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Optimization of forage area utilization in dairy cattle kept 
in the subtropical zone 

_"ndrzej Zurek* 

Abstract 
.\iode l studies on optimal utilizaton of forage area for cow milk production in the 
subtropical zone were carried out. The linear programming method was used for 
calculations and initial programmes (models) on the basis of materials obtained in 
Israel and Turkey were made. In some cases data from professional literarure were also 
applied. (n 30 best solutions the annual milk production from 1 ha of forage area 
ac~ded 16 000 kg (maximum value 16 137 kg), at the daily milk yield per cow 
r;mging from 24 to 33 kg and animal number ranging from 1.6-2.2 structural cows per 
ia. The increase in daily mi lk y ield of cows and in milk production per unit of forage 
~ was accompanied by changes in structure of forage crops. In solutions with the 
kw.-est milk production most of the area was occupied by plants cultivated for green 
fora ge. hay and silage (Alexandrinum clover, ma ize for silage, Sudan grass). In 
soImions with higher levels of milk production their area decreased in favour of barley 
Zld maize grown fo r grain and straw, cotton for seeds used as feed, and lucerne. The 
dIborated models can be used, after slight modifications, for optimization of forage 
~ util ization in other climatic zones. including the temperate zone. 

~ words: subtropical zone, linear programming, optimization, forage area, milk 
;:rtCuction 

I introd uction 
DIe production of cattle and other ruminants is based mostly on farm -grown feeds. In 
tk situation of limited area of agricultura l land in the world, especially in the 
K:ibtropics. the competition grows between plants designed for human nutrition and 

serving as animal feed . Therefore, the optimal utilization of land designed for 
i:d:ier plants, ensuring the highest possible animal production per unit of forage area, 
D become more and more essential, 
~ ruminants, the cattle, especially those utilized for milk, are of vital importance 
B lD2.IIy countries in the tropics and sUbtropics where milk and its products are the 
iIIlIIia source of animal protein for the local population. Yet, the annual per capita milk 
~on in Africa (22 kg) and in Asia (24 kg) is many times lower than in Europe 

kg) (FAG Production Yearbook, 1997) . 

• ~i{y of Agriculture in Krakow, Oepanmcnt of World Agriculture, 
x..~-.Poland 
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fte climatic conditions oftle subtopical zone allow the year-round production of
mhal fong€, povi&d üat water suply is sufficieni h such opthal condidoru, üe
dtod goducdon achev€d per üit of foFse rea could üeoretically exceed Sat of

In üe subtopics, on hgated land, some fodder $o!s de Fwn in summer and oüeß
in winter sesm. ftey ofren supplement each oüer &d cd be presered as silage or
hay io neet üe denmds of dhals tkouglout the y€ar ard to secue üe propei
bddchs offeedhs rations. ft€re üe mily evidences that, h spite ofoften dfficdt
climatic mnditions in rie subtropicäl zone. especially in sumermonths, it is lossible
to acnieve üerc high levels ofmik produclivity h catle. In Ismel, for exdple, de
averase nik yield of cows hcreased from 3690 kg in 1934 to 9?48 ks in 1994
(Israel's Dairy Board, 1995). Such hish yields have resulted from proper cd€,
nanagenent and nurilior. At lhe sme time. similar cattle kept in neighbouring
coudes show nuch lower level of milk productidty.
The goal of idve*iSalions canied out consßted in model studies on optinun
utiliation of focge ilea for mik production at üe conditions ofsubtopical clhate. h
oüe. wo.ds, rhe calacity of hieated plot of Imd (10 ha) situated h the subftopical
zone for 6e highest possible nik production h a givs pedod ofthe (one yeü) has
beetr studied. For üe coDstuction ild computation of mo&ß, the lhee pro@hg
neüd has kil abDLed.
Model studies b*ed on lhe linear proFmbg meüod lave ofren been used to solve
vanous problens of ffial prcdudotr (Ewc 

"r 
at, 1986; P^ros, l99l j SCHTERE e/ al,

1999; Zw(, 1999). Aftr Ewig et al. (19E6). model sohdoN ca be evm befier
üm those achieved at üe p$duction level, but shorld be contun€d wtr Fcdce to
ensue theh application. Nietupski md CzeRhski (1975) say üat each model is a
simplincaüon ofexisting reaijty. Models too complicated require nore dme for their
elabomdm and, consequently, obtato€d solutions m m mor€ actual because iD üe
memthe ihe dab wft chmged. Otr üe oher hdd, maüenadcal nodels allow to
nodiry the values of inv€$igated factoß and to obtain many varianß of optinal
solulions. lt hcr€ases üeü applicability in pnctice.

2 htedrß rnd Dethodolory
Bsic dah for üe conshction of mo&ls were dedved mo*ly non bael md Tukq,
jn pdicular from the cenml plain of Israel adjoinhg üe Mednermean cost, ild
tom th€ Adana lowland in sourh-ea$ Turkey, abo lyüg close to the sea. In boih
regiors, a typicai subrropical climate of the Mediterued typ€ prevaih. lt h
chmcteüed by long, hot md &y slllmeß, dd hmi4 mild whteß- As it appem
from the FAO Agoclhatologicai Data (19E7), in boti regions at lemperatures,
monüly or mual, se similaor almost idenfcal. tt is shom hüe Eble l.

It cm be said that h Adma slllmer temperatues a.e somewhar higher dd whter
temperatures lower üil those regßt€red in Bet Däeil. 60% of annual precipitation h
Adila (639 Im) ild 9670 in Bet Dagd (535 m) occur durhg wher pedod md
hgadon ß necessry to secue the conülity of crop prcdudion tuoughout the yed.
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Table 1: Mear, naxhun and'nlnimu'n at tempentures md precipitatiotrregistered
. Ber Dasm (lsael) dd Atua (Turkey)

T e n p e r a t n r e  h e c i p j t a d o n

fc)
Jmury July

try
Yen Yed

) i ) a ? d  2 . J W :

räa 9-2 14.2 4.6 27.6 33.9 21.9 I8.7 25.2 l3.t 639

!::ae: fAO Agoclhatologjcal Dab (1987).

:r :rrh areas an intensive crop production prelaih; apart from va$ citrus fruit

: -::iions aho field cropsr grain (naize. sheat, barl€y), peanus and coton ar€

::rr- acconpdied by fo.age planß. sxch as alfalfa. Alexmdrhun clover, Sudd

:--: and sorglum. Practically all voluminous fodder lor dimaLs comes fiom field

:.r::iion and pemran€nt pa*ures do noi exist After Dovrat and Amon (1972).

--z:! of ehaß in the subropics causes u! to 25% 1os€s in pa*ure oversowlh
- r:r is in disaccord wilh land defrcit dd hi8! co$s ofheation.

: ::=.1 and urbdized üed ofTukey. like Adea re8io!, mik catrLe belons noslly

: :.:$ein-Friesian breed. h ßrael they are the sole Dilk producer ild show record
. . - ofnilk, exceeding 9000 kg per cow annually (bmel's Dairy Bodd. 1995). Milk
. E r recorded in Turkey de much iover, usually do not exceed 6000 kg per cow.

l:.::ron ß usufficient feeding ild cd€, nostly ddng sMnernonüs when hgh

r: :.rDerarures require special neasures (shoq€rs. adequate feeding rations) to

:-::n üe nilkproductivity of coes.

-::3ra forconsruction ofhüial progamnes (nodels) were derived ton anumber

:a::t canle farms ln ßrael md Turkey. Besides. other data and infomations

r---:d from lilerature qer€ applied. as, for example, nutient requiemerb for dairy

-:: id iutit'onal vaiue ofpdicular feeds. taken generally from MC tables (1988)

-: :: lone cases, accopted after Goll (19?5), Jaddg€ (1989) dd Leeel (198 l). The
--.:. sas llckofrcliable feed dalyses. especially ln the case ofTükey.

: -  - : : : : l  p rogrammes (node ls ) .  the  c r i te r lon  o f  op t im iza t io t r  has  been the

'-;r-zion of annual milk production ftom l0 hectares of inigat€d ilea cullivated

:E ::.: rear.ound. without any purchase of feed aon oußide. n has hen accepted

::: baic uit ofcaftle herd h I dairy cow weiglhg 600 kg dd prodlchg nilk

!: :. nomalized buh€trat content of 4% durhg üe 300-day lactation. ln hiiial

-n=-:mc. the dairy catle $ock have ken presented in stuctural cows (cattle unjs),

=--:::g in singuld fom the inlemal smcture ofthe herd of catle. One smdual

:- :::ddes d aduii fenale togeüer with hei otrspdng dd shple reproduction in the
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For exampl€, at 5-yeil utilizaion md E0% calvings ofcows, I sh@ml cow would

+ 0.E calf(0.4 female ild0.4 nale) up to0-5 yed,
+ 0.4 young heife.0.5-1.5 yea.,
+0.2 pe$ilt heifer 1.5-2.5 yedforownreFoducdon,
+ 0.2 pre$mt heifs I .5'2 yeil for sale-

h üe above cas€, male calves ffi sold after ataining lhe age of 0.5 year md old

culled cows leave üe hsd as soon as üey de replaced by freshly calved heifeN, so

üese so categories of arhak de trot hcluded hto smcoral cow. All cows de

dficialy hsemhated.
Men it concems the cälculation of annuai food requirement. though. üe above

coefficients would change accordingly to the lergth of feeding p€riod of a given

categry ofilinals. lt wil look ff folows:

+0.4 calf(0.2 male ild0.2female)up to0.5 yed,
+ 0.4 youg heifer 0.5'l .5 yed,
+ 0.2 gesmt heifs L5-2.5 year for om reproduction,
+0.1 pre$anlheif€r 1.5-2 yeil for sale.

h üe pr€sent model studies on opthM utilhtion of foEge ffia in dairy caftle kwt

in the subtropical zone. the following levels of ploduction factois have been

- 3. 4, 5 dd 6 yeds ofcow utiliätion in herd, al fre lactation length of300 üys md

intercalvhg period lasthg I yed,
- 70, 80 md 90 weared calves obbined fiom 100 yenly (?0, 80 md 90 percmt of

calvnet.
- daily mik lrducdon pn cow stating fiom l0 kg mik (470 butetro, vifr ü€ ra@

of hcrease equal io I kg or ils nlltipLiciry ' up to the la* aftainable oplimum

- tuee levels ofyields offorase pleß: low, nedm md hgh.

h the year, two majn vegetation md feediDg seasons, wim€r season and summer

sesm, erch lastug 183 days. have hetr dbthguished. lt cor€spotrds wid irtensive

cuttivation sy$€ns on Hgated 1dd h üe Neil East md Nod Africa, h üe zorc of

Medilefrnean rype of subhopical clhate. fre whter vegeütion season la$s there

tun the middle of October till mid-Aprilwhile üe sulmer seson respectively from

üe dddle ofApd till mid'Octokr. Following sets offoEge pimß have been hseted

hto hiliallrogmmes:
- winter season: Alexandinun clover for gteen forage md hay. geen wheat for

silage, barley for Sin and sbaw, luceme for Sen fomge.
' sünner s.ason: maize for silage. maLe for Fh üd shw, Sude gass for geen

forase üd sil€e, hceme fo! seetr forase md hay, coton Geeds for foFse).
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Le above mentiored forage planß are widely used in the Medirerded subhopical
z!ne. fte use ofcoton see& for high-productive &iry covs was mentioned by Lubk
. :J l  (1990) ,Han isonerd l  (1995) i ldB j t rnan €rar  (1996) .
::e .ecip.ocal exchange of feeds between wint€r and summer seasons has been
:.troduced into iniiial progammes h order ro meer berer the fe€dhg requüenenß of
:::le üroughoui the year and h üß wat to hprove the efficiency of forage area
-:::!zrion for milk produclion. Thus feed$ufs produced in qinter can be used aho
:ing sunnerseason ddftose ndufactur€d in surme.abo dühgwlnter season.
:-dl.s requlemenb forsepüate categories ofcafrle dd nurient compositjo! offee&
;::: nosily laken fron Narional Research Cou.cil tables (1988). md only some
: : : -=s  were  der ived  f rom Goh l  (1975) .  Lege l  ( l9E l )  and ia r r idse  (19E9) .  The
.ii:.rnenr of following nutienß hav€ been insefred into hjtialprogalm€sl

ü nater (DM) h ks. Calciun (Ca) toks-
ierabolic eners(ME) - in Mcal. Phosphorus (P)- hk8.
.rude protein (cP) - in ke.

:i - . ssumed üat volmhous fodder should constitute at lea* 3 0% of dry nater of
:=:g Erions h dairy caftte (Aw eldl. 1985r AMi ardkEu, 1987). Arthe same
:: ie excess of dry nafter in oplimal solutions couldnl be higher than 5% ofthe
;:r:: .equireme.t. It helped to avoid the unnecessary suryluses of nutrienß and
-.:siae mounts ofs€pdate feeds.
:- :.::r ro obhh üe corect de6 of pdilld forage pi arb. behg h accorddce sith
:"-_-:..e ofplanls. adequale balmce equations were included hto hitial progEmmes-
-c.. ::!ured. for €xample, üat the mea ofcoton cutivated for seeds was not bigger
:E -3 &ea of her foreüopsr Sen wheat for sjlage md Alexd&hm clover with
:. !:rrer cultilation period, withour the la$ cut designed for hay. In the case of
:r:r id naize cultivaled for grah. with their $raw uliliz€d as fodder. it was
r-:.:d üat the area cuhivaed fof straw coulü1be biggerthan the ilea cultivaled
a- ,-ia h alloived to desi$ for fodder the whole yield of $raw or iß pat and
EL--L'j üe elasticjry of hitiaL prosmes.
: .= :so det€mhed üa! luceme, cultivated üe whole yed roüd, Sived 75% ofthe
:a::: ):Jd of green ma$ h sumer seilon and the renaining 25% in winter. 2/3 of
:: i-:ier yield was fed to caftle as green forage and l/i qas dried to hay and
s:=3: ior rhe winte. season. while üe wbter yleld of luc€me sas üilized only as

+-: :iqe. h üe case ofAtexm&inm clover, grosn in winter season. 2/J ofthe
. :,: . I : Jd $a f€d as green forage and I /l was drkd 1o hay and designed exclus ively
* : .  ! inerseason.
: : :  : r . rp .oca l  excharge o f  feeds  be tween w in l€ r  and summer  s€asons was
E-::ihed by htoduchs hto hitial prorues double vdables (colmt for a
!.- :lii each indicatinC üe sme mouts of sepdale nuhienß obffied from one
:F : : - .aa  p ld r .  bu tdes ignedtobefed tocat lee i lher in  w in te ror in  sumnersedon.

knpdoD of ilitial progrrnmes
-jt 

:l::31 prosalmes (nrodeh) eere elahraEd sepmtely for th€ low. mcdm dd
:.- ..i: of\ields ofpanicular forage crops. Oplinum rchlbm {$e obhhed with



help of the LPEE comluter proFmne. fre marix of each p.oFmme contahed 29
production viliables and 29 balilce equanons. fre cfrterion ofoptuizadon wss fre
milhization ofnilk production Aom 10 ha of ifrgaßd forage dea cultivaled the
whole yea. round. fte dea of 10 ha was choso because of shpliciry of tudher
recout ad having in mind the capacity of fre LP88 computer progmme. fr€ only
difference hfteen tuee initid progmmes consisted in values of mad coeffcienß.
hdcatbg momß of swmte nufients acbieved tum t ha of pdiculd fonge plants

at low, medm md hiel level of yiel&. fre bjtial progmne for ü€ low level of
yields of foFge plilts (concise view) is presented h bble 2.

Trble 2r bitial prcgalme fo fte opthhtion of foaSe rea udladon to &iry cafile
kept h tre subhpicd zme - low level ofyiel& of forage plmts (concise viw)

x.1 x.2 x.3 x.4 x.5 x.6... x.t0 x.11... x.28 x.zqjldl
Y - l  I  1  = 1 0

Y.2 -7913 -226.9 287.3 170.2 211.4 34t.5 tr286 6A76 >=0

Y3 -381.9 -16.41 -t5.56 9.1 15.6 t9.t9 64A 450 >0

Y.4 -14.52 -0.581 -0.485 0-205 0.333 0.41 14-6 2.2 >0

Y.5 -9.65 -0.362 -0j29 0.146 0-238 0.293 14.6 9-7 >=0

Y.6 -3694 -65.EE -t19 E0.52 129-9 t59.2 5400 tE00 >=0

Y.7 -3819 -69.17 -125 84.55 136.4 167.2 5400 1800 <=0
y.8 -1108 -19.76 -35.6924.16 38.98 47.76 5400 >0

Y.9
y.10 -7973 -226.9 -287.3 t10.2 271_4 341.5
v . l t  -381.9  - t6 .47  -15 .56  9 .7  15 .6  19 .19
v.12 -14.52 -0.581 -0.485 0.205 0.333 0.41
y.13 -9.65 -0.362 -0.329 0.146 0.238 0_293
Y.l4 -3694 -65.88 -tl9 80-52 129.9 159-2
Y. l5  ,3879 -69 .17  -125 84 .55  t36 .4  t67 .2
Y.16 1108 ,19_76 -35.69 24.16 38.98 41.16
0

Y.24 I
v .25  , l

Y .26  - l

Y .27  - l

Y .2E - l

2.2 >4
9.7 >-0
1800 >=0
1800 <=0

-1 -l t=O

=0
=0

tt286
648
14.6
14.6
5400
5400
5400

I

l 1 = 1 0
6E76 >=0
450 >{

Critedotr of opthLation



\.1 smtul cow (3 yeds of ltiliztion, 70% calvhgs, l0 kg of avsag€ &ilyDft
yield in 300-day lacration),

\f increas€ ofdajly nik yield by I kg.
\ -f increase ofcalvings by l0 perceni.
\ J. X.5, X.6 - ücrease ofutiliztion lengü ofcow from 3 to 4 yeds (X-4), from 3 ro

5 yeds (x.5), dd from 3 to 6yem (X.6).

\ I0 - I ha ofereen wheat for silaee cultivat€d b whter sesot
dd desi$ed for wint€. season,

\ : I i ha of S€en wheat fcr silage cultivated ü winter s€ason and desigDed for

\:8 - I ha ofseed cotron cultivated h smmer season and desiS€d for winter seöon.
\:9 - I ha of seed cofton cultivated in summer season and d€signed for summer

Y : ' forage area - winrer season (€qual to l0 ha),
] i ' nelabolic merg - Binter season (Mcal),

I -: - crude proteh-wher sedon (kc),

YI - calcim - shterseasotr(kc),
ri-. ' phosphorus - winter se6on (kg),

] : ' dD mater(lower limit) - sinterseson (kg),

: 
- ' dry mater (upper lhil) - vint€r seson (kg),

I : ' üe equadon ensü€s ihat at lea* 30% of requienent of ily mafter (in kg) in
$rnrer  .ed \on  n  co \e 'ed  by  !o lm:nous  fodder .

:  i  -  iEee md ü  sumer \eason (eoua l  Lo  l0 \a
: - ndabolic erc!ry - s'llmer season (Mcal),

: ' crude proteh - sLrlMerseilon (kg),

: - calcium - sumer season ßd,
-: - phosphorus - sunnerseason (kd,
: - dl mater 0ower thio - s'ljmd $Aon (ks),

: - dD mater (upper lhit) - s'ljde! seasotr (ks),

a - üe equarior ensues tha! at 1ea* 30% of requiem€nt of dry maer (h kg) h
ldnerseason ß covered by voluminous fodder

]:: , üe equation ensures thal the dea ofseed cotron ß not higher üe üe ea ofiß

::: ' $. equation enables tbe increase of&ily milk yield above i0 k8 by I kg (300

is per lactation) or iß muitipljciryi in the column X.l adequaG values are
-.rted (l = I kg nik,2 = 2 k8 mik. etc.),

!: - ü. equalion enables üe hcrede of calvhg perce!üg€, sbdng fioil 70%, by
:! Frce.t or ib mültipliciry; hüe columX..2 adequate vaiues ile hsened
: = l0% calvings,2 = 20%d caivhgs, etc.).



Y.27, Y.2E and Y.29 - üe equaiions enable th€ increase of utilization lengrh of cows
fton 3 to 4 yeds (Y.27), tum 3 to 5 yeds (Y.28) od fton 3 to 6 yeds (Y.29),
by hsefthg"t" h üe colum X.l.

Right hdd sides rÄ1.. ... Rt9). For the balmce equarions Y. I od Y.9 üey re equal
to I 0 (ha), dd for üe remaining balance equarioß they m equal to zero.

C.ite.iotr of ootimization aO. For th€ produclion variable X.l (shctural cow) rhe
coefficient cl is equal to 3000 (10 kg ofmilk &ily durhg 300-day laciarion) md for
x.2 (inftase of daily milk yjeld by I kg) üe coetrcient c2 is equal to 300 (l ks of
nik daily dühs 300,&y lactadon). For üe lemainbg poduction vdables (X3 ....
X.29)Se coefrcienß c3.... c29 ffi eoudtoaro.
A given element ann oflhe madces of initial !.o8mmes, on the crossing oflhe m
row and tbe n column. illustrates how nmy uiis of üe p.odudon factor Yn h
prcduced, or used. by I mit ofthe acdüry (prcducrio vdable) Xn. Fo exanple, how
müy Mcal of metabolhble enerry is produced by t ha of wheat for silage at a gjven
level oiyields, orhow mmy Mcal ofnehbolizable eDerg ß used by I stuctual cow
ofa given milk prcductivily dudng wintn season lastüg 183 days-

3 R6ulb snd dbcussion
From 1030 oplinal solutions obtahed for a1l possible combinations of inve$igat€d
factos. 347 soludons for the low level, 342 solutions for ihe n€dium levei md 341
sohtions iorSe high level ofyields offoage plaßwerei€ceived.
For üe pdicuh leveb of &ily nik yield per cow, sffig fiom the iritial 10 kg ed
hcr€dh8 by I kg o. iß nultiplicit up to üe level of36 kg mik daily - the oplimal
solutions for all possible 36 €ombinadons were ächieved. In üe bteral tum 37 kg to
40 kg mik per day, üe opfimal solutions for oDly a pd oflossible combhadors were
obtüed ud above üe level of 40 kg of daily nik yield per cow no optimal solutiors
weE rec€ived. It ß pressted h üe bble 3.

Tablel: Nunbeß ofobtahed optinal solutions forspecified ieveh ofcailymilk yield

Daily,trikyield Nunbersofpssible Nmbeßofobtajned
ofcows (kg) conbinations .9-p@9! 99!!!9!s

37 36  30
36
36
36

3 8
39
40

i 9

Wor$ solutions, with the lowes milk produciion per t0 ha of fo.age ar€a, were
obhhed for all combhations ofinvesieated factoß al the lowesr, initial l€v€l of l0 kg
of daily milk yield per cow. Be$ soludols fo. pdiculd combtutions of hvestigared
factors, wjib ihe highe$ milk production, were achieved ar the leve1 of 30-34 kg of
26



:i1y nik yield per cow. fte mik production h üe best solutions was 35-40% higher
:m that in tbe woßtsolutions.
::. iifiease of milk produclion fron the minimun 1o the maxinuD level was
::.onpanied by lhe gowing 'nilk productivit) ofcows dd, at lhe sme tine, by the
i.re6e h nmber of shctual cows.
: l0 oplhal solutiols. obtahed atüe rdge of daily milk yield tun 24 to 33 kg, üe
-rual m ilk produclion from I 0 ha of forase dea exceeded 1 60 üousild kg nilk
:6 000 kg milk Aon I hä), Bith the number ofshuctural cows rnging fron 1.6 to

:.: Fr I ha. Basic figües for üe be$ dd the woßt opthal solntion de shown h üe
:n1 . l .

Irble {: Basic frgues fo.the be* and thewoßt oltimal solution

Mik prduction (tg)

,r: ) iJds offorage plilß. l0 kg nilk per cow daily,

: t:r ofutilizatlon ad 90% calvbg ofcows 76 928

: )i.lds offorage planß,30 kg nilk p€r cow daily
: : - -o iu l l ia ron i ldTovoca lvmgotcows 16 l i69

kc +84 541

25,609
17,930
7,679
-30

:E :;i.n level ofmiLk productiviry. tle hcrease ofutilLalion l€neth ofcows from 3
r : r35 hale resulted in highe. milk production, esFcially h qoEt solutions (up to
:! i: qas caused by lower replacement rate in cows, lesler shee of calves and

rn- i rhe herd $ructure and, h consequence. Iowe. feeding requtemenß of

rr--:i co$ kepl for 6 yeds: all tHs allowed to increase tle nmber ofsmctural

-s,- -i mße üe nilkproduction fron l0 haof fora8e dea.

Cr =. rüd hdd. the increase of calvhg lercentag€ ftom 70% to 90%. on a given

-.: :ilik productivity ofcows. produced a cefrain drop ln nllk productlon.

rcg ro 796 h woßlsolulions md about 3% h be$ soluliors. ftereason was üe

ry< -rcenr of calves md heif€ß in the lerd $ructue md eventually üe higher

*:: :equüemens of stuctural cows Bhich brought down theü number and

e':üe mikDrodudio! from l0 ba of forage aea.
c:< nafrun level of mikproductjon hadbe€n achieved, üe tuher hcr€4e of

d- :::. \ ield of co$s brougll üe dec.ease in the nurber of shctud cows dd 
- 
a



Sowing &op in mik lroduclion, üe biSge$ h lst a@hable optimal solutions lt is

presented h table 5 for üe configuration of faclors of the best solurion (6-veil

ututjon dd ?00lo calvhg of cows, high yiel& of forage pldb).

Table 5: Mik floducdon md nmber of stuctuml cows in tle be* ild üe la*

atuhable oDtual soludon

Daily mik yield ofcows Mik productio' fiom Nmb€rof

_ lohaofforasearea(kg) shc@lcows

30 kg (be$ soLudon) 16t 369 t7 93

36_\e!!!!q!,"!&q9!q&!) 150 125 .- 13.e0

Ditre€nce 'll 244 '4 03

h pdiculil opthal solutiotrs. bi8 ditrerences b $e shtue of foqe pleß cm h

seen. In the wonl solutions. obtahed at üe tevel of 10 kg ofdailv ffi yjeld of cows,

moe of forase dea in the wfter season is occupied h by Alexmffium clover for

geen fdage ild hay and geen wheat fo. silage, and in üe sllmer season all ilea ß

;ccupied by mah for silaee ild Sutu rs foi geen fonse At the hsher levels of

njlk produclion Fr dt of forage m4 üe above fodder plmts ile steady replrced

by bsley dd maize Crown for gah ild sta*, md bv coton gown for see& oüer

sutplmenhry fodder plmß are: green wheat gown h *inter season, Sudan Ss
gown iD srllmer seasoq md luceme cultivated the whole ved round Th€ crop

structue of üe fomee dea h üe woßr tud üe bes opthal solution ß shoM h

tabl€ 6.

Shctml cows obtaioed h optual soludons, were lhen cmvefred hlo physical animal

hea& wiü help ofapproPriate coeffcienß As it cme out, considerable differmces h

nMbers and mutoal lroFnions of 4e cat€gories of catle beseetr sepaat€ optmd

solutions havedenllace. ll cil be seen in 6ble 7 on the exmpleofüe worstandüe

fte above seen difrerences in qumtides of calves dd culled cows desiSed for sale

weß bi$er üm h world aPPer fiom üe number of cows in üe woßt md the bo$

mimal solution. They wer€ caused by üe higner calvhg rate of cow! in the woret

solurion ild lesse. needs of mual herd replacm€nt h üe be$ soldon where cows

were utiliad for6yeds.



fSk 6: Crop smc@ of üe foqe dea h üe woßr ild fre best opthal sohdon

Woßasolution Be$solution
Wprduci'on (kg) 7642E t6t369

25.609 17.930

,kffimclover(ha)
tu qtear for silqe (ha)

he for Fh ild sbaw Oa)
h forgeen forage (ha)

7.0E79 0.1069
- 2.9940

2.9121 52875
-  l . 6 1 1 6

hforsilage(la) 8.6080

h for Fh ild shw Oa)
Sssforgeenforaseo:) t.3920

tE fo geen fomse tud hay (ha)

1.24t6
0.7400
3.4t29
1.6 l  15
2.9940

l* 7: Mal nmbers in stuctual cows md physical heads of catle obbined h

tffi dd üe k$ oldmal solutioD

1.5  yea

25.609
23.048
1r.524

8.451
3.073
t\ .524
E.451

17.930
12.551
6.276

1.5-2.5retu
3.04E
3.228
6.276
3.M8

L5-2 y€ar fo. sale
dves 0.5 yetrforsale

ahdy nmtioned, h 30 oplimal solutions üe mik prduction ftom t ha of

frgaled fonge ilea, wiüout my puchile offeed, reached üe level of 16

F ye&. x ws achieved at ü€ catle stock nmbr vryhg kffi \.6 ro 2.2

s-s Fr I ha of foEge areq üat ß L6 -2.2 dairy cows logefter with th€ir

T d Mul reprcduction. The afiahed level ofüik production was higher

h Dotion€d by Stobbs md ftomlson (1978) for tre subtropical zotre of

rk üe milk production of 6000-8000 kg per yeil wil obhhed tum I ha



of pasture conposed of grsses ild legmes. Afier Payne (1990), it is possible to

obtah up ro 13600 kg mik per yen ftom I ha of very good p6tue h üe topical
zone. fturbon er al. (1973) r€pot a record milk production obtained tom I ha of

htensiveiy utilLed psms in the topical ane of Aushlia. lt mounted lo 17400 kg
pe. yed h Jeßey cowsr ard even 22400 ks per yeil h Holsteh-Fdesim cows, kePt

on the pastue sown wiü Pqola gass (Disituia decmbens). It should be mentioned,
howevn, üat the above r€sults were oblahed by herds conshting only ofmilk cows,

md rct by cows wtr frejr progeny od mual reproduction (smctunl cows) as h the

fte marhematical modeh hhoduced h üe present work cm be dso used, aftq slight

modifications, for the opiimizalion of forage area utilization in catle and other

Imhuß reüed h vdous clinatic zones. In models desiged fn Se temFEte 4ne,

contry to üe subtopical zonet no! reciprccal but ole-way tmsfs offeeds fioil the

summer to tle winter season takes place. Into sucl nod€ls (hitial programes),

acco.dhsto specific n€eds, also addjtional pducdon vdiables itdicathg puchase of

feeö cü b hdlced. They do not b.long to fre foEse dea, so adequate balmce

equtions, linith8 üe moüts of pdcdar puchöed fee&, should be included hto

In üe presetrt model sbdies üe usetuhess of üe lhed prosamhg neüod for üe

optimhtion of fomge ilea ulilization in &iry caftle k€pt h üe subropical zone was
proved. fre criteion of oplimizalion of the initial progrmmes (mod€h) was lhe

n*hiation ofnilk lroductioD ftom i0 of higat€d fotage aea cnltivated lhe whole
yer round. The reciprocal exchmge of feeds bes€en the winter ed th€ sMmer

season and no purchase of feeds from outside was aho introduc€d into inilial
prorymes. fte catle $ock wd expr€ssed in smcüal cows (adulr cows wiü their
progeny ed mud reproduction), reflectug h shguld fom üe htemal shcture ot

From 1030 received opthal solutions, h 30 solutions fte mül nik production F l

ha or fonge ma exceeded I 6 thousdd kg. ftey were obtahed ar average ddy milk
yield of cows ranging from 24 to i3 kg in 300-day lactatioD and the number
tud cows p€r t h rmged tum 1.6 to 2.2. h fre be$ soludoq received at se

level of 30 kg nik rr cow &ily, üe mud mft prdudon wil a high as 16 137 k8

miMa dd h the woßt soiutjon, received at the mik produdivity level of l0 kg pet

day. fre mjlk production was more üil so thes lower (7693 kgAa). At Se
dmq frenmbr of shctual cows per I ha of forase ea (1.79) h the best
was30%low$ftil in thewoßtsolution (2.56)-

De tu6er ircr€ase of eily milk yield of cows abov€ fte opthal level broughl
decrease in nmber of sftuctual cows md a gowing decres€ h mik produclion-

Above üe productivity level of36 kg nft per day, üe olthal solutions werc
for ody a pd of possible conbhatiotrs of factoß and above 40 kg no
solutions were obtü€d.
Pmllelly with fre increile ofmik production, significmt chilees in crop stuctue
fte forage @a were obseRed. h solutions wü üe lowe$ nik production per Njt

30



ar :3ee area ,  a lno*  a l l  ac reage *as  occup ied  by  vo lun inaus  feeds ,  such as
{:r\d&inum cLover, naize for silaSe md Sude g6s. Togeüer wiü govhg nift

-Nuction- more ild nore forage area was occupied by bdley md maize grown for
,-::r ad *nw. dd by cofton goM for seeds. The posibility ofreciprocal exchüge

:iie& betueenwhter and sunmer season was ftlLy utibed h optual solutiols dd

:::ibured to fte bofrer balilcbg of feedins ntions dd nore effecdve utilLation of

i:=gi area formilk production.

:: Jaborated maftematical modek, with dight nodifications. cm be aho applied for

x5hdon of fonge rea utiLafion in catle md oüer tmhmts reded h djfferent

::-r!ic conditions, hcludhg the tenperate zone-
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