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ABSTRACT (~ , 
i1
1 

M.Sc. Robert George Conrad' .. 
'1 

Anima 1 Sci ence 
1 

AN ECONOMIC ANALYSIS OF THE USE OF SUGARCANE 
FEED,FOR MILK PRODUCTION ON S~LL-SCALE 

FARMS IN TRINIDAD 

Two ,tropical grasses ~ Pangola (Digitaria decumbens) 
\ 

1 

and Napier (Pennesitum purpureum) were compared to whole; " _ 

sugarcane plant (Saacharum'officinarum) as dairy cattle 'feeds 

in a dynamic linear programming model. 

Numerous uncertai~ties due to a lack of data in the 
V f \ 

literature were evaluated by a ~ensitivity analysis using the 

mutti-period, FI~ED-COST model. Estimates of Net Return' (NR) 
1 

to Labor and Management were undertaken to evaluate potential 

economic performance.~ 
t 

In the formulation of least-cost rations th~ foll~wing 

factors,were found to be of importance: the fixed-costs of 

. 
sugarcane feeding, the severity of the dry season and its 

eff~ct on the yield of pasture, the cost of production of, 
1 

forages, and the nutritional coefficients of aIl feedstuffs. 

1 

The inclusion of sugarcane i? the .least-cost rationsl, 

. . 
~n~reased NR per farm-by up to 76%; however, NR per cow was 

only slightly improved. The former. effect was due to a 

... 
. great~y increased sto~king .rate. 
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ABREGE 

,U~e analyse economique, sur des fermes Trinidadiens 
de faible envergure, de l'utilisation de la canne a 

sucre dans les rations de la vache 1aitiere 

" Nous avons comparè a U'la canne a sucre (S?ccharum 'offi-
1 

l , 

cinarllm), en tant qu'alimentation pour vaches laitieres dans-
/1 

\6 un mod,ale de prog'ranunation 1ineaire dynamique, deux herbes 
, If 

tl;opicaux: soit l;e Pangola (Digitaria decumbens) et le Napier 

(Pennesitum purpwreum). 

Nous avors eva1ue au moyen d'une analyse de 1 q sensi-
f 

. tivi te, emploYftnt un modele a periodes multiples et a càut 
l' 

fix~, de nombreuses incertitudes provenant d'~ne manque de 

donnees publiees dans la litterature sur le sujet. Les 
! 

estimes de,.:la benefice nette (BN) au main d'oeuvre et au 
" 

patronat ,ont. ete entrepris afin d'eva1uer la perfo~mance 

economi~ue pOtentielle. 

Notre analyse a reve1e que les facteurs su~v,ants sont 

d 'uné- plus grande impo'rtance dans la formulation 'des rations 
(! 1 

a cout minimale: les co~ts fixes, la severite de la saison 

des secheresses et son effet sur le rendement dès paturages, 

le cout de 'production des fourrages et les coefficients riutri-

tionne1s de tous les composants alimentaires du regime. 

L'incorporation dans les rations a cout minimum de la 

canne a sucre augmenta la BN par ferme de jusqu'a 76%, 
'\ 

/ 



• cependant ,que la benefice nette par tete de troupeau n'etait 

, amelioree que_tres peu.' Le premier effet serait attribuable 
~.~~ r 

"-. -
sUJ::t~t a un nombre plus eleve de cheptel par ferme. 
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CHAPTER l 
/ 

INTRODUCTION AND OBJECTIVES 

• 1 
1. An Overvlew of the Economy 

of Trinidad and Tobago 

\ 
The most outstanding economic feature of Trinidad an~ 

~obago (TT) is the duality of its eC9nomy. The export and 

re-export of crude and refined petroleum from domestic'a~d 

foreign sources respectively constitute by far the major eco­

nomic activities. Th~ oil industry is a proportionate1y 
l 

small employer of people, but the most prolific earner of 
\ 

foreign reVenues; the second major industry -'sugar - is 

distinçtly"'the opposite. Since 1973 a dramatic change has 

occurred in the economy. Prier to 1973 (the year oil priees 

were increased ~hree-fold) TT was in a position of chronic 

trade deficits; since then, there have been annual positive 

brade balances th?t are likely to continue (3,4). 

Although the ,percentage of total domestic experts 

from petroleum and its products has only increased from 81 

per cent in 1970 ta 89 per cent in 1975, the absolute value 
!~ ~' .. {' 

of this trade has increased from 765 miilioh dollars TT* 'in 

,. 
*One dollar TT is approximately equivalent ~o $0.40 Canadian • 

1 
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, 
~ 1970 ta 3,409 million in 1975; the rnost sign~ificant change 

\ 

occurring between 1973 and 1974. Over the same period , sugar, 
" 

varied' little from its 1975 level of 4.3 per ~cent of exports, 

although in terms of value it increased from 42 to 116 million 

dollars TT (~,5). 

, 4 

Furtherrnore, domestic oil production ~ncreased from 

47 million barrels in 1971 to 78 million in 19~5, whereas 

suga~ production dec1ined. The sugar sector shows a trend 
_ ~'~n 

of dec1ining :~ugar production and e~ports', and particular1y 

lar~e increa~es in gross revenues for 1974, 1975 and 1976. 

However, t~ere ~s a gr~wing uncertainty for the future of 

~he sugar industry'~nd consideration of the need for crop 

and/or product diversif~cation. In contrast, oil trade is 

favourab1e and(likely-to cont~~e to ,increase 'in volume and-

value. f// 

Considering qomestic !ivestock ~ction enterprises, (/ 

on1y broi1ers and mutton increased over the ~5 period, / 

specifica11y, brpiLer production increased from 2,24~' 

birds' to 4,350,000 in 1975 (5). This 1evel approfximately 

m~ets doméstié demand, however, most of the poultry feed 
o 

"-
used is 'imported. Mutton increased,moderately from 81,000 

pounds to 117,000 in 1975. The production of eggs, beef, 

veal and pork actual1y declined. Increasingly, large quanti-

.ties of milk, mutton, beef and ~eal are being imported into 
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TT to meet demand as can be seen in Appendix 1 Table l, while 

at the same timé two important locally produced materials 

, 
which could be used as feedstuffs for ruminants, urea and 

molasses, ,are exported on a large scale. 

In order to place thts trend of declining overall 
-

food production in con~ext, it must be noted that population' , 

increased by about 122, 000 over the 11970-1975"'period accord-

r-

ing tQ the estimate of Shi11ingford (6). Furthermore, it has 

, 
been estirnated that the per cent annual increase in demand 

for beef, mutton, fresh mi1k, cheese and butter/margarine 

over the period 1971-1980 will be respective1y 5.9, 4.3# 4.9, 

" 4.8 and 6.5-. • 
If this food deficit could be produced local1y, the 

mu1tiplying effects of this level of production 'on the farm 

input supp1y, farming and agri-business sub-sectors wou1d be 

expected to provide a large number of ernployment opportuni-

> ties - an important consideration in a nation with unemp1oy-

ment estimated to be 15%. The actua1 earning of foreign 

exchange through import substitution may be of less import-

ance to TT because of its surplus of "petro-d911ars. Il 

statistics for 1976 (5,3) sho~ that imported dairy 

products (milk and cream, fresh and otherwise, butter, cheese 

and curd) were valued at 35 million dollars (TT) or an average 
(-

of about 30 dollars per capita. Similarly, beef, goat and 
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• e ,lamb products valued at 14,500,000 dollars were imported in 
) . 
1975. These figures are consistent with the trend over the 

1ast five years of steadily increa~i~g food imports. Using 

Shillingford's estimated demand coefficients, it can be esti-

rnated that in 1980 the combined beef-and-dairy import bill 

is likely to be'appr~ximatelyf67,250,OOO dol1ars'or about 

~ , ~ \ 

• 53 dollars per person at 1975, priees. 

This seems to' b~ an -insignificant import burden, 
1 

/ 
when considered within the context of the foreign assets 

he1d by Trini!ad and Tobago. Since 1973, total external 

assets (the bulk of which are balanc~s with foreign banks 

~ in hard international currency) have increaseq from 120\ mil-. -
l~on dollars (TT) to $1,768 million in 1975 (4). In 1975, 

Trinidad and Tobago had a net trade deficit in consumer goods 
# fo 0 '\ 

Of'335,949,600 dollars (non-du;able" semi-durable and durablk 

goods) a deficit of 425,922,200 dollars in capital goods, 

and a surplus of 1,374,547,300 in raw materia1s (and inter-

rnediate goods). The pattern of net trade for 1974 is simi1ar 

to 1975; however, both these years show net trade surpluses 

~ compared to the 1970-1973 period pattern of consistent defi-
'. 

cits for total trade. This upturn in the economy is undoubt-

edly due to the favourable export priees of oil, and\second-

e. arily; sugar from time to time. 
1 

'- \ 
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2. The problem 

In~ 1976, 51 per cent of total domestic milk was pro-

duced by the farms established thr9ugh the Crown Lands Devel-

opment Programme (CLDP) now known as t~e State Lands Develop­

ment Programme (SLDP). The balance was prodùced by three 

government farms, about ten large commercial ~arms and n~mer­

'ous non-descript sm~~l farms, w~ich have one or more cows. 
;?I 

, 
However, in the previous years (1975, 1974, 1973, 1972, 1971) 

output from the SLDP constituted 54 per cent, 67 per cent, 
1 

66 per cent, 69 per cent and 73 per cent respec~ive1y of 

total fresh mi1k produëtion (5). 'Thus, milk production from 

the SLDP has decline from more than 2/3 1 5 to about 50 per 

cent of total productio , , This trend is clearly seen in 
, 

Appendix l Figure 1 - Milk Production by Source." 

The problem is whereas up, to 2/3 of domestic milk 

has been supplied from the SLDP in the recent past, and 

whereas the number of milking cows and their productivity 

show a pattern of decline, an investigation of th~s decline 
"1 • . 

is warranteQ-because of the heavy investment of both the gov-

ernment and fa~mers. FJrthermore,' and in direct association 
1 

-= 
with the,above, dairy production in the tropics requires 

analysis and the formu'lation of alternat;ive systems, or sub-

systems tha~ w~ll assfst in the production of ,dairy products 

that are increasingly in demande 

, -
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3. The SLDP Dairy Farm , 

. 
In the late_1960's, the government of Trinidad and 

<0. Tobago secured an international loa}} of 5' million dollars US, 

to assist~in the undertaking of a land sett1ement scherne en-

compassing up to 12,000 acres of state land. The scherne 

would establish family specia1ist farms producing park, milk, 

cocoa-citrus-coffee, tobacco and vegetables (1). 
ê} 

,The overa1l objectives of the programme were to estab-

, lish viable farms that would provide satisfactory incornes to 
~ 

presently unemployed or underemp10yed persons, and e~se the 

burden of food importation, which was a ser~ous concerrt at 

that time. 

In regard to dairy production, '260 farms were to be 

developed on lots of 15 to 20 acres that were served by an 

adequate and progressive infra-structure, including an arti-

ficial insernination (AI) service. The prqduction system 
, 

, utilized pangola grass (Digi taria 'decumbéns) 9n a rotatiorîal 

pasture basis with Napier (Elephant) Grass (Pennesiturn pur-
• l 

, " " '-

pureurn). as a forage supplement in the dry season. protein 
.... 

and energy supplernentation was envisag_ed at milk yields above 

l~' gallons (7 kg) per ~ay {Il. 
~- , 

b , ,. 

The milk woul,d be processed by a large central commer-
\: 

.,.(~, cial dairy, ~rivately owned, for dornestic consurnption using 

-... 
/ 
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the process of sterilized packaging. Little attention was to 

be paid to the production of otper dairy progucts. " 

this 

Farm s Ize wa~, ini tiall y fi~er at 15 acres (6 ha) ,but. -

was subsequently raised t~cres (8 ha) on t~e assump-

tion that this 'farrn size would provide sufficient net incorne 

to attract and rnaintain an average Trinioadian farnily. It is 
, , 

now an often hearq complaint that ,these farms,may not be 

viable,because oi'insufficient.acreage g~ven 'the extremely • .. 
paor ~oil fertility and the deleterious effect of a four-

o 

rnonth dry season. This s~ggests that farrn expansion or farrn 

1 intensifiç~tion be considered as possible rneasures to imp~pve 
/ 

-
the viability of ~hese 260 farnily': Clairy farrn~. 

t~ \.. .'~ , ~ "Jl\-'~~ J 

Most farms were fully developed be~ore being handed 

over to the tenant farmer, 'who can never~acquire ownftrship 

, 
of the land, but can eventually through a l5-y~r mortgage 

. 
pay-off the house, pens, fences/pastures and stock,owhich 

constituted the fcilly developed farm unit. Other farms were 
~ 

less fully developed on hand-over but the sarne repayrnent-

ownership principle was adhered to. A system of 25-ye~r 

land leases has been establisbed at 12 dollars per acre per 
1 

year to complement the mortgage and enable the farmer to look 

"" 
upon the venture as a long-;term investment in dairy fa~ing .. 

Many casual observers indi9ate that taxi~drivers, dock-

workers, ·construction workers, the unemploy~d and others were 

o 

o 
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allocated farms with little or no regard to their farrn back­
\ 
\ 
" , -

ground, or more important l,y, ! tl}eir frrm orientation. Infor-

mal trainins programmes were arranged for t~ose requiring 

• 
, tuition in dairy farming. Indeed, it may be that the lack 

-10 ,f{ 

of. farm background and orientation is âh-"irnportant reason 

" .0 

for the apparent failure'of tn~ SLqP dairy farms in general. 

In addîtion, to.'fixed farrn size and the inexperience 

of the operators, another crit~ical and limiting aspect is 
o 

t~e soils on which the farms were sited. Four areas were 
. 

selected for dairy,farms with the Iargest being Wallerfield 
o 

(~ith which this project is mainly concerned). About haIt 

of the 260 farms were established at Wallerfield, where the 
o 

soils are generall~ recognized to hé àmongst the poorest 
) 

soils in terrns of fertility and moisture characteristics 

(2). ' 
.\ 

., "-
4. The·CIimate of Trinidad and Tobago 

!" J -1 
Trinidad is a small island of less than 5,000 square 

kilometers lying about ten miles off the north-east coast of 

1 
South America. Because it is about l~o NOrth of thè equator 

it experfences a hot, humid tro~ical climate with marked 

seasonal cpanges in rainfall', 'as seen in Appendix l Figure 2.' 

In a~dition to markedly less total ~ainfall in the dry season 
, 

(DS) - Jan~ary, February, ,March and Apri1 
, 

the number Of. 

c 
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rainy days is sig~ificantly, less duri'ng this period. The 

l'small amount of mç:>isture that does faii during the DS is 

Iikely'to evaporate rapidly because the mean open-pan eva-

,? 

~ration'index is 4.8 inches per menthe Relative humid~ty 
1 

is consist~ntly high throughout the year, but does show sorne 
.. 

variation with season, as do sail and air te~peratures (see 

Appendix l Table 2). , These latter seasonal variations alsq 
, " 

influence the fluctuatinq quantity of forage produced on 
\ 

pasture lands, which is a serious limitatio,n in f~rm plan-

ning and management. 

5. The Soils of Wallerfield 

'- , ? 
In describing the soils of Wallerfield, Hardy (2) 

describes the fine sands of the Aripo Savanna, Piarco, Phoe-

nix, Valencia and Long stretch series as containing scarcely 

rneasurable amounts of the essential plant nutri~nts as re-

vealed by ch~ical analysisi consequently mobil~zaple nutri-
.r 

ents are almost entirely absent. 

In regard to the application of chernical fertilizers, 

he wri tes further 

During the dry season in Trinidad, nitrate 
accumula~es in the profile as the sail slowly 
dries out. Later, when the wet season rains . 
raise the soils content of water,to field 
capacity, the nitrate di~olves and becames rap­
idly available :to a grass caver l ,which bene­
fits greatly from the increased nutrient 



• 

" 

supply. As the wet season advances, surplus 
rain water leaches out any nitrate that is 
left. . \ 

10 

" Furthermore, these soils are characterized by a marked 

restricted intern?l drainage, a pH of 4.5 or lower, and the 

<1 

facility 't:o dry out in the. dry season and t.o become water-

.logged in the wet season. \ That the SLDP farms have been 

\ 

sited on unsuitable soils is support~ by Hardy's soi1 class-
.. \1 

ification, which indicates that at least 60 per cent (and 1 

possibly more) of the land of the 125 dairy farms of Waller-

@ 

field is only sui table for Ifpoor pasture and forest." 0 How-

ever ,- Hardy does state th,at Piarco and Valencia sands can be 

suitable soils for deep-rooting sugarcane when treated with 

special management practices. This is supported by inform-

- ation from the Orange Grove Sugar Estate which cultivates 

\, 
sugarcane on Piarco Fine Sands in the general area of the 

subject dairy farms • 

. 6. Hypotheses 

Experiments in Florida, Barbados, Mexico and the Dom-

~ [ ~ 
inican Republic, discussed ~n Chapter II, have indicated that 

1 

whole, mature sugarcane plants can be chopped or derinded 

and !ed to ruminants with good to excellent results. Al-

though these works have prompted many specifie questions that 
t ~ 

relate to bath the physiology and economics of sugarcane 
t._. ;> 

o 

1 1 
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Il 

feeding, it is undoubtedly accepted that although sugarcane 

can supply adequate arnounts of bath energy and fibre for mod-

erate dairy and beef' production, the plant is particularly 

deficient in protein and other nutrients. 

It is hypothesized that a zero-grrzing dairy cattle 

1 

feeding system utilizing sugarcane and protein supplements 
a 

including urea will result 'in more consistent p~rforrnance 

"-
than a paJlgola grass pasture ,pystem. 

It 'is also hypothesized that local plant by-products 

"--
can be cornpounded to provide the additional protein required 

for moderate rnilk production from a sugarcane base4 ration 

~ 

at a lower overall total cost than the existing,pangola 

system and therefore at a .greater incornel ., 

7. project Objectives 

Preliminary observations ind~cate that the provision 

of adequate farm~grown feed for'even the maintenance of dairy 

l " 

cows at a low level of milk yield is a goal that is not bein~ 

met by rn~.ny fa~ers of the SLDP. Because the majority, if 

not aIl,' of the stock of the SLDP is purebred or grade Hol-

t /. . t bl t ' . Id f 1 s e~n, ~ seerns reasona e 0 expect y~e s 0 at east 600 
"-: 

,gallons (2,820 kg, or 6,400 lb) per cow rnilked. In fact, 

1 

1 . h Zero graz~ng: t e process of man harvesting and transport-
ing forage to catt1e. 
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\ • yields in this range were ohtained on the SLDP farms at its 

earliest stages. However, in order to realize this, supple-

mentary feeding of bath protein and energy sources are re-

quired. The data therefore suggest tpat an analysis be 

- ' d 1. undertaken to determiné the least-cost complete a1ry cattle 

ration using loca11y available fe.edstuffS for moder~e 

levels of product~on. ~ 
As a direct outcome of the least-cost ~n~rysis, alter-

, 

native production systems will he rnodelled and subsequently 

analyzed to determine the (optimum) one that is most likely 
,1 

to be successfully irnplemented by the current SLDP constitu-

ents. The final measure of optimality will be the rnaximi-

zation of Net Incorne (NI) of the systems that faii within 

Il 

-. the lirnits of resources. 

In surnmary theh, the following are the objectives of 

the project: 

1. to deterrnine the least-cost complete dairy rations 

for the SLDP under various conditions; , " 

2. to model the various production systems suggested 
, 

by the least-cost rations; 

3. to determine optimality by means of the criteria of 

" maxirnization of Net Incorne for ea'ch feasible system. 

\ 
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',. !. 8. Org'anization of the Work 

The m 'or ~hrust of this project is the formulation' 
/ 

of a multi-per' od least-cost linear programming model to 

detennine the optima~ complete feeding pro~ramme for smalll-

scale ( 8 hectares)'dairy fanns. The model includes a fixed 

cost feature that allows for the consideration of thosejpro-

duction activities that have both variable and fixed costs. 

This model is described in Chapter III. The determination 

of costs and technièal coefficients is considered and pre-

l ' 

sented in the fo+mat of the model in Chapter II. Chapter 

III describes the methods used. Chapter IV presents the 
1 

results of the least-cost computer experiments outlining 
'1' ~ , 1 • 

• c. • ) 

the least-cost feeding systems, their lan~ requirements, 

and describes what they might actually look like in reality. 

The ultimate 'acid-test ,0, of a production syst~ must 
1 

undoubtedly be the ne~ in~?~e it generates for th~ operat~. 

~ ~ 

Chapter IV will present Net Farm Incomes ~or aIl feasible, 

systems considered. The availability of lan~ and labour in 

conjunétion with Net Income will indicate optimality: they-

'will be discussed. 

Conclusions and ~ecommendations will be drafted on the 

basis of the foregoing analyses, and pres~nted in ~hapter v . 

• 
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CHAPTER II 

TECHNICAL COEFFICIENTS OF PANGOLA AND 
NAPIER GRASSES, SUGARCANE AND SUPPLEMENTS 

1. Sugarcane as Cattle Feed 

a. '~arly Sugarcane Trials 

Mead and Noonan (32) have referred to conventional \ 

. high-sucrose variet.ies of sugarcane -<ilS the 'poor man' s silo', 

and reco~ehded it when supplemented with protein for areas 

of drought, winter pasture shortage, or flood-stricken areas 

'". 
under Australjan condit~ons~ pfesumably beca~se it_maintains 

~ 

its high energy value when standing in the ,field at maturity. 

Bregger and Kidder (11) indicate that sugarcane was commonly 

used as a forage in Florida up tb the mid-1950's when it was 

displaced by mechanized grass silage. They also indicated . 

that it was unequalled as a forage in-the production of TDN 

- per acre. prominent amongst this early Florida work are two' 

reports (28,2~) which indicate that sugarcane in lieu of 

improved pastures can be the ~asis of good cattle performance.' 

b. Derinded Sugarcane Trials 

From 1970-1974 a series of trials was conducted in 

\Barbados as reported by Donefer (17) using derinçied!' whole 

sugarcane. A re1atively simple, but 'cost1y, derinding machine 

14 

, , 
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, 
peeled off the outer·rind of the sugarcane stal~ while leav-

ing the inner sugary pith (éomfith or "sugar-fith) suitable 

for cattle feeding. After prelirninary trials it was deter-

rniffed that cane tops, separately chopped, increased volun-

tary intake when included in the ration at a ratio of 30:70 

,with derinded stalks. 

Over a cattle ~eight range of 200-1,000 lb, der~~ , 

sugarcane with canetops produced superior gains to those on 

eut pangola grass both fed free choice and supplemented with 

a protein-rnineral-vitarnin mixture. Gains of two pounds per 
\' - 1 
1 _ 

day or more were regularly 'obtained with Holst~in bulls which 
'. . 
were by-products of the local dairy i,ndustry. Further sup-

plementation with corn or molasses resulted in greater gains. 
, 

~ Sirnilarly,l in vari<;>us sheep trials, derinded who'le sugarcane 

" 
was superior to pangola glrass iri terms of' weight gains 

achieved. 

Post-slaughter carcass examination and most irnportantly 

palatability tes~s by,Barbados hotels indicated that the pro-

... 
duct was of exceptional quality comparfd to local beef. There 

. 
were no extraordinary rePorts of mortality, illness or man-

agement problerns associated with theae sugarcane diets. 
~ 

~ ~ i 
Donefer (17), comparing the~~~ormance of dairy cows 

fed derinded sugarcane plus eanetops with protein supplementa-

tion to cows fed a sttndard ration of hay, brewer's grains, 

• 

/ 
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with night-grazing, found no differences in milk yield between 

the experirnental and the standard ration in terrns of rnllk 

yield and quality over 2la weeks. However, i~take of sugar- J 

cane during this perio~ which corresponded with the wet season 
\ 

was 1.4% Qf bodY,weight. Another trial (19) lasting 16 weeks 

and extending over both the dry and wet seasons, showed an 

average intake of sugarcane of 2.~/o'with little difference in 

\ 1 \ 

perf9rmance b~tween ~e sugarsane and standard ratidns. 

\ .. 
\ Il') another trial with sheep over 12 consecutive months 
\ 
1 

1 

(18" \marked variations in dry mfltter (DM) content of cane 

, , 
and Relative Intake \(~I) were observ~d, which were closely 

associated witli monthly rainfall. The correlation between 
'1\ .. 

DM content and RI was 0.69 indicating an important re1ation-

Il 

ship exisfs between intake ând dry matter and consequently 
\ 

to rainfal1. It was noted th~t total sugars content did,not 

fluctuate very much throughout the'year and that periods of 

reduced intake correspond with the rainy season. 
1 

Preston et al. (40) cornpared the performance of 400 

1 

Zebu bulls over several rnonths fed whole derinded sugarcane, 

or who1e sugarcane chopped in a-si~ple forage chopper result-

ing in~article size of 3-5 mm. Both suga,rcane rations 

were made isonitrogenous by supplementing with ~ice polish-

ings and a solution of urea in final molasses spread on top 

of the processed sugarcane. Results indicated that there 

0. 

1 • 



• 

, \ 
\ 

, 
l' 1 

l' 

.~. 

, 17 

were no major differences between the two types of processed 

cane. Because of its lower cost and apparent simplicity the 

\ , 
chopped suga'rcane was more attractive economically. It is 

important to note that bath feed conversion 'efficiency and 

daily gain in,creased for ~th types of cane wi th increa,sing 

levels of the rice polishings supplement when fed up to about 

1,000 g per,head per day. 

c. Chopped Sugarcane Trials 

Undoubtedly, the bulk of the recent work concerning 

1 

whole chopped sugarcane has been done by T.R. Preston and 

his co-workers at Santo Domingo, Dominican Republic and 

chetum~l, Mexico. This has involved beef, dairy and dual 

purpose animaIs up to moderate levels of production. Out 

of these and the preceding Barbados trials, three key vari-

ables have been identified which must be considered in any 

"­
sugarcane-based feeding system. These are: 

- the index o~.voluntary consumption of dry matter -

whole sugarcane (intake as a per cent of animal live-

weight) 

• 
the quantity and'type of true protein supplement fed 

- the fevel of non-protein nitrogen, usually urea, fed 
"" . 

with sugarcane, either as a mixture or separately. 

i. V~luntary c~tion of Sugarcane 

Prominent.publications, in the chopped sugarcane feed 



• l~erature (derived primarily from Preston and his co-workers) 
.J 

which pinpoint the problem of determining the probable volu~-

\ 

tary intake of whole ,ature sugarcane under a variety of 
,~ , 

condi tions are the following: 

- Silvestre et al. (45), using two-year old zebu steers, 

fed sugarcane ad libitum with a urea-molàsses mixture 
\ 

separately ~d that as the concentration of urea in 

the molasses increased, the intake of sugarcane increased, 

DM conversion efficiently irnproved,~ ~nd average daily 
i L~ , 

gain (ADG) tended, to increase also. A level of 1-25 9 

urea/kg molasses produced ,the highest ADG (0.531 kg), 1 . ~ 

the highest efficiency ,,(9.19 kg DM/kg gain) and an in-

<1 

take of sugarcane DM of 1.9 per cent of body weigh~. 

AlI diets were supplernented with 600 9 of cottonseed 

cake. 

/ Lop~z _e_t al. (31) using Zebu bulls in the rainy season 

found that at various levels of supplementation with 

rice polishings and with urea-molasses available separ-

1 ately that sugarcane intake ranged from 1.5 to 1.7 per 

cent of animal liveweight. 

silvestre et al. (44) using Zebu steers found sugarcane 

intake to be 1.7 per cent consistently at ~~rious levels 

• 
/ . 

of protein supp~ementat10n.' As expected, ADG's and 

effici~ncy increased as protein intake increased. 
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- Ferreiro et al. (22) found that at levels of urea in 

molasses of four, six, eight and ten per cent available 

separately, the voluntary consumption of sugarcane DM 

increased from 1.1 per-cent to 1.4, 1.6 and 1.9 per 
1 

cent, respectively. AlI treatments r dei ed one kg of 

rice polishings per head per day. DG and conversion \ 

efficiently both ,showed a consistent pattern of improve-

ment as sugarcane intake increased. 

- Alvarez and Preston (3) in another experiment designed 

rnainly Ito compare the performanée of mature and imma-

ture sugarcane found the intake of mature cané (14 months 

old) t~ be 1.6 per cent. 

- In an experiment in East Africa, Creek et al. (14) re-

parted a voluntary intake of whole chopped sugarcane of 
1 

1.4 per cent of body weight. They did not, however, 
, 

indicate the maturity of the suga~cane, or the season 
\ 

in which it was fe~. \ ,'6:Y 

In summary then, the sparse literature suggests that 

the voluntary intake of chopp~d whole sugarcane (kg sugar-

cane dry matter/IDD kg liveweight) may vary ~rom a high 1.9 

per cent in the dry season to a low 1.4 per cent in the wet 

o 
season. 

ii. True protein Supplementation 

Many reports 'indicate that the crude protein eN x 6.25) 
1 

1 

• 
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" ,\ 1 

content of mat~re ,sugardane is three.per cent or lower~ thus 

creating a critical need for the provision of addit±onal pro-

tein in the ration. ' Urea has been used ~or this purpos6\.' 

"-
but" t1,1e intake limitations associated wit{l it neces,sitate 

1 

the supply of addi tional true protein. The following studies 

indicate that a moderate amount of non-pxotein nitrogen in 

the ~erm of urea, in assocJation with a source of true pro-

tein, ca~ be effectively used in association with a sugar-

can'e ration. .... 

- Siivestre et al: (43) compared fish meal; meat meal and 

cottonseed me~ at levels of 0, 75, 150 and 225 g/he~d 

-
, per day utilizing a basal-ration of chopp~d sugarcane 

with urea and ammor1i1;lm sulphate. In aIl cases, ADG an9 " 

conversion efficiency improv~d as protein supplementa­

,tion increased. ' However, at each level, cottènseed wa~ 

superior to fish meal and fish meal to meat meal. 

Alv~rez et al. (5), using sugarcane supp~emented with 

arnmonia in molasses found that ADG imprbved from 36 to 

381 g and conversion efficiency from 14.5 to 12.5 when 

the basal diet was supplemented with 500 g/h~a~/day of 
," , 

rice polishings {as source of protein and energyY. 
\ 

• 0 

- Preston et al. (40) found that increasing the level of 
- -r:--.;J " 

rice polishings fed per head per day to 1,200" g resultèd 

in improved ADG and cenversi6n,efficiençy. The basal 

"-

:' 
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, \ 

ra~ion of sugarcane was made iso~nitrogenous by varying 

the level of urea/~olapses mixture added to the sugar-

cane. The response curve to r~ce ,polishings was curvi-

,~ 

, lillear w~ th only small increments in performance beyond 

800 9 of rice polishings. 

Lopez et al. (31) reported that conversion efficiency 

improved from 55'.9 to 14.8, A:qG·from 0.09 to 0.585 kg-
,. , o 

as rice po'l~shings increas ed from 400 to ,1, 000 g/head/ 

l' " ~ _ 

day. Intake of fresh sugarcane also increased-butas a 

percentage of body weight remained ,the' same at 1".4 per 

cent. 

\ 

Silvestre et al. (45) found that as the level of a 30 
. . 

• 1 
per cent true protein supplement ~ncreased from_ 0 to 

'900' g(hea:d/day ,in 300 9 increments using a basal sugar­

... ~ 
cane/urea ration, ADG imp~oved from 0.142 to ,0.567 kg 

o 

, and conversion from 17.0 to 7.3. __ Consuinption' 'of' total 
....J 1 0) ~ 

, 
dry matter nended to increase also. 

Thus, the addition of true protein as a supplement 

a sugarcane-based ration is ess~ntial if even moderate.' per-
, 

formances .... are to be achieved. 
\ 

" 

iii. Non-protein Nitrogen (Urea) as a, protein Supplement 

Urea, a readily fermentable source 9f nitrogen, .lias 

/ 

been used for m~ny years as a less expensive substitute for 

true protein in ruminant diets (l~),. The use of urea in 
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• , 
sugarcane-based, rations," which contain very soluble and'read-

ily fermentable disaccharides seems lqgical and opportune: 

however, there are certain limitations which must be borne 

in mind in regard to the effect of urea on voluntary intake, . 
toxicity and its own utilization efficiency. 

fol 

Silvestre et al. (45) reported that as the concentration 
/ 

D >/ 

of urea(mixed.with molasses)as a supplement to sugarc~ne_ 

'ncreased up to 125 g/kg molasses, ADG and conve~sion( 

• ~ .if -~ 

efficiency increased. Similarly intake of the ureaj 

molasses mixture decreased ~nd intake of sugarcane in-

creased. 

~/Montpellier and Preston (33) us~d urea mixed with fin~l 

\ . 
molasses (?83 9 ureajlitre of mixture) at the rate 50 ml 

o 

of mixture per kg of fresh sugarcane in a digestibility 

( " > 

experiment with crossbred steers. This resu~ted in 1 

\ 
14.15 9~9f urea per kg of fresh sugarcane or a 1.4 per 

cent level of urea in f~êsh cane. 
;-

'. 

Alvarez et al. (4) tested three methods of incorporating 
,; \ 

urea in a sugarcane ration. 
, 
The first m'ethdd' utilized , 

e an aqueous urea so!:~'~~n that was applied to fresh cane. 

at the ~èvel of 1.25 per cent of urea, the second was a 
. 

, r 
10 per cent urea, water and molasses mixture available 

\ 
separately, the third used a ,ureajwaterjmolasses mixture 'l • J" 

(35 kg urea, 30 litres water, 115 kg molasses) added to 

'\ 

. . 
, ,\ 
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cane at 50 ml/kg/ The results showed that adding urea 

, 

directly to fresh cane at 1.25 pe{ cent produ~ed the 

lowest cost/kg gain and the be~t efficiency of conver-

sion. 

- Alvarez and Preston (4) used Zebu and Brown Swiss/ 

Zebu steers to test five concentrations of urea in sugar-

cane from 0 to 15 g/kg cane (1.5%). In addition,' 1 kg 

of ric'e polishings ~as fed per day per heap. The high-

est gain and the best efficiency was obtained at the 

level of 15 9 urea/kg cante (fresh). ' Intake of sugar-

cane increased as the urea percentage increased account-

- ing for. the il;lcreased ADG. 

-'perreiro and Preston (22) found that as the level of 

ul;.ea in molasses increased from 4 to la per cent, ,ADG 
1 

and feed efficiency improved. Similarly, the intake of 

..... 
sugarcane increased. 

- Perez-Infante a~d Garcia-Vila (38,39) have recommended 

the use of urea at a ~evel of la g/kg fres~ sugarcane 

" 
for 4airy animaIs at moderate production levels. 

.1, 

d: The Energy Value of Whole Sugarcane 

Invthe determination of the energy available to the 
,/ 

~uminant for maintenance and production, reference is made . tt 1 

\ 

te those tfials only for· ..... which apparently adequate vrotein 
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supplementatiQn has been made • .\ 

i. Sugarcane Maturity 

The following studies suggest that mature sugarcane 

results in superior performance compared to immature sugar-

cane: 

- Mature cane produced an ADG of 0.5 kg and a conversion 

effic:i:ency of 9.48 compared to 0.27 and 19.4 respect-

ively for immature sugarcane in one experiment reported 

by Alvarez ~nd Preston (3). 

Ferreiro et al. (23) J:lave reported that 'Brix in juice',,_~,'< " .... <_ 

(a measure common in the sugar industry used to indicate 

total soluble solids'in the cane juice) of'mature (19 

• 
nodes) sugarcane stalks and tops was 15.23 and 7 .~22 

o 
respectively, whereas "for immature (7 nodes) stalk --.and· 

tops the respective values were 9.63 and 5.61. This May 

be interpreted to mean that mature cane (approximately 

12 months old, but dependent upon variety and local con-

ditions) contains more ~otal soluble sugars and conse~ 

quently more read1ly available energy and, ther~fore, 
1 

is likely ~o be more energy concentrated than immature 

'\' 

sugarcane. Also as cane matures (reaches its maximum 

height and number of nodes) its DM content increases 
\ 1 

and i ts, crude protein content declines • 

\ 
- Banda and Valdez (10) testing 8 and 16-month old cane 

~ . 

,. 
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have shawn that digestibility, Brix and nitrogen-free 

• 
extract (soluble carbohydrates) increase with age. 

iL Seasonal Eff'ect on Sugarcane 

25 

" 1 

In the dry season, mature sugarcane is generally accep-

ted to be at its best for cattle feeding because~f its higher 

"'­
c6ntent of dry matter and its higher content of soluble 

sugars (rn~inly sucrose and reducing sugars). 

• If 

- It has been suggested by Alexander (2) that las sugar-
1 

cane g?es into a period of stress such as the dry season 

it reduces its growth rate, thereby reducing the utili-
, 

zation of sugars for the formation of new tissue and 

stores more energy a~ soluble sugars, rnainly sucrose. 

Immature cane in the wet,season will grow rapidly by 

utilizing newly photosynthesized carbohydrate for struc­

, tural' tissues rather than sugar storage~ At ma tu rit y, 
/ '1 

and independent of season, it is irnplied that soluble 

sugars are approxirnate1y constant. Furthermoreptria1 

conducted at the University of the West Indies during 

the wet season of 1ate 1976 produced ADG's of 0.7 kg in 

a heterogeneous lerd 6f Holstein bul1s. Brix in juice 

measured about 18 with sorne sma11 variation throughout 

. ., the trial. The sugaroane w?s mature (l year plus) and 

,on the basis of feed intake the ME value of sugarcane 

v 

was estimated to be 2.28 Mcals/kg DM (47) • 
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- Ferreiro et al. (23) tested the B~ix in juice of sugar-

cane at Chetumal (Mexico) over a full 

variations of more than 50 per cent. 

21 from March until September when it 
~
ear and found 

rix rose to 19-
, 

r~~ly fell to 

Il in october and 9.5 in November thereafter rising to 

peak values in March. A formula was calculated which 

relates totai sugars in dry matter to Brix in juicei 
c 

how~ver, the r 2 value is only 54 per cent. This indi-

cates that Brix is not a wholly reliable index of total 

sugars in sugarcane. 

- Alvarez et al. (4) state "during the last 28 days of. --, 
trial the rainy season began and this resulted in a 

fall in Brix to 10.9." "The sugarcane was t~erefpre 

supplemented at this time with a mixture of molasses-

•• l" .. 

urea (lOO,.{,) given free cho~ce ~n a separate feeder." 
) 

- No data are presented indicating a change in voluntary 

< - ~ 
intake or energy value of the dry matter. 

• - Lapez et al. (31) using two-year old Zebu bulls found -- \ 

1 .. 

marked differences in animal performance between the 

dry and wet season of the same experiment. Linear re-
\ 

gressions. rel~ti~g digestible dry matter intake tolADG 

for the dry and wet seasons were Y = 2271 + O.60x(r2 = 

.97) and y = 1153 + O.31x (r2 = .9~) respectively • 

This seems to indicate a significant change in slope, 

\ 

(' 
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and may be ïnterpreted as a reduction in ration nutri-

tional valùe 

Il CI • • 

-eq~atl:;ons ~ t 

from dry seaso1n to wet ~eason. Using these 

can be estimated that at 0.6 kg ADG about 

22 per cent more 'digestible dry ~atter is required'in 

the wet season cornpared to the dry se?son. It is not 

clear if this intake is likely to be achieved given the 

higher moisture cQPtent of sugarcane in the wet Beason 

which rnay constitute a bulk restraint to increasing in-
.. 1 

1 

take. Further work is obviously required in t~is area 

but it seerns that reduced performance may be experienced 

in the wet season. The authors' state: "the cane quality 
\ 

used in the present experiment did fall quite consider-

ably during the course of' the trial since this fall in 

Brix (sol~ble solids) was accompanied by a reduction in 

animal performance." Unfortunately, intake data and 

energy values for "~the cane were not presented. It may 

be that total energy was approximately constant in the 

\ 

sugarcane but that a dilution of solids caused voluntary 

intake of sugarcane to decline. 

, e. Technical Coefficients of Su'garcane 

" 

i. Sugarcane at Wallerfield .(Trinidad) 

The Orange Grove National Sugar Estate which harvests , ' 

~ugarcane stalks from Piarco Fine Sand soils near Wallerfield, 
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has indicated that yie~ds of 28, 26, 23 and 15 long tons per 

acre can be expected for plant éane (year 1) and three subse-
1 1 

quent annual ratoon c~ops for an average of 23 tons/acre over 

four years. After the third ratoon yield drops off very 

quickly and it is recommended that cane'be replanted. The 
'1 

Seemungal Report (42) i~di?ates th~t a survey of small cane 

farrners (10-25 acres)-in 197a reported 30.2, 32.8, 29.4 and 
\ 

26.3 tons/acre over four years for an average of 
\ 

acre/year, this is about 30 per cent higher than the yields 

expected on the poor sOitat Wallerfield. Furthermore, in 
, 1 . \ 

the same ,report, a subrni,s ion hy the Trinidad Island-wide 

Cane Farrner's Association in 1970 estimated national yields 

\ 
as 28.3, 34.5, 30.4 and 25.9 for an average of 29,.8 tons/ 

acre over four years. Il 

Green leaves and tops constitute approximately 30 per 

cent on average of the aerial part of cane, therefore a 

~ yi~ld of whole cane (stalk plus tops)_of about 32.9 long' 

l ' 

tons/acre can he expected with a four-year cycle under good 
\ 

management at Wallerfield. This represents an average annual 

yield of 82.6 metric tonnes(82, 600 kg) per ,hectare of fresh 

whole sugarcane. 

ii. Metabolizable Energy (ME) 

In Cuba Perez-Infante and Garcia vila (39) report 
\ 

cross~bred cows supp1emented with·urea and 1.84 kg of 

1 

/ 
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'" concentrate (16% CP) produced 9.14 kg milk/cow/day from 

ground suga~cane in,the dry season. They ~stimate that the 

energy vaiue of cane "cou1d on1y be compared to maize forage 

at silking." In an unpublished paper they have estimated 
" 

its ME value at 2.6 Mcals/kg DM ,in the dry season. The ft \ 

Latin American tables of Feeg Composition (30) present a 

range of values of ME with a mean value of 2.3 for fresh l 

whole cane fed to cattle. Creek et al. (4), based on East 
\ Il \ 

African work, report an ME value of 2.5 for whole sugarcane. 

Pa~e (34) has estimated the ME of sugarcane to be up to 70% 

,TDN or 2.5 Mcals of ME/kg. 

1 

Thus, on the- basis of these_ recènt reports of work 
,\ ,. 

with sugarcane"itl seems reasonable to assume an ME value of 

2.5 Mcals/kg DM for whole mature sugarcane harvested in the 
~ 1 

dry season. The ME value of cane in the wet season is as 

yet ill d~finedi therefore, it will be tested in the model 
1 

at a value 20 per cent less than 2.5 as part of a sensitivity 

analysis~ 

, , iii. Diges~ible protein 

Crude protein in sugarcane is known to be very low 

(30,35). Thus, a CP value of 2.5 per cent is assumed on a 

dry matter basis with 50 per cent of this being digestible. 

iVe Dry Matter 

~-~ At approxirnat'kly 30 per cent dry matter, 82.6 tonnes 

l'· 

\ 
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l' 
'-

, (82.600 kg) of whole fresh sugarcane yields 24.8 m tonnes , 

(24,800- kg) of dr-y matter. 'Assuming tp.at 20 peF cent mayo be 

lost in the feeding and,processing operations, i.e., 80 per 

cent utilization, it can be expected that 19.8 m tonnesU9,800 \ ~ , 
kg) is actually available for consumption by cattle on a per 

, 1 1 
1 

hectare basis. If cane is eut in the,wet season rather than 

the dry season, it seems reasonable to èxpect the same yield 

of dry matter per acre, but the actual dry matt\r.èontent of 

the whole caneAwill be less - a water dilution effect simply. 

v. Voluntary Intake 

The voluntar1 intake of whole chopped mature sugar-

~ 1 1 

cane may vary quite significantly from season to season 

based upon the few reports available. Therefore, it is 

assumed to be 1.9% in the dry season and 1. 4% in the wet 

\ season. 

vi. Summary 

The following table presents a summary of the assumed 

coefficients of sugarcane on a per hectare and dry matter 
I! 

basis. 

Dry Matter Yield 
ME ,Mca1sjk.g 

DP - kg/ha 
Voluntary Intake 

*An ME value of 
**An ME value of 

Tablel II-l 
Sugarcane Coefficients 

Season 
Dr:y: Wet 

- kg/ha 19,600 ~a,-?oo 
49,000* 49,000* 

39,200** 
l, 245 245 

" 
(% of body wt~ L9 1.4 
2.5 Mcals/kg of sugarcane dry matter. 
2. 0 Mcals/kg of sugarcane dry matter. 

-- 1 • 

1 
Il 
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2. Pan~ola Grass Pasture 

a. Influence of Moisture .. , 
" 

,\ 
\ 

In many areas of the tropics there is a pronounced 

31 

seasonal pattern of rainfall, which results usually in a 'dry 

season' during which there is little or no precipitation. At 

this time, it is also likely, that soil moisture evaporation 

will be high. These two factors in conjunction often lead ·to 

" the rapid dehydrat:ion of the sail and resulta.nt plant mois­
-l 

ture stress. This is the ~ituation found~in mOst of the Car-

ibbean Islands; however, there is sorne variation in the 

length and severity of the dry season from isl~nd, to is1and 

(12,38,41,48,49,50). 

Stobbs (46) has outlined th~ general effects of sea-

sonal dryness on animal performance as being comprised of 

" 
two distinct ph~ses. The first is one, of gain in livewei~ht 

.t, ,< 

(in the case of beef' ca,tt1e) during the wet season, when sail 
1 

\ .. moisture is abundant and grass and/or 1egume growth prolific. 

The second is one of animal liveweight loss, most likely due 

to the fact that moisture is a major limiting nutrient for 

plant growth, and in these dry periods, forage growth is 

greatly reduced, thereby, making less nutrients available 

per unit of laqd per day. At any given stocking rate, this 

situation résults in either a forage surplus in the wet season 
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or a deficit in the dry sëason. This fluctuation greatly 

complicates livestock production because it is impossible for 
l 

1 

a catt1eman to increase or decrease herd size rapid1y. 

To overcome th~ weight 10ss characteristic of the dry 

season, supp1ementary feeding with çoncentrates and/or'forageo. 

such as Elephant (Napie~) grass is common. The preservation 

of~surplus forage a~ hay/or silage has not found wide accept-

ance in the tropics and Trinidad in particular for a variety 

of reasons: high capital cost, large percent age loss of 

nutrient value, difficulty in processing and high risk • . 
In regard to beef catt1e, the phenpmenon of 'compen-

satory growth' can often be observed after the onset of the 

rainy season when grass is abundant and highly nutritious 

(46). Howe~er, for dairy catt1e it is essential that the 

plane of nutrition be consistently high from several weeks 
" 7 

before calving to near the end of the lactation periode Any 

break in this feeding regime is likely to result in a marked 
1 

decline in milk yields from which the cow is not likely to 

recover if nutrition improves. Thus, 'compensatory milk 

yield' is n?t found in lactating cattle as a response to 

ma~kedly improving nutrition after a period of inadequate 
---

nut3ition. It is this fact which makes~ ~ absolutely essen­

tial that the dairyman make adequate provision for an un-
... 

broken plane of feeding at a high 1evel for the lO-month 



• 
\ 

'. 

• 

33 

period that approxima tes an average lactation • 

b. Influence of Nitrogen 

In addition to moisture,' nitrogen, which can be 'Î"ead­." 
ily broadcast as chemical fertilizer, is a major factor in-

fluencing forage -J'ield. Vincente-Chandler in Puerto RÏ'co 

. -
(49), and others ~n Trinidad

Q
(9,25) have observed marked 

increases in bath total dry matter y'ield per hectare and 

total protein with increasing app~ications of nitrogen fer-

tilizer to improved tropical pastures, such as pangolaran~ 

Napier grasses. Rates of up to 800 pounds of nitrogen per 

" ""-
acre per year in several applications have been used, al-

though the optimum level will depend upon1the cost of nitro-

gen and its appltcation and the value o~ added output. In 

Trinidad, it is a standard plactic'e to apply 1, 200 ,lb per 

/ 
acre per year in.thré~-~ual applications of a l5-10~5 ferti-

lizer. This represents about 200 lb of N/acre/year. / 

H?wever, there is an1interaction between moisture and 

nitrogen in regard to forage yield, with a higher yield re- , 

• 
sponse to nitrogen being obtaine~ in the wet season of gener-. 

\ 
" ally" fast growth (49). 

c. Pas~ure Manageme~t Practices in Trinidad ... 

Vincente-Chandler et al. (49) have described other . --
factors such as fertilization with phosphorus, potassium, . 

1 1 
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.- magnesium and other mineraIs, the effects of species differ-

ences, method of harvest, frequency of harvest which affect 
o 0 

forag~ quality and yield. However, it is apparent that the 

combination of moisture and nitrogen is the major facto~ 

that must be considerea in the management of pastures. 

In re~erence to·Trinidad, management pra~tices for 

Pangola are-designed to ensure optimum forage yield from 

Pangola pastures. These are summarized below. 
',-

Table 1I-2 
. 

Schedule for Trinidad Pastures 
N-P-K Fertilizer (lS~lO-S) . 

Source 
,Daily Bulletin (16 Crop Bulietin~lS) Harland Society~2ll 

Time Application Time ,Application Time Application 
lb/acre 1 lb/acre lb/acre 

July- 336 ~ug,. - - 400 Aug.- 336 
~ 

Aug. - , Sept. Sept. 
" -Sept.- 448-:~. Nov.- 400 , Nov.- 336 

c 
Nov. . Dec. Dec~ { 

~ 
, 

Dec.- SOO 
"'lr~-

May- 400 

~ 
448 

Feb. -- June . 
Graze each paddock Graze each paddock Graze each paddock 
for ~-3 days every 2-3 days, then rest 4-:6 days, then rest 
3-4 weeks for 4-S wee1cs ~ 

for 4-6 weeks . / 
. 

In aIl cases, the grazJng intensity reêommendation is 

dependent upon season and condition of pasture. The recommend-

atio~s for Napier grass are essentially the same as for Pangola 

• except "for cutting .,instead of grazing ma~agemént. Most 
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, 
operators use Napier grass ~s a dry season forage supplement 

, 
to Pangola pasture. 

\) 

d. Yield of Wallerfield Pastures 

... 

Experiments in Cuba (50), Puerto Rico (49) and Guade-
1 

loupe (41) indicateothat the yield df dry matter (DM) per 

. hectare per day (growth rate) shows /la -ma:r:ked d~clirie du~ing 
o 

the dry, season, which each island experiences annually. Data 

'presented earlier have led to the conclusion which has been 

.. 
confirmed by observation during t~e author's residence in 

Tri~idad during the Se~,t. '76 - August '77, period, that Trin-
o 

idad experiences an annual dry season (the four-month period 
~ .., ;, ." 

of January - 'April inclusive, on average) that has serious 

effects on forage yield. The ~xtent of this negative effect 

-
is now the èbject of the following disçussion. 

Fl~tcher (25) in comparing the yields of ~angpla grass 

on Piarco FineoSands at Wallerfield reported in~reases ~n 

\' 
dry matter/ha with in~reasing levels of N. Furthermore, 

yield sharply declined on the secpnd harv,est ~fter the appli-

cation of f 7rtilizer compared ,to the first post-application 

harvest. Using the, tesults of Fletcher the'following table 

can be derived representing growth,rates for the wet and dry 

season of the experiment. 
{ 

1 \ 

, 
\, 

1 



• 
1 

Days of 
Growth 

Yield of 
Pangola 
DM/h a/da y 

Mean' 

31 

50.3 

42 84 

22.1 37.'3 

36.2 

*Nitrogen applied on 13 Sept. and 12 Jan~ary. 

63 

16.9 

27.1 

-
The dec1ine in 9.rowth rate fromothe wet season to the 

dry season was 25 pér cent. However, during the test period, 

the dry season was unusually mild as indicated by rainfa1l 
0_ , 

r~corqs from the Central Experimental Station (Centeno) only 

six miles from the trial site. Dry season rain~all was: 

January - 4.82 inches, February ~ 2.43 inches, ~rch - 1.09 
1 

D ' 

- inches, April - 2.71 inches. Thus, it may he reasonably 

, 1 concluded that the growth rate of pangola at Wallerfield de-

o 
clines by at-least 25 per cent in a mild dr season and a 

/ 

rate of growth of 36 kg DM per hec;Jare per may he expected 
".. 

durin~ the wetCseason when fertilizer iS,applie 
; 

, . 
1 

accordance 

1 

t 
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\ 

with recommended practices •. 
( 

Using Pangola grass at Wallerfield, Bya~ (12) applied l, 
'1 

irrigation and nitrogen treatments to determine grass yieldi 

however, nitrogen was applied after each harvest of six weeks 

growth - a procedure which deviates from that recommended fo~ 

Wal1erfie1d ~airy farmers. During the mild dry season of 

1972, a growth rate of 4~.6 kg DM/ha/day was recorded. How-

, 
\~ " ever, during the drx. season of 1973, which was' very severe, 

\ . 
a rate of 2û.9 was obta~ned. These plots rece:tv'ed"~l'''',',t the 

~. ' \ ~ ,1"-

recommended application level and no irrigation. Raînfall 

values for the four-month January-April dry season of 1972 

and 1973 were 7.29, 2.88, 6.05, 2.73 and 1.22, 1.79, 0.43 

and 1.91, respective1y. The use of irrigation water duribg 

~ 
'the mild dry season of 1972 aia not improve yie1dsi however, 

. ~. . 
in 1973, ~rr1gat1on restored growth to the r~ of. 44.8 kgf 

~ 
ha/day. The h~gher Yiel~S of Byam (compared to Fletch~~ 

'can be explained" at 1east i~ part, as being due to the a~pli-

"\~ 
cation of nitrogen after each harvest. 

In summary then, it may be said that the effect of 

1 
the dry season on grass growth is variable, depending in 

1arg~ part on the severity of the dry season. In a severe 

~ 

dry season, grass growth rate can be at least 58 per c~nt 

less than that in the wet season. However, it seems likely 

that if recommended fertiliZJtion,practices 

/ " 

are observed, the 



• 

o • 

h 

~ 
\\ 

38 

1 "-
reduction in gr~th will be even gJ;"eater. 

.In a second study using irrigation on Pango1a grass at \ 

wa11~rfie1d, Dookeran (20) used 1,20à lb of a 15-10-5 (NPK) 

fertilizer per acre per year,with equal applications after • 

each harvest of eight weeks regrowth. He found a growth rate 
\ 

of 54.4 kg D~a/day for the dry season compared to 78.7 for . 
\ \ 

i ' 
the wet season. The application of just four ~nches4Pf irri-

• 1 

gation water in the dry season ra~sed growth rate to 70.0 kgf 

halday, furthermore, six inches of water increased output to 

110.8 kgjha/day. The increased growt? rates in this trial 

eorripared to both Byam and Fletcher may be due to the com-

bined effects of increased harvest interval and the app,lica-

tion .of NP~ fertilizer after each eight-week harvest. 

Further documented support for the notion of inhi~ited 

grass growth in Trinida~ in the dry seaso~ois provided by 
\ V 

Patterson (36,37) who indicated that the seasonal variation 
." 

in yield and c~mposition of aIl these fodder crops (Guata-

mala grass, Para grass, Elephant grass, Guinea grass) is 

very marked. +n general, in the dry season the grass yield 
o 

of herbage will be greatly reduced, the actual percentage 

varying with the variety. " 

\ 
Unsworth, Campbell and Butterworth (48) inoa report 

\ \ - 1 • 

on the problem of fluctuating,fodder supply in Trinidad 

st~te that Il'during the dry season, an acre of Pango1a grass 
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supported two cows, in June and ~uly, it supported four cows, 

and làter in the year an estimate, somewhere in between the 

1 

two" at the' government experiment'ill station at Centeno. How-

\ 
ever, they do not indicate'the level of milk production ob-

tained or the management and fertilization practices applied. 

Two separate trials conducted at Wallerfield des"igned 

to~determine the yield of Pangola grass in the dry season 

(7) ~eport yields of tiP to 4,000 lb DM/acre during the dry 
\ l 

season at 450 lb N/acre\ applied in December and 3,000 lb 
1 

DM/acre at 300 lb N/acre applied in December. These yields 

trànsform to daily growth rates of 36.8 kg DM/ha/day and 27.6 
,\ 

, tri 
kg/fia/day respectively assuming the dry season to be four 

months (122 days). Thr~e cuts were made during the dry 

season of both t+ials. It is to be noted thqt bath fertilizer 

1evels exceed those recommended (1,200 Ib/acre/year of 

15-10-5) • 

It is apparent then that the determination of the 

eXpected yie1d of Pangola dry m,atter per hectare per day 

will ~epend upon the degree of moisture stress, the level 
~\ 

and frequency of fertïlizer application_and-t:he length of 
~---------\ ~ 

the harvest interva1. -In~gard to Wal1erfield the follow-. t---------
ing table summarizes the available data. 

\ 
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Reference 

Fletcher (25 ) 
1 

" 
Byam (12) 

a) 
b) 

Doqkeran (20) 
a) 
b) 

(7 ) a) 

b) 

Table I1-4 \ 

pangola DM/kg/ha/day 

Season Harvest 
Dry wet Interval 

27.1 36.2 1 10 wks in DS 
5 wks in WS 

47.6 49.2 6 wks 
20.9 

54.4 78.7 8 wks 
70.0* - " 8 wks 

36.8 approx.6 wks 

27.6 approx.6 wks 

40 
'l 

Fertilizer leve1' 
and frequehcy 

(N/ha/year) 

224 kg in 3 
applications 

22~ kg after 
e,ach harvest 

202 kg 'lfter 
each harvest 

450 lb N/acre 
once in December 
300 Ih'N/acre 
once in_Decemher 

*With the application of four inches of irrigation water per 
month. -, 1 

The table\clearlY indicates that yield is variable, 

however only the data of Fletcher and (7) correspond to the 

recommended fertilizing practice. The data of Byam and Dook-, 

eran may be expected to produce yields greater than might be 

. expected under normal practices since nitrogen can he as 

important a stimulant for grass growth as rnoisture under,sorne 

1 

conditions. Excluding the value of 70.0 (irrigated in dry 
, 

season) a mean growth rate of about 35 kg DM/ha/day,may be 

expected. Since this includes the inflated values of 47.6 

" 
,) 
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and<54.4, it seems reasonable to consider the maximum growth 

rate of Pangola on average in the dry season to be about 

35 kg DM/ha/day.: This is reinforced by realizing that the 

values of 36.8 and 27~6 (refer~nce 8) both received N app1i-

cations considerably in excess of the ~ecomrnended practice. 
1 

Personal cornmunicatiop,s with Dr. K.A.E. Archibald of, 

UWl, Dr. P. Osuji of CAROl and Dr. F. Gumbs, also of UWI'I 

and consideration of the literature led to the conclusion 
1 

1 
that an average dry season will depress Pangola growth rate 

by 50 per cent or more under ~orrnal management practices. 

The mean value obtained from tpe sparse literature for wet 

season gro~th is 55 kg/ha/day. This should also be con-

sidered a maximum because of the application of fertilizer 

after e~ch harvest in sc;>me experiments. In conclusion,' it 

may be reasonable to consider a range of values for grow~h 
1 

rate of.Pangola until definitive' experiments are conducted 

under management conditions at Wallerfield that corréspond 

clos~ly with the recommended practices. 
Table 1I-5 

Range of ~rowth Rates, of Pangola Pasture by Season 

Dry Wet 

-Minimum Rate 20 36 
1 

Maximum Rate 35 55 
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The upper limit growth rate for pang~ia in the dry 

season is supported by data presente9 by Vincente-Chandler 

et al. (49) of Puerto Rico. They report a rate of 44.9 kgf 

ha/day for.Pangola intensively managed (4000 lbs of 15-10-5/ 
\ 

acre/year) on deep soils in the dry season. However, t~e 

da ta are from the humid region --where tlhe dry s eason is par-

ticularly mild compared to Trinidad. Furthermore, this rate 

is reduced to 35.3 kg/ha/day when corrected for the high 

level of fertilizer applied. Using a~dition~l data suppliéd 

byOthese authors, the ~ean. of three growth rates for the wet 

season is 55, , value which must also be consider~d as an 
o 

upper limit becaus~\ qf the application of fertilizer after 

e~ch cut;t:tng. 
- \ 

The yields reported above are for mechanically eut 

grass to a uniform height of about 5 cm. Under grazing1con-

ditions such as thosé at Wallerfield, it is reasonable to 
1 

.. r\ 
expect a 60 per' cent utilizatiQn of total available grass by 

grazing (l). This is consi~tent with the Puerto Rican data 

of Vincente-Chandler (49). At a higher utilization rate over-
" 

grazing may result with consequent negative ~ffects on pasture 

.. 
Archibald and Osuji (8,9) found crude protein values 

l 

of 10.9 per, cent of dry\matter and 6.2 per ~ent for'12 tropi-
, . 

cal grasses cut at four and eight w~eks of regrowth. On the 
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basis of this report and those of Vincente-Chandler (49) it 

is~assumed that unqer Wallerfield conditions a CP per cent of 

\ 
eight per cent can be achieved throu~hout the year on aver-

" 
o age. Furthermore, the Latin American tables of Feed Compè-

\ 

sition (30) report a mean value for Metabolizable Energy of 

1.98 Mcals/kg of dry matt~r. ~Archibald apd Osuji (8 ) have , .." , 
""\ 

estimated the ME value of Pangola to\ be 2.25 and 1.64 at 

\ 
four and eight weeks of growth respectively. On this basis, 

, 
i t is\ assumed at the ,ME value of grazed Pang01a can average 

1.9 under Wallerfield conditions. , , 

( 

e. Technical\Coefficients of Pangola Pasture 

\ The following table summarizes the hypothesized out.:. 

put of one hectarer of graz,ed Pangola gfass under vaxying 

" Wallerfield conditions and the noted'assumptions. 

\ 

3. Napier Grass 

a. Yie1d at Wallerfield 
'-. 

Napier grass also commonly known as Elephant grass 

(Pennesitum purpureum) is a grass of importance at waller-

field because it is utilized as a forage supplement to Pangola 
'\ 

pasture during the dry season. It is only minimally utilizeà 

during the wet season. 

Fletcher (25) conducted trials at Wallerfield with 
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Table 1I-6> 

Coefficients of Pa~gola Grass 
-~-~ -~- ----------------- Season 

Factor Dry Wet 
value/ha Assprnptions ~V_é=!lu-~e/ha. __ ____ Assurnptions 

~~------_.~ _.~- ~ 

A. Dry Maeter 35 kg/day x 122 growth rate=35 kg/55 kg/day x 122 growth rate=55 kgf 

Metabolizable 
Energy 

Digestible 
protein 

B. Dry Matter 

Metabolizable 
Energy 

Digestible. 
protein 

days=4270 kg x ha/day days=67l0 kg x ha/day 
0.6=2562 kg 60% utilization 0.6=4026 kg 6~1o utilizatio~ 

2562 kg x 1.9 
Mca1s/kg= 
4868 Mca1s 

2562 kg X 0.08 
=205 kg 
205 kg X 0.60 
=123 1kg 

20 kg/day x 122 
days=2440 kg x 
0.6=1464 kg 

lÀ64 kg X 1.9 
Mca1s/kg=' 
2782 Mcals 

1464 x 0.08= 
+-95 kg x 0.60 
= 70, kg 

"-= 

ME=1.9 M~als/kg DM 4026 kg x 1.9 
Mca1s/kg= 
7649 Mcals 

8%~CP 

60% Digestibi1ity 

growth rat:e=20 kgf 
, ha/day 

~ 

60% utilization' 

ME=1.9 Mcals/kg 

8% CP , 
60% Digestibi1ity 

':' 

4026 kg X 0.08 
=322 kg x 0.6 
=193 kg 

ME=1.90 Mca1s/kg' 

8% CP 

6~1o Digestibi1ity 
~ 

,r::.. 
,r::.. 
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1 

Elephant grass, bpt did not observe any decline in yield 

('growth rate) during the dry s'easo'n. However, Patterson (36) 

states that although it is more resistant to drought than 

other conventional grasses,~~t does produce less during the 

dry season (DS). Fletcher's work indicates a growth rate of 

35 kg DWha/day in the DS which is about 30 per cent.., greater 

than Pletcher's derived rate for Pangola. Patterson (37) 

harvested Elephant grass on better quality soil' - River Estate 
, 

Loam - from,January-December 1932 and found a growth rate of 

43.3 kg DM/ha/day over this period which included the dry and 

• wet seasons when cut at eight-week intervals. 
\ , 

crude protein' 
1 

averaged 7.4 per cent of dry matter. Fu rthermore , in an ex-

- Il periment in the dry season of 1966 at Wallerfield, Elephant 

grass was 'fertilized with NPK at th~ rate of 150 lb N applied 
" 

in January with two harvests at eight-week intervals. The 

average growth rate was 42 kgjha/day (7 ). 

Using the above as a guide, and assuming the growth 
1 

rate of Napier to be about 30 per cent greater than Pangola 

in the dry season, a rate of 46 kg DM;ha/day, (35 x 130%) can 

"-be expected from one hectare of Napier grass on average in 

h J t e dry season by cutt1ng management. 

b. "Technica;L Coefficients of Napier Grass 

Because Napier grass is generally eut at about eight 

.", 

1 
\ 

"/ ,\ -~\ 
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weeks regrowth and carried to the c~ttle (zero-grazed) , its 

utilization is assumed to be 80 per cent of total yield -

"~he 20 pe[ cent loss being due to t1;te~ cutting and carrying 

operations rnainly. It is assurned that at eight weeks Napier 
, 1 
1 

, 
grass contains 1.8 Mcalsjkg DM of ME, furthermoreJ a CP 'per-

"-
centage of eight is assumed of which 60 per cent is digest-

ible. The following table summarizes the Coefficients of 

Napier grass on a per hectare basis in the dry,season at 

Wallerfield. 
Table I1-7 

Coefficients of Napier Grass 

Factor Value 

Dry Matter 122 days x 46 kg/day=5615 kg 

5612 x 0.80 _,= 4490 kg 

ME 4490 kg x u 1.9 Mcals/kg=8531 Mcals 

-DP 4490 kg x 

L .' 
8% x 600!o = 216 kg 

4.- protein Supplements 

a. Technical Coefficients and Costs 

Assurnption 

Growth rate of 
46 kg DM/haiday' 
and 80% utili­
zation 

1.9 Meals ?f 
ME/kg dry 
matter 

8% crude pro-
tein (DM) with 
60% digestibility 

The coefficients of the available concentrate materials 

are derived from three prominent publications in the area 

1 
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" 

(26,27,30): where serious discrepancies exist between obser-' 

l' 1 

vations in regard to a particular pararneter, an average value', 

is u~ed. However,,, it is ful1y recognized that complete 

analyses of indigenous rnaterials would present a more accur-

ate profile oé coefficients for the local Trinidad situation. 

" 
Moreover, it is unlikely that Irnajor distortions in the formu\ 

lation IPf the least-cost ration will resu1t because of the 

procedure used. 

ME 

(Mcals~ 

DP 
(kg) 

Cost 
(DMB) 

Table IF-8 . 
, 

Coefficients pf Supplements and Costs on a 
per kg of dry matter basis (DNB) 

Commer 
Urea Wheat -cial· Spent 

Coconut citrus Midd1 Dr)iry Brewer's 
Meal Meal -ings Ration Grains 

0.0 2~88 2.17 2.74 2.80 2.68 

2.88 0.22 0.05 -'0.125 0.1~0 0.160 

O.' 66 0.25 0.20 0.15 0.47 0.24 

Molasses 

3 •• ïo 

0.026 

0.17 
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tlr 

METHODOLOGY AND COSTS 

1. Sources of Information 

\ "', 

\1 \ 
'\ : 
"r~- 'f, 

"\'" JI 

This chapter's objective is to develop and describe 

the methods used in the overall analysis, whic~ 'inc1ude bud-

getting, linear programming, calculation of net returns and 

,sensitivityanalysis. Wherever possible the most up-to-date 

costs were usedi sources included commercial suppliers and 

the Manager of the UWI Field station. However, the costs 

used were tho~e in effect in the second quarter of 1977. 
'.-

Mr. A. Fortuna of the Orange Grove Sugar Factory provided 

information on the production of sugarcane on Piarco Fine 

Sand soils. Other data were deve1ope,d from the 1iterature, 

experience and observation and exchanges with colleagues of 

the various departments of the UWI. 

2. Nutrient Requirements 

a. The Milk Cow Unit (MCU) , 
! 

To determine the theoretical total ~ed requirements 

of a d~iry enterprise, an aggregate called the Milk Co~ Unit 

1 
(MCU) ±s defined, which represents one milk cow and ber 

48 

, / 
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• followers, which a:t:e raised as herd replacements. The follow-

ing a~sùmptionscon which th~ Meu is based ar~ desIgned to re-
, , 

flect the situation at Wallerfield' under average managemen~ 

conditions: (a) "bull ca Ives are sold as soon as po~~ible 

after birth, (h) the calf crop is 600fo, and Cc) culling is at 
b , 

; 
the rate of 20%. 

The Milk-Cow Unit iS,assumed to he cbmprised o~the 
following: 

- the mature milk cow averaging 450 kg liveweight 

0.3 weaned heife~ calves, averaging 100 kg live-

weight, less than one year old 

" 0:3 heifer yearlings, averaging 200 kg, less than 

two years old 
_1 ' ... 

- 0.2 replacement heifers, averaging 300 kg, over 

two years 0 Id. 

It may be easier to envisage the MCU on tbè-hasis or 

a properly managed he rd of 10 milk cows. On average in such 

a herd, there would be three 'heifer calves, thrèe heifer 

J 

yearlings and two replacement" heifers. This would provide 
" ! -j~ 

9 \ 1 

for the replacement of tW0 culled cows per year. Three bull 

calves would be sold. Mortality accounts for the loss-of one 

heifer at som~ point during the three-year period required to 

• , raise a replaGement heifer. The total 'feed required per MeU 

1s the· sum of the individual,requirements ,for each 'category 
"-
(~ 

'" 
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• of follower plus that for the milk cow at a given level of 

milk production and average daily ~ain in weight (ADG). 

b. Ration Nutrient criteria 
"< , 

o 
On the basis of the nutrient requiremen~~ published 

1" ~1 

o 

by Church (S), the foLlowing criteria have been selected fqr~ 

inclusion in ,the, 1east-cost complete ration formulation 

.; linear programme: 
, 

o 
- a minimum quantity ef Metabolizable Energy (ME) 

• 
as measured irt MegaCalories (MCals) 

a, ~inimum q~antity of'D~estibfe Crude protein 
\ 

(DP) as measured in Kilograms (kg) 

- a maximum restriction on the ;uantity of u)fa 

- a maximumo restriction on the amount of d~ matter 
'- . 

than can be readily consumed per MCU per day (DMI) 

a minimum restriction o~.th~ amount of dry matter 

o 'of the complete ration that must come from forage 

material, i.e. sugarcane, and/or Napier grass 

and/or pangola grass. 
~ 

c .. The Milk,Cow 

6 

On the basis of observation and the riterature (see , 
'" , 

Chapter I) 600 gallons of whole milk per cow per year is con-

l 

sidered to be a good,yielq for dairy cows under Wallerfield 
, 0 
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) , 
candi tians • relative lack of forage in the dry season 

and the high ~isture content of forages in the wet season 
, , 

(which may lim!t dry matter intake) and other factors pre-
" 

clude the animal performances commonly attained in temperate 

environments. Nevertheless, this yield represents the yield 

found at Wallerfield and/or thought·to be obtainable given 
, 

the appropriate feed and manageri.al inputs. ;,on t~e assurnp-II 

tion that the year is partitioned into three equal periods 
. , 

(l,' 2, }3) of 12~ days each, 600 gallons of milk represents, 

over a 300-day lactation, an average daily yield of 9.4 kg 

of milk. 

The nutrient requirements per cow are outlined in 

Appendix l Table 3A, which exceeds by 10% the NRC require-

ments. 

d. The Followers 

The nutrient requirements of the three categories of 

fol~owers.of th, Meu are cal~lat~on the assdmpt~on that 
1 

the average gain is 0.25 kg'liveweight per day and these are 

" outlined in Appendix l Table 3B. 

e. Feed Requirements Per MCU 

The sum of the individual requirements for one milk 

caw and the heifers is the total feed required per day for 1 



• MCU. ,The fOl11wing table indicates the needs of one MCU per ,. 
122-day period based upon the requ~~ements of the fo11dwers 

and the CQW. 

Table 1II-1 

Total Nu trient Requir~rnents for One (1 ) MCU" , 
\ 

1 
at 9.4 kg milk/day for any 

1 122 Da.y Period 

Nutrient, 
Milking 

Heifers 
Total Days of Total per 

Cow per Day Period Period 

ME 24.5 8.1 32.6 122 3977 

DP 0.799 0.237 1.04 122 126.9 

DMl 13.5 3.5 17.0 122 2074.0 

3'. The Costs of Farrn-Grown Feeds 

a •. beneral Out1ine of Cost 9chemes 

In order to ensure that equiva1ent cost comparisons 

are made between sugarcane, ,Napier Grflss and Pangola as feed-

ing alternatives ,charges for labour and capital (variable 

and fixed) ana interest are made in the bu~gets for each for­
~ 

age. 
• < ~ 

The cost scheme enco~asses establi~~ment costs, annqal 
~' , 

operating costs (bath of w~ich are variable1costs) and fixed 

costs in the case of suga~cane, which is chopped on the farrn 

• for immediate feeding to catt1e. Establishment costs ar~ 

those incurred in the initiàl cu1tivation of the stand and 
\ 

r 
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1 

are depr~,ciated over four years in the case of s?garcane and 

J 
fiv~ years for Napie,r and Pangola grasses. The annual oper- , 

. 
ating costs are those that are incurred in production, they 

are not depreciated and are approximately evenly distributed 

, . 
throughout the year. The fixed cost required for any level 

of on-farm chopping of'sugarcane is the sum of annual depreci-
\ 

ated costs of a chopping machine and motor, and a wagon and 

1 \l e 

bullock used to transport eut ,sugarcane from the fieid to 

the zero~grazing shed. ~e cost of capitat invested in fixed­

cost items is estimated by,charging inter,kt at seven per 
1 1 

ceqt per ann~m on one-half the total value of the depreciated 

items in a~cord~nce with the guidelines of Edwards et al. 

(10) and Barnard and Nix (6) and Osburl) ~ al. (14). Furthet­
i 

more, it is assumed thqt operating expenses are approximatel~ 
, ~ 1 

evenly distributed throughout the year, thus interest at 

seven per cent per annum is charged on one-half the total 

value of these annual operating expenses. Seven per cent is 

currently the lowest rate at which farril.er.~~ can borrow money 
/ 

in Trinidad for"agricultural purposes. 

b. Sugarcane Chopp~d On-Farm 

In assessing the use of whole sugarcane as a major 

feedstuff for dairy cattle, four optional systems could be 

considered: (1) on-farm processing of the sugar~ane as 
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opposed to (2) centralized processin~ with subsequent del~very 

to the farm of feedable,material, and (3) the chopping of the 

leaves and stalk of whole sugarcane as opposed to the derind-

ing of the stalk and subsequ'ent feeding of t"Qe sugary pith .1' 

\. 
and leaves. 

Because studies conducted to date (15,18) comparing 

chopp~d and derinded sugarcane indicate that derinding offers 

no apparently significant advanta"ge, yet it does cost consid-

erably more to purchase machinery (~37/000 Can vs $1,000 Can) 

derinding is not included in these analyses. Secondly, cen-

tralized chopping and del~very to the farm is discounted in 

the,present analysis as being too complex an undertaking at 

this ,time from a commercial viewpoint. 
\ 

The following are the assumptions on which the on-

farm chopping system is based: 

1. {)V,er a four;-year period on WaJ-lerfield Piarco Fine 

Sands (PFS) an average yield of cane stalk of 23 tons per 

acre can be expected. Assuming that cane. tops comprise about 
[i} 

30 per cent of whole carie (stalk and to~s)," 32.9 tons of 

whole cane will be reaped on average per year pe~ acre at 

Wallerfield. 
" 1 

2. Cane plantingrnaterial is not costed on the assump-' 

" 
tion that if sugar.cane became recognized as a viable live-

stock feed, the Ministry of Agriculture would make it 
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vailable to bona "fide farmers at no cost as it current1y , 

other grass materials. 
1 • 

Furthermore, a substant1al 

a reage of ~ature ripened sugarcane is 
) , 

not ,harvested by the 

sugar industry each year for a vari~ty of reasons. It is 

'h~the.iZed that thi. sugarcane ~Uld be made available to 
l , 

1 l' t k farmers as p ant1ng s oc • 

1 
• 

3. Cane for 1ivestock feeding is reaped at approxi-

mltelY 12 months of age, ie, mature. -T ) 
1 4. AlI labour is eosted at $19.00 (per 

ihg day (one man-day). ) 

eight-hOU~ work- 1 

\ 
5. Cane stalks ean be eut at 4.4 tons per man-day: 

1 

who~a èane (stalk and tops) ean be eut and pi1ed 

6.3 tons/day (4.4 ~ 0.7). 

6. Who1e cane can be hau1ed from the field by wagon, 

1 
a d bul10ck to the chopper at a rate of 1.2 tons per hour, or 

1 
1 more. 
1 

7. Cane cqn be cho~ped, ëlnd mixed ~ith urea, at one 

ton/hour. 

8. The year is divided into dry and wet seasons com-

prising four and 'eight months respeetively. For convenienee 
Il 

on1y, the latter period is sUQ-divided ~nto two equal period~ 

of four months eaeh. 

Arising out of NO. 3 above, it must be noted that 

cané eut in any one period is a110wed to grow iuntouched except 
il.. ~ { 
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for normal Weed!ing • fertilizing and pest control foi\~2 
months , when iJ is again eut and fed. 

1 • 1 

1 

The sum!of the'establishment-and fixed costs qS 

56 

developed in the Appendix l Tables 4A and 4B equal t~e total 
- ! 

variable costs,per acre by period, of harvesting. 
1 

costs are developed in Appendix l Table 5. 
o / 

,.----. 

Operating 

the var~àble and fixed costs ofofeedirig chôpped sugar-
(, 

cane are summarized below. 

"'-Table II1-2 
Sugarcane Costs 

\ 

\ 

Establishment Costs 
per acre 

" Operating Costs 
per acre 

Total variable Costs 

Fixed Costs 

1 

c. pangola Pasture 

$ 

Season' 
Dry 

Pl P2 

\ 
97.59 $ 97.59 

756.70 798.97 

854.29 896.56 

$ 415.83 
>-

. 

-~-- .. 

Wet 
\ 

~ P3 
, 

$97.59 

798.97 

896.56 

( . 

':' 

It is recommended practice in Trinidad to rotàt~onally 

graze Pangola grass at four to six.weeks age of regrowth dur­
\ 

i~g the wet season (P2- and P3) and at a lower level of inten-

sity in the dry season,(Pl ) when supplementation with cut, 

Napier grass is ~ecornmended (1).' This latter practice ·s 



•• 

\ 

\ 

• 

57 

\ undertaken only by the better producers • 

The following are the assurnptions oh which the costs 
\ 

of pangola grazing a~e based: 

1. Annual costs.are partitioned into three equal four-

1 

rnonth periods CPI , P2 , P3 ). 

o 

2. Pastur~s are divided into appro~mately ,one acre 

paddocks and enclosed with internaI-grade fencing costing 

$269.00/acre. Perirneter fencing, which is considerably 

stronger, is about 25 per cent more costly. 

The costs for one acre of Pangola pasture suitable 
1 

for rotational grazing throughout the three periods ,of the 
" 

ye\r as deve10ped in Appendix l Table 6 are summarized below. 
TapIe I1I-3 

Pangola Costs 

Establishment Costs 
per acre 

operating Costs 
per acre . 

Total Costs/Period 
pe:r; acre 

Total Cost/Year/Acre 

Dry 
Pl 

$ 34.29 

121.87 

156.16 

d. Napier Grass (Elephant Grass) 

Season , 
Wet 

. P2 P3 

$ 34.29 $ 34.29 

121.87 121.87 
\ 

156.16 .156.16 

468.48 

~ 
The following are the assurnptions used in 

\ 

/ 
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determination of the costs of using Napier grass (Penniseturn 
J 
f 

purpureum) as a ,'cut-and-cary' forage.' Recommendations by 
/' 

the Minist!'y of Agricu-lture suggest that Napier Grass (NG) 
, 

be used as a forag~ supplement to Pangola pasture in the 
• --dry season (Pl) as su chi it is costed on a one-season (Pl) 

basis. 

Assumpti~ns : 

- A man.can eut 1 Napier grass suitable for'cattle ~ 
1 

feeding at a rate of 6.,3 tons/day (the same as for whole 

sugarcane) • 

- One acre of Napie. grass produces 3416 kg/acre '. 

\ 
of DM during Pl when cut at seven tO'eight weeks o~ regrowth -

equai to. 2. 7 man-days of labour.-

- A man can carry (and chop into smaii pieces with 

a cutIass)'one-half to~ of fresh Napier grass to the ,place 

.wher.e cattie can feed on it in one hour. The total labour 

required for this task will be 4.2 man days/acre of Napier 

grasse 

Annual cqsts for~Napier grass are presented in Appendix 

l Table 7 and summarized below. 

Establishment Costs per aqre 

Operating Costs per acre 

Total Costs per acre" 

$ 81.64 '1 

303.10 

384.74 
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4. The Least-Cost, Multiperiod, 
Ration Formulation Modei 

1 
a. General LP Model 

Each linear prograrnming problem is comprised of an 

objective function which is to be optimized - one or more 

restraints on the selecti,on of activities for the optimal 
1 

solution and the activitiJs themselves. In this case the 
l 

activities are the forage materials and concentrates, the 
1 ., 

restraints are the nutrient requirements of the cows and 

59 

heifers and the objective is to compound the complete ration 

from the optional feedstuffs at the lowest possible cast 

(2,3,7,12,16,17). 

The standard cost minimization linear program prob-

lem (Z) may be written in matrix form where: IZ' is the 

objective, 'c' is a vector of costs, 'X' is a vector of feed-
,". 

stuffs, 1 Blis a vector of constraints, and /~ 1 is a matrix 
,; 

of'technical coefficients as: minimize Z =\cx 

Jubjept ta:' AX ~ B and X 2! 0 

Furthermore, for a problem with n feedstuffs (activi-

ties) 'and m restraints the following may be written as the 

general case: 

subjèct to the following m restraints: 
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----../ 

allX1 + a 12X2 + a13X3 + a l4X4 alnXn ~ b l 

a21Xl + a22X2 + a23 X3 + a24X4 a2nXn ~ b 2 

b. Key Features of the Model 

i. Least-Cost Complete Feeds 
J 

The overall objective of the model is to determine 

th,e least-costly Completely balanced ration over the whole 

year for dairy cows (at up to moderate prdduction) and their 

daughters'\using readily availal;üe feedstuffs. The cost effec-

tive ration will in most- situations result in maximum net 
;' 

returni however, this hypothesis will be specifical1y tested 

as a critical portion of the overall analysis. Many report~ 

. \ ! have indicated that these computer formulated cost effect~ve 

KY" rations can be efficient in terms of animal performan~e as 

any other non-computerized ration (4 / 5,7 / 8,9 / 11,13,16). 

ii. The Multiperiod Feature 1 

D~ta presented earlier (cahptér I) cleœrly eatablished 
, 1 

that Trinidad , ,like other islands in the Caribbean experience!? 

an annual dry season during which monthly precipitation ia 

normally less th9n soil moisture evaporation. Secondly, the 
~ \ 

, 1 
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critical importance of season on forage growth was estab-, 

'lished. This seasona1 fluctuation in feed supp1y - speci-

/ 
fica1ly of forages - will be considered by the 1east-cost 

mode1 by means of its mu1tiperiod feature. The year will be 
, , 

divided into three four-month (122 day) periods with period 

1 corresponding tQ the average four-mon~h dry season of Jan-
, 

uary, February, March and April inclusive. Periods 2 and 3 ' 

comprise generally the wet season with high monthly rainfall 
'1 

values. Each feedstuff - forage, sugarcane, o'r concentrate -

available in a period will constitute an alternative for the 

compounding of the complete feed for that respective period. 

'" 
iii. The Fixed-Cost Feature ' 

\ 

One of the feeds to be considered is Whole Chopped 

Sugarcane (stalk and tops (, which requires a certain minimum " , ' 

of equiprnent and machinery for on-fa~ processing-of the cane 

for catt1e feeqing. This invo1ves cutting the, cane at gr.ound 

. , 1 

level, transporting it ta a chopper, which then chops\the 

sta1k and tops into partic1es approximately !? nun in 1ength. 

These capital cast items are more proper1y called 'fixed 

costs' because they are independent of the size of operation, 
-. 

and are usually depreciated over a period of years. Using 
1 

Integer programming Techniques (2,12) these fixed costs assoc-

iated with sugarcane will b~ incorporated into the model 50 

that the selection of feeds for the least-cost ration will be 

1 

----~--------............. 
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1 

made after, consideration by the model of those fixed costs, 

which will of necessi~y be incurred by e~en the smallest 

sugarcane feeding program • 
. 

iv. Complete Feeding program 

The model is designed to select bath forages and con-
1 

centrates to compound a complete feed (excluding water, vita-

mins, trace mineraIs, calcium and phosphorus). The optimum 

solutiqn will be comprised of actual acreagesOof forages to 

be oultivated on-farm and the amount"s of various concentra1;es 

to be procured off~farm for cattle maintenance and milk pro-

o duction for the entire year. 
-. 

c. Elements of the Model 

\' 
i. The Feedstuffs or Activities 

Each feedstuff considered for inclusion in the model 
,. 

must be described in accordance with its availability in each 

of the three periods so tha~ if,a feedstuff is available in 
,~ 

any period it will constitute a separ~te activity in the 
" , 

model. Furthermore, if t~e quality and/or availability of 

anyofeedstuff varies from season to season (period "to period)" 

this is reflected in the coefficients of the variables, which 
\ 

comprise the resttaint equations or inequalities. 

Since the primary 90~1\Of·this analysis is to compare 

a sug~rcane-based milk production system with the orthodox 

/ 
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'system (Pangola and Napiet grasses and concent,rates') the fol- , 

lowing list outlines the feedstuffs (forages and concentrates) " 

to be cons~dered by the model: 

, \ 
One hectare of whole Sugarcane to be choppeâ on the 
farm and fed i~ peri'od 1. 

l 

One hectare of whole Sugarcane tô be chopped on the 
farm and fed in period 2. 

One hectare of whole Sugarcane to be chopped on the =­

farm and fed in period 3. 

One hectare of Napier grass forage red in per:ilQd,l. 
"-

One hectare of Pangola grass grazed in period 1. 

One hectare of Pangola graf?s grazed in period 2. ... 

One hectare of pangolil grazed in period 3. .' 
, grass 

Napier grass is currently used as a' forage s?pp1~ent 

to Pangola pasture in the dry seasqn by mast dairymen in Trin-

idad, therefore in order ta simulat~ the existing production 
cP 

system', Napier grass is available in periad 1 only ~ 

One kilogram (kg') af fertilizer grade urea avai1ab1e " 
in period 1.* ~ 

One kg urea available in period 2. 
", t 

One kg urea a~ailable in periÇ>d 3. 
~, 

One kg of coconut meal available in period '1-

Q,'l One ~g of coconut meal available in period 2. 

One kg of coconut meal available in peri<;>d 3. 

One kg of citrus,meal available in period 1. o" 

*All cqncentrates are expressed on a dry matter basis. 
o 0 

/ 



• 
• p 

, 
" 

... 

""-
One kg of citrus meal available in 

0 

kg of citrus meal available . ' One :ln 
c 

~ 

One kg of wheat middlings availahle 

One kg of wheat middl,ings available 
'. , , One 

1), 
Jçg, of wheat middlings available 

period 2. 

period 3. 

. 
in period 1. 

in period 2. 

in period 3. 

, 1 
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" 1 

fi ~ One kg of a commercial dairy" ration available in period 
~. 

;l, 
0 

"-

One kg of a ,commercial dairy ration available in per;i,.od 
2. 

, 
1 

/ 

One kg·of a commercial dairy ration avai1ab1e in pe . od 
3. 

d , f;k 
·on"e'l g of 

/ 

dried Brewer's grains available in period 
. .> 

?~~ of dried B~ewer's gra~ns available in period 2. 

One kg of dried Brewer's ,grains available in period 3. 

"-
One :ki' ,g of final molasse~ available in period 1. 

J , 

On~ kg of final molasses available in period ~. 

One kg of final molasses available in period 3. , 
04- b 

ii. The ,Restraints 
t 

In' order ",to compound a èomplete ration suitable fdr 
',7 

o 

(dairy cows and their daughterp, which are ~aised as herd 

repl.§lcem"ents/ the following /ration criteria are incorpprated 

into the model: ,A minimum rest~i'ction on the amount ~f 

Metabolizable E~~rgy (ME) measured in MegaCalories (MCals) in 

'fotal. ration dl;Y màtter in each individual period -" 1; 2 and 
J' ",,, 

3, A minimUm restri~tion on th~ amount of nigestible protein 

,/ 

.' • CI J \1 ~ 

(DP) measured in ~ilOCJr~ in total ration dry matter in' each " 

D .. 

/ 
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indiv'idual period - ,l, 2 and 3; A maximum restriction on the 

• amount of total ration dry matter in kilograms in each indi-

" vidual period - l, 2 and 3_ and for roughage, and 
"-

a minimum restriction on ration dry matter that must 
, ' 

be provided by forage ie. Sugarcane and/or Pangola and/or 
. , 

Napier grass, equal 'to 5~1o or more of the maximum amount of 

dry matter in the complete ration~C 

iii. Ration R~irements 

"-
The right-hand sid~values of th~ inequalities which 

form the restraints outlined above are the actual ntitrient 

requirements for each of the thre,e periods of the dairy cows 

.' and their daughters. Thesé are derive~ from st~ndird :MRC 

nu~~tion tables and the literature, and were developed ear-

lier in this chapter. 

\.. i v • The Obj ecti ve Function 
o 

The objective row of the LP matrix contains the costs 
• 

'of the vario~s feedstuffs that are available for ration for-
-, 

/j 'V. 

However, consideration of priee, nutriti~nal char-. mulation. 

acteristics and availability of each activity (feedstuff) will 
, 

be undertaken by t~e LP model in,formulating ~he ration ij 

accordance with thé restraints at the lowest possible cost -

the least-cost. 
1 . ~ 

v. '!hJo Consistency of Pangola Use . 

One aspect of the overall objective'of this analysis~ 

- " 
l '" \ 



. ' 

• 

• 

.. 
66 

is to qrg~nize the on-farm production of forage in such a 
\ "-

way that the feed deficit 6f\the dry season and/or the sur~ 

plus of the wet season are avoided so that total annual 

feed cost is minimized. By means of t~ansfer rows within 

the matrix (7), the acreage of Pangola gras8 i8 made equal 

in each of the three periods. 
<:J 

This procedure is designed 

to' simulate thè' orthodox system whereby any given acreage 
! 

~ 

of Pangola i6 grazed in each period, but 6upple~ented by 

N~pier grass in period l, the dry season • 

• vi. voluritary Intake (VI) of Sugarcane 
f 

The IBM ,linear programmïng package*, MPSX, has pro-
, 

vision for controlling the value of any activity by means of 
\ 

a bounds feature inherent i~ the program itself. This will 

, ' 

be utilized to re~trict the amount of sugarcane incorporated 

ïnto the ration for each period to simulate the limitations 
< r· 

on su~arca'ne voluntary intake as di~cussed in Chapter II. 

It will be recalled that the milk co~ unit (MCU) was 

'def\r4~d a~: one 450 kg cow, 0.2 three hundred kg heifers, 0.3 

.two 9undred kg heifers and '0.3 one ~undred kg hei~err on aver­
t 

age. Assuming the sugarcane V.I. does not vary with each 
o • \ 

type of animal of the MeU," the maximum intake of sugarcane 

"-
dry matter can be reaâily calculated, then traosformed\into 

• 

G 

*This madel is run on an IBM model 360 computer using IBM 
MPSX with the MIP option.' 



• 

j 

1 • 

• 
, ' 

1 ,. , 

\ 
\ 

\ 

hectares of sugarcane, this latter figure representing the 

maximum VI of sugarcane for 1 MCU at 'a given level of vol-
l' 

untary intake. 

67 

For èxample, at a V.I. of 1.9%, the following calcu-

lation applies for 1 MCU for one day: 

Body wt. x No. x VI factor = Max. Total sugarcane DM(MCU/ 
\ , day 

450 x 1 '-x 0.019 = 8.55 
300 x 0.2 x 0.019 = 1.14 
200 x 0.3 x 0.1019 = 1.14 
100 x 0.3 x 0.019 (=_0.57 

Total "'t1.4 kg 

For each period of 122 days, this represents a maxi-
'l {~ 

'v mum of 1391 kg of sugarcane dry matter, or 0.071 hectares 
, 

(1391 i- 19600 kg/ha x 100). Thus, the rpaximum V. I. for 1 

MCU at 1.9% VI ia assumed to be 0.071 ha. Likewise, for 

1.65% VI and 1.4% VI, the units are 0.062 and 0.052 hectares 
" 

respectively. Of course, these 1imits inbrease linearly with 
" .> 

increasing numbers of MCU. 

vii. Maximum Urea in Ration - 1 

f' 

This res~rict~on is imp1emented in the mode1 by meaRS 

• of ~pe upper bounds feature,of the MPSX prbgram. Urea is re-

stricted to a value equa1 to, or less than, the "equiva~ent of 
.. 

30% c;>f total citd.e prote in. As indicated earlier'one MCU 
) 

/ 

requires at least 1~7 kg of DP/period. Assuming 50% digesti-

bi1ity thia represents ~54 kg of CP. At 30% NPN, this means 
r 

that 176 kg of C?-equivalent"can be from urea. At 281% crude 

l , 

, • v 
_ •.• !, -.Jf.M. .. 
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equiva1en:t, this resu1ts in an upper 1imit 0lf 27 kg of urea 

per MCU per periode 
~ t~"\-'l 

viii~' rfhe Fixed Cost of Sugarcane Chopping 
. 

The use of a srna11 chopping machine and a bullock and , , 

\ 

wagon~re considered to ,be fixed costs for the on-farm pre-
1 . 

paration of Sùgarcane. These fixed costs are evaluated by 

the model through the use of integer programming whereby J 

the fixed cost activity is predetermined ~o take either the 

value of zero (0) or one (1). cThe Sugarcane activities thern-

selves are linked to the fixed cost activity by the use of 

~ a t row. To do this, a Fixed Cost activity for on-

chQpping of Sugarcane that can takê a value of 1 (whèn 

any antity of sugarcane is chopped) or 0 (when spgarcane 

is not chopped), is created. 
, , 

The value of t?is activity in the obj~ctive row is, 
1 

of course, the cost of the equiprnent whic~ constitutes the 
Il , 

fixed costs. with the s~le exception of this fixed cost 
1 

activity, aIl others are co'ntinuous, 

1 equa1 to, or greater than, zero. 

, 

ie. can take any value 

On the basis of the determination of rna~murn V.I. dur-

ing periods l, 2 and 3 at 1.9, 1.4 and 1.4% yI respectively~ 
.,t' 

one MCU ca'nnot more than 0.0711,0.062 and 0.052 hec-
1 

-tares of sugarc ne (section vi. above). For" 30 MeU, thé max~ 

imurn intake wi1 pe 2.13, 1.56 and 1.56 hectares r~pective1y, .,.. 

\ 
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or a total of 5.25 hectares/yfoar.· 

Using this and the fact that the fixed cost activity 

-
must take the integral value of l exactly if sugarcan~ enters 

the optional solution at apy level and 0 if it does not, a 

1 

'switch' is developed using MIP and a transfer row as shown 

below where Xl' X2 and X3 represent sugarcane activities in 
, 1 

periods l, 2 and 3 respectively and ~4 the integer fixed 0 

cost activity. 

Assuming that the fixed cost activity ca~ only take a 

. 
value of 0 or l because the mixed integer programming option 

1 " 
is used, if any sugarcane activity takes a value greater 

l , 

than-zero, then X4 will logical1y be 1. Similarlt; if~no 
1 

sugarcane enters the optimal so~utio~1 X4 must be 0 in order 
1 

for the inequality to be ~atistied. The number 6'is chosen 
1 

arbitrarily - in rceal'i~y any number larger than 5.25 would be 

satisfactory for a problem up to sQ MeU's. Activities X5 to 

Xn inclusive would each have a technical ~oefficient of zero 
'--, 

in thj.s row. 
l ' 

, , ix. Land Restraint 

~ The last restraint in-the problem matrix is a control 

on land use. 'The'SLDP fltxms arè 20 acres on average, with 1 

acre occupted by buildings, the homestead and th.e fami~y gar-
ii 

den. This leaves"about 19,acres, Qr 7.7 hectâres, for crop 
1 

l ' 

* 
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production - sugarcane and/or Pangola and/or Napier grass • 

-, 

Thus, the total crop program cannot exceed 7.7 hect~es. AIso, 
1 

this.row will convenientlY indicate total land utilized in 

the optimal program and the surplus, if any, that ~s not used 

for crops. 

, 

5. Sensitivity Analysis 

It is apparene that in spite of the rel~tively large 

amount of experirnental sugarcane wor\ completed t? \date,_, 
, , 

t~ere are several fundamental factors that are unclear and 

require further inve~tigation. The following are the factors, 

which were varied in 'a sensitivity analys~s to determine 

under what co~ditions sugarcane may play a roie in milk pro-

duction by 'small scale farmers': 

i. The Voluntary Intake (VI) of whole, fresh, 
mature chopped sugarcane - kg 9f sugarcane 
dry matter/IOO kg livéweight~ 

J 
ii~ The Metabolizable Energy (ME) value of sugar­

cane - Megacaloriesjkg dry matter. 

iii. 

iv. 

1 

The cost of production of sugarcane feed. 
/, -_r- \ • 

~--_/ \ 

Furthermore, although it is idely recog-
nized that the dry season has a sérious neg­
~tive ëffect on forage yield, it is unclear 
undér Wallerfield conditions y how much the 
dry \Iseason yield of Pangola sture will he Il 

reduced. Thus, _this factor - yiel~ of Pangola 
in the dry seasoh, Pl - will e varied also. 

, 

v. Lastly, a shadow price will ~e developed_for 
lahd at Wallerfield that moje realistically 
represents its econo~ic·~ue. presently, , 

~ , - ' 

Cl' ( . . \ 
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farmers under the SLDP pay a nominal rent (to gov­
ernment) of ~12.00 per açre per year. It is hypo­
tbesized that thîs low rentaI cost might encourage 
th~ use of more pasture for milk production th~n is 
warranted. This will be tested by "the analysis by 
varying the rentaI cost of land. 

a. Metabolizable Energy 

,1 
On the bas~s of the lit~rature it seems likely that 

.: 

the ME value of whole mature suga+cane will either remain 

relatively èonstant on a dry matter basis throughout the 
, 

year, or decline in the wet season. To accomodate these two 

alternativesoin the model, two schemes for ME are considered 

for the yearly production cycle of periods l, 2 and 3: 
, 

a) ME values of 2.5, 2.5 and 2.5 for periods l, 

2 and 3, respectively, ~e~ignated as 'HIGH'. 

T 
b) A 'LOW' ME cycle of 2.5, 2.0 and 2.0 for periods 

1 • 
l, 2 and 3; respectively, representi~g a 20% de-

~line in ME in the wet season (Pl and P2).' 

b. VoluntFry Intake 

Similqrly, two schemes were considered to reflect the 

doubt that exists surrounding' the Voluntary intake of sugar-

cane, especially in conjunction with.-1a grazj.1ng program. 

a) 'HIGH' -, voluntary~intake values of 1.9%, 1.4% . '" ~~ ~ 
and 1.4% for,,!, periods-:l-r---2-an4 3, respectively. 

b)! 'LOW' - VI' s of 1. 65'%, 1. 40% and, ,J •• ' 4% for periods 
, . 

, , 

/ 
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l, 2 and 3, respectively • 

\ ' c. Sugarcane Costs 

-
'l'wo cast schemes are used for sugarcane:., 

" 
a) 'LOW' ~ costs of $2110, $2215 and $2215 per 

hectare for periods l, 2 and 3, respectively, 

the costs deterrnined earlier in this chapter. 

1 
h) 'HIGH' - cost inflations of 2a% ~ the 'LOW' 

costs -! $2532, $26508 and $2658 per hectare "for 

perioÇls l, 2 and 3, respectively. 

d. Yield of Pango1a 
1 

Because the deterrnination of the precis~ yield of 

Pangola pasture is confounded by rnany factors, one of the 

rnost important being the lacklof reliable, agronomic data, 

1 a range of values bas~ u~ tbe literature bas beenldevel­

oped ta test for variation in this ~ctor: ;. , 

, 1 

\ 

a) 'HIGH' - yields of 35, 55 and 55 kg per hectare 
(1"'" 

per day, of Pangola dry rnattèr in periods 1, 2 

and 3 1 respective ly. 

b) 'LOW' - yields of 20, 55 and 55 kgJha/day for 

periods l, 2 and 3, respectively. 

e. Sha~ow ~rice of Land 

It
o 
is hypothesized tqërl: the- land rentaI cost- of $12.00/' 

acre/~ar seriously und~restimates the ,90s t' of agriaultural 

r . 

\, . 
,L _.,..:.._::._ ~_. _ __" . , ... ~/&.t.<MoL"",J~" •. û"- __ ,h..~-""-"-",,.-M.~'" 
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prOblem 6, for examp1e, may be.considered a severe test for sugarcane - the original 
hypothesis --because the yI and ME of sugarcane are LOW, its cost is HIGH and it is-in 
competition with HIGH yi~1ding Pangola pasture. ~, 
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Figt1.re III-2 ' 
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land, albeit poor as it âs, in the Wal+erfield area. Ta 

76 

estimate a more realistic cost, it is assumed that the pres- , 

ent market selling cost is $2000/acre !(or 4940/ha) 1 and 

that the oppo;tunity cost of long term low risk capital is 

4%. This would result ~n a rënt~l cost of $198/ha {2000'x 

0 .. 04 x 2.47}. Thus, two schemes areou,sed to value land: 
• '1 

a) 'HIGH' - la~d'/coO~ted in ~he budgets qat:~l98/ha 
, ~ ~. 

or $80/acre - the Shadow Priee. 

b) .. LOW' - a cast of $30/ha or $l2/acre - the~ pres-

\ 8 

ent SLDP rentaI cast. 

" Il f. Strategy 
, . 

The sensitivity analy.sis undertaken usi~g the léast­

cast model wil.l test for th~ effect (s) of variation, in the ME, 

, . 
VI, the ~ost of sugarcane and the yield of Pangola past~re. 

",' 

1 

by season and the cost of land. This is comprised of a;~ries '" 

i 
of problems numbered l ta 16 as outlined (Figure III-I to 4). 

" 

6. Net Income Analysis 

o 

a .. Calculation of Re1Venues and Co~ts 
\ " 

This,outline considers only three- sources of ~evehues 

from the model farrns, since it is assumed that aIl heifer 

calves are reared as replacements'. interest on operating 

costs, which are assumed tQ be evenly distributed t1;rof:-hou,t: 

\ 

\ 

,éj 
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'c i 

the year is a:lso cornputed. ChaF'ges for depreciation, main.te-

nanee and repair (MIR) a~e calcu1ated ~or eaeh capital asset. 
a / 

Interest is charged on half the original value of the asset 
.0 

" at the rate of 7% per annum. Labour. has not been' eosted , 

beeause these representofarni~Y farms w~~re'la90ur is re~- ' 
, " ~. , 

'- ~ 
tivelYoabundant and in many e.ases not utilized, or u~der-

\0 
utilized (18). \~~? 

b. Revenues 

The total revenue, cj'enerat.ed by'the farm is dependent 

upon the number of eow units (MCU) sinee this factor deter-

mines the following: 

<> 

Milk " S~les '. , 
No. of Meu x 600 gallons/~ow/yéarox·$.l.OO/gallon 

- Bull Calf Salés " , 0 

No. of.~CU x .03 bull c~lves/éow/year * $100 
. , 

Cu11ed Cow Sal~s 
No. of Meu x'Q.2 x 450 kg x $2.20!kg 

c. Variable Costs 

- NPK Fertiliz,er 
1) Pangola Pasture - (10 cwt x $23.30!aere/year 

'.; x, 2.47 acres/hectarè) 
NP- of ha of Pangola x $576 . 

" '- • 

u , 

'"/2) Napier Gras~ - {3~ cwt x' 23 .. ;30/acre/year·x 2.47) 
No. of ha of Napier x $201 

l, 
_ J 

1 
1 

3) 

o 

Sugardme - (5' ewt x ~3,.3Q/acrè/year x 
No~ of ha of sugareane x $28,8,'1 • • 

,\ 

) 
/ 

r. 

, , 

2.47 ) 
, ~ '; 

, 
~ 

o' 
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Lime 
1) Pangola 

No. of ha x $12/ha 

2) Napier 
No. of ha x $12/ha 

3) Sugarcane 
No. of ha x $1,2/ha 

crop Chemicals 
a) Pangola 0 

'. b) l'1apier 0 -
c) Sugarcane' 

No. of ha x $158 
1 

- Cattle Chemicals 
No. of MCU x $20 

1 • Drugs & Vet Serv1ces 
Not of MCU x $30 

'" 

'., 

- S}1pplements 
Urea fU) 

(kg UPl + kg ~p'~ + kg UP3). x $0.66 

Wheat Middlings (WH) 
(kg WMP1 + kg WMP2 + kg WMP3 ) x 0.15 

Molasses (M) , 
(kg MPl + kg MP2 + kg MP3) x $0.17 

- Milk Replacer & Calf starter 
No. of MCU x 0.3 x $62.00' 

- Breeding Costs ~ 
.No. of M~x $4.00 

- Milk Collection 
20/month x 12 == $249tyear 

- utilities 
Water 

. NO. of MCU x $10 
Electriçity-
NO. of MCU x $20 

78 
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, 

, .. 
- Chopper Fuel/Oil* . 

- No. 'of ha of sugarcane x' $20/ha . ' 

... 
- - Interest 

7% (O. di> 
penses (a 

on half the sum of the operating ex­
to ~'~bove) 

d. Fixed Costs 
. ' 

- Land 1 

1) RentaI a) 8.1 ha x $30/ha = $243/year 
b) 8. 1 ha x $80/ha = $648/year 

2) Interest - RentaI x ~ x 0.07 1 = 8.51 

- Fences 
" ,. 

. . 

PerimeteJ;' (for 8. 1 ha form) 
Depreciation, $5000 original 
MVR, $5000 original 
Interest, $5000 original 

value x 0.07 = 350 
value x 0.05 = 250 
value x ~ x O. Q7 =' 

InternaI 
$664 x no. Of ha of Pangola = original value 
Depreciation,. original value ~ 0.07 
MIR, original value x 0.05 
Interest, original value x ~ x 0.07 
~ . 

-'Chopper* - original value, $2400' 
,J;>epreciation, 2400 xO.IO = 240 
WR, 2400 xO.05 = 120 
Interest, 2400 x ~ x 0.07 = 84 

- Ca1f.Pens - original value, 
Depreciation, 2450 x 0.10 
MVR, 2450 x 0.01 

$2450 

In~erest, ~450'x ~ x' 0.07 

= 245 
= 25 
:d 86 

Milk Barn,- origina~ value, $5150 
Depreciation, 5150 x 0.05 = 258 
M/R, 5150 x 0.01 = 52 
Interest, 51"50 x ~ x 0.07 - 180 

*If sugarcane feed is used. 

-10 • 07 ~actor for 7% interest per qnnum. 

, , 

175 

- . 

" 

, , 
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- Zero-grazing shed* - origihal value, $5000 
1 

Deprecia tion, 5000 x O. 05 . = 250 \' 
1 

MIR, 5000 x O. 01 = 50 
Interest, 5000 x ~ x O. 07 = 175 

- Milking Machine - original value, $3500 
Depreciation, 3500 x 0.10 = 350 
M/R, 3500 x 0.01 = 35 

" 
Interest, 3500 x ~ x O. 07' = 123 

- Bullock and Wagon* - or~ginal 
Depreciation, 1100 x 0.10 

value, $1100 
= 110 

MIR, '1100 x 0.03 = 33 
Interest- 1100 x ~ x '0.07 = 39 

TofolS and Sundries ($200) 
Depreciation 200 x O.tO 
MIR, 400 x 0.01 

= 20 
= 2 

7 Interest, 200 x ~ x 0.07 = 

- perennial Crops 

80 

1) Pangola Pasture Establishment cost$8,58/ha 

. . / 
IOr~g~nal 

(excluding fencing) 
Value = No. of ha x 858 

Depreciation, ôriginal value x 0.20 
MIR, . 
Interest, ,original' value x ~ x 0.07 

2) Napier Grass - Establishment cost $858/ha 

Original Value = No. of ha x 858 

_Depreciation"original value ~ 0.20 
MIR, , 
I~terest, o~iginal value x ~ x 0.07 

3) Sugarcane - Ektablishrnent 'cost $846)1ha 

O.r:iginal Value =. tl0f ha x 846 
/iJ ;. 

"('f(" 

Depreciation, origi · ... 1 value x 0.25 
MIR, r 

Interest, original value x ~ x 0.07 " 

/ 

*If sugarcane feed used. 
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Cattle /, 
Interest at 7% on investment in cattle 

No. of MCU x value/MCU* x 0.07 

, 

e. Return to Labor and Management 

Revenues' less Variable costs less Fixed costs equals 

the estimated Net Return to family and operator labour and 

management. .. 

/ 

( 

( 

,. 

J 
*1 MCU equals 1 cow at $2000, 0.2 heifers at 

heifers-iit $760, and 0.3 heifers at $150. 
$2550 • 

J . 
) 

$1380, 0.3 4' 
Total value"; s 

. il 



• 

" 

• 
~. 

'. 
- .1 , 

1. General 

\ The solutions to thè séries of 16- prob1ems which' con-

stitute the sensitivity analysis are prese~ted in Appendix II 

and are labeIIed as Tables 1 to,16 inclusive. Each problem 

. 
as such is further divided into a set of 7 sub,:",probl'ems re-

pre~nting increasing numbers of cows (MCU's) in ,increments 

of 5. Furthermore, at ~he outset, it is imPOFtpnt to nbte 

that these resu,l ts represent hypo-t.hetical fa s and as such 
1 

~ 1 

the comparison of the absolute value of Net eturn is ,not 

very appropriate. The most useful comparis 

the deiermination of the magnitude of-change from one situa-

. 
tion to another, this is usually expressed, on a percentage 

basis'. 
\ 1 

1 

The Controis 
, " 

~/Tab1es 1; and 16 of Appendix 1;I pres ent the optima"! 

solutions for the Control ClIs, that is problems in whioh sugar-

cane was not includ~d as an activity in the problem. The 

resui ts are Iinear up ta the 1imi t of about, 19 MCU for ~he 

7.7 hectares (20 acres/farm - l acre for homestead/~ildings 

~,2A7 acres/h~) availàble on the SLDP farms for cropping. 
82 
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The differences between these solutiôns are due to the 

.. 
difference in yield~f Pangola 'grass by season - 'HIGH' being 

.35 kgjha/day and 'LOW' being 20 kg/ha/day. These are illus-

trated bythe optimal solution at 15 MCU. 

Period l 
Napier Grasst'ha 
Pangola Grass, ha 
Wheat Midd1ings, kg 
Molasses, kg 

Period 2 
ht Pangola Grass; 

Wheat Middlings, kg 
Urea, kg 
Molasses, kg 

Period 3 
pangola~rass, ha 
Wheat M dd1ings/ kg 
Urea, k \ 
Molasses, kg 

Cost/MCU 
, 

~nd/MCU 

. C' -

'LOW' 
o Pangola Yie1d 

20,55,55 
_ kgjha/day for 

Pl' P2 & P3 

2.20 
3.86 
8436 
2054 

'" 3.86 
8445 

0 
2048 

,3.86 
,8445 

0 1 
1 

2048 

761 

0.40 

'HIGH' 
Pango1a Yield 

35,55,55 
kgjha/day for 

Pl' P2 & P3 

0.0 
6.07 
8435 
2055 

6.07 
4823 

37 
o 

\ 

,6.07 
4823 

37 
o 

676 

0.40 

The land 'requirernent of 0.4 h~ (1.0 acre) per MCU is 
1 

consistent with the expectation of good pasture and geqeral 
j 

management combined with ration supplementation. The use of 
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o 

N~pier grass is advantageous under'the LOW Pangola yield con-' 

dition. Of the two problems, the one representing,a Pangola 

, yield of 20 kg/ha/day in the dry season probably more aeeur­

ately reflects the present conditions atOWallerfie1d_ r The 

author's observations there revealeâ that the better farmers ., " 

a,re moving toward 'more Napiel:ij' grass in the dry season,L' con-
• ,: -fil' 

firming the ability of the model to reflect the ac'tual farm-

ing. reality 
, ( 

at Wallerfielcl.' 
\, If 

, 
3. The Effect of Variation in Sugareane ME by Season 

j 
1 

The comparisons ;,that should be made to assess the 
, / 

importance of variati~n in the ME of sugarcane between the . 
. . 

/ , 
dry and wet seasons ,are: 1 and 5; 2 and 6, ~, and 7, and 4 

,;1 

and 8. 
\ 

Il . 1 a. compa'r~son and 5 (Tables l, 5) 

These prbblems in which only ME varies (RIGH 
(' 

sugar_) 
eane cost and/VI, and HIG~ Pangola yield) ,show that sugar-

cane enters the optimal solution at the same scale at the 

SaIne l~vel - 0.38 ha. 'at 20 MCU. This is likely a response 

to the land limitation of 7.7 ha, sinee without the inelu~ l, 
.1 

sion of,/sugareane the maximum number of Meu possible on 7.7 
/' 

ha would be 19. Th/e deerease in ME in P 2 and P 3 appears not 
\ 

to be of great importance sinee the differences between the 
,1 

! 

two are minimal. The deficit in energy i, overcome by 

~ 1. 

/ 
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,increasing the 1evel of molasses." These differences are 

c-----
illust~ below at 30 MCU. 

\_, -~ 

/ 

'period 1 
Sugarcane 
Pangola QG,rass 
urea 
Whea t Middlirig's 
Molasses 

Period 2 
Sugarcane 
Pango1a Grass 
Urea 
WJ1eat Midd1ings 
Molasses 

Period 3 
Sugarcane 
Pangola Grass 
Urea 
Wheat Middlings 
Molasses r 

Cost/MCU 

Land/MCU 

./ 

, , 

. "HIGH' 
Sugarcane ME 
2.5,2.5,2.5 
Mcals/kg in 

Pl,' P2' P3 

0.75 
6.41 
139 

18754 

? 
0:27 
6.41 

o 
18934 

1512 

0.27 
6.41 

o 
18934 
l51Z 

1 

676' 

0.26 

a 

o 

'LOW' 
Sugarcane'ME . 
,2.5,2.0,2.0 
Mcals/kg in 
Pl' .P2# P3 

0.75 
6.41 

139 
18754 

o 

0.27 
6.41 

o 
18712 

) 2471 

0.27 
6.41 

o 
18712 

2471 

684 

0.27 

The effect of"size of operation on the utilization'of , , 

sugar~ane i~ worth ,noting y~t this point: this will be ela­

borated ùPÇ>n later. 

l' 
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b. Comparison 2 and 6 (Tables- 2, 6) 
, 

Problems 2 and 6 in which only ME is varied (HI~ 

, 1 
sugarcane cost, LOW VI, H!GH Pangola y.ield) are simila~ to 

problerns land 5 discussed above. These results indica~e 

th~t'seasonal variation in suqarcane ME is not a critical , 
o 

factor in the determination of the least-cost ration.' , 
i 

86 1 

It' is wortnwhilé noting'that'problem 6 (Table 6) re-

presents sugarcane lat its worst l since its cost is HIGH, its 
/ 0 

VI and ME LOW, ,and it is in competition with,HIGH yielding 
( 

Pàngola. In spite of this, sugarcane is part of the optimal 

ration, but only at:or above 20 MCU - an important effect 

c. Comparison 3 and- 7 (Tables 3, 7) / 

In these-pro~lerns sugarcane cost is Low7 VI is HIGH, 
, .. ; 

Pangola yield 'is HIGH and ME is variable.' Sugarcane is'in-

cluded in the complete ration in each periad a~ter/a certain 
f 

1 

critical scale of operation (no. of MeU) is rea9hfd. At 
, ! 

. 1 
. ~IGH ME, sugarcane enters tÈe sol~tion at S-lO'MfU' whèreas 

it enters at 1~-15 Meu at LOW ME. I~ i~also·t· portant to 

nàte that problem 3 is an optirnistic represent ~ion of sugàr-,.-

1 

cane in competition with HIGH yielding p~~ture. This 

results, in almost the complete exclusion of above 10 

Meu. 

, . 
• 

, 
1 ,..... 
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The following table, compares the two problems at 10 
l, 

Meu. 
, . 

#3 #7 
, l' 

.~/ 

\ "HIGH ' ME 'LOW' ME 
e 

\ 

\ 
\ Period 1 ," 1 

../J .., Sugarcane 0.67 0.0 
Napieli- Grass 0 0 
Pangola '0.04 4.05 
Urea 270 0 
Wheat Middlings 2487 ' 5623 
Molasses 0 1370 

Period 2 0 
'\ 

Sugarcane 0.52 o / 
Pangola 0.04 4.05/ 
Urea 164 25/ 
Wheat Middlings 5092 3215 , 
Molasses 0 .. 0 , 

Period 3 ... 
Sugarcane 0.52 '0 

0.04 Pangola 4.05 
-'),,- Urea 164 , 25 'f:- 1 

Wheat Middlings 5092 3215 . 
Molasses 0 0 

~ 

cost/Meu 648 676 

. Land/MeU '0.18 0.41 

These differences a~e maintained at highe~ Meu ~ndi~ 

cating ~at ME unïer sorne conditions can be a very important 
C '" 

variable influencing the formulation of '~e ration and thereby 

the cost and land use, pattern per MeU. 

) 



1 

• 

: 

.&3 

. , 

88 

d • Comparison 4 and, 8 (Tables 4, 8) .~ 

,Problems 4 and 8 yield 'resùlts very similar to 3 and 

7 - ,1 , t"l'~: f - ~ -above - ~ntens~ve u 1 ~z~ 10n 0 sugarcane a ve 10 MCU, 
/ 

its use in all\3 peri9ds',more intensive overall land use 1 

? • 

and lower costs/MCU with increasing nu~bers of MCU • . 

è. SUI1UJlary 

r,lt is ~ppa\ent that ~ar'iat;:~dn' in the ME of suga-rcane 

,.by seàson is an. 'im~rtant ~act~n the çQmpounding of a 

1east-cost 'çompl~te ration.~' Under sorne condi tionS1 LOW ME 

suga~cane \~ utilized bu't not (Jas intensively as when ME is . 

HIGH in ail seasons. 
o 

HIGH ME s~~rcane results in lower 
. ' 

costs/MCU and rnor~ MCV/rle;tare. " Th~ results ind·icate that 
, 

the definitive determination of the 'energy value of who1e, . '-' \ ' . " 1 
mature'sugarcane throughout the whole ~e~r is a worthwh11e 

research ~oal. of 
# 

4. Effect of Variation in Voluntary Intakè of Sugarcan~ 
r • 

-, 

The 'appropriate compa~isons for the deeermination of 

, --- s! the effect of variation in VI arè: '1 and 2, 3 and 4, 5 and' 

6, ando7 and 8. , , 

a. Comparison 1 and 2 (Tables l, 2) 
, 

Comp~ison of problems land 2 reveals that variation 
\ ~ 

~ in VI has no effect on the optimal solutions to these:problems 
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in which ~u9arcane cast is HIGH, ME • • l..S HIGH and Pangola yield 

is ltIGH<. 

Sugarcane forms a part of the ration in the dry season 

only at '15-20 MCU. It is utilized in aIl three periods at 

30 MCU but at low levels in P
2 

and P
3

• This reinforces the 

no~ions of economy of scàle for sugarcane forage and sensi-

tivity to seasonal variat;ion, which are dis,~ssed in more, 

detail later. 

b. Comparison 3 and 4 (Ta~les 3" 4) 

Spgarcane bëcomes the'predominant part of the ration 

at; 5-~0· MCU and is utiliz'ed in, .. all three 'periods in both 
l 'f!.-l. ,,\ il ... ~ 

problems. , There are only min?r differences between 3 ;ànd 4. 

However, the level of sugarcane in the LOW VI p~oblem at aIl 

MCU levels is less thah that in the HIGH' VI probl~m, 'suggest-, 

ing tha~ the LOW VI restriction reduces the ~mount of sugar~ 

" cane selected. This supports an objective of the model which 

• .. was to simulate t1:le VI actué\:lYI: determined from ii'biological 

data. The use of the upper bound procedure ' 

... 

\ 

is effective for this pu~pose. It is impor~ant ta note that • . 
Pangola grass is of little importance above 5-10 MC·U. The 

s ~ , 

followlng table ill;ustliates th~se p6int:s at 30 MCU for HJGH 
/ 

and LOW VI when sugarcane costs and ME are HIGH and Pangola 

yield is HIGH., 

.. 
\' 
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Period 1 
Sugarcane 
Napier Grass 
Pango1a 

. 

UrEJa ,0 

Whea t Middlings 
Molasses 

period 2 
suga~cane 
Pangola 0 

~urea 
Whea t Middlings 
Molasses 

period 3 
Sugarcane 
Pangola 
Urea 
Wheat Middlings 

-' Molasses 

Cost/MCU 

Land/MCU 

\ 

c. Comparison S\d 

#3 ',. ' 

HIGH VI" 

, i 

2.01 
o 

"0.13 
810 

7460 
o 

1.56' 
0.13 
492 

15276 
16 

1.56 
0.13 

•. / 492 

o 

15276 
o 

620 

0.18 

6 (Tables S, 6) 

• 

.' 
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LOW VI 

1 

1.86 
o 

0.13 
'06 

10045 
/0, 

1.56 
0.13 

, '492 -
15276 

o 

1.56 
0.13 
492 

15276 
o 

620 

0.17 

The results of problems 5 and 6 are identical, indicat-
, 
" 

ing that variation in VI' is not a major constraint to s~gar-

cane'feedin~ when cçmbined witp high yielding Pangola pastures. 

At higher scales of operation sllgarcane becomeso increasingly 

important in the dry season • 

'-. 
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• 
d. Cqrnparison 7 an,d 8 0 (Trb1eS 7, 8) 

There are no differences between the resu1ts Qf prob-

lem 7 and 8 due 
r/ 

to 1he seasonal variation in sugarcane voiu~-

taiy intake.' j 

e.' Summary 

Variation in the Voluntary Intake a10ne of whole mature 
o 

choppeq sugarcane from' 1.9% to 1.65% i~ the dry season (Pl) 

(combined with 'vI i·s of 1. 4% in P
2 
~and P3 ) appears not tp be 

, 
1 1 1 ~ 

a major limiting facto~ in the selection of,sugarcane as an 
'. '( ) ,,, 

ingredient in a l~ast-cost complete dairy feed • .. 
\. , 

5. Bffect of Variation in the Production Cost of Sugarcane 

The qppropriate comparisons for1the determination of 
" 

the effects of,increasing the cost of sugarcane by 20% are: 

1 and 3, 2 and 4, 5 and 6, 6 and'7. 

,a. Comparison i and 3 (Tables l, 3) 

--'f 
problems 1 and 3 co~pare the effects of HIGH and LOW 

\ ' 

\../" 1 

sU~frcane costs with the following' factors hel~ c~nstant: 

aIGH sugarcane VI and ME! and HIGH Pango1a yield. The fo1low~ 

ing table for 30 MCu' i11ustrates the major effects of inflat-

ing the cost of sugarcane, confirming that the use of sugar­
\ -

cane\\ f~ed is very sensitive to its cost of production, l'or the 

opportunity cost, whichever may be'the case. .. 
_ A 
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," #1 . #3 
~ 

."HIGH 1 ''fLOW' 
0 SUÇ{ar'cane 90S ~ Sugarcane Cost 

Period 1 ", 
l,' 

Sugarcane 0.75 2.01 
Napier Grass 0 0 
Pango1a 6.41 0.13 
Urea 139 810 
Wheat Midd1ings 18754 74~0 
Molas.ses·; P b-

Period 2 .. 
Sugarcane <'!()'.27 1.56 
Pangola 6.~l 0.13 
Urea 0 492 
W'heat Midd1ings 18934 15,276 
Molasses 1512 0 "'. 

\" 

Period 3 @ 
~ugarcane· 0.27 1.56 

:! Pangola 6.41 0.13 
Urea 0 492 
Wheat Middl'\ings ).8934 15276 
Molasses 1512 0 

cost/Meu 676 \620 

Land/Meu 0.26 0.18 
1 

6 

Inflating the cost of sugarcane while ~~lding the cast 
. 

pf aIl other feedstuffs con~tant has the fo11owing effects: 

it increases the COST/MeU, and reduces the intensity of land 
1 

u~e by increasing the use of pasture and reducing the amount 

of sugarcane used. Furthermore, the HIGH(er} cost of sugar­

cane prevents
11 
its use for even dry season feeding until the 

1 

15-20 Meu scale of operation is reached, at which point ittis 

a supplement to Pango1a. 

C> , 

.: 

_ ,l_~_~ ____ __ 
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J 1 

• b. Comparison 2 and 4 (Tables 2, 4) 

The results of this cornparison are similar 
(0, 

of 

1 and ~ above. 

c. Comparison 5 and-7 (Tables 4,7) 

~ Again, the effects of RIGH cost of·sugarcane are 
, u 

marked, and indicate that the least-cost program is sensitive 
~ r 

to the cbst of production of sugarcane. 

q. Comparison 6 and 8 (Tables 6, 8) 

/ 

Increas'ing 'the cost of sugarcane has an effect similar 

ta that reported in the above three comparisons. 

e. Summary 

The cost of production of sugarcane, independent of 

its nutritional characteristics, is one of the most important 
, , 

factors influencing its use in 1east-cost rations. 

6. Effect of Varia;J:ion in Yield of Pango1a Pasture 

The appropriate c~mparisons for the determination of 
,'\ - 1 

the eff~cts of variation in the yie1d of Pangola are: 1 and 9, 

2 and 10, 5 a,nd Il, and 6 and 12 .. 

a. Comparison 1 and 9 (Tables l, 9) 

1 

Problems 1 and 9 compare the_ effect of RIGH and LOW 

Pango1a yie~d on the optimal ration whi1e the fol1owing'are 

l , 
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he1d constant: HIGH sugarcane cost, VI and ME. The rnarked 

difference "between these two problerns is' illustrated in the' 

table be10w for 30 MCU. 

Period 1 
Sugarcane 
Napier Gras,s 
Pango1a 

1 
Ure a -t-----
Wheat,Middlings 
Molasses 

Period 2 
Sugarcane 
Pangola 
Urea 
Wheat Midd1ings 
Molasses 

Period 3 
Sugarcane 
pangola 
Ure«;l 
Wheat Middlings 
Molasses 

Cost/MCU 

Land/MCU " 

J 
#1 

'HIGH' Pangola 
Yield in Dry Season 

0.75 
0 

6.41 
139 

18754 . 
0 

0.27 
6.41 

0 
18934 J 

1512 

0.27 
6.41 

0 
18934 
15l~ 

676 

0.26 

#9 

'LOW pango la 
Yield in Dry Season 

1 .. 58 
0 

0.13 
,499 

15201 
0 

1.5~ 
0.13 
492 

152-76 
0 

1.56 
0.13 
492 

15276 
0 

690 

0.16 

LOW yielding Pangola pasture is conducive to the in-

clusion o.f a large arnoqpt of sugarcane in the· ration even at 

the inf1ated cost of sugarcane. At 1-5 MCU, sugarcane entera 

t~e ration and in aIl three periods to al~ost the comple~e 
J 

C\ 
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exclus'ion 0 Pangola./ 

b. Comparison 2 all,d 10 (Tables 2, 10) 

The major differences between prob1ems 2 and 10 are 

d~e to variation in p,ango1a yield in the dry season (Pl) 

only. Moreover, they are identical to those founè above 

c~nfirming the importance of Pango1a yield and the dry season 

as correlated factors that have a great influence on ration 

. 
formulation and land use. 

c. Comparison 5 and Il (Tables 5, Il) 

~e differences between 5 and Il are similar to those 
, ' 

\ 

reported above for 1 and 9, and 2 and 10 and confirm the \ 

importance of determining expected Pangola yield in the dry 

season1in formu1ating feeding systems. 

\ 

d. Comparison 6 and 12 (Tables 6, 12) 

The differences between 6 and 12 are similar to those 

reported above and again confirm the effect of the dry season 

on Pangola yield and their subsequent ~ffect on ratipn formu­

lation. 

e. Summary , 

The analyses of1this section strong1y suggest thàt,the 

yield of Pangola grassjis a very critical factor in the form­

ul~n of optimal complete rations. If the yield of Pangola 

\ 0 

/ 
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pasture is eonsistently HIGH, sugareane feeding may be advan­

" 
tageous but onl~ with large numbers of cows. On the other ~~ 

hand, if the probability of a LOW Pan~la yield is high, it 1 

- is advantageous to utilize sugarcane. intensively~ / 

7. The Eff~e~f a Shadow Priee for Land 

,f 
, The appropriate comparisons to deterrnine the effect 

.4-
~of increasing the cost of land to a level which better repre: 

sents its eeonomie value are: 6 and 13, 'and 1,11 arid ~ 

a. comparison 6 and 13 (Table!?_ 6, 13) 

The major difference between these problems ia total 

cost, this is not unexpected bec~use of the increased cost 

1 

,of land ($12/acre compared to $80/aere). However, at the 

higher land cost, sugarcane becomes a part of the feed plan 

at 10-15 MCU, whereas at the normal land cost it entera at 
. 

, 15-20 MCU. 
1 

These are seen in the table below at the 15 MCU 
1 

level. 

At 20, 25 and 30 Meu the two rations are ident1cal 

indicating that fhe effeet of the Shadow Priee on th~ sq~u-

J • 

tions is minorJ representing only a lowering of th~ thresho~d 
, 

at ~hieh the inherent advantages of sugareane outweigh its . 

disadvantages. 
,. 

\ 

\ 

/ 
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~, /, #13 #6 

HIGH LOW 
Land Cost Land Cost 

:J 
(Shadow Priee) 

Period 1 ~ 
'f' 

Sugarcane 0.29 .- 0 
Napier Grass 

" 
0 0 

Pa':pgola fi ~ \ 3.86 6.07 
Urea 32 () / 

Whea t Middlings 974!i 8435 / .. / Molasses . 0 2055 

Period 2 
Sugarcane Q 0 
Pangola 3.8~ 6.07 
Ure a '. o ~ ,37 , 
Wheat MiddliÎlgs 8445 4823 ,. 
Molasses 2048 . ,0 , 

" Period -3 
/0 Sugarcane - 0 

Pangola 3.86 6.07 , 
Urea 0 37 
Wheat Middlings 8445 / 4823 
Molasses 2048 , "- 0 

cost/MCU 735 676 

Land/MeU 0.28 0.41 
\ .... 

b. Comparison 12 and 14 (Tables 12, 14) ~ 

These problems resu1t in solutions different in detail 

from prob1ems 6 and 12 above. 
/ 

However, the pattern of sugar-

;' 

cane being a part of the ration at a low number of cows is 
/ -

• / 

present. The 'LOW' yield oj-Pangola, which was identified 
/ / 

1 

) 
;' 
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ear1ier as a critica1 factor in the ration formulation pro-

cess, again demonstrates that unless pasture yield in the 
1 

dry season is substantial, sugarcane feeding is preferable 

" at that time. The differences at 5 MCU are i11ustrated in 

the table below. 

period 1 
Sugarcane 
Napier Grass 
Pangola 
Urea . 

,-

Wheat Midd1ings 
Molasses "-

./ 

Period 2 
Sugarcane 
Pango1a 
Urea . , 
W}:leat Middl,ings ~. 

Molasses 

Period 3 
Sugarcane 
Pango1a 1 
Urea 
Wheat Midd1ings 
Molasses 

'Cost/MÇU 

Land/Mau 

... 

#14 

HIGH ~ 
!:.and co, 

0.17 
o 

1.29 
42 1 

2939 
o 

o 
1. 29 

o 
2815 
683 

0 
1. 29 

0 
2815 
683 

8itS 

0.29 

1 

~~ . .' 

#12 

LOW ... 
Land Cost 

o 
0.73 1 
1.29 

o 
2812 

685 

o 
1.29 

o 
2815 

683 

0 
1.29 

0 
2815 

.> 

683 

761 

0.40 

,. 

, , 
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c. summary 

The use of a shadow price for land in ,Trinidad to 

better estimate the economic value of land has the effect of 

increasing the utilization @f sugarcane feed at the lower 
o 

end of the farrn-size scale. As the cost of land increases . 
for whatever reason, .the attractiveness of sugarcane feed 

nincreases. This is not unexpected b~C?tuse of the high carry­
, ~1\1 

ing capa city of an acre oi sugarcane forage. 

8. The Effect~of Sca1e 

.", 1 
Perusal of the 16 prob1ems that constitute the sel1si-

" 
tivity analysis' indicates that the size of operation (number 

of cows and heifers) has an impOrtant effec~on the feed 

plan. The fol1owing is just one example of many that could 

be made from the resu1ts of this economy of scale effect. 

a. Comparison 13 and 14 (Tables 13, 14) 

Under conditions of HIGH Pangola pasture yield in the 

dry season, sugarcane is not uti1\zed in_ the formulation of 

~he opti.mal ration unti1 the number of cows reaches 10-15, 

-
whereas, if Pango1a yie1d is LOW in the dry season, sugar-

• 
cane is used at 1-5 cows. 

At 30 MCU, 1.16'and 0.75 hectares of sugarca~e are 

., uti1ized in-the dry season for the HIGH and LOW yielding 

.' 

,} 

. ' 
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pangola pastures, respectivel~., These represent about 6.2 kg 

and 4.0 kg ofosugarcane dry matter per MCU per day of the dry 

season, which are substantial portions of the total dr~ mat-

ter consumed per Meu per day. 

The following table illustrates the interaction of 

season and scale when sugaicane cost is HIGH, its ME and VI . 
') 

LOW, and using the shadow pri~e for land. 

No. of MCU 

1 

5 

--~ 10 
-, 

b. Summary 
,/ 

\ 

15 

20 

25 

30 

#13 , 
HIGH 

PangoJ:a Yield 
Hectares of 

0 

0 

0 

0.29' 

0.38 

0.48 

0.75 

1 #14 

LOW 
Pangola Yie1d 

Sugarcane 4in Pl 

0 

0.17 

0.34 

0.51 

'\ 
0.67 

'Q.,.84 

1.16 

The feeding of sugarcane under a variety of conditions 

is not advantageous at aIl farm sizes. A specifie minimum 
\ 

number of cows is required to offset the fixed costs of cut-

1 ting, transporting and chopping sugarcane. It is apparent 
, -tr " 

:4 

, , 
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that the scale of operation is an important factor in the 

fo,pnulation of 'optimal rations using s,}1garcane. 

9. The Effect of Season 

The variation in yield of Pang9la by season, primar­

ily due to mdisture stress, is.of great signi/iCa~ce in the 

formulation of optimal rations. 
1 

Depending upon the degree 
1 

• 

of decline in yield from the wet-season, either concen~rates 

and Napier grass, or concentrates and sugarcane, are utilized 
, . ~ 

.,;p. , .. 

to supplement Pangola pasture. This is confirmëd bYothe 

many problems presented in the Appendix Tables 1 to 16 in-

clusive. 

The Figure below illustrates the effect of scale of 

opera~~~n and severi~~ of season (fluctuating Pangola yield) 

on sugarcane ~n9 land use for conditions which conservatively 

represent sugarcane, i.e., HIGH Cost, LOW ME and VI (Fig. IV-l). 

10. Comparison of Net Income 

~ 

Firstly, e,s't:.imated ~et Incomes were calculated for 

problems #16, #15, #12, _~ an~#6, at the sca1e of operation 

- corresponding to the land limitation. It is assumed that suf-

. ficient family labor is available for these'hypoth~sized 

far.ms to be satisfactorily implemented. These selec~ed com-

parisons are summarized in the following table. It is 

/ 
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-Figure IV-l 

- r 

Effect of scale and season 
on sugarcane use 
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"apparent that sugarcane, when incorporated into the least-
, ~ 

co.~t complete rp.tion, a110ws for a rnuch higher stocking rate 
, 

and an even greater Net Incorne per farm. The'margin p~r cow 

~. is only slight1y more favorable. Prob1ems 14, 13, Il, 10, 9, 

.-1 

.- ,,-

7, 5, 4, 3, 2 and 1 are also tabu1ated in Table 2. However, 
. \ 

they represent sugarcane in rnost cases more favorably than 

#12, #8 and #6', and are therefore 1ikely ta resu1t in an 

"-
even 1arger positive·margin ~han 12, 8 and 6. 

o OC 

Two of the most important of many comparisons that 

can be made ta determine the effect of sugarcane on dàiry 
-? 

production are: 15-12 and 16-6. Both 15 and 16 represent 

• control' situations wherein sugarcane was excluded from 
.. 

consideration, \~s su~Q. they represent the existing produc-

tion system with the uncertainty of pangola yie1d in the 

dry season. Both 12 and 6 charterize sugarcane conserva­
/' 

tive1y. The fo11owing table out1ines the percentage changes 
1 

of these c9mparisons. 

12 compared to 15 6 compar'ed to 16 

Net Return/MCU 11% increase ' 4% increase 

Net R'eturn/Farm 76% increase 65% increase 

Net Return/ha 76% increase 65% increase , 
b 

No. of .oMCU/Farrn 58% increase 58% increase 
\ 

i 
, l.. 

" 

o 
1 
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Table !V-1 ~. 

I~ 

\- "" 
Net Income (Return) to Labor'and Management' • \ 

"-

J 

... Probl'em 
15 16 6 8 12 .. 

A. Characteristics 
• 0 

0 . _ 1) ,Sugarcane 

Ji '" 1) ME NA NA Low Low --
2) ~I NA NA Low Low 
3) Cost "- NA NA High Low High 

2) Pango1a Yield Low High High High Lo"{ 
3) No.of MCU at 19 ~9 30 30 30'., 

land limit 
------4) Land Rental Low Low Low Low Low 

Cost 
B. Revenues 

Milk ~ 34200 34200 54000 54000 '54000 
Bull Calv 570 570; 900 900 900 '\ 
cul"1. Cows '3762 3~62 5940 5940 5940 

Sub-Total $ '38532 38532 60840 60840 60840 0 

c. Variable Costs -
Ferti1izer 3405 4493 4064 3438 3859 
Lime 94 94, 93 91 93 
Crop Chemicals 0 0 204 496 313 ~ 

Catt1e Chemicals 380 j80 ,600 . 600 60(} 
Drug & Vet Services 570 570 900 900 ,900 
Supplements 6140 3942 9359 7656 921'0 
Milk Replacer & 353 353 558 

~ 

558 558 
Calf Starter 

/ Breeding ~ 76 76 , 120 120 120 
1 

Milk Collection 240 240 240 240 240 0 

~ 
UtilH:.ies 570 ·570 900 900 '900 
Chopper V.C. '0 O. 26 63 39' .. 

". Interest 414 368 597 524 589 
Sub-Total $ 12242 10~96 176p1 . 15486 17421 

'.h~ 
D. Fixed Costs , 

Land 251 251 251 251 251 
Fences 128'0 1577 1435 1288 1363, 
Chopper 0 0 444 444 444 
Calf Pens 356 356 356 356 356 . " Mi1k Barn 490 490 490 490 490 _l, 

(1, Zero Shed 0 0 475 475 475 
Milk Machine 508 508 508 508 508 

. (1) i Bul10ck eSt Wagon 
~ 

0 0 ~B2 182 182 

.t Tools & Sundries 29 29 29 29 29~ 

(cont·d) , 
1 

J 
" 

~ 

Q " 
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~able IV-l (continued) 
\ 

lA; 0 

·T • !. Problem 1. 

"- 15 16 6" 8 12 
Perennial Crops 1572 1572 1604 1644 1630 
Cattle 3392" 3392 5355 5355 5355 

Sub-Total $ 7879 8176 11130 10963 110'83 

E. Net Rèturn/MCU 0 969 . 1025 1068 1146 1078 
Net Return/FarPl 18411 19460 32049 34391 

Cl 
32336 

Net 'Return/ha , 2273 2403 3957 0 4246 3992 

"- , 

\ 

Sugarcane utilization will increase Net Return in aIl 

thesè parameters but most significantly on a per farm basis • 

\ 
The positive effect on income in the situation of a severe 

\ 

, dry season (LOW Pangola yield) is slightly greater than whèn 
\\ 

-

the d~y season is milder. Th~siis mainly due to the irtcreased 

carrying capacity of the farms. 'These results'are not unex-

pected, and if the bio1ogical performance coefficients used 

in even the conserVative situation~ are proven to be êorrect, 
" 

, 
there seems little doubt about the usefulness of'sugarcane 

, feed at Wallerfield and under similar<conditions e1sewhere. 

Il. Forage and Ration Dry Matter 

Lastly, and as a test of the ability of the model to 

formulate rations that are likely to be consumed by cattle, 
/' 

the f61lowing tabJ&~" 3 and 1 d~scribe two important parameters 

of the formulated rations, and indicate that they are within , 

acceptable limits. 

(){ 
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~ Table IV-2 
"t 

Net Incom~ (Return) 
... 

Problem 
14 13 Il 10 19 7 5 - 4 3 2 1 

A. 'Charaeteristies -.. 

1) Sugarcane 
HIGH LOW . Ir GH 1) ME LOW.et LOW LOW HIGH HIGH HIGH BIGH HIGH 

2) VI HIGH HIGH/ LOW 
-

LOW LOW HIGH ",LOW HIGH HIGH LOW HIGH 
3) Cost HIGH HIGH HIGH HI..GH HIGH 1 LOW HIGH LOW LOW \ HIGH HIGH 

2) Pangola Yield LOW HIGH LOW LOW LOW HIGH HIGH HIGH HIGH HIGH HIGH 
/ - 3) No.of Meu at 30 30 30 ' 30+ 30+ 30+ 30 30+ 3p+ 30 30 

,Land "Limit 
4) Land RentaI Sh~dow Shadow LOW LOW LOW LOW LOW LOW LOW LOW LOW----

Cost Priee Priee 

B. Net Retur~/MCU 1064 1144 1064 1233 1147 1147 11064 1269 1224 1077 1077 
1 ::. 

Net Return/Farm 31919 34329 31919 3698~ 36982 34418 31919 38028 36733 32321 32321 

Net Return/ha 3941 4238 3941 4566 4565 4249 ~3941 4701 4535 3990 3990. 
,;> 

0 

c ' / 

1 

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

.... t !or 

................. ________________ ~~ ____ ~t. ____ _ 

~ 

1-' 
o 
0\ 
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.Table IV-3 

Forage é!-s a Per Cent of Total' Ration 
Dry Matterl 

Q 

, . 
{ 

problern #6 
~ 

1 Meu, 60% J 83% 
5, Meu 60 83 

10 Meu 60 83 
, 15 Meu 60 83 

20 Meu 60 60 ' 
25 Meu ~61 ' __ ' 61 
30 Meu "- 62 59 
Mean 60.4 73.1 

problem #12 
1 Meu 60 60 
5 Meu 60 60 

10 'Meu 63 60 
15 Meu 63 60 
20 Meu 63 60 
25 MCU 63 60 
30 MCU 64 59 
Mean 62.3 59.9 

J ."" 

1 
<'Porage DM x 100 

Total (Ration) DM 
. 

, < 

o 

107 

83% 
e3 

;< 

83 
83 
60 
6,1 , 

0 59 
" 73.1 

~ 

60 
60 
60 

' 60 
60 
60 
59 
60.0 

! \ 'r 

1 

\ 

r 
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Table IV-4 

Ration Dry Matter as a Per Cent of 
Maximum Dry Matter Intake2 

problem #6 
1 Meu 84% '94% 
5 14CU 84 94 

10'MCU 84 94 
15 MCV 84 94 
20 MCU 81 84tJ< 
25 MCU 82 82 
30 MCU .ê.L.. ~ 80 
Mean 82.7 88 •. 9 

problem #12 
1 MCU 84 84 
5 MCU 84 ,1 

1 84 
10 Meu 79 84 
15 Meu 79 84 
20 MCU 79 84 
25'MC'Cl -79 84 
30 MCU 78 84 
Mean 80.3 84.0 

2 Ration D~ x 100 
Maximum DM Li~it Cl 

1 

\ 
" 

l, 
" 

'108 
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1 

~4% 
94 
94" 
94 
84 , 
82 
80 
88.9 

84 
84 
84 
84 
84 
84 \ 

~ 
84.0 

... 
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CaAPTER V 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

1. s,\umma ry 

a. Procedure 

Th.e teçhnica~ coeff:j.cients and coots of t~ ';;nven­

tional tropical grasses (pangola and Napier~ haveJbeen com-

pared to those for mature, whole plant, chopped sugarcane 

as cattlefeed. A multi-period, .least-cost' linear program-

ming ,model was developed and u'sed to' forrnulate complete 
\ , 

rations for dairy cows and replacement heifers at fixed 
, ,0 

levels of' animal 'erfonnance. This model calculated the 

op\imal combinat~ of forages and concentrates for farms 

under eight hectares, based upon their variable and fixed 

costs, increasing sizes of the herd and at NRC nutrient re-

quirements. 

The changing availability (and quality) of feeds~uffs 

by season was a major feature of the model. A sensitivity 

'analysis was conducted to determine· the effect of variation 

~ 

in the costs and coefficients due to the existing uncertainty 

'-, . . of certa~n parameters. The ration formulations were used as 
L 

\' '\ 

-

the basis 'to calculate, Net Returns for many feeding prograrns 

in an effort to determine the plan Cs) which rnakirnized incarne • 
109 l ',-
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b. Results , 1 

From the ration formulation and net income analyses, 

wing results were obtained: 

r conditions where'the effect of the dry season 

wa~ large (low yield of, pasture), Napier grass was used 

as a substitute for pastur~.' It was determined that 30% 

of the total acreage of cropped land was used for Napier 

\ grass with the balance as pangola pasture (in the dry 

season only). This least cost ration formulation will 

support one milk cow unit per acre.with protein supple-

mentation as required by NRC standards (problem 15). 

- Because of fixed costs associated with any sugarcane 

feeding system, a threshold level (number of cows).must­

be r~aèhed before suga,rcane enters 'a cost· effective 

ration. This threshold level varied frpm five to ten 
1 

cows depending mainly upon the yj~ld of Pangola pasture 
,~ . ~ 

• "- in t;.he dry season. 
.. 

- Under severe dry season conditions (problem 14), sugar-

cane readily substituted for Napier grass at the thre~-

hold level of five to ten cows. At a scale of operation 

below this t~r~shold level, . Napier g~ass substi;~ted 
for sugarcane in Ieast-cost rations (problem 12). 

- The~cost of production of sugarc~ne feed (or its oPPO;-
, 

tunity cost where a sugar-production market~exists) 
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deter.mine6 the composition of least-cost rations inde-

pendent of other factors . \ 

~ha(2'èteristics of - Variation in the energy and intake 

sugarcane feed under sorne least-cost ration conditions 

affected the composition of least-cost rations 

- The use of sugarcane in least-cost rations greatly in-

creasea net income per farm and per hectare (by up to 

o 

76%) but only slightly increased net return per cow. 

The use of sugarcane greatly ,tncr~aseathe. carrying 
-- -----

capacity of fixed-size farms. 

2. Conclusions 

a. Major Conclusions 

On the basis of the analyses and noting the many 

\ ' 
assumptions and uncertainties ,indicated in the text, the-fol-

\ 

lowing major conclusions can be drawn: 
, , 

The cost of production (or opportunity cost if appropri­
\ 

ate) of sugarcane is critically important in tneodeter-

mination of how much, if any, sugarcane should be used 

as cattle"feed in least-cost rations. o 

, 

The yield and particularly the fluc'tuation in pasture 

yield due to seasonal changes in rainfall, determine the 

usefulness of sugarcane in general and in least-cost 

rations, as the grazing of pasture grasses is a lower 

\ 
\ 
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cost means of feeding cattle eompared to zero-grazing 

sugareane. 

- "The seale of operation, ie number of cows and heifers • 

per far.m unit must be determined before sugareane 
. 

should be utilized in least-cost rations because of ~he 

fixed costs associated with the feeding of evenothe 

small'est amount of sugarcane. Units with a smaii ntlmber 
, 

of cattle may not"warrant these fixed expenditures. ' 

This 'threshold' level varies markedly from situation 

to situation. ( 

The utilization of sugarcane as cattle feed, (when prop-

erly supplemented, offers the opportunity to greatly 

increase the carrying capacity of a given unit of land. 
c 

In situations where arable land is a lirniting resource f 

sugarcan~ feed should be particu1ari-y" con'sidereq. 
, 0 

;- Under' a wide rançre of condi tioryg sugarcane feeding re­

sults in slightly increased net return per cow, and 
r 

markedly increas ed net returns per farm and per hectare. 
"-

The improvement in net return hy,the use of sugarcane 
, 

compared to the ~xisting system may be independent of 

the use of 1east~cost rations, ie using sugarcane feed 

""' -
in non-least-cost rations 1:!:tISO ~esult: in increased 

" 
net return/farm, compared ta the êxisting production 0 

system. 1 
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b. ~inor Conclusions 

In addition the following minor conqlusions can be 

drawn: 

- The uncertainty due to lack of info~mation concerning 

the energ~ value and voluntary intake of sugarcane. feed 

are ~mportant limiting faètors to accurate economic 

analyses. 1 
\ ., 

- The rentaI v~~ue or cost of owning land will influence 
, \ 

the choice of\a feeding system and should be considered 

in planning a dairy operation. 

, ' 

3. Recommendations 

a. General 

Most of the situations investigated in the analysis 

indicate that sugarcane feeding in the dry season is economi-

cally viable. However, there is consi~erabl~ uncertainty 
. 

surrounding several important factors that require further 

investigation: 

- The technical coefficients used in the analyse~ must be 

confirmed and expanded (eg under a variety of conditions, 
oJ,,..;.,,. 

as sulh biological research should be undertaken to' 

definitively characterize aIl aspects of sugarcane 

feeding • 

- Biological research should be undertaken~wherever 
o. 
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sugarcane is a potentia1 feed, to deterrnine the qua1ity 

and quantity of pastu~el grasses that wou1d be availab1e 

in both wet and dry seasons'. 

-
,b. Wa11erfield 

In regard to Wal1erfield mi1k producers specifically, • 
the data suggest that sugarcane feed be used in the dry season 

~ 

at a scale of operation of 15-20 cows or more p~r eight-hectare 

unit on a least-cost ration basis. 

\ 

, 1 

v ' 
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APPENDIX t Figure 2 /' 
Average Rainfa11 by Month for Years 1954-55 

to 1975-76 inclusive at st. Auguatine, Tri~dad 
(Mean and 95% Confidence Limits) 

~ 

c-

...... .,.,~ "....,.--.-.. , 
" " , " 

1 

~-

,," " , " ,," , 
/ ~

" ~--------" ... " ~- , 
l ,.............." ,~ --

,." 
,,~ 

,.' 
~II' 

1 
1 

/ 
1 

/ 
/ 

1 

1 
1 

1 

Il 

1 
/ 

.... ~" --- -" 
1 

" 
--.;~ 

q 
,. 

Jan Feb Mar Apr May June Ju1~ Aug Sep.t Oct Nov 

Source: Record~d at UWI Fie~~tionl Trinidad. 

e, 

Dec 

lr 

..... 
'" ~ 

-/:J 

r, 
y, 



'" 
-----

----
" 

1 1 
1 ; 

1 0 

APPENDIX l TABLE 1 ,; 

~ ~ 

f Il PRODUCTION AND TRADE IN LIVESTOCK PRODUCTS AND 
UREA AND MOLASSES - TRINIDAD AND TOBAGO 

a~ 

BEEF/VEAL ~TTON - MILKIMILK PRODUCTS UREA 
~ 

YEAR' Pro-- Pro- Pro-Pro-
/! • 

duction Irnpprts duct"ion Irnports duction Irnports duct~on Exports 
--------------'000 Ib------------- '000 gal 'OOO$TT -----Stons------

1971 3506 '..- 6,235 5,1 l, 28-6 1838.8 19,894.9 62,169 61,726 
-,-

1972 3244 7,450 106 1,537 2266.3 24,853.8-- 72,940 73,526 

1973 3444 5,849 107 1,050 ;1.591.6 25,999.1 8'2,702 78,373 

1974 3236 - 4,949 118 1,466 1601.3 36,200.0 78,978 81,929 

1975 2707 10,119 117 1,423 1702.9 40,118.9 71,100 68,172 

-----
1976 2858, . 13,569 172 1,844 1390.1 35,-034.8 74,254 74,240 

-- --~--- -- --- ~ -~-- -

_curee: QER, 1976, Tables 22 and 23. 

QAR, 1976, Tables 26 and 52. 

\ .~ 

, 

MOLASSES 
Pro- -, 

duction Exports 
'000 lb 'OOO$TT 

' 159,686 ' 2,878 

124,120 2,241 
/ 

120,830 5,871 

74,254 5,423 

56,043 2,288 
, -

123,471 7,892 

r 

Il 

.' 

C 

..... 
1'.) 
V1 
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APPENDIX l TABLE 2 

'~, CLlMATE OP TRINIDAD AND TOBAGO 
/ 

(5 Year Average) 
1972 - 1976 

"-, 

Air Open Pan 
Month Temp op Soil Temp op Rel. Humidit y % Evapor~tion 

Max Min at 1 Foot 9:00 a.m. Min in Inches 

January 85 68 77.2 73 64 3.97 

"February 86 67 77.8 75 \ 62 4.32 

March 86 68 79.4 73 62 5.33 

April 87 
, 

69 81.1 71 62 5.59 

May 88 TO 82.5 69 63 6.24 

June 87 72 81.3 75 67 5.08 

July 87 71 - 80.6 77 > 66 4.73 

" August 87 71 80.5 78 68 4.23 

September 88 70 ' 81.0 78 67 4.20 

October 88 71 80~8 79 69 4 .. 11 

Nov embe r 87 71 79.5 80 \68 3.71 

Decernber 86 69 77.6 79 68 3.54 

Sou'rce: Unpublished data of UWI, recorded at UWI Field 
Station, Trinidad. 

, , 
\ 

/ 

/ 
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APPENDIX I. TAB~ 3A 

Daily Nutrie~~ Requirements for a 450 kg Milking Cow 
Yielding 9.4 kg of Milk (3.5% Fat) 

" Nutrient , 
Name ,Type of For For Total 

Reguirement Maintenance Production Sum Plus 

~ 
~ 

ME ~ 12.3 10 •. 0 22.3 24.5 

127 

10% 

DP 2:- 0.275 0.451 0.726 0.799 

DMI ~ 13.5 13.5 13.5 

~ ~ 1/ 
APPENDIX l TABLE 3B 

l, 

Daily Nutriept Requirements of"3 Categories of Heifers 

Name 

alf -
100 kg 

Yearling -
200 kg 

Replacement -
300 kg "-.. 

of MCU at 0'.25 ADG 

Nutrient 
Name Type of Total 

Require- Require-
ment ment 

ME > 6.3 
DP ~ 0.230 
DMI ~ 2.9 

ME > 9.5 -DI! 1 
.~ 0.276 

DMI ~ 4.6 

ME ~ 12.8 
DP 2: 0.322 
DMI ~ 6.2 

Total 
No. of Require­

ment Plus 
C 

0.3 1.9 2.09 
0.069 0.076 
0.87 

0.3 2.85 "- 3.14 
0.083 0.Oi1 
1.38 

0.2 2.56 2.82 
0.064 0.070 
1.24 
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APPENDIX l TABLE 4A 

Establishment Costs of Sugarcane per Acre 

Fertilizer 

Lime 

Brushcutting 

unit/Cost ($) 

5 cwt a t 23. 3 0 

2 tons 'at 4.90 

25. 00 per acre 
.-----1 

Total Dep.l 
Cost 

116.50 4 yrs 

9.80 4 yrs 

25.00 4 yrs 

Bankingjploughing 45.00 per acre 45.00 4 yrs 

Rotovating 

Transport 

Planting labour 
(hired) 

Fertilizing 
labour (hired) 

Liming2 labour 
(hired) 

Sub-total 

/ 
~)25. 00 per acre 25 .-90 ~ 4 yrs 

20.00 per load 20.00 4 yrs 

84.00' per acre- 84.00 4, yrs 

2',times at 3. 80/acre 7.60 4 yrs 

Once at 9.50jacre 9.50 4 yrs 

342.40 

7 per cent interest on half of 342.40 

Total Establishment Costs 

128 

Cost 
per 

Period 
29.13 

2.45 

6.25 

11. 25 

6.25 

5.00 

21. 00 

1.90 

_ 2.38 

85.61 

ll.i98 

97.59 

\ IDepreciation - ~traight-line method used throughout these 
analyses. 

2Liming - refers to the application of lime • 

1 
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APPENDIX l TABLE 4B "'" 

Fixed Costs of Sugarcane* 

Chopper 

5 H. P. Gaso1ine Motor ~ 

Wagon 

Bullock (Buffalo) 
"'-

\ 

Sub-Total 

Interest of ha~f of 3,500 

Total Fixed Cost 

Total Cost 

$ 1',500 

900 

500 

600 

3,500 

at 7 per cent 

" \ 

Dep. in< Annual Cost 
Years 

10* 150.00. 

15 60.00 

15 33.33 

12 50.00 

293.33 

122.50' 

415.83 

*Assumes daily use throughout the year, otherwise d~pracia­
tian (Dep.) would be over a l?ropo'rtionally longer period 
e.g., if chopper is used only \4 months of the year it may 
be expected to bè depreciated over a period considerably 
longer than 10 years • 
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APPENDIX l TABLE 5 

operating Costs of Sugarcane per acre 

Item Unit/Cost 
($ ) 

Ferti1izer 5 cwt/at 23.30 
(15':'10-5) 

Lime 1 ton at 4.90 

Land Rent 

Fertilizing 
Labc)Ur 

Liming Labour 

Chemica1s 

12.00 per acre/year 

once at 3.80/acre 

"-. 
Once at 9.50;acre 

64.00/acre 

" 

Moulding & Manual 8 man-days/19. 00 
Weed Control 

Pest Control 
Labour 

Weeding Labour 
( chemica1.) 

Cane cutting a 

Cane Hau1ing to 
Chopper '9, 

Chopping 1abou r 

chopper M/R 

Chopper operat-: 
ing cost 

4 man-days/19. 00 

2 man-days/19.00 

5.2 man-days/19.00 

3.4 man-days/19.00 

4.1 man-days/19.00 

Sub-total 

\ Season of 
Cutting and Feeding 

Pl-Dry P2-Wet P3 -Wèt 

116.50 116.50 116.50 

4.90 4.90 4.90 

12.00 12. 00 12.00 
~ 

3.80 3.8b 3.80 

9.50 9.50 9.50 

64.00 64. 00 64.00' 

152.00 152.00 152.00 

76.00 76.00 76.00 

38.00 38.00 38.00 ...,---

98.80 123.502 123.502 

64.60 80.75 2 80.75 2 

77.90 77.,90 77.90 

5.00 5. 00 5. 00 

8.10 8.10 8.10 

731.11 771.95 771.95 

7 per cent interest à~ half of oper- 25.59 27.02 27.02 
ating capital 

Total operating costs per acre by 756.70 798.97 79,8.97 
season 

1Refers to cu1tivation and processing'of 1 acre of sugarcape 
for feeding in Period 1 (January-April inclusive). 

2Assume 25 per cent increase in labour cost for P2. and P3 
,cutting/processing (P2-May-August inclusive, P3-Septernber-, 

December inclusive) • 

.. 
\ 

1 
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APPENDIX l TABLE 6 

Establishment and Operating Costs of 
Pangola Pasture Per Acre 

Unit/Cost 
$ 

A. Establishment Costs 
Fertilizer 5 cwt at 

, Il 

Lime 

Fencing 
Brushcutting 
Rotovating 
Transport 

Planting 
labour 

- 23.3'0 
2 tons at 
4.90 
269.00/acre 
25.00/acre 
30. ~O/acre 
l load at .. 
20.00 
84.00/acre 

Fertilizing twice at 
, labour 3. 80/acre 

, Liming labour once at 
9'.50/acre 

Sub-total 
7 per cent inter~st on , 
half of 57 f. 40 

Total. Estaplishment Costs/ 
acre (102. 87(acre/year) 

B. Operating Costs" (Annua1) 
Ferti1izer 10 cwt. at 

(15-10-5) 23.30 

Total 
Dep. in 
Years 

116.50 5 yrs 

9.80 5, yrs 

269.00 12 yrs 
25.00 
~ O. otJ 
20.00 

5 yrs 
5 yrs 
5 yrs 

84.00 5 yrs 

7.77* 7.77 7.77 

0.65 0.65 0.65 

7.47 7.47 
1. 66 1.66 
2.00 2.00, 
1. 33 ,,;!..33 

7.47 
1.66 
2.00 
1.33 

5.60 5.60 5.60 

7.60 5 yrs 0.51 0.51 0.51 

9.50 5 yrs 0.63 0.63 0.63 

571.40 
20.00 

( 
233.00 

27.62 27.62 27.62 
6.67 6.67 6.67 

34.29 34.29 34.29 

77.67 77.67 77.67 

Lime 1 ton at 4.90 4.90 . 1.63 1.63 1.63 
Brushcutting twice at 50.00 

Land Rent 
M.R Fences 
Ferti1izing 

laboUr 

25.00/açre 
12. DO/acre 
5%facre 
3 times at 
3.80/acre 

Liming labour once at 
9.50/acre 

Péilsture 
Management 

Suh-tota1 

1 man-day 

7 per cent interest on 
ha1f of 353.25 o 

. 
12.00 
13.45 
11.40 

9.50 . 

19.00 

353.25 
12.36 '" 

Total Operatinq Cost/acre/year 
*$116.50 t 5 years = 23.30 t,3 periods 

,p 

, 
16.67 16~67 ~6.67 

4.00 4.00 4.00 
4.48 4.48 4.48 
3.80 3.80 3.80 

3.17 3.17 3.17 

6.33 6.33 6.'33 

117.75117. 75il7. 75 
4.12 4.12 4.12 

121.87 121.87121,87 
= $7.177/period 
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APPENDIX l TABLE 7 

Establishment and Operating Costs of 
Napier Grass 

1} 

Unit/Cost ($) Total 
Dep.ln 

A. Establishment Co'sts 
Ferti1izer 5 cwt ab 23.'30 

(15-10-5 ) 
Lime 2 ;):ons at 4'.90 "'-
Brushcutting 25.00/acre "', 

Banking/ 45. Op/acre 
Ploughing 

30. o O/a,c re Rotovating , ~ 

Transport 1 load at 20.00 
Planting labour 84.00/acre -
Fertilizing t~ice at 3. aO/ac:t;:e 
labour \, 

Liming labour oncè at 9.50/acre 
Sub-total o , 

7_ pero cent interest on half of 347.pO 
Total Establishment çosts 

.' 

B. Operatinq . 
Fertilizer 

(15-10-5 t 
Lime 
Brusncutting 
Land Rent 
Fertilizing 
labour 

Costs 
3~ ewt. at 23.30 

1 ton at 4.90 
twice at 25~00/acre 
12.00/acre" 
once at 3.80/acre " 

once at 9.50/acre 

116.50 

9.80 
25.00 
45.00 

30.00 
20.00 
84.00 
7.60 

9.50, 
347.50 

Liming labour , 
CUtting labour 
H~uling labour2 

2.7 man days at 19.00/man day 
4.2 man days at 19.00/man day 

Sub-total -
7 per cent interesi on half of 292.85 
Total Operat~ng Costs 

Yea,rs 

5 

5 
5 
5 

5 
5 
5 
5 

5 

~G cost per year is actually the cost for period'l ~ 
utilized in the dry season'only. "'-

, 

132 

Per' 
Yearl 

23.3"0 

1.% 
5.00 
9.00 

6.00 
4.00 

:16.80 
1.52 

1.99 
69.48 
12.16 
81.64 

81.55 

4.90 
5'0.00 
12.00 
3:aO 

,9.5Q 
51.30 
19.80 

292.85 
10.25 

303.,10 

it is 

2rncludes cutting by cutlass into quite small pieces suitab1e 
for feeding te cattle. ~ 

( <: 

~ 
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APPENDlX .11· TABLE 1 

~ • 

Least-cos~.feeding program under following conditions: 
·HlGH sugarcane cost, HIGH sugarcane Voluntary Intake 

HI.GH sugarcane ME~HlGH Pango1a yield. 
,. 

SEASON . 
PERlOD 1 (DRY) PERIOD 2 (WET) PERlOI:~ 3 (WET) 

V) G) 
V) \ G) ,v) 

_~l clS' bO V) r:: bO V) s::: oc 
clS"c s::: G) c ",' clS " r:: CI) '" clS s::: 

'"' J 
.-4 .... V) 0 .-4 .... V). 0 .-4 . ... 

al 'V) o V) +J.-( V) '"' OV) +J .-4' V) 
'"' 

o V) .,fo)..-f 

.... 'v) bOV) clS clS1=' clS clS oc V) clS clS,~ clS '" oc V) clS "'~ 
Po.C'd r:: clS CI) cr CI)~ .-4 oc r:: clS G) CI)~ .-( oc s::: clS CI) CI)~ 

clS !!I clS k k bO "c .... bO ObO ::3 clS clS k clS kbO "c .... bO ~~ ~~ clS k clS k bO "c .... bO 
Zc" Q.t!l ::l~ 3::::E~ :::E~ cn"c Q.t.::l"c ::>~ 3::::E~ ~ 

Q..t.!J.c: ::l~ 3::::E~ 

-
0 0.41 0 562 137 0 0.,41 3 321 0 0 0.41 . 3 321 

" , 
-

. 0 2.02 0 2812 685 0 2.02 12 1608 0 0 2.02 12 1608 , 
Q -

0 4.05 0 5623 1370 0 4 '005 25 32·15 0 0 4.05 25 3215 
"'. , 

0 6.07 0 8435.- 2055 0 6.07 37 4823 0 0 6.07 37 4823 

"0 5.15 42 12996 0 0 5.15 0 11260 2730 0 5.1 S' 0 11260 
" 

0 6.44 53 16244 0 0 6.44 0 14076 3413 0 6.44 0 14076 
-

0 6.41 139 1. 8 754 0 . 0.27 6.41 0 18934 1512 0.27 6.41 0 18934 
Xf 

(1 

V) , 
CI) '-

V) 
II) 

C'd 
.-4 
o bO 
:::E~ 

,0, 

0 

0 

0 

2730 

2604 

1512 

• 
--..'" 
".J 

AVERAGE· 

1 
0 '"' u~ CI) 

Po. 
+J,U 
V)~ ~ 
C'd ........ S:::::l 
G)+J clSu. 

...::1 II) ...::I:::E 

676 0.41 

676 0.40 

676 0.41 

676 0.41 

682 0.28 

678 0.28 

676 0.26 

, 

. , 

1-' 
IN 
IN 

~ 

~ 
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,. 

PERIOD 1 
::;, 

CI> U 1: al • al 
::E al .c: aI..c:: 
404 t) $-1'- ~ 

0 $-1 CI> 1/) • 0 1/) 

al 'roI 1/) 001/) . bO p,.cd s:: al 

~ a~ 1 
cd $-1 al $-1 
Zt!) Q..t!) 

. 1 0 0 0.41 - -. 
----- -5 0 0 2.o'i ' 

10 0 r 0 4.05 

lS 0 0 6.07 

20 0.-38 0 S.lS 

2S 0.48 " 0 6.44 

130 o .1,5 Q 6.41 
- ~-

, / 

" 
M> 

"'­
\ 

'-- -, ~-
, v r. 

Ç'Ji'~APPENDIX II, TABLE 2 

~ 
., 

L~ast-cost feeding program under f~11owing cpnditions: 
HIGH sugarcane cost, LOW s~garcane Voluntary Intake, 

HIGH sugarcane ME, HIGH Pangola yie1d. 
1 

,.-
J 

" 
SEASON , -

? 

'" 

(DRY) PERIOD 2 (WET) - PERIOD 3 (WET) 

1/) CI> 1/) CI> 1/) 

t)j) 1/) s:: DO 1/) = DO 
s:: CI) al al s:: Q) , al al (~ s:: .... 1/) t) ..-1 ·roI 1/) t) ..-1 • roi 

+J..-I 1/) $-1 o 1/) +J..-I - 1/) $-1 o 1/) +J.~ 
al aI'd al al 001/) al al "0 al al bOl/) al C!!"O 
Q) CI>"d • P-I bO s:: cd CI> CI> "0 ..-1 bO s:: 'c!! Q) Q)"O 
$-IbO .c:: .... bIl 000 ::1 al al $-1 al $-1 bIl .c::·roI bO o bO ::s al al H " $-1 bO .c:·roI bIl 
::>~ ;3:~~ ::E~ tI).c: o Q.. t!) .c: ::>~ ;3:~~ :;:~ cn.c:: Q.. t!) ,l: ::>~ ~:;:~ 

, 
0 562 132 0 0.41 3 322 0 0 0.41 3 322 

0 2812 68~ 0 2.02 12 1608 0 0 2.02 12 1608 

rs-6-Z3~ 1 ~7_Ç 0 
.. 

0 4. OS , 25 3215 0 0 4.05 25 3215 
I-~ \ 

0 8435 20~!: 0 6.07 37 4823 0 0 6.0.7 37 4823 

43 12996 0 0 S.lS 0 11260 2730 0 5.15 0 11260 

S3 16245 0 0 6.41i 0 14076 3413 0 6.44 0 14166 
1 . ~ 

139 18754 0 o • 2:l: f:-6.41 0 18933 1512 0.27 6.41 0 18933 
--~ -~- ------ -~~ 

.' 

1 

" o 

1/) 
Q) 
1/) 

1/) 

C!! 
~ J 

o bO 
:;:~ 

0 

0 

0 

0 

2730 

2604 

1512 

•• 

AVERAGE 

1 
o .. $-1 -
u CI> 

::;, p,. 
+Ju i 
I/)~ "0 
al ....... =::> Q)+J alu 

...:1 1/) ...:1:;: 

676 0.41 

676 0.40 

676 0.41 

676 0.41 

682 0).28 

678 0.28 

676 0.26 

..., 
w 
~ 

/ 



• 

r 

_--C:: ---

:> ,II) 

U a 
~ cd 

u ' 
'+-4 f.I 
0 co . 

~ci-0 
z CI).c 

1 0 

5 0 

110 0.67 

15 1. 00 

20 1.3-3 

25 1.66 

130 2.0.1 

----

r 

~ APPENDIX II, TABLE 3 

, 1 

Least-cost feeding program under fo11owing conditions: 
LOW sugarcane cost, HIGH Vo1untary Intak~, 

HIGH-sugarcane ME, HIGH Pangola yie1d 

SEASON , 
0 

PERlOD 1 (DRY) PERlOD 2 (WET) PERlOD .3 

CIS 
..c cd 

f.I .-4 
II) CIl o CIl 

''''; V), bOCIl ~ 
,:l.CO s:: aS II) 

~ 1-4 co 1-4 aS I-4bO z(.:) o.(.:)..c ::J~ 

0 0.41 0 

0 2.02 0 

0 0.04 ~70 

0 0.07 405 

0 0.09 540 

0 0.36 675 

0 0.13 810 

o 

III 
00 
s:: 

''''; 
~.-4 
aS~ 
II)~ 
.c.,..; bO 
~::E.:4 

562 

2812 

2487 

3730 

49_73 

6006 

-
7460 

III 
(1) 

CIl 
CIl 
co 

.-4 
o bO 
::E~ 

0 

137 

68S' 

0 

0 

0 

0 

0 

" s,.. 

II) 

1: 
cd 
U 
1-4 
co 
bO 
::3 aS 
tn.c 

0 

0, 

0.52 

0.78 

1 .04 

1. 25 

1.56 

. 
, . III II) 

CIS bO III 1: 
cd..c s:: (1) ~ ~ 

.-4 - ''''; CIl U .-4 
o CIl +-'.-4 CIl 1-4 o CIl 
bOCIl co aS~ aS ~ bOCIl aS 
s:: ~ (1) (1)~ .-4 bO s:: co (1) 

~ 1-4 I-4bO .c ''''; bO o CI ::3 co aS 1-4 aS ~! 0.(.:) ::J~ 3:::E~ ;:E;~ CI).c o.(.:).c 

0.41 3 322 0 0 0.41' 3 
\ 

2.02 12 1608 0 0 2.02 12 , 

0.04 -164 5092 0 0.52 0.04 164 
-

l 

0.07 246 7638 0 0.78 0.07 246 
-

te). 09 328 10184 0 1.04 0.09 328 

0.36 388 12949 0 1.30 0.36 424 

0.13 492 15276 0 1.56 0.13 492 

(WET] 

III 
bO III 
s:: (1) 

''''; CIl 
+-'.-4 CIl 
aS~ aS 
(1)~ .-4 

.,c:::: ''''; bO o bO 
~::E~ ;:E;'~ 

322 0 

1608 0 

5092 Ot 

763-8 0-

10184 0 

12036 0 

15276 0 

' • 

A:VERAGE 
1 

0 f.I 
u (1) 

::J ,:l. 
+-'u 
CIl;:E; ~ co, S::::J 
11)+-' COu 

...::1 CIl ...::I:t: 

676 0.41 

676 0.'40 

648 0.18 
1 

634 0.18 

627 0.18' 

624 0.18, 

620 0.18 

t""'-. 
~ 

J-I 
W 
01 

~ 



el 

" 

--=---

" 
~ ~ 
U' = ::Ii: rd 

CJ 
~ ,.. 
0 CIS . bI) 

-0 = w 
Z (J)~ 

1 0.0 

5 0 

10 0.62 

is 0.93 

20 1.24 
0 . 

2S 1.55 

~O ' 1.86 

/ 
, 

.... ----
1 

APPENDIX II, TABLE 4 
/ -- ~ 

Least-cost feedi~g program under fo11owing conditions: 
LOW sugarcane cost, LOW sugarcane Voluntary Intake, 

HIGH sugarcane ME, HIGH .Pangola yie1d. 

... SEASON 

PERIOD 1 (DRY) \ PERlOn 2 (WET) PERIOD '3 
. D 

III al III . ~ 
cG 00 If) r:: 00 If) r:: 
~ Cd r:: .ID cG cG r:: ID cG as ,.. ~ .1"'1 If) CJ ~ .o-f If) CJ ~-

Q)'1f) o If) ...,~ If) ,.. o If) ...,...-1 If) ,.. o If) 

.1"'1 If) bl)1f) as CIS"Ô as as ___ belf) cG CIS"è CIS as 00 If) as 

(WET) 

III 
00 
r:: 

.1"'1 
""...-1 
as"é 

p,.as r:: CIS ~ bC 
ID "Ô ~ 00 r:: CIS ID 1D"é .-1 ' 00 r::.cG ~ b( 

ID "Ô 

w~ as ,.. as ~.I"'I bO 000 = rd rd ,.. as ,..00- ,c::..1"'1 bO ObO = CIS 
as ,.. CIS ~.I"'I bI) 

Zt!) d..t!l~ ::>~ ::c :::E ~, X~ (J)~ Cl..t!l~ ::>~ ::C:::E~ X~ (J)~ Cl..t!l~ ::>~ ::C:::E.:.: 

0 . 0 .41 0 562 137 0 0.41 3 322 0 a r-O .41 3 322 
-

0 2.02 0 -2812 685 0 '2 • ()'2 12 1608 ·0 a 2.~ ·12 1608 
1 

0 ~.O4 235 3349 a 0.52 0.04 164 5092 0 0.52 0.04 1~4 5092 

O· 0\07 353 5023 0 0~78 0.07 2-46 7638 0 0.78 0.07 246 7638 

0 o .~9_ 470 6697 0 1. "04 0.09 328 10184 0 1.04 0.09 328 10184 . 
Oc 0.3~ 597 7930 0 1.24 0.36 388 12949 ~ 1.30 0.36 388 12036 

1 

0 0.13\ 706 10045 0 1.56 0.13 492 15276 0 1.56 0.13 492 15276 
L. 

\ / 

/ 

~, 

\. 
~ 

~\ 

.' ---- , 

" 

AVERAGE 

1 
If) 0 ,.. 
ID _ U ,ID 
If) ...,::> Po 
If) 0 CIS 1f);:E: "Ô 

...-1 as ........ r:::::l 
o bO ID..., asu 
:::E.:.: ....:llf) ...l:::E 

a 676 0.41 

a 676 0.40 

0 648 0.17 1 

~ 

0 634 0.17 

0 627 0.17 

0 625 o .18~ 
-

0 620 0.1 7 / 

f-J 
eN 
.0\ 
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APPENDIX II, TAB'LE ? 

-~ 
L~ast-cost feeding program under following conditions: 

... "--y SEASON . 

PERIOD 1 (P~ Y) PERIOD 2 ~ET) PERIOD 3 

::!) G) III G) ~ G) 

U s:: C1S bO III s:: III r:: 
:::;: C1S .c: C1S ~ s:: G) C1S «1 bO s:: (1) C1S C1S 

u ~ -...-4 - --.,-l III U r-4 ,.looI! .,-l III U ...-4 

t+-I ~ (1) III o III ~ r-4 III ~ o III +.I..-t III ~ • ~ III 
0 «1 .,-l III bOlIl «1 00 «1 «1 bOlIl C1S C1S00 C1S C1S bI)(/) C1S . bI) p.«I s:: C1S (1) (1)00 ..-t bI) s:: C1S~ G) (1)00 ..... bO s:: C1S (1) 
0 ::3 C1S ~~ C1S !-< C1S ~ bO ~.,-l bI) o bI) ::3.C1S «1 !-< C1S ~ ..c:.,-l bO o bO ::3 C1S C1S ~ C1S ~bI) 
z CJ>..c: CI- p ..c: ::!),.looI! ::;::::;:.:2' ::E:,.looI! CJ>~ Q..t.:>..c: ;::l :=:::E:~ ::E:.:.: CJ>..c: Cl-t.:>..c: ;::l,.lool! 

-
1 0 0 0.41 0 562 137 0 0.41 3 322 0 0 0.41 3 

-
5 0 0 2.02 0 2812 685 0 ' 2.02 12 1608 0 0-- 2.02 12 

10 0 0 4.04 f 0 5623 1370 0 4.04 26 3215 0 0 4.04 26 

15 0 0 6.07 0 8435 2055 0 6.01 37 4823 0 0 6 :07 37 

20 0.38 0 5.15 43 12996 0 0 5.15 0 11260 2730 0 5.15 0 

25 0.45 0 6.69 39 16384 0 0 6.69 0 13781 3091 0 6.69 0 

30 0.75 0 6.41 139 18754 0 
" 

0.27 6.41 0 18712 2471 ,0.27 6.41 0 

) 
/ 

1) 

-----~ 

\ 

(WET) . 

III 
bO III 
s:: (1) 

.,-l III 
+.1 ..... III 
«100 «1 
(l)Ç"I:I ..... -

..c: i-i CI( o bI) 
::;::::;:.:.: :::0:.:.: 

322 0 

1608 0 

3215 0 

4823 0 

11260 2730 

13781 3091 

18712 2471 

• 

/ 

AVERAGE 

1 

0 ~ 
u (1) 

::!) P. 
+.lu 
Ill:::;: "'è 
«1 ....... s::::!) 
Q.l+.l «lu 

...:llll ...:l:::o: 

676 0.41, 

676 0.40 

676 0.41 

676 0.41 , 

682 0.28 

679 0.,29 

684 0.27 
------

..... 
UJ 
-.J 

e 
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APPENDIX II, TABLE h 

Leas.cost fee'ding prog'ram under following-conditions: 
/ 1 HIGH sugarcane cost, LOW sugarcane Voluntary Intake, 

LOW sugarca~e ME, HIGH Pango1a yie1d. 

SEASON 

-PERIOD 1 (DRY) PERIOD 2 (WET) PERIOD 3 

::::> Q) Ifl Q) Ifl Q) 

U = œ œ bO VI = bô, Ifl = :=;: ~ ..c:: ~..c:: J:l Q) al cà .a Q) al al taO 
u 1-1' , ..... .~ , Ifl U f-t, tn U ..... ~ 

~ 
,.. . 

Q) VI o Ifl ""' ..... VI ,.. o III ""' ..... VI ,.. o III 
0 cà .~ III COIfl ~ ~~ al al, COtn cà a1~ al al COIfl cà . co' ~cà = cà Q) Q)"o ..... co = al ~ C( 

Q)"O ..... co = cà 
Q) 

0 ;l ~ cà J.4 cà 1-1 , 1-1 co ..c::.~ co o taO =' cà cà ~ cà ..c:: .~ b(i o C( =' ~ ~ Jo! ~ J.4 
Z CI)..c:: Zt!' l:I..t-' ::::>~ ~::E~ ::E~ CI)..c:: p..t!'.c: ::::>~ ~::E~ ;:;::~ CI)..c:: l:I..t!'..c:: ::::> . 

/ ----1 0 0 0.41 0 562 137 0 0.41 3 322 0 l) 0.41 3 
J 

- , , . 
5 0 0 2.02 0 2818 685 0 2.02 12 1608 0 0 2.02 12 

10 0 0 4.05 0 5623 1370 0 4.05 25 3215 0 0 4.05 25 o 
15 0 0 6.07 0 8435 2055 0 6.07 37 4823 0 0' 6.07 37 

20 0.38 0 5,15 43 12996 0 0 , 5.15 0 11260 2730 0 5.1S 0 

25 q.45 0 6.69 39 16384 0 0 6.69 0 13781 3091 0 6.69 0 
- -

30 0.75 0 6.41 139 18754 0 : .. 0 ~-27 6.41 0 18712 2471 0.27 6.41 0 , 
- -' 

" 
c' 

'. 

(WET) 
\ 

VI 
co Ifl 
J:l Q) 
.~ Ifl 

""' ..... III 
cà "0 cà 
Q)"O ..... 
..c::.~ bô o oc 
~;:;::~ ::E~ 

322 0 

1608 0 

3215 0 

4823 0 

11260 2730 

13781 3091 

18712 2471 

,/ 

• 

AVERAGE 
1 
0 1-1 U Q) 

;:) ~ 
~u 
Ifl;:;:: "0 
cà J:l::l

1 

Q)+J- ~UI ..:I1fl ..:1;:;:: 
1 

676 0.4-11 
1 

676 0.40
1 

676 0.41 

676 o .41' 

682 0.28i 
1 

679 0. 29
1 

684 
1 

Q_.2 71 

.... 
w 
(t) 
~ 

..--/ 



• -

-~ 
U = ~ CIl 

U 
~ !-I 
0 CIl . bO 
0 ~ CIl -
Z cn..c:: 

1 0 
> 

5 0 

10. 0 

15 0.89 

20 1.19 

25 1.46 

30 1.78 
-

... 

,.q 

~ 

A PoP END l XII, TABLE 7 

. 
Lea~t-cQst feeding program under following conditions: 

LOW sugarcane co~t, HIGH sugarcane Voluntary Intake, 
LOW sugarcane ME, HIGH Pangola yield. 

. 
- SEASON \ 

PERIOD 1, (DRY) PERIOD 2 (WET) PERIOD 3 

. - /'~ 1= - CIl 

= 
CIl II) bO II) 

..c:: CIl = Q) , CIl CIl = Q) CI! CI! 
!-I ~ - .,... II) u ~ .,... II) tl ~ 

cu II) o CIl ~ ...... II) !-I o 1/) ~~ CIl !-I o II) 
.,... II) bOCIl CI! CII~ CIl cil bOlI) CIl CII~ CIl CI! bOlI) CIl 
s::l.CII = CI! 

Q) CU'"é ~ bO = CI! 
Q) Q)~ ...... bO = CI! 

Q) 

CIl !-I CI! !-I CIl !-I bO ..c:: .,... bO o bO ~~ 
CI! !-I CIl !-I b ..c::."" bO ObO ~ CIl CIl $-4 cil !-I bO 

Z~ ~~..c:: ~,:.: 3:~':': ~,:.: ~t!)..c:: ~,:.: ::c~,:.: ~,:.: tf.)..c:: ll.t!)~ ~,:.: 
J 

0 0.41 0- 562 137 0 0.41 0 322 3 0 0.41 3 

0 2.0 Z- 0 2812 685 '0 2.02 12 1608 0 0 2.02 12 

4:05 
. 

0 0 5623 ~ 370 0 4.05 2S 3215 0 0 4. OS' 25 

0 2.20 405 191~ 0 0.34 2.20 0 10742 0 r.-0 . 34 2.20 0 

0 2.94 540 25\58 0 o .4"6 2.94 0 14322 0 0.46 2.94 0 
-

0 4.18 675 2765 0 0.46 4.18 0 17199 627 0.52 4: 18 0 
-

0 4.40 810 3837 0 0.68 4.40 0 21483 0 0._68 4.40. 0 
L- __ 

-----~--- --_ .. - . -- _ ... - ~._---~ --- '-

../ 

'-

(WET) 
CIl 
bO II) 

= Q) ..... CIl 
~ ...... 1/) 

CII~ . cil 
Q)~ ...... 

,.c:: ..... bO o bO 
::C~1 ;:E:.:-: 

322 0 

1608 0 

3215 0 

10742 0 

14322 0 

17248 0 

21483 0 

• 

_.AYERAGE 
1 

0 !-I 

~~ Q) 

s::l. 
~u 
CIl;:E '"é 
CI! ........ s::~ 
Q)~ Cl!U 

[.-<11) ..::I::E 

676 0,.41 

676 0.40 

676 0.41 

676 0.25 

669 0.25 

666 0.25 

662 0.25 
-- ---_ .. _---- " 

.... 
lA) 
\0 



'i;; 

~ 
U 
::E 

l.f.I 
0 . 
0 
Z 

1 -
5 

~o 

~s 

20 

25 

pO 

. ' 

-----

-

-

" 

/ APPENDIX II, TABLE 8 

Least-cost feeding program under following conditions: 
LOW sugarcane cpst, LOW sugarcane Vo1untary Intake, 

LOW sugarcane ME, HlGH Pango1a yie1d. 

SEASON 

o 
/ 

PERlOD 1 (DRY) PERlOD 2 (WET) PERlOD 3 (WE?,) 
~ 

CI) III CI) III CI) ln 

= bO III = bO III = bO 
CIl CIl s:: CI) CIl CIl s:: CI) CIl CIl s:: 
0 f.4 .-4 .l'"i III 0 .-4/ 'l'"i 1/) 0 .-4 .l'"i 
f.4 CI) III o 1/) +-1.-4 1/) f.4 o 1/) +-1.-4 III f.4 o 1/) +-1.-4 
CIl ..... III bOlII aS aS"d aS aS ~III aS aS"d aS aS ~III aS aS"d 
t:IO c:l.aS = aS CI) CI)"d r-4 t:IO = aS ~ bI 

1I)"d ...... -~ = aS ~ bI 
11)..:! 

::s CIl CIl 1-1 CIl aS 1-1 CIl f-fbO .c'I'"i bI) o bO ::s CIl aS 1-1 C1S .c'I'"i bI) o bI) ::s CIl CIl 1-1 CI: .c'I'"i bO 
tI),.c: Zt:I,.c: ~(,!),.c: ::>~ 3:::E~ ::E~ CI),.c: ~t:I..c: ::>~ 3:::E~ ::E~ CI),.c: ~(,!).c ::>~ 3:::E~ 

, -
0 0 0.41 ,0 562 137 0 0.41 3 322 0 0 0.41 3 322 

0 0 2.02 0 2812 685 0 2.02 12 1608 0 0 2.02 _ 12 1608 --
0 0 4.05 0 2623 1370 0 4.05 25 3215 0 0 4.05 25 3215 

0.89 0 2.20 405 1918 0 0.34 2.20 0 10742 0 0.54 2.20 0 - fO-742- -

1.19 0 2.94 540 2558 0 0.46 2.94 0 14322 0 0.46 2.94 0 14322 
-

1.46 0 4.18 675 2765 0 0.46 4.18 0 17199 627 0.52 4.18 0 17247 

1.78 0 4.40 810 3837 0 0.68 4.40 0 21483 0 0.68 4.40 0 21483 
-

------

./ 

.~ 

.. 
~ 

III 
CI) 
1/) 

III 
aS -o bI) 

::E~ 

0 

0 

Q 

0 

0 

0 

0 

• 

'AVERAGE 

1 
0 1-1-

U CI) 
::> p. 

+-lU 
III;::;;: "d 
C1S-..... =~ 
CI) +-1 C1SU 

...:l Vl ...:l::E 

676 0.41 

676 0.40 

676 0.41 

-676 0.25 

669 o .25 1 

1 

666 o .251 

662 
.1 

0.25j 
-

..... 
~ 
o 

! 

-'" 



.". 

::l 

~ 
I.!-i 
0, . 
0 z 

1 

5 

~O 

~5 

20 

25 

~O 
L--

* .. ' 

.' 

a> 
s:: 
~ 

1-4 
CIS 
co 

~~ 
0 

0.2,6 

0.53 

0.79 

1.05 

1. 30 

1.58 

A 

~ APPENDlX II, TABLE 9 

~east-cost feeding program under fol1owing conditions: 
HIGH sugarcane cost, HIGH sugarcane Voluntary Intake, 

HIGH sugarcane ME, LOW Pango1a yield. 

. -- SEASON 
!~~i \---

""NPERlOD 1 ---(DRY) PERlOn 2 (WET) PERIOD 3 

li) a> li) a> 
tV . co li) s:: bO !II r::: 

..c:= tt! r:= a> tt! tt! r:= a> tt! CIS 
1-4 ~ .~ III CJ ~~ .~ III CJ ~ 
o III o III +J~ III 1-4 o III +J~ III 1-4 o III 

.1"1 VI co VI CIS tV"C tV CIS oc VI tV CI!"tj tt! CIS co VI CI! 
~CIS r::: CIS a> a>"C .... co s:: CI! a> a>"d .... bO s:: CIS. a>, 
CIS $-1 tt! 1-4 ct 1-4 taO ..c:=.1"1 co o bO ::s tV CIS $-1 tV ~! ..c:='1"1 co o bO ::s tV CIS 1-4 CIS $-1 bO 
ZC.!) c:l..C.!)..c: ::>.:.:: ~~,:.( ~..:Io: tI)..c:= c:l..C.!)..c:: ~~,:.( ~,:.( tI)..c:= c:l..C.!)..c:: ::>,:.( 

" 

0.15 0.2'6 0 562 137 0, 0.26 0 563 137 0 0.26 0 , 

0 0.02 83 2534 0 0.26 0.02 82 2546 0 0.26 0.02 82 

0 0.04 166 5067 0 0.52 0.04 164 5092 0 0.52 0.04 1-64 

0 0.07 250 7601 0 0.78 0.07 246 7638 0 0.78 0.07 246 

0 0.09 333 10134 0 1.04 0.09 328 10184 0 1.04 0.09 328 

0 0.36 408 12747 0 1.25 0.36 388 129.;l8 0 1.30 0.36 425 
. 

0 0.13 4'99 15201 0 1.56 0.13 492 15276 0 1.56 0.13 492 
~ . 

o 
./ ':-

/ 

:: 

4----

(WET) 

li) 

taO li) 

r:= a> 
.~ III 

+J~ III 
CI!"tj tt! 
O"d ~ 

..c:=.~ bO o bO 
~~,:.( ::=:,:.( 

--- 563 137 

2546 0 

5092 0 

7638 a 

10184 0 
, -

r2036 0 

15276 a 

• 

AVERAGE 

1 
0 $-l' 

u a> 
::> p.. 

+JU 
VI~ "tj 
CIS"'- r:=::l 
a>+J ClSU 

...J III ...J ::=: . 

-' 
761 0.41 

759 0.16 

718 0.16 

704 0.16 

697 0.16 

694 0.17 . 
690 0.16 

1 

1 

..... 
~ ..... 



• 

1-;::) IV 
U = 
~ cG 

0 
1+01 ~ 
0 ca . btJ 
0 ~~ Z 

• 1 0 

5 0.26 

10 0.53 

15 0.79 
\ 

20 1. 05 

25 1. 30 

30 1.58 

------

APPENDIX II, TABLE 10 
.?-

Least-cost feeding program under fo11owing conditions: 

éJ 

(~ 
"= 

HIGH sug.arc~ne cost. LOW sugarcane Voluntary Intake, 
HIGH sugarcane ME, LOW Pango1a yie1d. 

--- - SEASON 

PERlOD 1 (DRY) • PERrOn 2 (WET) PERrOD -3 

~ cG ~ III = ~ III ~ 
~ cG~ = 4) cG' ~ = V cG cG 

1-1 P"'I -1"'1 II) 0 P"'I -1"'1 II) 0 P"'I 

II) 1/1 o II) +J.-t 1/1\ ~ o 1/1 +J.-t II) ~ o 1/1 
-1"'1 III btJlIl ca cG"t1 ca ca bOlIl CIl cG"t1 ca ca bOl/I 'ca 

~~ = ca 4) 4)"'é ~ btJ = ca 4) CP"'é ~ bO = ca CP 
ca 1-1 ~ bO .c:-I"'I bO o bO ~ cG ca f..4 ca ,",0( ~ -1"'1 bO ObO ~ CIl aS fol CIl fol bO 

Z~ jl.,t.!) ::l~ 3::::E~ :::E~ tI.l.c: Q..~.c: ~~ ~::E:~ ::E:~ tI.l,.c: jl.,~.c: ~~ 

-
0.15 0.26 0 .562 13? 0 0.26 0 563 137 0 0.26 0 

0 . 0.02 83 2534 0 0.26 0.02 82 2546 0 0.26 0.02 82 , 

0 0.04 166 5067 0 0.52 0.04 164 5092 0 0.52 .0 .04 164 

0 0.07 250 7601 0 0.78 0.07 246 7638 0 0.78 0.07 246 

0 0.09 333 10134 0 1.04 0.09 328 10184 0 1.04 0.09 328 

0 0.36 408 12747 0 1 .25 0;36 388 12949 0 J..30 0.36 424 

0 0.13 499 15201 0 1.56 0.13 492 15276 0 1 .56 0.13 492 
-

, 

1 

(WET) 

bo III 
= CP 

-1"'1 III 
+J.-t 1/1 
ca"t1 ,. CIl 
4)"'é P"'I 

.c: -1"'1 bO o btJ 
3:::E:~ :::E~ 

-

563 137 

2546 0 

5092 0 

7638 0 

10184 
1 

0 

12036 0 

15276 0 

..-/' • 

" 
AVERAGE 1 

0 f..4 
U CP 

;::, p.. 
+JU 
1Il:::E "t1 
cG ....... = ;::l-
CP+-, aSu 
..J III ..J::E: 

,761 0.41 

760 0.16 

718 0.16 

704 0.16 

697 0.16 

694 0.17 

690 0.16 

~ 

.... 
,j:lo 
l\) 

/' 



'. 

:::::l [Q) 

U c:: 
:::E ~ 

u 
I+of f.t 
0 cd . co 
0 ::s ~ 
:z: Icn.r: 

1 Q 

5 0 

\1 
\ 

10 0.34 , 

15 0.51-

20 0.67 

25 0.84 

30 1.16 

1 

APPENDIX II~ TABLE Il 

Least-cost feeding program under fo119wing conditions: 
HIGH sugarcane cost, HrGH .sugarcane Vo1untary Intake, 

LOW sugarcane ME, LOW Pango1a yie1d. 

SEASON 

PERrOD 1 (DRY) PERlOD 2 (WET) PERIOD 3 
III ,f'" Cl) III Cl) 

~ cc c:: co III c:: 
~.c: c:: ~ ~ c:: Cl) ~ ~ 

f.t ~ '1"4 III U f-i '1"4 III U 1""'1 
Cl) III o III "'"'~ III f.t o III "'"'~ III f.t o III 
.~ III co III (!j ~ "'Ô. œ œ CCIII ~ œ"'Ô cd ~ CCIII ~ 
~~ c:: ~ Cl) Cl) "'Ô ~ co c:: ~ Cl) Cl) "'Ô ~ cc c:: ~ ~ bI cd f.t c cd f.t f.t co .s::'1"4 bO o bO ::s cd cd f.t cd f.t bO .s:: • .:.t bI o bO ::s cd cd f.t cd 
Zt.:l'" c:l..1:-' ::>.:.: :3::::E.:.: ::;:.:.: t/).s:: p..t.!).c: ::;1.:.: :3::::E.:.: :::E~ U).s:: c:l..t.!).r: :::::l.:.: 

0.15 0.26 0 562 13 j 0 0.26 0 563 137 0 0.26 0 

0.73 1.29 a ,2812 685 0 1.29 0 2815 683 0 1. 29 0 
. 

2.58 84 5878 0 0 2.58 0 5630 1365 0 2.58 0 

~~~ :;".86 127 8817 0 0 3.86 0 8445 2048 0 3.86 0 
: 

0 5.15 169 11757 0 0 5.15 '. 0 11260 2730 0 5.15 0 
,.. 

~.05 0 6 ~- 44 211 14696 0 0 6.44 0 14076 ~3 6.44 0 

0 5.71 319 16989 0 0.41 5.71 0 19677 1611 10.41 5.71 0 
1 

~ 

1 

----

(WET) 
III 
co III 
c:: Cl) 

.f"f III 

"'"'~ III 
~"'Ô cd 
Cl) "'Ô ~ 

.s::'1"4 b.( O.Q,() 
:3:~':': ~~ 

----., 

563 137 

2815 683 

5630 1365 

8445 2,048 

11260 2730 

14124 2785 

19677 1611 

•• 

/ 

AVERAGE 
l , 

0 f.t 
t,) Cl) 

::;1 Pc 
"'"'u 
III:::E "'Ô 
~ ........ C:::::::l 
Cl).j.J cdU 

.....:1 III .....:I::e 

761 0.41 

761 0.40 

734 0.29 

720 0.29 

713 0.29 

710 0.29 

713 0.26 
" 

.... 
~ 
w 



• / 0 

APPENDIX II, TABLE 12 

Least-cost feeding program under fo11owing conditions: 
HIGH sugarcane cost, LOW sugarcane Voluntary lntake, 

LqW sugarcanè ME, LOW Pangola yield. 

\ 
- SEASON ____ 

• 

~ ____________________________ ~~ ________________________ ~ ________________________ ~ ________ ~o 

PERlOn 1 (DRY) PERlOD 2 (WET) PERlOD 3 (WET) / AVERAGE 

;::, Q) CIl Q) CIl Q) CIl 1 
~ ~ = ""bI) VI ~ tIO CIl ~ tIO CIl 0 J.I 

= .c = ~ Q) = = ~ Q) = = J::: Q) U Q) 
CH U FoI..-I ,roi fJ) u..... ,roi fJ) u..... ,roi fJ) "Ill 
o f.I Q)fJ) ov( +J..-I fJ) J./ 0fJ) +J..-I fJ) J./, OUl ,,",..-1 Ul ""'::;) LI 

= '"Ul tIOUl = =00 = = bOUl = =00 = = bOUl = =00 = Ù'I~ 00;::, 
• tIO Po = s:::: = Q) Q) 00 r-4 bO s:::: = Q) Q) "'Cl r-4 tIO s:::: = Q) Q) "'Cl r-4 = s:::: 

o =' = = f.4 = f.4 t'I J.I bO .c ," bO 0 bO =' = ~ J.I = f.4 b(.c '" bO 0 bO =' = = f.4 ~ - f.I b( .c:: '" CIl 0 bO Q) +:t = §i z CI) .c z t.!' ,~~ ~ ::J':': 3:::E.:.: ::E.:.: tJj .c:: ~ t.!> ,J:: ::;) .:..: 3: ~ .:..: ~ .:..: t/).c:: ~ t.!>.c:: ::J':": s::::?::.:.: :::?::.:..: ....:1 III ...:1 

1 0 0 • 1 5 0, 2 6 0 5 6 2 f 3 7 0- 0 . 2 6 0 5 6 3 1 3 7 0 0 . 2 6 0 5 63.. 1 3 '7 7 61 0 . 4 1 

5 0 0.73 1.29 0 2812 685 0 1.29 0 2815 683 0 1.29 0 2815 683 761 0.40 
'" 

10 0.34 0 2.58 84 5878 0 0 2.58 0 5630 1365 0 2.58 0 5630 1365 734 0.29 
\ 

~5 0.51 0 3.86 127 8817 0 0 3.86 0 8445 2048 0 3.86 0 8445 2048 720 0.29 
-> 

20 0.67 0 5.15 169 11757 0 0 5.15 0 11260 2730 0 5.15 0 11260 2730 713 0.29 , 

2S 0.84 0 6.44 211 14696 0 0 6.44 0 14076 3413 o.o~ 6.44 0 14124 2785 711 0,29 

30 1.16 0 5.71319 16989 0 0.415.71 0 19677 16110".41 5.71 0 19677 1611713 o.2l 
- ~ 

... 
'--

/ 

1-' 
~ 
~ 



• 
.... 

G) 

s:: 
~ 

~ 0 
0 J.4 

cd-
.~ bO 

~~ :3 t'd 
tIl.c: 

1 0 

5 0 

la a 
15 0.29 

20 0.38 

25 0,48 

30 0.75 

APPENDIXoII TABLE 13 

Least-cost feeding program under fo11owing conditions: 
HIGH Sugarcane cost,-Low su~arcane ~oluntary lntake, 

LOW sugarcane ME, HIGH Pangola yield, 
and a Shadow Price for Land 

~ 

cc SEASON , .. 
PERIOD l '(DRY) PERIOD 2 (WET) PERIOD 3 

1 CIl G) CIl ~ . ~ t'li bO III c::! bO III 
.c: t'lI.c: s:: <1>. ~ ~ s:: CI) t'li t'li 

~ - .~ III U - .~ III 0 -G) CIl, o CIl +J,-j CIl ~ 
0, CIl +J,-j CIl J.4 o CIl 

.~ CIl bCCIl cd- cd-'tI cd- bCNl cd- cd-'tI cd- cd- bCCIl C'IS 
p.. t'li <- s:: ~ CI) CI)"'d - bl) s:: t'li CI) CI)"'d - bO s:: ~ CI) 
t'd ~ as ~ ~CtO .c:.~ bO ObO :3 t'd t'd ~ t'd :!); .c:'~ bl) o bO :3 t'd t'li ~ t'd 1-!bO 
Zt.::l c"t.::l :;:l.:oo: S::::E:.:oo: ::E~ -u>,.c: p.t.::l.s= Z!:::e:.:oo: :::E:.:oo: tIl.c: Q..t.::l.c: ~.:oo: 

0 0.41 0 562 137 0 0.41 3 322 0 0 0.41 3 
c 

0 2.02 : 0 2812 685 0 2.02 12 o Ip08 0 0 2.02 12 
• 

) 

0 4.05 0 5623 1370 0 4.05 25 3215 0 0 4.05 25 
-

0 3-.86 . 52 9745 0 0 3.86 0 8445 2048 0 3.86 0 

-
0 S.lS 43 12996 0 0- 5.15 0 11260 2\730 o ~ S.15 0 

0 6.44 5'3 16245 0 0 6.44 0 14076 3413 0.05 6.44 0 

0 . 6.41 139 1~4 0 0.27 6.41 0 18712 2471 0.27 6.41 0 
, --~-- _._----~- --- ~ 

/ 

~ 

/ 

(WET) 
CIl 
bQ-- III 0 

s:: CI) 
.~ , III 

+J,-j CIl 
C'IS'tI cd-
CI)"'d -.c:,'~ bO o bO 
S::::E:.:oo: ::e:.:oo: 

322 0 
.' 

1608 -0 

3215 0 

844.5 2048 - . 
11260 2730 

14124 2785 

18712 2471 
--~ ~---

• 
\ 

..., 

~ 

AVERAGE 
1 

0 ~ 
U CI) 

~ Po 
+JU 
CIl:;i: "'d. 
t'd ......... s::~ 
CI).j.J t'dU 

...:l III ...:l::E 

744 0.41 

744 0.40 

744 0.40 

735 0.28 

729 0.28 

726 0.28 

728 0.26 
-- -

1-' 
.~ 
U1 



• 
APPENDIX II, TABLE 14 

o 

Least-cost feeding program under fo11owing conditions: 
HIGH sugarcane cost, LOW sugarcane Vo1untary Intake, 

'> 

LOW sugarcane ME, LOW Pangola yield, \ 
~nd a SHADOW ~RICE for Land. . 

c 

SEASON - '" 

'PERrOD 1 (DRY) PERrOD 2 (WET) PERlOn 3 (WET) 

0 CI) \ III CI) III CI) III 
U 1=: CIt bO \1) = bO \1) r= '" bO 
~ m ..c::: '" ~ G) '" '" = - G) '" "'..c::: = 0 k ~ 

; .rOI III C) ....04 ..... III C) ....04 ..... 
'+-1 ~ CI) III o III +-> ..... III F:î o III +.l....04 III "" o III +.l ...-t 
0 t'CI • .-1 III bOlIl t'CI t'CI"d- t'CI t'CI bOlIl t'CI t'CI"'é t'CI , t'CI bOVl t'CI t'CI"'é . bO Q.oC'Cl ~CIY CI) CI)"d ...-t bO s::: C'CI CI) CI)"'é ..... bO s::: C1S CI) CI) "1;1 
0 ;:s \Ù œk œ k œ k bO ..c:::.1"'1 bO ObC ;:s œ œ f.I'œ- ~! .I:·roI b.C o bO ;:s '" '" k 

kbO ..c:::.,., bO 
Z cn..c::: zt-' c:l..t-'..c::: ô':': ~::E~ ::E,:.: cn..c::: c:l..t-'..c::: ::=::E~ :::~ cn,.c c:l..C O~ sc:::,:.: 
1 0 0.15 0.26 0 562 137 0 0.26 0 563 137 0 0'.26 0 563 

," 1" 
D , 

281'5 5 0.17 0 1.29 42 2939 0 0 1,29 0 2815 683 0 1.29 0 

10 0.34 0 2.58 84 5878 0 0 2.58 0 5630 1365 0, 2.58 0 5630 
l 

é) ~5 0.51 0 3.86 127 8817 0 0 
, 

3.86 0 -8445 2048 0 3.86 0 8445 

20 ,0.6,7 0 5.15 169 11757 0 O· 5.15 0 11260 2730 0 5.15 0 11?60 . 
'25- 0.84 0 6.44 211 14696 0 0 6.44 0 1.4076 3413 0.05 6.44 0 14124 

.. 
30 1.16 0 5.71 319 16989 0 0.41 5.71 0 19677 1611 0.41 5.7J 0 19677 

'\ 

1 

---------'5' 
~ 

(" 

/ 
t 

-

\1) 

G) 
III 
III 
C'CI ..... 
o bO 
:::~ 

'137 

683 

1365 

2048 

2730 

2785 

1611 
-

•• ---

... 

i 
• j . i 
1 

AVERAGE 

r 
0 ~ 
u G). 

Po. +.lB 
III ';:E; "'é 
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