100 kg DM 
08 VIIFAIL vetch hay fed in fall 10.0 kg DII 
09 V[ItNT vetnh hy fed in winter 100 kg DM
10 VII:AtI vetch hay fed in spring 100 kg D1 

11 VST[JRS vetch hay stubble grazed in summer 100 k9 DM
1'2 \'11:-;AI,P vetch ha, !;alr 100 kg DX 
13 BS'3IJ3S baermy stubble grazed in summer 100 lg DM 
14 WSiI iw; 'heat. stuhb,le grased in summer 100 1g DM 

15 B(I;A,,; lrarlc', girain sale 100 ,g DM
16 I32%3A[, barl,- ;, :r, , sale ION kg DM
17 I ALI-Ih' at. 'ii l 100 kg D14
18 WSSA[,E wheat straw sale 109 k-g DM 

19 LGSAL1E lentil grain sale 103 kg DM
20 letoEnI il t..raw .a;e 100 kg DM
21 N'iAI .E waftor a1 on sale irt fresh 

......-.---------------------
22 DIPP. ba'loy (rain purfchase 100 k, DM 
23 BI'II? barley . t.ra, purchase IG0 Rg DXd
24 L,,;[J lentil straw purchase 100 kg DH 

25 CSCPFA cotton seed cake purch. & fed in fall 100 kg DM 
26 CSCiWI cott-,(n Lecd cake pureh. & fed in winter 100 kg DM 
27 WBPii' wheat. bran purchascd and fed in fall 109 kg DM 
28 i'8IPW wh(:,aL. ,rrnr purchase-i and fed in winter 10.9 kg DM 

29 flG511MM barl,.ey grain f(ed in summer 100 DMkg
30 B(i,'ALI, barley grain fed in fall 1G kl DM 
31 LG'INT barley grain fmd in winter 100 g DM
32 BGbPRI barley grain fed in spring 1Q k DI 

-.... continued next page---------

http:barl,.ey
http:wheat/veteh/,.or


-------------------

---- -----------------------------------------

------------------------------------------------------
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TABLE 12. Aotivity List, oontinued
 

Col Code
 
No. Name Description 
 Units
 

33 BSUMM barley straw fed in summer 100 kg DM
34 13 .'AI, barley straw fed in fall 
 100 kg DM35 OWIIJTbarley straw fed in winter 100 kg DM36 13 S[I barley straw fed in spring 100 kg DM 

......--------...-----------------------
37 WGSUiMM wheat grain fed in summer 11-0 kg DM
38 1GIG'AII, wh-cat grain fed in fall 100 kg DM
39 NG(W INT wheat grain fed in winter 100 kg DM
40 WGSPRI whent: grain ftd in spring 100 kg DM 

41 HSSJMM wheat. straw fed in summer 100 kg DM42 WSFAI.I, wheat. straw fed in fall 100 DMkg
43 WSWINT wheat straw fed in winter 100 kg DM44 WSSPZRI wheat. straw fed in spring 100 kg DM 

......-----------.... 
45 L[GFAII, lentil grain fed in fall 100 kg DM46 IGWINT lentil grain fed in winter 100 ko DM
47 LG.SPR I 1,ntil arrain fed in spring 100 kg DM 

48 LSF'AI, lentil straw fed in fall 100 kg DM
49 ISWINT lentil straw fed in winter 10(, kg DM
50 l.SSPRI lentil straw fed in spring 100 kg DM 

51 NPSJMM native pasture grazed in summer only I du52 NI'S(JSP native pasture grazed in spring and summer I du

53 NPFAWI native pasture grazed in fall and winter 1 du

54 NPMINIT native pasture grazed in winter only 1 du
55 NPWISP native pasture grazed in winter and spring 1 du

56 N'SPRI native pasture grazed in spring only I du
 

57 .MEWE ewe on low nutritional regime head

56 MIHEOE ewe on medium nutritional regime head
 
59 M11fUiEw ewe on high nutritional regime head
 
. . . . ....----------------------------------------------------
60 ML(S milk sales activity IO kg milk
61 LAMBS lamb sales activity kg live wt.
62 CILS cull ewe sales activity kg live wt.63 EWEPIJR ewe investment activity head
 

64 RIGHT HAND SIDE (R[IS): resource limits constraint 
units
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TABLE 13. 1 Tal Hadya LP Matrix: prago I cof 8 page 

ACTIVITY: X1 X2 X3 X4 X5 
 X X7 XH
 

IInIt; s: 1 fil I du I di1 I fiu 100 k9 100 kg 100 kg 100 k9 
Row N I)M DM DM 
No. Cde 1WROT BVROT WIPOT WVMIROT VIIOPT VPSPRI VIISUMM VHFALI. 

7 - - - - -.7 .. : 7.. . . . . .... .. . .. . .. . 

01 iO11,1. 1. 1.0 1 0 . 

02 IJEAO I , 1.0 .0 .

04 1!W!?A I N 0.636 1. 099
 
Oh B!.IA '/ -0. 3,1 -0. ,1711

0 i;in 0. 44 G0. 8.59 

07 W(RAIN .. . 571 -0.746 .
 

0/8 NW',IAV .. 
 -0. 268 -0. -32:3
 
09 W -;RzB .- 0.2.78 --0.383
 

10 1.t;U'I' t -0. 2!14
 
11 IIIAPV 
 -0. 431 
12 WAT'EI., M -0. 132 -0. 139
 
II vE-T -- I.- X!---1. -1281 .0 1.
 
14 VlAY 
 -0. A 1.0 1.0P) V GRZI; -01.25
 

10( I)1*;[IMM . . .
 
17 (P;I 
 -0. 12 
1 A ,i..;I F ------- --------- ------ ------8.0O
 

19 1)M,'A 1.I, 1.0@ 
20 (PFA[,I, --0. 1221 EF'AII, -8.0 

22 DIMINT
 
23 CPNIIT
 
24 MKV1NT
 

"" )MNSPRI 1.0 
.t CI- S1,8PR 1 -0.2
27 M,:f;tR I -10. 0 

28 MILKTR
 
29 IAMI'IR3

30 CIJI,I,'I.I.
3 1 1-I' -,1'?I 

32 CS(TF 
33 (:1C1M 

. .34 WII,.
3.5 W4nw
 

366 0 .1 --4 1.fl -74.2 -121.4 -194.5 --13.( 0 0 0 
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TABLE 13.2 
 Tel Hadya LP Matrix: page 2 of 8 pages
 
ACTIVITY: 
 X9 X10 Xli X12 
 X13 X14 X15 
 X16
 

Units: 
 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg
DM DM 
 DM DM
Row DM DM DM 
 DM 
No. Code VHIWINT VHSPRI VSTUBS VHISALE BSTUBS WSTUBS BGSALE BSSALE 

01 
 SSOIL
 
02 
 DSOIL
 
03 
 NPAST
 

04 BGhtAIN 

05 BS[{ARV 1.0
 

. 1
06 BSGZB. 


1.0
 
07 WGRAINq
 
08 
 WSIAhV
 
09 WSGRZB 


1.0 
10 I.ENTGIZ .
 

11 
 ZSHARV 
. 

12 WATE'[,'. 

13 VETCfIT
 
14 VHAY 1.0 
 1.0 
 1.0
15 VSGRZB 1.
 

16 I)MSUMM 1.0 
 1.0 1.0
17 CPSIJMM 
 -0.06 -0.04 -0.0418 MERSIMM -6.0 -6.0 -6.0
 

19 I)MALI, 
20 
 CPFALL 
21 MEFAIL 

22 
 DMWINT 
 1.0

23 
 CPWINT 
 -0.1224 
 MICWINT 
 -8.0
 
25 DHSPRI 1.0 

26 CPSPRI -0. 1227 HE';PRI -8.0 

28 MILKTR 
......29 
 LAMBIR 

30 CULLTR 
. . 

31 
. . . 

E.ETR 

32 
 CSCF
 
33 
 CSCW 
34 WBF 
35 NWBW 
36 OBJ 0 
 0 0 78.3 0 0 127.8 53.9
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TABLE 13.3 Tel Hadya LP Matrix: page 3 of 8 pages
 

ACTIVITIES: X17 X18 X19 X20 X21 X22 X23 X24
 

Unit.s: 100 kg 100 kg 100 kg 100 kg mt. 100 kg 100 kg 100 kg 
Dm DM DH DH fresh D4 DM DM
 

Rnw
 
No. Code WGSAIF WSSALE JGSALE LSSALE WMSAI,E BGPUR BSPUR LSPUR
 

01 SSOII,
 
02 DSO 1.I, 
03 NP'AST 

04 B(GIJATN -1.0 
05 B-V;.AIZ. -1.0
0(3 B;;(11?ZB ..... 

07 WPIAIN 1.0 
0(8 W8ItARV 1.0
09 Vw(ltc/. ... 

10 I,F:NTGR -- -- -- -- -- -- -- - - - -- - - - 1.0--

11 LIHARV . . -1.0
 
12 WATFUIM 1
h. .0 

1 : VETCI1 IT
 
14 VIIAY
 

16 IniSIIIM ... 

17 ClH)UHM 
18- H N'.; IIMH 

19 ] )MIAI , 

20 CFI"AI. , 

2 2: DM 'Ij NT - - - - - -- - - - - - - - - - - - - - - - 

23 (11HI NT .l.. 

24 MI.:WI .T 

25 f):PR I - -- - - -- - - - - - - - - - - - - - - - - - 
26 CPSqPR[ 
27 MISIRI 

28 MJ1,KTR 
29 ,LAMT . 

30 CIJLLTR 
31 I"WIT1 

32 CSC"F 
33 CSW 
34 WBI' 
35 WV1 . 

36 0BJ 135.6 43.5 142.6 78.3 690.0 -147.0 -62.0 -90.0 



------------ ------- ------ ------ ------ 

33
 

TABLE 13,4 Tel Hadya LP Matrix: page 4 of 8 pages
 

ACTIVITIES: X25 X26 X27 X28 X29 X30 X31 X32
 

Units: 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg
 
DM DM DM DM DM DM DM DM 

Row 
No. Code CSCPFA CSCPWI WBPURF WBP[RW BGSUMM BGFALL BGWINT BGSPRI 

01 SSOIL
 
02 DSOIL 
03 NPAST
 

04 BGRAIN 1.0 1.0 1.0.1.0 

05 BSIIARV 
06 BSGRZB
 

07 W(RAIN 
03 WSIIARV 
09 WSGRZB
 

10 LENTGR 
11 ,SIIARV 
12 WATIETIM 

13 VETCHT
 
14 VIAY 
15 VSGRZB 

16 DMISOMM 1.0 
17 CPSUMM -0.12 
18 MESUMM -12.8 

19 DMFAI, 1.0 . 1.0 1.0 
20 CPFAI,I, -0.37 -0. 165 -0.12 
21 MIFAI,1, -11.5 -11.0 -12.8 

22 DMWINT 1.0 1.0 1.0
 
23 CPWINT -0.37 -0.165 -0.12 
24 MEMINT -11.5 -11.0 -12." 

------ ------ -----
25 DMSPRI 1.0 
26 CPSPRI -0.12 
27 MES!'RI -12.8 

28 MIIKTR - - - - - -
29 LAMBTR 

30 --------------------CiJLLTR~. . . ------ ------ ------ -----

31 EWETR . 

-- ------ --------------- ------ ------ -----

32 CSCF 1.0 
33 CSCW 1.0 
3435 W3FWBW 1.0 1.0 

- - -- - -- - -5 ------ - - ---- ------ -
36 OBJi -131.0 -131.0 -55.0 -55.0 0 0 0 0 

--------- ------ ------ ------ ------ ------ ------- ------ -----
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TABLE 13.5 Tel Hadya LP Hatrix: page 5 of 8 pages 

ACTIVITIES: X33 X34 X35 X36 X37 X38 X38 X40 

Row
 
No. 


01 
02 

03 


04 
05
06 

07 


08 

09 

10 
11 

12 

13 
14 
15 


16 
17 
18 

19 

20 

21 

22 


23 
24 

25 

26 

27 

28 
29 

30 
31 

32 

33 
34
35 

36 

Units: 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg

DM DM DM D)1W DH DM DM DM 

Code BSSUMM BSFALL BSWINT BSSPRI WGSUMM WGFALL WGWINT WGSPRI
 

SSOIL 
DSOIL 

NPAST
 

BGRAIN 
B.HA1RV
TISGRUB 

1.0 1.0 1.0 1.0 

WGRAIN 1.0 1. 0 1.0 1.0 
WH;IIARV 

WSnzZB . 

IENTGR - - - - -
I.,SHA RV 

WA'I',h . 

VETCI.T 
VHAY 
V!S;Hll
 

DIIS[IMM 1.0 .1.0 

CII.I -0.033 -0.12 
Mit,'S(.IM -5.8 -12.3 

l-,i,'AM,, 1.0 I.0 
CPIALL -0.033 -0. 12 
lII,'AI. . -5. 8 -12.3 
PHWINT 1.0 . 1.0 

CPI 1NT -0.033 -0.12 
M1IT . -5.8 -12.3 

DMSIPRI 1.0 . .1.0 

CPSPRI -0.033 -0.12 
MEL'l'1 -5.0 -12.3 

MII K'..R 
IAMTR 

CUJIITR - - - - - 
Ern.W. R 

CSCF
 
CSCW , ,
 
WB3F
pfBil 

OBJ 0 0 0 0 0 0 0 0] 

http:Mit,'S(.IM


----- ---- ----------- ------ ------ 

------- ------- ------ ------ ------ ------------------
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TABLE 13.6 Tel Hadya LP Matrix: page 6 of 8 pages 

ACTIVITIES: X41 X42 X43 X45 X47
X44 X46 X48
 

Units: 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg 100 kg

DM DM DM DM
DM DM DM DM
 

Row

No. Code WSSUMM WSFAI,, WSWINT WSSPRI LGFALL LGWINT LGSPRI LSFALL 

01 SSOIL. 
02 DSO I L03 NPAST 

04 13GRAIN 
05 BSFIARV 
06 BSGRZB. 

07 WGRAIN 
03 WSHARV 1.0 1.0 1.0 1.0
 
09 EW'I'h/ . .W . I .
 

10~ I.EN.11 IFIIARV . 1.0 1.0 1.0 1.0
 
12 WA'I',:uM 

13 VETCIT 
14 VAY 

16 DMS(IMM 1.0. ------ -----

17 CPSOMM --0.03 
18 MESMM -5.5 
19 )MFAII . 1.0 .1.0.1.0 

20 CPFALL -0.03 -0.25 -0.0721 MEFALI, - -5.5 -12.4 -7.0 

22 DMWINT 1.0 1.0
23 CPNINT -0.03 -0.25
24 MENINT -5.5 -12.4
 

26 CPSPRI -0.03 -0.25 
27 MESPRI -5.5 -12.4 
28 MIIKTR 
29 LAMUFITR 

30 ClI.'rR 
31 rEWET. 
32 CSCI" 

. 

33 
34 

CS ,W
W1311' 

35 WBW 
36 OBJ 0 0 0 0 0 0 0 0 

---------- ------ ------ ------ ------ ------ ------ ------ -----



------ ------ ------ ------ ------ ------

----------- ---- ------ ------ ------ ------ ------

--- ------------ ------ ------ ------ ------ ------

------ ------ ------- ------ ------ -------

-------------------------------------------------

---------- ------ ------ ------ ------ ------ ------ ------ -------
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TABLE 13.7 Tel Hadya LIP Matrix: page 7 of 8 pages
 

ACTIVITIES: X49 X50 

Units: 100 kg 
DH 

100 kg 
DH 

Row 
No. Code LS[I1NT LSSPRI 

01 SO1L02 P701I, 
03 N2ABT 

XS1 X52 

1 du I du 

NPSUMM NPSUSP 

1.0 1.0 

04 BCGRAIN . .04------------------------. . 

05 B"hAIV 
(46 B.;(1,I?YZ1 

013 WSHARV09 WFqI(M' 

11 1;RV 10 1.0 

14 VIAY 
15 V~;;zn....-..-.------.--- . . -- . . - -
. . . . - - . - --- ----- . . -... . . ..- -. . . . _-_ 
16 . 0S.6 0.15 . 
17 ( Il,. .,. -0.048 -0.012 
18 M,.SU 1 ... -4.8 -1.2 

19 D.HAI,, 
20 CPFAI, 
21 WJ,'AII, 
22 DIt '4INT 1.0 

23 CH'WU'T -0.07 
24 tf,, I11T -7.0 

...........----------------

25 M15111 
26 CPhiLNfi 
27 HMt;'ftI 

.....---
28 tli. if L
29 L.tAb1FjTI? 

310 C11111.,TR 
31 l:'i:lf 

32 (,,..c.,.
33 CBCI'. 
34 I'F,,.
35 Wr"'I 

36 OBJ 

. 1.0 
-0.07 
-7.0 

X53 X54 X55 X56 

1 du 1 du 1 du 1 du 

NPFAWI NPWINT NPWISP NPSPRI 

1.0 1.0 1.0 1.0 

. 

0.2 
-0.014 
--1.4 

0.2 0.3 0.2 

-0.012 --0.018 -0.012 
-1.2 -1.0 -1.2 

. 0.375 .0.3 0.4 
-0.045 -0.036 -0.048 
-3.75 -3.0 -4.0 

.... 

. . . 

0 0 0 0 0 0 0 0
 



------ ----------------------------------------------------

---------- ------ ------ ------ ------ ------ ------ ------ ------
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TABLE 13.8 Tel Hadya LP Matrix: page 8 of 8 pages
 

ACTIVITIES: X57 X58 X59 X60 X61 X62 X63 X64
 

Units: head head head 100 kg kg kg head
 
milk L.W. L.W.
 

Row 
No. Code LMEWE MMEWE MHEWE MILKS LAMBS CULLS EWEPUR RHS
 

01 SSOII. < 100 
02 DSOIL 0 
03 NPAST . 100 

04 BGRAIN . 0 
05 BSIIARV .. 0
06 BSGRZB < 0 

07 WGRAIN 00

08 WSHARV 00 
09 WSGRZE < 0 

10 LENTGR .0 

11 LSHARV 00 
12 WATERM 00 

13 VET2HT 00 
14 VHAY 00 
15 VSGRZB 00 

16 DMSUMM -1.44 -1.62 -1.8 . 0 
17 CPS[IMM 0.072 0.097 0.126 < 0 
18 MESUMM 8.4 9.12 9.84 S 0 
19 DMFALL -1.44 -1.62 -1.8 K 0 

20 CPFAJL Co.115 0.162 0.216 _. 0 
21 MEFALL 7.83 8.55 9.18 < 0 

22 DMWINT -1.2 -1.35 -1.5 < 0 
23 CPWiNT 0.096 0.135 0.18 00 
24 bIEWINT 9.0 10.2 11.4 _. 0 
25 DMSPRI -1.44 -1.62 -1.8 . 0 

26 CPSPRI 0.115 0.145 0.18 00 
27 MESPRI 9.0 10.8 12.6 < 0 
28 MILKTR 0.4 0.5 0.6 -1.0 - 0 

29 LAMBTR 11.2 14.4 10.0 -1.0 0 
30 CULLTR 4.8 6.3 8.0 -1.0 .0
 

31 EWETR 1.0 1.0 1.0 -1.0 = 0 

32 CSCF -0.144 -0.162 -0.180 . < 0 
33 CSCW -0.120 -0.135 -0.150 K 0 
34 WBF -0.144 -0.162 -0.180 K 0 
35 WBW -0. 120 -0. 135 -0. 150 . 0 

36 OBJ -40.0 -50.0 -60.0 300.0 12.0 8.0 -100.0 MAXIMIZE
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The Constraints:
 

The first constraint in the LP matrix (see Tables 11 and 13)
 

limits the the availability of land with shallow soil (SSOIL)
 

to a predetermined level. The total of the land areas used 

for the barley-fallow rotation, shown in column X] of Table
 

13 as BFROT, and the barley vetch rotation, shown in column
 

X2 as BVROT, is constrained to be less than or equal to the
 

area of shallow soil available. Hence the function:
 

a1 I X1 + a1,2 X K h1 or BFROT + BVROT < SSOIL
 

Similarly, the constraint shown in row 2, DSOIL, limits the 

amount- of land available for the two deep-soil rotations, 

wheat-lentil-melon, shown as WIMROT in column X3, and wheat

vetch-melon, shown as WIVIIROT in column X4. The sum of the 

land areas used for the, twe deep-soil rotations is 

constrained to be less than or equal to the area of deep soil 

available. This gives the constraint function: 

a X + a A4 b or WLMROT + WVMROT < DSOIL
 
2,3 3 2, 44 2
 

Constraint row 3, NPAST, limits the use of native pasture for
 

grazing to an amount less than or equal to the amount
 

available. Thus, the six grazing options for native pasture
 

(Tables 9 and 10) may only be chosen in combinations where
 

the total area grazed is less than or equal to the area of
 

native pasture available. This can be expressed as:
 

X51 + X52 + X53 + X54 4 X55 + X59 b3 

or 

NPSUMM + NPSUSP + NPFAWI + NPWINT + NPWISP + NPSPRI < NPAST 
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The fourth constraint, BGRAIN, ensures that the sum of the 

barley produced on the farm and purchased is exactly equal to 

the sum of the amounts fed and sold. This constraint may be 

expressed as the following linear equation: 

-.636X1 -1.099X 2 + Xin - X22 4 X29 + X30 + X31 = b4 =0 

Similarly, the fifth constraint, BSHARV, balances the amounts
 

of barley straw produced and purchased against the amounts
 

fed and sold. Constraint six, BSGIRZB, requirec the amount of
 

barley s Abble grazed to be less than or equal to the amount
 

available on the farm after the harvest of the barley crop.
 

Constraints seven (WGRAIN), eight (WSHARV) and nine (WSGRZB)
 

control the disposition of wheat crops in the same manner as
 

those mentioned above for barley crops. Constraints ten
 

(LENTGR) and eleven (LSHARV) control the disposition of the
 

lentil crop similarly, except that the lack of lentil stubble
 

for grazing means there is no need for a constraint on its
 

use. Constraint LSEARV allows purchase and feeding of lentil
 

straw even when this crop is not grown on the farm.
 

Constraint twelve (WATERM) ensures that all the water melons
 

produced on the farm are sold.
 

The thirteenth constraint (VETCHT) ensures that vetch crops 

are either grazed in spring or used for hay production. The 

fourteenth constraint (VHAY) ensures that all vetch hay which 

is produced will either be fed on the farm or be sold. 

Constraint fifteen (VSGRZB) restricts the grazable quantity 

of vetch stubble following a hay crop to less than or equal 
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the amount available.
 

Next. come 
four groups of feeding constraints, one group 
 for 

each of the four seasons of the sheep reproductive cyn]e 

(summer, fall, winter and spring) as shown in Table 5. The 

summer feed constraints, DMSUMII, CP3IJMM and MES[!MM, shown in 

rows 16, 17 and 10, ensure that the nutritional requirements 

of the ewes are met during Lh is season. The DMSUM4H 

constraint guarantees the upper ]imit,3 on dry matter intake 

are not exceeded, whereas tho CP3[JMM and MESUMM constraints 

ensure adequate dietary levrls crudeof protein and 

metaboli able ,nergy in the summer diets. 

The fall, winter and spring feed constraints, shown in rows 

19 to 27, operate to satisfy the dietary requirements given 

in Table 5 in the same manner as thoEse for summer. Taken 

together., the four groups of feeding nonstraints guarantee 

that nutritional]y adequate diets are available throughout
 

the the of 1,P
year for number ewes in the solution. 

Constraint rows 28 to 31 account for the physical transfer of
 

commodities from one status to another. Thus, the constraint 

MIIKTR ensures that all milk iproduccd for sale in spring is
 

transfered to the "milk sales" activity. The constraint 

LAMBTR ensures t;hat ill lambs arc -,old. The cull ewe 

transfer constraint, C[.[J,TR, -i] locates a given liveweight to 

the "cull sales" activity for !ach ewe in the flock. 
Finally, a transferewe constraint., EWETR, permits a 

replacement allowance to eharcd eachbe for ewe. 
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The finnI four nonstraints, 32 to 35, impose the unper limit. 

on proportions of cottnnseed cake and wheat bran in the fal. 

and winter diets of ewes. nanons for this were disou.;r. 

briefly in Chanter 2; individually, these fedstuffs connnt 

eontrbute more than 10% of tho maximum dry matter intake in 

either season. Thus, suc-h practical "rule--nf-thumb" 

limitations 
are onsily included in the structure of an I.P 

model. 

The last. row in the IP matrix is known as the "objective 

function. This row contains the costs and prices which 

guide the solution nf the I.P model to find that combinal'.ion 

of activities which 
 is "best: that 
 is, the profit 

(sales minus costs) maximiing combination of activitis 

within the set of constraints defined above. 
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The Activities:
 

This section discusses the components of the farming system
 

in terms of the activities, or X. variables, in the [P matrix
.1
 

(Table 13). The code names, descriptions and physical units
 

of the activities are shown in Table 12. This section also
 

aims to clarify the interactions and interdependencies among
 

the 63 activities which can he divided into several groups
 

for this purpose: crop production and sales activities, feed
 

purchase and feeding activities, native pasture activities,
 

and ewe manaiement and sales activities.
 

Crop Production and Sales:
 

The first four activities, shown in columns X1 to X4 of the 

IP matrix, represent the four crop rotations which were 

defined in Tables 1 to 4. Reading down the first column 

(Xl), which represents the barley-fallow rotation (BFROT), 

one sees that a unit of this acrtivity requires one dunnum of 

shallow soil and that this land iS expected to produce 63.6 

kg of barley grain, 34.0 kg of harvested straw and 44.6 kg of 

grazable stubble, averaged over the crop and fallow years. 

The average annual cost, ")141.8, is shown in the objective 

function, row 36. These yield and cost data were derived in 

Table 1. The reason some coefficients are negative and 

others positive rithin constraint rows is that these must 

balance to produce the desired upper and lower limits. 

The next three columns, X2, X3 and X4, show the various
 

resourec requirements, crop yields and costs of the other
 



43
 

three rotations, as derived in Tables 2, 3 and 4. 

The fifth activity, VHIOPT, represents the option to produce 

vnt :n hay in competition with the next activity, VPSPRI, 

grasing the vetch crop as spring pasture. In order to 

satisfy the cnnstraint in row 13 (VETCHIT), the vetch crop 

must either he used for hay production or for grazing. The 

objective row coefficient of the VElIPT activity is the 

estimated costs of hnrve.;ting and storing 60 kc of vetch hay 

DM, leaving 25 kg, of gras-bhle stubble. These figures allow 

for losses in the hay making process and during stubble 

grazing. The other alt.ernntive is grazing the 100 kg of 

herbage DM in spring, usinr the VPSPRI activity (X6). 

instead. The cost.t f the hay option, .51, 13.6 in the 

objetive row, represents only harvest, handling and 

transport co.;t.s for the GO kgr of hay. Other costs of 

prnducing vetch are included in the objective coefficients of 

the two rotat.iomn; which involve vetch crops: barley-vetch 

(X2) and wheat. -vetch-mlon (X4). 

The three coefficients shown in column X6 and rows 25, 26 and 

27 of the matrix represent the amounts of DM, CP and ME 

provided bjy one unit. of the \'P[PR activity. This vet.nh 

pasture is only available for grazin, in spring, a
 

considerntinn which mutst be weighed against. the more flexible 

but. expensive alternat;ive of harvesting t-,he crop as hay which 

min be fed at. any time of the year. 

The next four aotivities, X7 to XIO, represent the feeding of 
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vetch hay in summer, fall, 
 winter and spring, respectively.
 

The DM, CP and ME coefficients are identical for each 
 of
 

these activities, 
 but. their positions in the constraint rows
 

of 
 the matrix differ according to the season of the year 
 in
 

which they are used.
 

Vetch stubble (activity X1i, 
 VSTUBS) only provides grazing in
 

summer, and 
 only when a vetch crop has been harvested for
 

hay. The sale of 
 vetch hay (activity X12, VHSALE) reduces
 

the supply of hay for the farmer's own 
flock, but generates
 

an income of SI, 78.3 per 
100 kg of hay sold. It is assumed
 

that grazing of barley and wheat stubbles (activities X13 and 

X14, BSTUBS and WSTUBS) may only take place in summer.
 

Next in the matrix are seven crop sales activities, from 

barley gZrairi sales (activity XI5, PGSALE) through water melon 

sales (activity X21, WMIALE). Each of 
 these activities
 
produces income and, therefore, has a positive coefficient in
 

the ob~jctive row. 
 They each also have a single coefficient
 

in their respective crop constraint rows.
 

Feed Purchase and Feeding Activities:
 

A considerable portion of the matrix (columns X22 to X50) is
 

needed to describe the various feeding activities in terms of
 
sources of material, nutritive 
value and timing. The
 

nutritive value parameters for each feedstuff are taken from
 

Table 7. Details 
 on the special characteristics of 
 the
 

several feedstuff groups are given below.
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The three columns, X22, X23 and X24, represent activities
 

which allow the purchase of barley grain (BGPJR), ba: ley
 

straw (BSPOR) and lentil straw (LSPUR) to supplement such 

feedstuffs grown on the farm. Their purchase costs are 

indicated in the objective row. 

Activities X25 to X28 (CSCPFA, CSCPWI, WBPJRF and WBPURW)
 

allow purchase and feeding of cottonseed cake and wheat bran
 

during fall and winter. Their coefficients in constraint rows
 

32 to 35 are balanced against limitations of the ewe
 

activities (X5'7 to X.59) to prevent inclusion of either of
 

these feeds at levels greater than 10% of the maximum fall or
 

winter diets.
 

Columns X29 to X32 (BGSOMM, BGFAI,L, BGWINT and BGSPRI)
 

represent the barley grain feeding activities in summer,
 

fall, winter and spring, respectively. Their coefficients in
 

constraint row 4 (BGRAIN) are used to balance these feeding
 

activities against barley production, purchases and sales.
 

Columns X33 to X44 represent the feeding activities for
 

barley straw, wheat grain and wheat straw for each of the
 

four seasons of the year. The structures of these activities
 

are similar to those for barley grain. In the cases of wheat
 

grain and straw no supplementary purchase activities are
 

permitted in the model. Thus, for these commodities, only a
 

balance between production, sales and feeding activities is
 

required.
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Columns X45, X46 and X47 represent the feeding activities for
 

lentil grain in the fall, winter spring
and seasons,
 

respectively. 
 No lentil grain purchase activity is defined
 

in the model. Columns X48, X49 and X50 identify lentil straw
 

feeding activities for the same three seasons. 
 The sources
 

of lentil 
 straw may be the farm's own wheat-lentil-melon
 

rotation or purchases.
 

Native Pasture Grazing Activities:
 

Columns X51 
 to X56 define the six grazing options shown in
 

Table 9. Each unit of one of these activities requires one
 

dunnum of native pasture land, hence the coefficients in
 

constraint row As with the feeding
3. activities, these
 

grazing options define specific quantities and nutritive
 

values of available herbage for each of the four seasons.
 

For example, when native pasture is grazed only in summer, 60
 

kg of herbage DM per dunnum is available to the sheep (see
 

row 16 in column X51, NPSUMM). This quantity of mature dry
 

herbage contains 4.8 kg crude protein and 480 M.J of
 

metabolizable energy (rows 17 and 18). 
 The option to graze
 

the pasture in both winter and spring (column 
X55, NPWISP)
 

may be preferred since this would substitute for conserved or
 

purchased feeds. The trade--offs involved in selecting a
 

grazing option will include considerations of the quantities
 

and nutritive values of available herbage, in addition to the
 

costs and availabilities of other feedstuffs in 
 all other
 

seasons of the year.
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For LP solutions which include consideration of "improved"
 

(fertilized) native pasture, all the coefficients in 
rows 16
 

to 27, for columns X51 to X56, are replaced with the values
 

in Table 10. Costs of fertilization for improved native
 

pasture activities would be indicated in the objective row.
 

Ewe Management and Milk, Lamb and Cull Sales Activities:
 

Apart from water melon sales (activity column X21), all of
 

the 56 activities described up to this point are concerned
 

with and allocationssources of feeds and for sheep.pastures 

This illustrates the key role played by sheep as a channel 

for marketing the farm's crop and pasture production. 

Three 
ewe management activities with different nutritional
 

regimes and performance levels (low, me;dium and high) are 

identified in columns X57, X583 and X59. The coefficients in
 

the feed constraint rows are taken from Table 5. The dry 

matter coefficients for these three activities each have
 

negative signs (see rows 16, 19, 22, 25 and 32 to 35) which 

are balanced against the positive coefficients of the feeding 

activiti!.- in the same rows. This ensures that the upper 

limits on dry matr.er intake are not exceeded since, within 

each of these rows, the sum of the activity levels multiplied
 

by their 
 respective coeffcients is constrained to be less
 

than or equal to zero.
 

The constraints on cottonseed cake and wheat bran intake for 

the three ewe activities (shown in rows 32 to 35, set upper 



48
 

limits on the inclusion of these feedstuffs in the fall and
 

winter diets to 10% of the maximum dry matter intake levels.
 

Positive coefficients for the CP and ME requirements have 

been specified for each of the ewe activities in each season, 

while all coefficients for these two characteristics among 

the feeding activities are negative. Requiring the sum of 

products in CP and ME row to toeach be less than or equal 

zero ensures that the ewes receive no less than their lower 

dietary limits of protein and energy. 

The costs shown in the objective row for the three ewe
 

activities reflect the annual labor for feeding and 
handling
 

and have been set in exact proportion to milk production per
 

head,
 

The performance coefficients in rows 28 to 30 for the three 

ewe activities are taken from Table 6. These three rows have 

been defined as "transfer" equations such that: 

1. 	 total milk sales (activity column X60) equals milk
 

productinn in spring,
 

2. 	 total weight of lambs sold (activity X61) equals the
 

total weight of all lambs weaned,
 

3. 	 the total weight of cull ewe sales (activity X62) equals
 

the total weight of ewes culled.
 

The 	prices of milk, lambs and culls 
 are shown in the
 

objective row for these sales activities.
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Eaoh ewe called into the LP solution is assumed to cost the 

farmer SL 100 in annual replacement allowances. This is 

shown in the objective row of anctivity X33, ,;WEPUR. 

The Right Hand Side: 

This chapter concludes with the subject of internal and 

external 
resource limitations. 
 The reasons that constraints 

in the I,P model are mathematically specified as equations or 

inequalities should be clear by now. The final column, X64, 
repre;ents the "right-hand-side" (RIS) of the equations and 

inequalities which 
 comprise the 35 cnnstraint rows in the 

mode]. These specify ]imits on the resources available in a 
solution 
 of the model when a particular question is
 

investigated. 

The RHS of rows 
1 and 3 in the matrix put upper limits of 100
 

dunnums (10 ha) on 
the areas 
of both arable land with shallow
 

soil and native pasture. Such non--zero values on the RHS
 

indicate 
 limits outside the relationships defined within the
 

body of the matrix. Zeo values on the RES 
 indicate 

constraints which must balance within the 
matrix. Examples
 

arc: water 
melon sales must equal the amount produced, and
 

the amount of cereal stubble grazed must be less than or
 

equal to the amount available.
 

The whole-farm 
LP model in Table 13 comprises 63 activity
 

columns for which 
an "optimum" combination is to be
 



mathematically determined which will maximize the objective 

function (profit = sales minus cont.s) in row 36, subject to 

the 35 constraints and t.heir MIS values. Exfmoles given in 

the following chapter s;how th-rit this modol provides a 

powerful ana]ytical framework for answering questions of bio

economic balance in farming system; found in the Tel Hadya
 

area.
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CffAPTFR 4. JESIIITS 

Resource and Management Scenarios:
 

Farms in the Tel Hadya area vary in 
size and other resource 
parameters such as 
soil types and pasture availability; thus,
 
the optimal combination of activities will vary from farm to 
farm. Also, for a given farm, a new set of prices and costs 
can mean a new optimal combination of activities. Different
 
optimal solutions will be found tinder different sets of
 
resource constraints and prices. This means the 
possibilities for different- solutions 
are virtually infinite. 
In the sample of results presented here for the whole..farm LP 
model, the picture is simplified by using only one set of 
prices and is; further restricted to consider only a few 
combinations of arable 
land and native pasture availability.
 

Thirty-six scenarios are presented in this chapter, each 
showing a different optimal solution under a different set of
 
resource constraints and management choices. These are aimed 
to serve as practical examples of how to use the 
 whole-farm 
1,P model. They also present, for the first time, a wholc-
farm analysis of the farming system in the Tel Hadya 
area. 
The 36 scenarios are identified in Table 14. 

A common feature of all 36 scenarios is that each considers a 
farm with 100 dunnums (10 ha) of arable land. 
 Half, 
eighteen, of the scenarios consider farms with shallow 
soil
 
and the other half, 
farms with deep soil. Within each of
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TABLE 14. Identification of Resource and Management Soenarios
 

Native Pasture Availability 

10 ha 10 ha 
None Unimproved Improved
 

(unfertilized) (fertilized)
 

Ewe regimo: Low Med High Low Med High Low Med High
 

Arable land
 
& Rotation
 

10 ha shallow soil
 

BARIEY--FAII.OI -1/ 2 3 4 5 6 7 8 9 

BAREY-VETCH 10 11 12 13 14 15 16 
 17 18 

10 ha Deep Soil 

W11EAT.-LENTIL-MEr.,ON 19 20 21 22 23 24 25 26 27 

WHEAT-VETCH-MEI,ON 28 29 30 31 32 33 34 35 36 

a/ scenario number
 

http:BARIEY--FAII.OI


F3 

these soil oategories, half of the scenarios consider crop 

managementtunder traditional rotations half underand high

input rotations. Thus, each of the four crop rotations are 

represented by scenarios:nine the harley-fallow rotation by 

scenarios 1 0, the barlev-vetnh rotation by scenarios 10 

1i, the he.-it-lentil--melon rotation by scenarios 19 
 - 27,
 

and the wheat-vetch-melon rotation by scenarios, 28 - 36. 

The nine scenarios for each crop rotation 
are divided into
 

three gIroups which identify different levels of available 

grasing frnm native pasture. 
 The first of these groups
 

consider: that no native pasture is available to supplement 

the 1(0 ha of' arable farm'ind. An unimproved native pasture 

area of 10 ha is considercd available for grazing in the 

secnnd group. An identical area of improved pasture 

characterizes the third group. The herbage availability from 

such pasturos was discussed earlier in connection with Tables 

9 and 10. A final subdivision of the scenarios distinguishes 

three nutritional regimes for owes -low, medium and high 

within each of the pasture groups. 

One run, or solution, the IP modelof was completed for each 

of the 36 .;cnarios. This required changes between runs in: 

-- REIS values, to specify the availability of pasture land
and of firale land with s.hnliow or d:op soil, 

price nr cost values, in the obJective row, to bar
seleoti,,n of particular rotations ewe andand regimes, 

matrix coefficients, 
 in particular those for unimproved
and improved pasture. 
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One simplifying assumption 
 imposed on all 36 scenarios
 

discourages the sale of cereal straw and vetch hay by
 

reducing their sales prices to zero. 
 This artificial 

condition has the effect of removing the off-farm competition 

for these feeds and thereby encourages on-farm sheep 

production. 
 Removal of this restriction would be necessary
 

in runs aimed at understanding the interactions of the 
farm
 

with other farms and flocks.
 

Optimal Solutions:
 

Partial 
 summaries of the solutions for all 36 scenarios 
are
 

given in Tables 15 and 16: livestock and rrain 
sales, and
 

maximum whole-farm incomes are listed in the former; 
 optimal
 

numbers of 
 ewes and annual quantities of main ieed use 
are
 

shown in the latter. Full details of solutions for all 36
 

scenarios are presented in Appendix A. 

The values of sheep product sales, in Thble 15, were derived 

in two steps. First, the quantities of milk, andlamb cull
 

sales associated with one ewe (Table 
 6) were multiplied by 
the prices of these commodities (Table 8) and summed to find 

the revenue per ewe: SI, 293, SIL 373 and SI, 460 for low, 
medium and high regime ewes, respectively. Then, 
 these
 

amounts were multiplied by the optimal number of ewes in the 

scenario solution (Appendix A). 

The value of cereal grain sales 
was found by multiplying the
 

quantity 
of grain sales in each scenario's optimal solution
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TABLE 1.5. Optimal sales of sheep products and grain, andmaximum farm 
 profits under 36 resource and

manigement scenarios.
 

Native Pasture 
 l ha 10 haAvailable: None Unimproved Improved
 
-- z=-=="=Ewe Regime: Low Med High Low Med == High Low Med High
 

BARLEY-FALLOW 1
 

Scenario: 
 1 2 3 5
4 6 7 8 9
Sheep Produnl.
 
Sales (000 51) 
 ... 
 ... .. 7.8 7.3 5.3 
 14.1 12.5 11.9
Barley Grain
Sales (000 SIO) 8.1 0.1 8.1 7.6 7.0 7.1 4.96.7 7.2 


Farm Profit (000 13[,)3.9 3.9 
 3.9 6.4 5.2
6.2 7.7 7.9 6.1
 

BARLEY-VETCH2
 
Scenario: 10 11 13 1512 14 16 17 18
-Sheep Produl

Sales (000 ";1,) 14.7 16.3 13.6 
 19.3 21.4 17.7 
 25.8 27.8 21.8

Barley Grain
 

Sales (000 SI.) 14.0 13.8 14.0 
 13.8 13.7 14.0 13.0 13.4 14.0 
Farm Profit. (000 SL) 11.7 12.6 12.3 13.4 14.8 14.4 14.7 16.3 15.8
 

WHEAT-LENTIL-MELON 3
 

Scenario: 19 20 22 24
21 23 25 26 27
Sheep Product

Sale!; (000 SI,) 5.8 5. 07.1 10.5 10.2 10.8 15.5 19.6 18.7
Wheat, Grain
 
Sale: (000 SI,) 7.2 6.7 6.8 7.6 7.7 7.7 7.2 7.7 7.7 

Farm Profit. (On0 SL) 9.69.8 9.2 12.4 12.8 12.4 
 13.3 14.4 14.3
 
.....-.......
- Z-. --- - .:,*- r:...- = - - - - -


WHEAT-VETCH -MELON 4 
- - - - - -


Scenario: 
 28 29 30 
 31 32 34
33 35 36
Shee;p Produt,
 
..lU;s (000 51.) 11.9 14.2 11.8 15.9 19.4 15.8 20.6 24.4 20.1
Nheat Grain

Sales (000 SL) 10.1 9.6 10.1 10.1 9.4 10.1 
 10.1 9.4 10.1 

Farm Profit (000 5L) 15.3 16.2 16.1 16.9 18.3 18.2 
 17.9 19.6 19.6
 

Note, see:
1. Appendix Table A. I for ondetails Barley-Fallow scenarios2. Appndix 'rablo A. 2 for details on Barley-Vech scenarios3. Appendix Table A.3 for det[ails on Wheat.-Lentil-Melon scenarios4. Appendix Table A.4 for detaiils on Wheat-Vetch-Melon scenarios 
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TABLE 16. Optimal ewe numbers and feed use 
(in 100 kg units)
under 36 resource and management scenarins. 

Native Pastur. 19 hn 10 ha 
Available: NonA (nimnroved Improved 

Ewe Rerime: Low Med High Low ied High Low Med High 

BARLEY-FALLOoI 1 

Scenario: 1 2 3 4 5 6 7 6 9 

No. of Ewes (head) .. .. .. 26.7 19.6 11.5 48.1 33.4 26.0 

Barley Grain Fed 
B. Stubbles Grd 

... 

.. 
... 
.. 

.. 

.. 
3.9 

28.8 
8.8 

15.9 
11.2 
5.2 

7.5 
44.6 

6.9 25.4 
26.7 11.2 

2 
BARLEY-VETCH 

Scenario: 10 11 12 13 14 15 16 17 18 

No. of Ewes (head) 50.4 43.8 29.C 66.1 57.4 38.5 88.3 74.6 47.4 

Barley Grain Fed 
B. Stubbles Gr':d 
Vetch Past.. Girzd 
Vetch flay Fed 
Vetch St.ub. Grzd 

-- 1.9 --
48.5 37.3 14.0 
45.3 39.1 22.4 
47.8 51.5 61.6 
19.9 21.5 25.7 

2.1 2.5 --
63.1 36.1 4.8 
59.5 39.4 24.6 
39.3 51.4 60.3 
16.4 21.4 25.1 

8.2 4.7 -
85.9 51.6 8.2 
79.5 14.4 23.4 
27.3 G6.4 61.0 
11.4 27.7 25.4 

WHEAT-LENTIL-M-1IO 3 

Scenario: 19 20 21 22 23 24 25 28 27 
No. of E;es (head) 20.0 19.1 10.9 36.0 27.4 23.5 52.9 52.6 40.6 

Wheat Grain Fed 
W. Stul, :; Ursd 
Lentil St.d l Fed 
Lentil Ftrc,'F,, i 

4.0 7.7 7.4 
25.1 23.3 12.3 
2.9 6.f 5.4 

43. 1 43.1 43.1 

0.R --- . 
27.8 22.3 10.6 
0.9 1.0 11.0 
43.1 43.1 43.1 

3.9 0.4 -
27.8 27.8 17.5 

-- 13.8 20.3 
43.1 43.1 43.1 

,iEAT-VETCH-.MELON 4 

Socnario: 28 20 30 31 32 33 34 35 36 

No. of Ewes (head) 40.8 30.2 25.6 54.4 51.9 34.4 70.4 65.4 43.6 

Wheat Grain Fed 
W. Stubbles Grod 
Vetch Past. Grzd 
Vetch Hay Fed 
Vetch Stub. Grzd 

-- 3.4 ---
37.1 32.7 11.4 
36.7 39.0 20.0 
45.6 44.2 55.7 
19.0 113.4 23.2 

. 5.2 ... 
38.3 33.5 4.0 
48.2 42.5 20.7 
313.7 42.1 55.2 
16.1 17.6 23.0 

.. 5.4 -
38.3 38.3 7.0 
37.9 12.6 10.1 
44.9 60.1 58.0 
168.7 25.0 24.2 

Note, see:
 
1. Appendix Table A.1 for details on Barley-Fallow scenarios
 
2. Appendix Table A.2 for details on Barley-Vetch scenarios

3. Appendix Table A.3 for details on Whoat-lentil-Melon scenarios
4. Appendix Table A.4 for details on Wheat-Vetch-Melon scenarios 
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by the appropriate price (Table 8). The resulting grain 

sales values do tend to understate the whole value of the 
cereal crops, considering that the straw and stubbles are 

marketed only through the farmer's sheep, 
 and that some of
 

the grain in fed rather than sold (Table 16). 

Substantial 
 increases 
 in the yields ,-f cereal grains were
 

associnted 
 with shifts from the traditional rotations to the
 

high--input rotations with vetch. 
 The relative revenues from
 

sales of sheep products and cereal grains change between crop
 

rotations and between native pasture resources. Where 
no
 
native pasture is available, 
optimal ewe numbers are 
 lowest
 

and grain revenues may exceed sheep revenues. When native
 

pasture is added to the farm's resource base, optimal ewe 

numbers increase and the sales value of their products exceed 

thos;e of ce-.real grains. The only exception to this was in 

scenario No. 6, which calls for only a few sheep to 

complement the barley-fallow rotation. 

The most significant results concerning maximum profits and 
optimal ewe numbers are presented in Figure 1. For a given
 

ewe regime, the high-input rotations which include 
vetch,
 

have 
higher maximum whole-farm profits and ewe numbers 
than
 
the traditional 
 rntations. 
 In addition to 
 their greater
 

sheep carrying capacity, the high--input rotations owe part of 

their greater profits to 
the increased productivity of cereal
 

crops.
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FIGURE 1 Maximum Farm Profits and Optimal Ewe Numbers
 

with 10 ha of Farm Land
 

Native Pasture Available
 

10 ha 10lha
None Unimproved Improved 
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Surprisingy, when native pasture is unavailable to
 

complement the traditional barley--fallow rotation (scenarios
 

I - 3), the optimal numbhr of owes is zero. In such cases, 

t he osts of pu rchasid supplenments to meet the feed 

requireme:nts of ewes on low, medium or high regimes coitld not 

be covered by the expected revenue from sheep products. 

Adding ewes to the farm operation under such conditions would 

reduce overall farm profits. 

Howover, when vetch is grown in place of fallow, ewes enter 

the solutions and hoost whole-farm profits substantially 

(scenarins 10 - 12). This is due to the on-farm availability 

of high quality vetch, used partly as pasture in spring, 

partly as hay in summer, fall and winter, and for stubble 

grazing in summer. In these scenarios, gori use is also made 

of harley straw and stubble; this is in contrast to the non

use of these materials when the birley-fallow rotation is not
 

complemented by native pasture (Tahi- 10). 

Within all rotations and ewe regimes, maximum whole-farm
 

profits and optima] owe numbers increase as unimproved 

(unfertilized) native pasture is added to the farm resource
 

base. They increase further with a shift to improved
 

(fertilized) native pasture. These increases in profits 

dramatically show the benefits of having access to "free" cr 

inexpensively "improved" native pasture (Figure 1). However, 

the increases in optimal owe numbers are proportionately 

greater than the increases in maximum whole-farm profits as 

native pasture resources are added. 
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Within all combinations 
of the four rotations and three
 

native pasture scenarios, the optimal number of ewes
 

decreases with a shift from the low to the high ewe 
regime.
 

However, maximum whole-farm profits with the medium 
regimes
 

were always greater than, or equal to, those with ewes on
 

high regimes. Profitability relationships between low 
 and
 

medium regimes vary among the traditional crop rotations,
 

while ewes on medium regimes are the most profitable with
 

high--input rotations.
 

Given a particular ewe regime, 
sales of milk, lambs and cull
 

ewes are proportional to the optimal number of ewes 
in each
 

scenario. 
 Since sales per ewe increase from the low to the
 

high regimes, the decrease in total product
sheep sales
 

between the low and high regimes is smaller than the decrease
 

in optimal ewe numbers. Because the decrease in optimal ewe
 

numbers is largely offset by increased sales revenue per ewe
 

as 
the nutritional regime improves, only minor differences in
 

whole-farm profitability are found between regimes.
 

The increases in ewe productivity from low to high regimes
 

are achieved by using more costly diets with higher 
nutrient
 

densities. It is clear that ewes on 
low regimes make the
 

fullest use of cereal stubbles (Table 16). For example, the
 

66.1 low ewes in scenario 13 would consume 6,310 kg of barley 

stubble, about 05 k. per head over the 120 day summer season,
 

compared to only 12.5 kg per head for the high regime ewes 
in
 

scenario 
1 While only 480 kg of stubble is used in
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!;cennrio 1h, profits are higher than in scenario 13 
in which
 

most. of the available stithhle is grazd. 

For low regime ewes, the model tends to call for use of vetch 

pasture in spring rather than as hay later in the year (Table
 

16). This tendency is reversed for high regime ewes 
 which
 

require diets of higher nutrient density in fall and winter. 

In most srenarios, the purchases of cottonseed cake and wheat 

bran are at, or near, the artificial 10% dry matter intake
 

limits for the fall and winter seasons. This is due to the 

low prices and high nutrient densities of these feedstuffs. 

In the pronresE; of determining optimal ewe numbers and maximum 

farm profits, the LP model simultaneously chooses minimum 

cost diets which satisfy the nutritional requirements of the 

ewes during each of the four seasons. Such diets are 

balanced using feodstuffs available from the crop rotation
 

and from the market, in addition to native pasture herbage. 

The balance is also optimized across seasons and incorporates 

economic decisions on when and how best to use a vetch crop, 

native pasture end other foodstuffs. 

Four examples of diet formulations, computed for medium 

regime ewes with each of the four crop rotations and 10 ha of 

unimproved native pasture (scenarios 5, 14, 23 and 32), are 

given in Table 17. The diets in each season are expressed in 

terms of the percentage, of each ingredient in the dry matter 

intake in that season. In scenarios 14 and 32, cottonseed
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TABLE 17. 	 Optimal Diet Compositions (% of DM) for Medium Ewes on a
 
10 ha Farm with 10 ha of Unimproved Native Pasture
 

Farm Soils: SIIALI,OWi 	 DEEP 

Crop Rotation in Use: BFROT BVROT WJ.MROT WVMROT 

Scenario No: 5 14 23 32
 

ACTIVITY
 

No Code Summer Diet (%)
 

11 VSTUBS vetch stubble 23.0 20.9
 
13 I3STUIBS barley stubble 50.3 38.8
 
14 WST1flBS wheat stubble 50.2 39.8
 
51 NPSI[I. native pasture 43.4 29.4 21.2 39.2
 
52 H1SUASP native pasture 6.3 8.8 28.6
 

100.0% 100.0% 100.0% 99.9% 
Fall Diet (M) 

08 VlFAI,, vetch hay 65.9 66.0 
25 CSr:PFA cotton seed erke 10.0 17.0 9.9 17.0 
27 W1BPURd' wheat bran 10.0 17.0 9.9 17.0 
.30 13G['AII, barley drain 19.8 
34 BSFAI.I, barley straw 52. 5 
,12 WSEALL, wheat straw 33. 9 
.1 I,GI,'AI., l ntil grain 2.3 
48 ISVAIL lentil straw . 44.0 
53 NPFAWI native paSture 7.6 

99.9% 99.9% 100.0% 100.0% 
Winter Diet (%) 

09 VHWINT vetch hay. 20.0 . 13.7 
26 CSCPW I cotton soed cake 9.9 9.9 9.2 9.9 
28 WI)'LIWT wheat bran 9.9 9.9 10.0 10.0 
31 G(Wl.tlT haley grain 8.0 3.2 
35 BS0IHT barley straw 23.6 57.0 
39 WGV'I NT wheat grain 7 4 
43 W,1'1Tl wheat straw 16. 8 46. 1 
49 ,SJWIfT te-ntil straw 64.0 
53 NPIF'AW1 native pat;iure 9. 1 
55 NPWISP native pm:-t, re 39.5 12.9 

100.0% 100.0% 100.0% 100.0% 
Spring Diet (%) 

06 VPSPRI vetch pasture 62.1 75.9 
36 RSSPRI barley straw 35.1 .. 8 
44 VISSPRI wheat straw 15.0 
52 NPSUSP native pasture 15.8 32.1 85.0 24.1 
55 NPW)ISP native pasture 49.1 

100.0% 100.0% 100.0% 100.0% 
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cake and wheat bran each comprise 17% of the calculated fall 

diets which are so high in nutrient density that daily intake 

is only 59% (10/17) of the maximum i)M intake allowed. 

The greatest differences in dietary formulations between 

scenarios are due to changes in the crop rotations. In both 

of the high--input rotations vetch, in various forms, appears 

in the diets of all four seasons. The timing, of native 

pasture use also varies between the four crop rotations. 

The diversity of the diets within and between seasons
 

illustrates the flexibility of sheep to take advantage of a 

wide range of fedstuffs and (!r.winig resources. This 

flexibility also moans that many factors in the farming 

system must. be considered simultaneously when determining the 

liest hie-economic balance. That is why the LP technique is 

so ruseful: it is a convenient way t.o organize and use the 

available biological and economic information on a farming 

system when studying resource management problems. 

Conclusions:
 

The conclus; ons drawn from the 3A scenario solutions 

may be summarized briefly. Combined with improved cereal
 

agronomy and varieties, the addition of a vetch crop, in 

place of traditional fallow or lentils, allows intensified 

sheep production and higher whole.- farm profits. Access to 

native pasture allows an increase in profits but requires 

higher c-apital investment in the form of greater numbers of 
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sheep. Only minor differences in farm profits are
 

assoociated with the three ewe nutrition regimes. However, 

solutions with the high regime require fewer ewes than those 

with the low regime.
 

Neither the use of vetch pasture nor the production of vetch 

hay are common in N1 Syria today. The present analysis 

suggests that such uses of this crop, with ,judicious 

managment, may be a key to more productive and profitable
 

crop--livestock husbandry in similar environments.
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CHAPTER 5. CAUTIONS AND 
 FUTURE APPLICATIONS 

The whole-farm 
model described 
 in this document is a
 
simplified view of a complex farming system. 
Therefore, some
 
words of caution are neces:sary. Readers should be 
aware of
 
the model's limitations 
 so that due care is used in its
 

interpretation and in 
its future applications.
 

The choice of "whple-farm 
profit maximization," 
 as the
 
objective criterion for 
optimization, 
 can never truely
 

represent the mix of family, social, religious, institutional
 

and 
 economic considerations 
which influence 
 farmers'
 
decisions. 
The model generates farm plans which are based on
 
the profit motive alone, and constrained only by 
known
 

limitations and relationships.
 

The 
nutrient requirements and production performance of ewes
 
in the LP model are considered its most 
 widely applicable
 

feature. These 
sheep parameters should be valid for use in
 
other parts 
 of West Asia where the Awassi breed is found.
 
This is because the two extreme nutritional regimes, 
 low and
 
high, are beyond the limits found in 
 NW Syria. The 36
 
scenarios demonstrate that many possible mixes of feeds 
 and
 
grazing 
 can be used to satisfy the nutrient requirements 
 of
 
these robust local sheep. 
 The CP and ME values used for the
 

various feeds are also widely applicable.
 

Mineral 
 and vitamin requirements of the 
sheep have been
 
ignored in the model 
 and could be included in future
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versions. Likewise, the feed and capital costs for carrying
 

one 
 ram for each 20 to 30 ewes, and for raising replacement 

animals, could be added. However, the errors caused by 

ignoring these aspects are thought to be minor in the present 

appI i cation. 

No explicit. constraints on labor, capital or equipment 

availability have been incorporated. Although these are 

constraints typically found in farm management LP models, 

they were not considered central to the questions of crop and 

feed balances. The model simply assumes labor is available 

at the going wage; equipment likewise may be hired, and 

there is no, upper limit on capital use. A steady-state flock 

with annual replacement allowances avoids this question and 

ignores ot.her oppri-irtui ties for the capital invested in 

sheep. 

The crop yield data used in the model are far less applicable 

tn nther areas than the sheep data. Appl.cations of the 

rotation data to other areas, even tho,;c with similar 

environmontal conditions, would have to be justified on a 

ease-by-eas.3e basis and with considerable caution. These data 

can also oc criticied for having come from scientist-managed 

rat.her than fnr,:.nr-manned plot.s. Even so, the data are 

based on crops harvested from large plots managed with the 

intention of copying local practices as closely as possible, 

especially in the case of traditional rotations. 

Substantial increases in the yields of cereals were
 

http:ease-by-eas.3e
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a.1s,oiated with the shift from traditional to high input 

rotations with vetch. These increases are due to the 

combined f.,ffents of improvnd cereal varieties and agronomic 

practices in addition effects vetch in theseto of rotations. 

The design of the Unit Farm experiment did not. allow 

quantitative separation of the effets of individual factors, 

This r:onfoundinl, especially het.ween the three year 

rotations, perhaps 
 lead to a bias in favor of vetch when 

compared with lentils. 
 The Unit. Farm concept, of simulating
 

farmers' practices on the 
research station, has ben phased
 

out in favor of rnp] ieiat.d on-stati en and on-.farm trials
 

(Thomson, et al, 1913:3, Nordbloin, et al, 1985, and Jaubert
 

and Oglah, ,985).
 

Unlike the crop yield dat-a discussed above, .he Otr.ctuire of 

the crop sei;tinn of the model should have wide applicability. 

All that. is necessary is to insert yield and cost figures fer 

the new location. The same can be said for the various feed 

purchase and crop sales activities. 

Considerable caution is required in use theof model's native 

pasture component since this is basrd on preliminary results. 

But the horbage availabilities are good approximations. The 

data in this component of the model needs to be updated using
 

reliable experimental results.
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Future Applications:
 

The whole-farm LP model may be used in several ways: (1) to 

test other questions on bio-economie balances in farming
 

sy;tems of the Tel Iladya area, (2) as a framework for 

modeling other farming systems with similar mixes of
 

activities, and (3) as a building block for expanded models
 

which account for year-to-year variability in yields and
 

prices.
 

Several examples of questions which may be approached through 

direct use of the model, arc suggested below. These may be 

implemented through chnnges in objective row values, matrix 

coefficients or consLraints in the present model and by 

examining shadow prices and boundary levels in the subsequent 

IP soltitions. 

1. How will increases in lentil productivity, due to 

improved practices and varieties, affect whole-farm profits?
 

And how far far must lcnt.il yields increase to make them 

competitive with forante crops? 

2. How far must lentil harvest costs decrease before this 

crop becomes competitive with the vetch hay or pasture
 

options? This question is important in the light of current
 

ICARDA research on lentil harvest mechanization.
 

3. How far must. the productivity of Awassi ewes on high
 

nutritional regimes increase before they become consistently
 

more profitaln than ewes on medium regimes? This could 
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set target levels of performance for a genetic improvement
 

pro.ject. 

4. flow will updating the native pasture coefficients affect 

farm profits? 

5. flow do the IP solutions change when sales of vetch hay, 

cereal straw and stubbles are allowed, or when the 10% limits
 

on col.t.onseod cake and wheat bran are raised or removed? 

And, how sensitive are the solutions to price changes?
 

Expansion and adaptation of the present whole-farm model
 

should make it possible to address more complex questions. 

Several examples arc suggested hero. 

1. Year-to-year variation in crop yields, 
 pasture
 

availability 
and prices can be handled following appropriate
 

modifications to the model (Murphy, 1971, Maerz, 1986). Such 

adaptations require more comprehensive data but appear
 

justified by the importance of the issues involved.
 

2. Revision of the model to accommodate other farming
 

systems is possible. For example, the comparison between
 

a wheat-annual medicago rotation and traditional three course
 

rotations.
 

3. The addition of lamb fattening activities to the mode.
 

would only require a few adaptations to allow an alternative
 

to the sale of weaned lambs at two months of age. Fattening
 

lambs and breeding ewes would be competing users of the
 

available feed resources.
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4. Investment considerations, such ss those 
 in the
 

establishment sequeno.) of a wheat-annual medicago 
rotation, 

and how thee affect; dcisions on sheep numbers and 

nutrition, deserve research.more Adaptations for stch
 

purposes might involve linking several Iyearly modules" in a 

recursive chain, through which carryover feed stocks and 

sheep inventories from one year are considered as inputs to 

the next year. Each "yearly module" could he a matrix 

adapted from the present model, with crop yields varyint! from 

year to year.
 

The whole-farm model described in this document is 
a small
 

step towards developing a more holistic viov 
of the crop

livestock economics within which ICARDA's mandate crops 
are
 

grown. 1]opefully, this documernt will stimulate thinking and
 

discussion among scientists in West Asia and 
North Africa.
 

By developing such models, they will identify gaps in their
 

knowledge concerning particular features of 
 local farming
 

systems. Thus, 
 the model, and the ouggested adaptations to
 

it, should help in netling research priorities and assessing
 

the impact of new farm technologies.
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APPENDIX A., I 	 Optimal LP shtions for 10, ha of. arabl e and,, with
shall1ow soils, under a J3ARLEY-FALLOW rotation 

Ha.ti. P1:e;hC - ,. 	 *{ IC 
................. .t5; e......8
 

, I.R~igI L.. K.1 High :I.O. H.4 High L- . l~ 1 High . 

*..."'~~-..--, ... 11S~! tltSt?'nul ~~tU ~ ..... -111 	 S .
 

* ACTIVITY 

S, . ....... .
SIIu s6 

01 O)WT 0,1 1ha. 1 	 100.0 00 1000 I 0 1000 100 100 1001:00 4.i 

02 84033? 0,1 h.
83 WLK1t30T ha 

. .. 
0. 1 


04 WY'4T 0, I h. .. 


LN0 kg;SI 
. 

..
. ...
. .. ....
2 .. ....... . . . .. ... 


!EPRSA .ks .... . .	 .LZ ... ..... .. . . 

k.4.8 	 3.2 2.8iL 100 3 

23 831i10 10 kg , 818. 2 l 2 ..2 .2 4. 7 

24LSI18l g . . . , ,s37 182K1310100 k 

42 LSSJIK4 100 k . . 

43 &SKINT100 k9s4 8S?, 100kg 83.8 * 5 . 28. 1 2 8.18 1,3:. 4.2L, 	 7.8 7 
1. NSAA1 100 kg 34 .9 0 84 17 2 .8 

38,3AL 1 0k . . . . t1 , ., 

3I a is1ts" I N kg , , .'. . 

47 00AU8 100 kg . . . 932 1, 
;4i 182818 10 kg . ...... 

4233;WSLUrL85P81 20kgIN kg - --- ----. ..
 
44 WSPALM IIJII.10 b ;kg . * . 17.. . .
3481IP 	 . 6.22, 1 161 4.3 1. 
4 . ....L. 0g- - . .. . . .... .... ----- .--

4; C48 PWIN I00k ... ... . . : .. . . 7 .. : . .. . . ... . .o;P;;;T 6,Wh; .... . . ... .8 &.SIALL 100kg 	 3.. 2.1 5 :3 . 3.7 12.0 

3 LS0SIT 100 kg 
11101 k 	 ,1 2. 

41 I " Il I I --- ---- -,-- ----O i 6i ; 6 
t 	 . 3 5 $ S W 1 1.N b . 4. 

II
0 13,4 42 .4 4 . 23 198 , 8 14 

36 SWII 0. h . . , 31.8 11.1 4138 3 38.8 1038.ANE 	 ,3 

86 WAL7 19,8 218 4823,4 2, 
' 88: P!6 1 9.16 

;;;C;:{,7 ;7]]U 67 U ,.; 	 head ' $ : . 
i 

26.77 .77l ',:; ; 48,i1 ;. . r { { ! 7 : 
< 

49LA,. 00k
 

47.IS9 10k
 

::.t , 887,40(8411ili;! 7 :{{ L .;: . . il , .33.4i~ 2 .{ ;7 :7 'heed 7 18.8 , . - 7) 

99 .. .. . . . . . . - - - - - - - - - .. . . . . . . . . . . .
 

3 .8 2.8 2,1,8 , 4IW 4.7 

3.9 3 9 3,9 8,4 8,2 8 3 7,7: 7 9 8 1 
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APPENDIX A.2 	 Optimal LP solutions for 10 ha of arable land, with
 
shallow soils, under a BARIEY-VETCi rotation
 

Hetly.lect urel"t I " : . '
 
Nli@pstr 0ha toha
 

........... , a., U - -..... .... -
1- 114 -e1i 	 .-Loe Mod High Lo- H-1 High Lo HighHd 


Sc sario No, 1 12 12 13 14 1 710 

ACTIYIT-Y 

hss." .353-l cas-' sass. sagaS.,aaa lass, eta,,,tul. 

• ....... "................ o ....
.o ...... . . .02 h.BWT 01IM10100. 1000 ID,63 200,80. 100.0 100,0 108.8 

VVHOPT "10. 	 ,
5.-0.8 . a . 4 48.. 102.8,
M Y'SPBF IN ks 45,3 ,30 22,4 59.b 32,4 24.0 78. 4,4 23.4 ..... ................ ............................ . ..............
 
07 VHSOI .100 9 41 	12,3 - , 5.2. 
80 VWALL IN kg 3 	 27 '47 38,0 34,7 . 48. 38
89 VHWIWT W0 kg 32.4 	 22.7 34,8 28.4 21,8 27.3 4.3 28.1 

.!. ... .. . - .	 .. ........ -:-.. --. .
 _
 

22 V871J85 to,)g1,1 9.8 21.5 25.7 18.4 21.4 25.2 11.4 27,7 25.4 
13 851"2185 10 kg 48,5 37.324 521285 . . 14,0 83.2 4.8 51.8 8'2200kg . . 38.1 . ,. 85.0 _ . 

TT............ 
 .....----------..... 
 ......
28 U 200 kg 289.8 289.9 288.2too2 09.9 288.8 101,8207.4 202.7 209.818 .5A.J I0 kgk . .

178 0552.1 I W k, . 

, 
,


18o SSALIN08 kg 
. •
 

-- ----- ----......" . ...... 

2: LSSALs 1t0ok . ,21LSSALZ L0k 

.- . .-- . .. . .	 . ,--.. . . . .. ....... .... .... .....
 

25 ;GPFA 200k 8,8 8.3 9,- 8.- 8.87.1 -2.- 9.3 22.228 CSC8 i 200 kg 4.44, 7.77 8,8 128 7. 
27 68 U 100 kg 7.3 7,1 5,3 9,5 913 8.9 127 12. 8.8
o288PU9N I200 k 8.0 	 5.9 4.4 7.77.9 8,8 10,8 10 7,1 

28 8012114 200 kg . . . . .
30 bG'ALL 
 IW k .: . .: ,: : :7 

t"32 80628? 200 kg . 1.9 . 2,2 2.8 8.2 4.7 

36 80.L. 200kg .	 . :: 

32 0SPRII 20 kg 
.. .. .. .. .. .. .. . .... ......
 

34 WA .L 200 k .8 . 28.8 .0 '3.82 25.3 . 88.338 8891 I00 k 221.0 33.7 It,3 198 44.2 2.9 22, 47.8 13,7 
38 9557.1 200 kg 34,2 2 7 . 3. 23,8 . a8 

37 NO220 lo8g38 293?ALL 280 kg9 ,
39 W 1 2 kN . , 
QA MUJ R 2kg8073 

..........
;;. 
 .... ------..-- .... ----- ......... 	 77................
42 WSlALL 200 kga
 
43 6S6224? I0W kga 
44 655P9I 200kg . . . •.: : :. :48W.... 	 ...... .. ................ ............ . .. .....:
 

48 1)UNI T 100 kg . , , . .
 
4,7 LOSPII 20kg . . 'k"9•
 

r 

- ------.
48 TaIL --- --kg ----. -	 --- --- . ----- ----- ---- . -- 76 	 - 4. ---- -----49 25INT 200 kg 

8 ------ -6----- ...
. . . . . ... - --.-
:2APUIE. ha: 28.8 45,5 88.7 28.4 8.8 :32.2

82 P51he .. 84.8 . 8 4.4 3?.?83 P M! 8. be . ,. . , . . 74.8 a 3,.194 OP628? 8.1 be . 

. . . . 3 . . 27.8 . 6P19 .I1h. . .	 88.3a.. R799 , 1 ..ha 

8? l, t bead WA4 1 . 1
88 *awl6 bead * 43.e 57.4 * 74,A
39 MILM4 bead 983885 47.4
 
84 ILASJ 106 kg 28 1 	 21. 27,? 28 4 23.128,7 38.3 37.3 28,481 2.A8488 I20kg 88 83 8:3 7:4 8.3 889 9.9 10?7 8.88 2 CULLS 10 k g 2,4 2.0 2.4 3,2 3.8 31 4.2 4,7 3.883 r61/2J9 bead 88,4 	 43.8 28.8 87.4 38 888.3 .;74,_4'7.4 

2 IPI IT NO GL. 22,7 	 12.8 1223 234 248 14,4 247 28,3 28.8 
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-APPENDIX 
 A.3 
 Optimal LP solutions fr1 
ao rbeln,~ih 

'dppsoils, under a0 WHEAT-ILENTIL-MELON rtto
 

Ua..5., 2 Y's. .0 2 ha 20 he 
.vo* lS V.b ha. 'a h '. • . • • IV .lSO-> .I. -I= , 

4 ,' I,,.. .. ... . .. . . ..Low,'. . .4, . . 

Iad 2 bl H4 Sca aro Huo 1. 29 21 22 
3 24 [ 2 

i ... 1o.. . 

0 1a, . .1 •e02 5vwT 6.21he 
03 WIMT 0.21 he 200.0 200 .00 0 200,0 21.1.0 00. .0 
04 v"4(T " ,ha.............,. 

.. ............ .... .... . ..... . .... . . .. . 05 I A IO OW Ikg. 
-

,-'1,;h 
0 27 

0.030. 

. . 

. .- + k > 

4 
13 hu*SS5m SUXS 
it VHSdI42IdM20kg120 SUBV 15'1200 kg 

il mm
i "+ '.. . . . . . . . . . . . . ........... 

,. 
... ............... . 

12 VIISALI 200 k9, 

+l'. C~08PSJl 
24 L4S218 

IN k9, . l O:. . .................................. 
20kg 225 23. 22.0 '247.5 2.4 ... 

.... 

27* 

. 

2------ 7---

44- . ...... 

III SML I w k' 

21 A s20 kg 
.. ...... 
29 1GPA201 kg 

20 5 i "lSAIZ2.... 

24 LSPUR 215.kg 

.6 . 
Z51 CS.44A 10 k,I 

k 
26W4UR o kg 

9Q;V. 2CSW00 kg9 

: 26 'a 

1Cs3.2 13.2 49:6 13. 13.2 137:2 13:2 1----- - ----- ..... . .... . . . . 46. 20.0 

4, 4.5 24.4 24,41 . 25, 12.6e 

"'.2: "'.". .......... 4 
- --

------42--2 21 2.0 . 4.42 7,6 0,5
2.3 2,PC6 

6 5 
2 . a . . . 

20 5.2 4 . 4 2 7 6 a: 1 

2.4 2.6 2.6 4,3 3.7 3,5 84 7 2 

13:7.2 

9.<2 

7.3. 
7.9 

6.2 

", " 

3 
34 
3538 

o - - 0.. . .kg
MY&j.L I00 kg
BL V h i o " .I N kB&SWR1I2INkg ~ 

. o.9.-

l . 

-. . 

. . . 

-

. 

---. 

. 

- - - 

.. 

4SPR 

__Illill i 

--.---..----- --- - . .--.----

37 _o+j0 I 0kg 3.8 7.7 7.436 6WALL 200 kg , , 

4 WINY 200 kg , .
42 WSPRI og20kg 
42 NSVAL2.100 kg 22.7 21,:a43 W521111 200og&a 1: .44 NS&82 Joekg 4.2 0. , 

44 IZswv '100kg 0. 3 3.2 2.2 
46 IWTIN 2 kg :547 LISPMI I0Mkg 2* 3*.53 
46 LBIALZ. 200 kg 14.6

40 LWN 0 g 2,2 IN,22. 

N k90 26.4.................. ...............................-52 21PS2J0::,I e 
332 heUBha 

542224-? 0.1 h............2.4 
IIPS IN+i ' 9.2 he + 

57 U.24KH hawS .20,0 ,56 2022M ha- .2,2-39 81224 .hoed 12 
89 2422.2 200 kg 6. 0 9.6 8,862II.M48 20logko 2,2 2.6 2.062 CULLS 200 kg : 2 063 141110 h 29. 21, 26912...aaa.. a... ..$so soaeaaaaa 

Kk PROM) NOSL 6.6 9.0 9.2 

..... r....' , " *... . .. . .......... 

, . , -

3. 

26. a 2159 25:7 2, 2 262 11 22.6 
189.6 

0 .0 -8,2 1. 4 

, ,3 * 36 42 
5.2 29).8 4.0 1 7.736. 23.0 24.6 39.1 43,2 35,4 

: 1
2--0--------- -.3 . ----P7: '15:7. 2 , 37 3 3.6 12.8 280e 

2. 4 21 

36.0 152.9 
27.4 ,. . 8, , 23.8 , 40.80 

24.4 23.7 24.2 12.2 28.3 24.44,0 3.0 4,2 5.9 47.8 7,3 
: : 23,8 1929 0 2.6 40,6.*ea*.6... $losea aso** so$.$ 

122,4 12,6 12.4 13.3 14.4 14.3 

" 1 ' 

II 
*X 
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APPENDIX A.4 "Optia InL 	 ,
solutions for 10 ha of arable la- d,with
 
deep soils, under a WHIEAT-VETCH-MELON4 rotation
 

veR3 ha 	 -
Nat:i -,"' l i 	 30 ha ..- 30 h. 
. ilablel HONE Ud3Nk'330Y1D . . .33l OVIDED. , 	 

................. 
 .... 	 ...... 
. ~ ~ 8-4,. 3g Lu- Hi3gh~ Lo~. 341 Hi1ghHwh~3o~. H4.1 

Sc-nario No, '1 
 2 *3332'33: 11434 :
o6
 

No8 cd. '-UnIts. 

8708-

02 BV08 9A,ha
 

83 I.ha 

-

84 WV"OT 	 0. h 3..6 100. 00 1 I37. 	 1,00. 3 100,0 0:0 0 
 . .
 

05 . 330? 	 too kg 78 . 73.7 92.6 84.5 70.2 92.3 74.8 8.2 98.7 A 
= :~l,, i L 810 ? . "U . . " , .']I~R|I83 ha" 	 "
33578I 100 k 38.7 39.8 20.0 48.2 42.5 20.7 37.'9 2. 8 6. ' 

87 YH333330300 kg 2,8 30.6 .35 
00 viIFALL 300 kg 14.7 24.0 25.5 3.7 32.6 33.8 3.2 41.1 33.4
089 33334334 300 kg 28.4 9,6 38.7 35.0 V.6 22.2 43,8 38,0 28.6 

30k4 18.4 36.3 23.0 24,233VSUB 	 IN76 38.8 23.2 17,6 18.7 25.8 
32 V33sALI 1300 kg.........
a

33 65TU33 1300 kg . .
 
34 wSt3JBS 300 kg 37.3 32.7 .13.4 . 8.3 33,5 4.-0 38 3 38.3 7.0
 
. . ....... .............................................
 
35 SOSAL,,0.j .... .. '
 
3- BSSAi I00 kg . "
 
37 WHSALI I30 kg 74.6 7,2-
 74.6 74.6 68.4 74,6 74.6 .2 74.638 WSALE 	 IN0 kg, ., . 

38 W.L I 00. .. .. . ... .. . ... .. .. . .... ... ..... ..... 
20 LSSALZ IN0kg . .. .. ... 
23 043ALI atk 3.9 33,9 33.9 13.9 133.9 13,9 133.8 133.8 133. 
-- ------ -------.. .............. .......... .. .... . ..... 
 .....
22 8S1'i38 308kg . . . . ,
 
23 8SL3B3 300 kg .
 
24 LSPU! .30-k . . . . , . ,
 
. . . ... .. . .. ..... ........ ...... ......... ....
 
25 CSPA 30 kg-tood4 4.8 7.6 6.2 30. 0 7. 58 .6 
26 CSC3bP 4 300 kgk.2 3.2• 3.8 ,I 6.N9 . 6,6 6,

5427 UR7 13 kg 5.9 6.2 4.6 7,6 .4 2 30.3 30,0 7. 
28 3487UFM3I3Wkg 4.9 5.2 3.8 65.5 7,0 ,2 6.5 6,6 6.3 
.. ...... ....... ..... ..... ..... ................ .......... .....
 
30 BGFALL 100 kga
 
33 0,34 300 kg9" , . , ,

32 8Bob6II 	30k .1 00 L 

;3 0 300- kg -- - ----- .. . -- - ----t 34 SYAL3. 300 kg8, 
3! 82334? 3100 kg , . ,.. , .. 

. . .38 6 S3' ... . ... . .. . .. ." . 
. ... .... 300. .kg.. . 
o. .. ~. ... . . ~ o o'a~ . .38 I#3FALL 300 kg ~ * : .. 
39 " -3" W 	 _ . . ":4Nl hed 3.4 . , .
4:0 WSJI 	 300 kl , .5 . " 7 

43--- 3.k - - ----- .-... .... . - 2 - ----
.42 I4SFAL 300 kg 36.7 . . 22.7 . 62 23.7 .8.

43 WS6334T100kg 13.,7 26.3 30.0 9,6 32.380.7 6.9 32,3 32.8
44 WSbP83 	 300 kg . 4.8 22.3 . 10.84 . . 8.9 

45- UOYALL 100 kg , 

46 3.06333 300 kg9 

. ,
 

47 WS0678 30N kg . .
 

PU. . 548 LSFAL3 	I k9 . 5 , 4 : 
i300 kg. . i49 LSW':: 1.- e so e . ,e e , r. 

.8 LS, I 00 kg . 1 . 6 . 7 , 

513 3453PSN 0 .3 ha& 	 28.5 55.0 58,2 13.4 18.4 23,0
52. 975247 	 8.3 ha . . 34.0 49.81 53.2
53 NPIAII 0,1 ho 6. b 2.5 .25. 
54 3476334 0.3 ha
55 34763870.3 ha . , -2.4 45.0 43180 33,80
66 OFSPRI80.1lhe 

57 U(1321 heed 40,6 :. 51,4 704 6
88I W0t4 h.ad 8 34A3. h . 2 . .	 6.4 3.58hed6111- .-- 2-6 - --- --4 4 ... .. 4.... 

too 38.3 35.3 2519 .28
63 LAMBS 100 kg 4.6 55 .63 7a.582 6. 7.9 9.4 7.8 
60 NI 	 3kg I.3, -21.6 20. 32.7-2622 

62 CULLS 300kg 280 2,4 2.0 268 3,3 28a 3.4 4.1 3.5 
63~170 hea 40.8 38.2 25.6 54,A 61,9 34.4 70.4 65,4 43.6 

NO73 35 3 	 71.A 1 00t6. 3821 89 633. 9 39 6 .39 
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