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Forages4produced in thé.Comarca Lagunera desert reg1on }
rof Mexlco were ekamlned w1th respect to current ut1llzatﬁon

-patterns in commerc1al dairy . ratlons and: the1r nutrltlveﬁ

1

\ ”~ * . P o

lue as meaSured by apparent dlgestib111ty, voluntary
thake, and 1nfluence on mllk product1on and m1nera1 ftatush

in Holstein cows. Alfalfa greenchop was theQmost ‘common A
forage ut111zed in the ratlons of nine farms surveyed 1db%
of the farmers used the forage at a mean level of 68% of the
: forage ;n_the diet. Corn 51lage and annual ryegrass were
used.by 53 and 50% of the farmers at a mean level of 16.5
and 10% of the forage, respectlvely Sudangrasé"forage oatS*
and sorghum silage were also used to a llmlted extent Milk
production'on dairy “farms was higher (P<0.05) during #he B
hinter than in the summer (18.2 vs 17.5 kg/cow/day). ﬁryv
natter (DM) intake and mllk production were 51gn1f1cantly.

.i 5
related (r2=0.90). In trlals conducted at the research

'statlon 1& which six cows were fed 4 kg toncentrate along
with different 1nd1v1dual forages, cows fed alfalfa produced
more (P<0.05) milk than those fed annnal ryedrass, “
sudanpgrass, and corn and sorghum silages'K21.8, 18.9, 15.1,
13.2 and 11.8'kg/cow/day, respectively). Cows fed forage
oats pﬁoduced'ﬁO.? kg milk/dayr Milk.production was closely
related to DM intake (r*=0.84). Forage crude protein (%) was

‘correlated with bM intake (r*=0.78), and protein.fntake and
milk production~wege highly related (r*=0.99) when the

-

. protein content of forages was below 15%. Mean plasma

W
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concentratlons of copper, 1ron and z1nc were 111 . 255 ‘and

161 ug/dL respectlvely, whlch 1nd1cated normal nutr1t10nal

status o§ the cows for ;hese elements @Although the mean

¥ 1

plasma magne51um level (2 03 mg/dL)QaCTOSS all\forages was 5
\;f"w1th1n ‘the, normal range, m11d hypomagnesaemla occurred in
l‘.lcows consumlng alfaAfanreepchop (mean 1.3 mg magnes1um/dL-

rangen;}1 .7 mg/dL) Least cost ratzons and least[water ‘
rat1ons (based on the amougt of 1rr1gat10n water requ1red to
B produce J kg of forage bM) 1nd1cated that all—roughage dlets
. based on. sudangrass(leas(/\:}t+/or corn silage (m1n1m1zatxon
of water) for the sommer, and annual ryegrass for the
w1nter,<were the best at a level ofﬁmllk prqouction of 10
i\f\\gg/cow/day. Aboéev10 kg of milk least éost and least»water ‘
¢ # Tations were idehticai during the’winte;'apa were based on
coﬂeentrate, corn silage, annual r&egrass and alfalfa'hay.
Summer diets for milk production levels over 16(kg/cow/day
contained aifalfa greenchop rather than alfalfa hay;;more

" corn silage and less alfalfa greenchop were used in least
water rations than in the least cost rations. The close
agreement between least cost and least water rations ochrred
even though forage prices and economy of water use by plaets
were not closely related (r:=0.06). High marginal:galues for
DM intake in least cost and.ieast water rations and the low
DM intakes achieved in trials, especially with corn and
sorghum silages, indicated that more emphasis &n -factors

influencing the voluntary intake. of forages is necessary in

forage research programs.
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1. Introduction

Moreﬂdigestible enérgy énd'protein can be produced for
ruminants per unit area of land from forages than from
.cereal crops (Hodgson 1979). This suggests that the amount
of forage used in dairy cattle diets should be maximized if
the philosophy is to produce the most milk pe} unit area of
land rather thaﬁ to maximize production per animal. Some
countries of the world are, in fact, using mainlj forage
diets and évoiding concentrate feeding as much as possible
with the goals of producing milk at low cost and directing
the use of grain towards human consumption (McMeekan 1966).
Currently.the principal challenges gssoqiatéd with
i;creasing the amount of roughages utilized in milk
proquéion include the need to increase efficiency of
production of forages, tﬁe need to develop procedures for
quickly determining the quality of forages and the need to
determine how céws respond to forages of'differing quality.
A greater kngwledge of regional forages is also imperative
f~+ some areas (Hodgson 1979).

The Comar~a Lagunera area of northeastern Mexico is the
covntry's most important milk production center. Climatic
rﬂndition§ are typical of a desert area and the majority of
the forage production is dependent ﬁpon irrigation from
underground water reservoirs. Water is a yield limiting
res~rurce and the water table is currently decreasing at a
rate ~f 1.75 meters per year. The restrict{on imposed upon

rlav' rr~4n vian by the need for water and a declining



. supply of water make it imperative that this resource bg
used efficiently in forage prbduction. Most forages in the
area have been evalyated in terms of potential dry matter
(DM) production but it is necessary to evaluate them in
terms of water usage; field observations have indicated that
there is a difference in the amouﬁt of water required by
each forage grown in the area. It is known that'water use
efficiency is influenced by type of plant and management
practices as well as by environmental and soil factors-
(Clanton 1973; Sammis 1981). ’

Information on forage quality is scarce in Northeastern

forage quality is greatly influenced by environmental

factors (Raymond 1969; Londsdale and.Tayler 1971; Reed 1978:
Marsh 1975; Underwood 1981; Van Soest 1982), it is of
extreme importance that information on the nutritive value
~of forages grown in the Comarca Lagunera region be obtained
so that potential ;haﬂqes in the fbrage production and |
utilization ystems can be completely evaluated.

The objectives of this study can thus be stated as
follows: 1) to identify and quantify the types and amounts
of forages currently b;inq used in diets for dairy cows in.
Fbe'Comarca Lagunera region of Mexico, Zf"to obtain a
nutritional evaluation of the most important Eoragés in the

area, and 3) to evaluate and propose alternate syrtems of

forage productieon and ntilizatian for the region.
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. Forages in Diets for Dairy Cattle '

e Role of Forages in Diets : S %2Q

- _ o
;;/ Forages are a primary constltuent of most’dalry cattle
rations and often make up to 60 to 70 percent of the total
DM intake for dairy cattle in North America (Eoley-et al.
1972; Miller 1979). Dairy cattle must consume ade%;fte
amounts of fiber, usually supplied by forages, to ensu:e
rumen function and to maintain milk fat percentages (ﬁrller
1979; Waldo and Jorgensen 1981). Also the cost per unit of -
~nutrient from forages is usually iower‘than the oost per.
unit of nutrient from concentrate feeds (Schmidt and Van
Vleck 1974; Etgen and Reaves (1958) which is a major reason
for their importance in dairy cattle rations.

It has been reported that more digestible energy and
protein can generally be produced per hectare from-forages
than from cereals (Hodgson 1979) This is also true in the
Comaxca Lagunera region of Mex1co where ylelds of graln are
4 to 5 tonnes of DM/ha in comparison with 12 to 18 tonnes

- DM/ha for some of the reglonal forages (SARH 1980) These Q
'productlon levels suggest tnat the amount of forage used in
dairy cattle rations shonld be maximized even to the extent
of optaining less milk yield per Qow. Indeed, under certain
conditions it may not be profitable to feed any grain to

lactating cows (Henderson 1938; Foley et al. 1972; Schmidt

i
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.and Qan Vleck 1974) ‘even though under most c1rcumstances
.the ration that results in near—-maximum energy 1ntake and
near—max1mum milk productlon w1ll ‘be .the most’ economical
(Ward and Kelley 1969' Coppock et al. 1981),

Scott (1981) clalms that four different systems of
feeding and management of dairy cattle are seen in major
milk producing countries. These are T) feeding purchased
roughages and concentrate to zero grazed, pennedvoows
(Southern California); 2) home growing of roughages and most
¢oncentrates for zero grazed animals (Wisconsin); 3) feeding
concentrates with conserved forage and other roughages in
winter and a reduced amount of concentrate. to grazed cattle
in spring and summer (England); and 4) feeding cattle on
pasture and gonserved forage throughout the year (New
Zealand). The averageiamount of fat corrected milk(FCM)
produced per cow in these systems was 7140, 5300, 4670 and
3475 kg respectively, but milk output per hectare was
estimated to be 4700 to 10,000, 4400 to 5300, 5200 to 5800

and 7000 kg of FGM, for the four systems$ respectlvely bIn '
terms Qf energy output/input the high roughage New Zealand

'lsystem was estimated to be three to four times as efficient

, te

as any others, and the milk produotion cost was only about

40% of that in the United States and England.

Milk Pfoduction With Allékoughage Diets B e ‘5.4 ;?$1
There is a limit“to the ‘amount of. Iorage that, cows will
T e ~
voluntarlly consume. The max1mum dally 1ntake of,ForaQeS‘by’*
o & NUEZ A o RS < B s Nt PR
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lectating dairy cows ranqee»between 1i5 and 3.5 kg of DM per
1001kg of body weight;:the better the forage;QUality the J
mereia cow will consume (Foley et‘al. 1972). Several
researchers have reported silage DM intakes in the range of'v

.3 to 2.3 kg of DM per 100 kg of body weight (Huber and 9
~, Thomas 1971; Baxter et al. 1980 Gr1eve et al, 1980a). Foley
et.al.~(1972) anthiynn (1981) claim that magimum'silage
‘intake is only abo;t 2.2 kg DM per'100 kg of'bgdy‘aeight
which is less than that achieved with hay dlets. When corn
51lage is the only source of forage the addltlon of hay has
1g§royed total DM intake (Thomas et al. 1970; Grieve et al.
1980a) . .

The limit to voluntary intake of cows imposes a limit
on their nutrient intake when they are fed ali—reuéhage |
diets. Potential milk pfoduction on such diets isrthue.b
usually restricted to a maximum of 14 to 20 kg/cow/day
'(Putnam 'and Loosli 1959; ﬁanning and Laben 1966). If

P

lactating dairy cows gre fed some grain in addition to

roughage, nutrient iatahe and potential milk production can
be increased (Journet and Remond 1976).
geﬁﬁhage Concentrate Ratios

ﬁnmerous experiments have been conducted in which the
response of lactating cowe to supplemental concentrate has

been-examined. No statistical differences in milk production

w,

were observed in cows consuming d1ets of roughage to

concentrate ratlos of 80 20 . 60:40 and 40.60ﬂwhen these



diéps were fed ad libitum and includédimixed hay or: ’
.1égumé—grass and corn silage in a 1:3 proportion (Putﬁan and
Loosii 9559). The actual milk produétions obtained were
22.9, 24.5 and 25.5 kg/day fotr the three diets,

respectiveiy, suggesting that statistical inadequacies may
have prevented differencé§ from being detected. Dry matter
intake incréased as the proportion of concentrate in the
diet increaséd. Similaf trends were dbsefvéd for ﬁhe
digestibility of DM, crude protein and ether “extract but the
digestibil{ty of crude fiber decreased as concentrate
increased. ‘ O

Conrad et al,'(i966) using a forage consisting of '
coarsely choﬁped,.high DM legume—grass_silage, found that
digeétible DM intake decréased as the percent grain in the
ration if€reased above 50% and that cellulose digestiblity
decreased’ as Fhe percentage of grain in the ration was
increased from 34 to 72%.

A 60:40 ratio Of”forage to concentrate resulted in the
best performance in an experimenf in which tested forage'to
concentraté ratids were 90:10; 60:40, 30:704and 0:100
‘(Ronni%g and Laben 1966). The actual milk proéuctions
oBtained from firét lactation"cows‘weré‘14.3, 18;4,‘16.1 and
17.6 kg/cow/day, respectively, _w.it*xcorresponding DM intakes
of 19.6, 18.8, 37.1 and 14.6 kg/déw/day. It was suggested
that the high-concentrate rations caused an overcondiﬁioning
of the cows;:probably'pgcause the energy intake e{cegded

milk production potential. -
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Nelson et al. (196&9 working w1th pelleted Coastal

Bermuda grass and using Holstexn .cows and roughages to
concentrate ratlos of 100:0; 75:25; 50:50, 25:75; 0:100
found a small significant.increaSe’in DM intake as the.'
contentrate content of the diet ‘was 1ncreased Mllk
productions of the cows for the different d1ets vere. 12. 32
15.86,/ 18.49, 19.74 and 19.08 kg/cow/day respectlvely,'w1th
statistical differences only occurcipg!between the tuo
highest and three louest roughage diets. | - '
Murdock and Hodgson (1969) fed alfalfa hay with two
levels of concentrate to lactating cows;.milk production was
slightly, but not statistically higher for the high level of
concentrateé (17.2 and 16.2 kg fat corrected milk (FCM)/day)
Based on results such as these, several authors have
concluded that a ratio of roughage to concentrate of 60: 40
results in the best performance of an1mals as: measured by
milk production, and that increased levels of concthrate
also ceuse a drop in milk fat percentege‘(Ronning and'Laben
19667 Nelsdn et al. 1968; ward and Kelley ?969}jTyrrelL\
1980). Of course the extent of the response which will be .
obtained with grain supplementation dependsiu;o; the level

of milk production and the age of the cows (Journet and

Remond 1976) as well as upon the quality of the forage.

Corn Silage Rat1ons
In the Comarca Lagunera region of MQXICO there is

concern with dairymen that some alfalfa is essential in



‘diets for dairy cows. Indeed, since corn'silage is low in
-calcium}ﬂphosphorus, and protein‘it is‘conVenient-to feed
this forage in combination with a legume crop, such as .

alfalfa, to ‘increase the concentrat1on of these nutrients

&

(Hemken and Vandersall 1967;f?auer_et-al. 1980). Some

o

problems encountered with cofn silage as the'oaiy forage
inclpde a greater incidence of kétoéie, displaced abomasum,
parturjent paresis, andliower DM inrakes (Hemken and
Vandersall 1967). .
| Several researcheré, however, have found that feeding

programs based upon corn silage as the sole roughage source
are feasible (Thomas et al. 1970; Coppock et al. 1974;
Belyea 1975; Grieve et al;“i97627Grieve et.al. 1980a; Gordon
1980a,b) . Advantages given for an all corn silage forage
program included a high‘energy content, ease of
fnechanization in a feeding system'and highQ§ield per ha.
However,. for a corn.Silage fcrage system to gain widespread
acceptance with dairymennit must prove suitable for raising
young stock as well as for resulting in maximum milk
productivity or longevity (Sauer et al. 1980; Steen and
Gordon 1980). Severai multilactation experiments have’been
conducted comparing corn silage as the only forage with hay
or with comblnatlons of corn silage and hay. In each case,
“milk productlon per cow was similar Wlth corn silage diets
to that obtained with legume-grass forage when fed either as

Al -y o

hay. or silage (Thomas 1970; Belyea et al 1975)
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In general, then, 1t has heen concluded‘that corn

silage is satlsfactory as the sole ‘source of roughage for
performance of lactating cows. Moreover, corn 51lage can be.

fed Satzsfactorlly to dairy cattle, 1nclud1ng helfers, for

;prolonged periods as the sole forage w1thout adversely

baffect1ng health and reproductlon (Grieve et al 1980h);

™~
B.‘Effect‘of‘Environment on Forage Qualjty

Forage, at the time of harvest, is a product of the

. distribution of photosynthetically converted energy \and

absorbed nutrients and is thus influenced by the environment
in which tne plants were grown. Environmental temperature’
has a dominant effect on plant composition,.while* the
effects of season and light are secondary. Other
environmental parameters of ‘importance include water supply
and’ 5011 fertlllty The combfdat1on of these env1ronmental
factors‘contrlbutes to the unique nutritive qualities of

forages from different geograph1cal locatlons and between

first cuttlngs in sprlng and aftermath cuttlngs (McCloud and

- Bula 1974; Van Soest et al. 1978{ Van Soest 1982).

Temperature
ngher env1ronmental temperatures decrease water
soluble carbohydrate content and increase £1ber content of

plants caus1ng decreased digestibility of forages (Delnum et

al. 1968). A decrease from 84.6 to 74.2%. 0f DM dlgest1b111ty

of forage in late sprlng (18°C,mean) in comparison w1th

3
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earlygébﬁ&ng“(13.7°C;mean) was reported by Deinum et alj.;Q
R 1-'3'68;)~'."'Thi‘s difference was caused by both increased
_‘temperatures and stem'formation. With no sfem;formatibﬁethe
vegetative grass in summer (21.9°C,meanfﬁwoﬁldvdroplﬁrpm )

- 84.6 to.78.4% DM digestibility due to the ﬁigher N
temperatufe. Minson and McLeod (1970) reported a significant
correlation beﬁweehibM digestibility and the mean daily
temperature forAfhe‘month‘prior to cutting'(f=—0.97) and
also with total‘eveperation (r=—0.91); This high cbrrelation
appears to indicate that high'temperatureseafe assecieted
with low digeétibility in tropical gfasses. |
;Alfalfa leaves show little change in digestibility with
changes in envirpnmentgl temperature in trobica; climate but
lignification gf stems and their consequent loﬁe;e
digestibility occurs in e‘hbtfef environment (Van Soest
'1982). This results in~a widening of the range in qu;lify
betﬁeen the more ané the less digestible parts of the

"alfalfa plant. ' N

Season

Spr&ng‘cut éérennial ryegrass has been‘reported as
having more digestible organic matter than autumn cut .-~
Tyegrass (Reed 1978; Ribeiro et al. 1979). Beever et al.
(1978) also reported a 6% higher organic matter |
._d}gestibility in\spring than in autulnn cut ryegrass.
’Hidirig}ou et al. (1966) sugge;ted'that'seasonal variation
can occuyr in forage quéiity. The digestibility of alfalfa DM

[
. r’
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was 70.3% in Oé%aber‘and‘sé 8% .in June, ‘however éﬁe’Spring
alfalfa was harvested at a later stage -of maturity. It'isfl
’well known that d1gest1h11lty Eacreases .as stage of maturlty”
‘increases (Van Soest 1982). gﬁ41f3; B L
There appears to be no. con51stent varlatlon or regular
 season var1at10n in the’ content of n1trogen, phosphorus and o 3
lpotasszhm 1n forages whereas ca1c1um tends to reach a péak
value in late summeLHJWhltehead 1966°.Karlen et al. 1980).
Magnesium shows a seasonal varlatlon wlth hlgher
- concentrations occurr1ng late in the year. Copper_and’
molybdenum concentratipns in forage have a,teﬁdén;; to
increase from early summer to aﬁfamn (Whitehead 1966; Karlen
et al. 1980); There are dlfferendes in,intake of foragesf”
harvesred at different seasons of .the year .even though.ths
digestibility of the forage is similar; higher intakés occur

with spring growth (Londsdale and Tayler 197%; Marshf1975;
Reed 1978).

Light‘

Lightvintenslty has been reported as having little
\*effactfénraiéesribility. Deinum et‘al..(1968) rs;orted a
);drop from 78.6 to 76.4% DM digéstibiliéy due to low lléht » ?

intensity (cal/cm’/da§5‘ Raymond (1969) reported no

k]

51gn1f1cant effect of llght intensity on DM dlgest1b111ty(//’ .

~
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Soil Fertility
Fertilizatioﬁ of the forage with nitrogen increases
crude pfﬁtein cgntent but has'a minor effect on
dige;tibilityvaccordiﬁé to Reid et al. (1959) who workea
with tall fescue. Deinum (1968) and Raymond (1969) also
reported little effect of nitrogen fertilization on
» . :
digestibility of ryegrass and cocksfoot using widely
differing levels of application.

Plant déficiencés of calcium, magnesium an botaséium
can occur, and do so, mosﬁ commonly on acid sdils with low
cation exchange‘caparities.-Despite this, the content of
magnesium and bbtass&um ind forages are o%ten higher on acid
than on calcareous soils, presiimably due to less competition
for uptake from calcium. Trace -element deficiences and |
excesses are especially related to acid or calcareous séil
type (Mort&edt et a'. 1972: Aubert and Pinta 1977; Bruce
1978; Schute- 1964). T+ has been reported that liming caused
a decrease of copper, manganese, iren and zinc and an
increase in the malyhdeum contant nf plantg (Canchells
1969 Nibho]as and Eqan 1975: Bengnt and Matrone 1076) In
most soils the totn)l content of al) trace ~lements is
sufficient #Or the produrtrion ~f any crop. Tn aoilae w%pr;
available supplieg nfe J~w, trace ~lemente Adeficrjenciees will
he accentuated wher high yi;Yﬁ: ~nf berkage are cut anAd

renoved (Whitphead '9R6: "INderwrnnd "7 " Underwod 10R11)



'C. Evaluation of Forage Qﬁality '

When forages are utilized for feeding livestock both- -
the amount of DM produced énd'the quality of the DM are
impo;taq;, particularly in diets for dai;y cattle. There are
several definitions'of fo;age quglity but”écco;oing to 4
Barnes and Marten (1979) quality may be defined as the t}oe
and amount of digestibie nﬁfrients available from the forage
to the animal per unit time. Forage quality is thus. a
fonction of the rate and level of intake, the rate and
extent of digestion and the cfficiehcy of utilization of
specific nutriepts in or derived from the forage. Any or all,
of these funct{oné may be inhibited'by'thé presence -of
anti—quality substanceo in spec}fic forages. Hence, focage
quality is related to the potential of livestock to produce
meat, milk and other products from forage through fhe.
utilization of 'its available nutrients. The féctoré of
primary economic importance in conversion of-fofége to
animal product are generally ‘considered to be voluntary
1ntake of gross energy, dlgesthillty af energyr and S o

efficiency. of convertlng dlgested energy to an1ma1 products

- e e e e o -

= .ot e

. (WaIdo and Jorgensen 1?81) S

Préﬁicf§oﬁ of Digestibility -
Tt is widely accepted that the in vitro procedure of -
estimating forage guality can provide the most accurate

predictions of the digestibility of the forage DM. (McQueen

~and Van Soest 1975; Morrison 1976; Birrel 1980; Burns and
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Smith 1980). The in vltro laboratory techniques used for
forage quglity prediction do not apply equally to all the
forages though, and the accuracy of the séveral variations
in methods used'ls questionable since there is considerable
variability within_and between the technigues employed at
‘different laboratories (Johnson 1966). Due to this
va;iatioh, if each of the laboratories calculated
relationships between their in vitro and.in vivo data\
different regression lines would be obtained. Other authors
have reported that the‘in'vitro procedure per se is probably
not a sigoificant contributor to differences among obse:ved
in vivo and in vitro relationships;’inherent differences in
the characteristicas ofisubtropical grasses,;temperate
grasses and.leguues are suggested. as the;@i{mafy.causé'
.(Minson and McLeod 1970; Lipke 1980). This suggests that for
the most exact interpretation of in vitro data, in vitro vs.

'1n v1vo relat1onsh1ps should be avallable for each spec1es

of forage tested;, or at least for each group of 51m1]ar

species, e.g. Atemperate grasses,'temperate legumes tropiral-

grasses,)tropncal legumes (Jobnson 1966; McLeod and Minson
t969; Minson and Mcleod 1970). Consequently, because of this
‘problem and the need to standardize other factors such as
inoculum source,. sample preparation, etc., caution must be
used in the interpretation and use of unadﬁnsred in vitro DM

digestibility values When corrected values are desxred

2 .
o - v Iyl »

enough forage samples of approprwato tvpe and known

dagest1bJ]1ty must be 1ncluded in earh in witro ruan v

14,

re-cs



provide an adjustﬁenﬁ féctor. On tﬁe‘othgr hand, there is
évidenéé that once a technique has been standardized and ‘
regression equations have been determined, the in vitro
rumen fermentation téchnique may prove highly valuable in
studying forage quality (Reid et al. 1959; Reid 1961; Reid
et al. 1964? Gordon and Murdock 1978). |
Most of the techniques for prediction of forage quality

have been developed with hays and little information is
available on tﬁe accuracy of various methods for estimating
‘the.nutritive value of corn siiage (Sudweeks et al. 1979;
Boila et al. 1980; Jones et al. 1980). Itlhas been reported
that the two stage in vitro technidue is Qell correlated
with corn silage in vivo DM digestibility but that the .
co:relat{on obtained is lower than that for other® forages
(Alderman et al. 1971).

,j4Alt§9§gE'§h¢{§n-vitrb>fumen,fgrmenpatiqn method is a
' Qoédxway.éflgfédiétihg the in vivo digestibility of several
'sﬁéciésfand'mixed fg;aées'itfﬁoég have éiéad&aptages.
Morrisog (T97§)Apointedﬁout that.tﬁe'in Qitrd\&iocedureﬂA
vtégééké foﬁg‘time (6.days per determination) and;it involves
the necessity of ﬁaVihg an available source of rumen
inoculum. Other methods of digestibility estimation which
are simple, quick, reliable and inexpensive must be
“seriovsly considered as there are fiore and more situations
in which the 'in vitro methed.cannot be used (Hahtley et al.
1974;”T5§9E£ﬂué; aiLA1§7S;‘Mcfrison-i§7é; Goto gné-Minson

1977), Chemical, physical, in vivo, small animal bioassay'
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and enzymatic methods are thus often used for forage gquality
evaluation. Recently infrared reflectance spectroscopy has
been proposed'és~a rapid assay for chemiéal-constituenés in
food and féedA(Nérris ef al. j976). Waldo and Jorgensen
(1981) believes that the speed of this. technique will cause
its increasing application to anaiysiS'of dry forages. Van
Soest (1982) statés that the infr&fed’reflectance
spectrophotometry technique is not adapted to basic work on
the composition of forages but it can be very useful in
programs for evaluating lafge number of similar samples.

. ‘ o .
Prediction of Intake

A very important factor in forage utilization studies
is DM intake (Barnes and Marten 1979). The preaictipn’of
intake must therefore be a goal of forage quality stuaies.
Voluntary intake has been correlated with animal production
and several authors are in agreement that the intake of
¢diges£ible energy has'the most influence on animal
production; body weight gain apbears to be solely a function
of digestible enerqgy intake (Swan and Broster 1976), and
milk pfoduction is a function of energy intake (Blaxter and
Wilson 1962; Blaxter 1964; Kleiber 1975; Fadel 1978; Lippke
1980) with diets containing adequate protein, minerals and
vitamins.
There are several animal factors that can affect the

voluntary consumption of feed. The efféctive size ?f the

\

rumen and the amount of ingesta in the rumem at feeding time - :
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and at the end -of the feedlng perlod are 1mportant (Campl;ng
and Balch 1961; Buchman and Hemken 1964). Numerous other
factors such as phy51ologlca1 status of the anr;al-“sensory
cues, osmolarlty of the rumen contents and blood dlsease“mf
‘and nutrlent def1c1enc1es, eating rate, gastr01ntest1nal
fill, rate of fermentation, and rate of passage can affect
intake-(Baiie 1979; Van SOest 1982). The number of theSe
factors makes it very diffioult to accurately predict the
intake of individual animals. | .

Plant factors reported to be associated with the
voluntary intake of animals include stage of maturity,
percent moisture in the forage, DM digestibility, physical
form; utrient balance and cell wall constituents.‘Increased
maturity causes a decrease in forage intake, and this is.
inversely related to the moisture‘percent'jn the forage
(Smith et al. 1958; Reid ef al. 1959; Conrad et al. 1962; -
Ademosum et al. 1965). If the protein content of the forage
is below 10% this may reduce voluntary intake (Raymond 1969;
Swan and Broster 1976). Higher digestibilities in forages
are associated with greater intakes (Minson 1953; Church and
Pond 1974; Church 1879). In this regard, Conrad et al.

(1964) reported that with low d1gest1b111ty forages (52.1 to
66.7%) the factors regulating feed 1ntake are body weight |

(reflectlng roughage capacity), amount of undrgested“re51dUE'
consumed per un1t of body we1ght per day (reflecting rabe of

-

passsage) and DM dlgestlblllty thh h1gh dlgestlblllty

forages (66 7. to 80 0%) the 1ntake appeared to be dependent

- -
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g-on metabollc s1ze, production level -of the an1mal and DM

"dlgestlblllty A 51m11ar relatlonshlp for 511ages is not

'def1ned clearly, for example when tyegrass 51lage was fed to‘
_;Holsteln cows” they conSumed less DM- when. the dlgestlblllty
was hlgher (Tayler and Aston 1976), The authors suggested

d'that d1fferences in: coneentratlons of fermentatlon ac1ds

. 9
4

_ between the 51lages-could-have obscured the potentlal effect

. of dlgest1b111ty on voluntary 1ntake

e &t e e ar we dea s e o

Although in v1vo and Ln v1tro dlgest;blllty are botﬁ T

. correlated w1th voluntary 1ntake, hemlcellulose and neutral

©

'~detergent fiber are more consistently associated with 1ntak8.v':h
(Van Soest et al. 1978). Rottweder et al. (1978) statedtthat.d_;
. nepytral detergent fiber was the chemical method of choice
for estimating voluhtary intake; the oorrelationsvbetween
neutral detergent fiber and intake ranged from - 0.32 to
-0.94 in their experiments. depending upon forage species and :
iocation.ﬁ
There are external factors, not attributable to the
ahimal or the forage, which can affect voluntary intake.

Rainfall and temperatures ‘above 20°C may cause decreases in

a

- voluntary intake;KDuble et al. 1971; Reed 1978). On the
other hand, in one report (Dra@%vich.1§78) no difference was -
i

found‘between intake on days having varying heat intensities

¥

'above the 27°C. threshold and ne1ther-prolonged perxods Qf

ﬂyhrgh temperatures nor. the rapld onset of hot weather;fﬁh f*f

iy

. resuited in. con51stent decllnes 1n m11k productlon

~

: Acclrmatxzatlon of the cows" to hdgh temperatures probably



contributed t6 the lack of a signiticant decline‘'in '

production. in this experiment.

Other\Quality‘Factors ' - o
Inten51f1cat10n of productlon or conflnement of cattle?

often 1mposes restr1ct1on on movements, and anlmals become

dependent upon forages ’roduced on a 51ngle 5011 type, or a

narrow range of soil} types. Forages grown on such so1ls may""

“"”he,lnqapable w;thout approprlate treatments,‘of SUStalnlnglnt .

health fertllity and product1v1ty oﬁ stock "This 1s

.‘particularly true for mlneral elements where nutrltional

PR

abnorma11t1es may arise as 51mple deflClenCIGS or excesses
of s1ngle elements More commonly abnormalltles 1n mlneral ‘

nutr1tlon occur. as def1c1enc1es or excesses condltloned to

some.extent by other m1neral elements, nutrlents, or

organlc factors wh1ch are present in the env1ronment and are
vcapable of mod1fy1ng the ability of the an1ma1 to ut1llze |
the def1c1ent or tox1c element Therefore, it is recommended
that mineral deficiency or toxicity'studies‘include animal

trials as well as forage measurements (Church and Pond 1974,

“Underwood 1977).

D. Water Use by Forages
Plant growth in semiarid regions 1s limited more by

'ﬁfwater than by any other factor (Falrbourn 1982) Water—plant'

PR -y

'relatlonsh1ps as they afiect plant growth then, have beenv

.;'the sub]ect of cons1derable study Falrpourn (1982) clalms

<rwc.rfv.\;:s’ p
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tthat.more research-on wpter use by difﬁerent'foragéfspecies_
could improve the economics of forage production.
Factors that’ln£IUence Plant Response to Water

Théfsoil* the plant, and the atmosphere form the
_complete system of water exchange Usually more’ agtent1on

d,has been glven to the 1nd1v1dual elements of thlS system

‘than to the system as'a’ whole"xt is°’ the 1nteract10ﬁ of. the .

@

_three components of the system, not the1r absolute values,
‘which lnfluencesﬁthe:gfowth‘and;behay;ourmof~plants‘(Lemon
- et al. 1957). 3 v ' - o s |

| P‘éome of the ma1n so;l factors reported as having an
oeffect on-plant response to water are: texture, structure;
'hydraulic conductivity, organic matter content, salt
concentration, temperature,'aeratiOn, moisture content, ahq\

capac1ty of the soil to stere watetr (Stanhill~ and Vaadla

'1967' Dolgov et al ,1979 Vaughn et.al. 1980). The maln

A .

.o

enV1ronmental factors 1nfldenolng plant response to water"’”'

are: temperature,’ solar radiation, hum1d1ty, w1nd vapor

pressure, and length of growing season (Stanhill and Vaadia
1967; Vaughn et al. 1980; Fairbourn 1982; Yanuka et
~al.1982). An important factor, but- one not normally

: L S .
considered in relation to the plant response to water, 1s

~ V¥

the size of the irrigated area. In arid and semiarid zones \W

“there is usually a very significant contrast between the
'microclimate-of'irrigated fields and surrounding dry‘areas;

- Yoy

~ plant response to water may well be gquite different in small

T I I T

\
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-

plot experlments than 1n large— scale fleld practlce

n -

(Stanhhll'and Vaaa1a 1967) Ampng the prant factors, - T

1nfluenc1ng r

_ponsento,ugter arenrootisystemiof the;plant,
type of follagh,nnaturefof~1eaves, sta§e3bf*§rowth depth °§;l

root zone, and- ph synthetlc activity of the plant (Gates

A

and Hangs 1967- Vaughn et al. 1980) ‘
. - _
The amount -of . DM produced per un1t of water used can be’

- e~ e L

greatly- anreaséd 1f fertll1zers are .used to 1ncrease DM
.yleld.-Thus £ertlllzat1on, if fertilizers are needed: can’
.play a major role“in‘increasjnglthéﬂéfflciency:%f'us;fon
water b; all forages (Viets 1962). Fertlllzers ‘may aldo
"increase root development w1th1n the soil 'so’ that water 15‘
"used at hlgher soil water tens1ons and at greater depths
(Vlets.1962; Tisdale and Nelson 1966) Wilkinson and
Londgale:(1974)° reported that in coastal bermudagrass,
clipped at 4-week 1ntervals,~water—use efflcxency was |

@ &
1mproved'by 76% by ;ncreas1ng‘n1trogen'fentalxzat1on from' o

200 to 600" kg/ha/year"ého;phorus fert;llzat1on in alfalfa
1ncreased DM yield and’ water—use eff1c1ency by up to 100% at -
' different levels of soil m01sture‘(Stanberry et al.j1955).
ﬁecent evidence’ (Carter and Sheaffer 1983ljseems to-indicate
that‘water—use efficiency of alfalfa could be improved by
34% th:fugh'better irrigation scheduling methods, while
malntalnlng forage DM ylelds.- - .
| Becaus‘the water—plant relatlonshlp is controlled by a.; '

number of _soil, cllmatlc, and plant faotors the concept of .

.« 7

evapotransp1rat10n has been used to integrate these factors.



22,

Evapotransp1rataon-1s defined as the 'sum’ ofitwolterms~f(i[fl fe,f_

- . . . s "
e ; se ‘. N .

transp1rat1on ‘which rs the'water enterlng plant roots and .
whrch may ‘be used. to bu1ld plant tlssue or whlch mayvpass‘ .
"through the ieaves of the plant‘lnto the atmosphete, and (2)
‘ evaporat1pn,‘wh1ch_1s the ‘amount’ of water wh1ch w1ll

evaporate from the soil, water.surfaces, and from the, :

:surfaces'bf leaves of the plant Slnce evaporatlon-

1ntegrates many weather factors, the 1nfluence of climate
‘could be assumed to be represented in the-evapotranspiration
‘ concept‘{GafeS‘ana"Hang§v1967;‘Vauéhn et al.1980). It is
reported that during.the growing season crop yield varies
directly'ﬁithhevapetranspiraticn (Farnnotth.197é- Feddes and
Vanwijk 1976). Under field condltlons evapotransplratlon can
~be calculated by a water balaneﬁ‘method wh1ch takes into
account 1rr1gat1on ralntalf%ycralnage,‘and change in, the .

R 2

soil moisture“(Bauder et'al. 1978; Sammis 1981).

.~,haveﬁcalcniated;§a20e$ fer‘the"naterruse efficiency of-- -
plants, which is defined as the relation'between.bM yield

. and evapdttanéﬁirat}en; and which can be expreSéeaﬁas m® of
water required to produce 1 kg of DM (Sammfs 1981;,Metochis

and Orphanos 1981; Fairbourn 1982; Yanuka et al. 1982) .

Water Use Efficiency of Alfalfa-
Y high environmental temperatures-growth of alfalfa is:
limited and at the same time water use is higher; as a

result water use efficiency .is reduced (Metochis and

:Using,indeXESuof‘evapotranspirationwseyeralhﬁeseanchersf""'"
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‘ “Orphanos*1981) Metochls ‘and Orphanos (1981) conducted an

i‘~exper1ment 1n the Eastern Medlterranean to determlne how DM

"yield-and water ‘use eff1c1ency were affected by

d15cont1nu1ng 1rr1gat10n for one, two or three growth

dperlods in July and August (a hot perlod) Alfalfa not

“ylelds to the control which was 1rrlgated the whole year,v

however alfalfa not 1rrlgated for three growth perlods
produced 2@%/1 2SS forage than the control Water use
eff1c1ency‘was improved to 0.63 m?/kg DM by withholding
irrigation for three growth perlods 1n comparlson with 0.72

m’/kg DM when irrigation was applied throughout the growing

. o im
a e T N R FA P & T
- TN e g v e et .

"~ Sammis {1981), working with irrigated-alfalfa“in"”‘

southern New Mexaco (USA) w1th a range of water levels and

PR
,,,,,

LR

’ evapotransp1rat1on under def1c1ent 1rrlgatron reported that

there was a 11near response of alfalfa DM yleld to ' ;‘;_ S

"evapotransplratlon. The response was dlfferent for each

cutting with the water use eff1c1ency belng better towards

the end of the season than during ‘the hot months. The actual

~values for water use efficiency reported for alfalfa ranged

from 0.83 to 1.11 m> of water to produce 1 kg of alfalfa DM.

In Cyprus under- hot -and dry conditions'(40‘°C) alfalfa
e G _ = Ot _

. DM yiel'a"nor‘mé-lly‘aeéiineé"aé‘rkealy in"July through August.

Water use eff1c1ency under these condltlons was 1 54 m’/kg

%

DM whereas At 1mproved to.0.54 m* /kg DM.1n ‘March. through May

Ve

,Jflrrlgated:for ‘one Oor. two. growth: Qerlods produced 51malar DM~

e



e &

.(Metochxs and Orphanos 1981) .

Dalgger et al. (1970) and Bauder et al. (1978) while
v

T~study1ng the relatlonshlp between DM y1eld of alfalfa and

evapotranspiration, reported almost 1dent1ca1 water use

eff1c1enc1es of 0. 83 m® of water/kg DM. " =

| Fa1rbourn (1982) reported that under greenhouse
condltlons the water use eff1c1ency (as measured by
evapotransplratlon) for alfalfa was 0.87 m®/kg DM, bpt nnder

field conditions the water use efficiency was 1.75‘m°/kg DM,

‘This 201% increase under field conditions was because of the

greater air velocity, increased radiation lower

temperatures, and lower hum1d1ty than in. the greenKouse.

B
JA,_ PUE LA .

Water Use Efficiency of Crops'Other:Than Alfalfa =

”Farnﬁorth'1197é) working hnder'irrigated'eonditions in

,_Saudl Arabqa reported DM ylelds of 30.7 tonnes per hectare S

with a cropplng pattern of barley and sorghum when 564 cm-

,pof water was applled from January 1973 to February 1974.

. These values are equ1valent to 1.83 m? water/kg DM. Under

desert»cond;tlons in Ispael water use efficiency for oats
has been reported to be 0.37 m*/kg DM when the plant was
receiving water only from rainfall (Tadmor et al. 1966{;

: =
under these conditions the water use efficiency of alfalfa

‘was 0.66 m’/kg DM.

Yanuka et a)l. (1982) applied water to corn by trickle

"irrigation; the maximum DM yield obtained was 32,440 kg -DM

/ha of forage corn, with a total evapotranspiration of 730



- - -~

-

mm ThlS 1s equlvalent to a water use eflczency of 0 23 m”

o

/kg DM. Th1s value is low in comparlson wlth that obtalned

3

by other researchers (Sammls 1981; Metochls and Orphanos

1981 Falrbourn 1982) but: water appl1catlon by trlckle

e 25

’1rr1gat10n may be ‘more eff1c1ent than with other 1rr1gat1on= L

systems.



I11, Utilization of Forages on Dairy Farms in the Comarca

*Lagunéra Region of Northeastern Mexico

A. Introduction

- The research described in this thesis was conduéted in
the Comarca Lagunera, which:is an area of northeastern
Mexico located at 26 ° N aﬁa 103 ° W, at an altitude of 1100
m. The area has a desert climate with a mean annual rainfall

of ZfO nm and evaporation rate of 2553 mm per year. The_mean
.annual temperature.is (20.5 °C); in the hottest month, july,
the mean temperature is (29 °C) with daytime temperatures
reaching (34° C), whereas the coldest monthly mean
temperatures rebched during the winter is (14.2 °C).>Thé
mean relative humidity is 45% and 54% faor tﬂe hottest.and
coldest mogth respectively (Soto and Jauregui 1979), |
The main forages which are grown in the region include
alfalfa edicago sativa), cofn silage (Zea mays), sorghum
silage f!:;qu vulgaris), sudangrass (Sorghum sudanensis’
forage oats (A!§Q§.§?§i35)' and annual ryvegrass (ggligm
multiflorum). Annubl ryeqrass and farage cats grow Anrinn

the fall and winter and@ ~o'n ejlane  ~arghum ~ilage, and

sudangrasen gre dAuri g the mprinrg a7 quroer alfa{ja_ﬁs v

X
ond ~ror that Aarowe thr snighount t he ~ oy Ot ran eat. al.
Y T g qar et

(19R1) reported that the most ~~mman o an 1macal farms is

[y

. ' ® .
1falfa, ) La? whach ig macy ~ vy Avra
alfa The qn@yq crgibyg‘ rre: lgg;ﬁ iring the
' . 1]

summer ts corn silage which ie arnwn ither ag’d ¢ Ar two

. . . i
¢ °'r° in the ~nrina . gummer seac 7 Sarghum ‘¢ ' 1o aemen

-
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It e e e n

| hnd'npfmaliy'iS‘éiibpe& for silageftwo‘timés_during'the
‘séagon; Sﬁdangraﬁs.is n¢tﬁcémmonly uséd_ihAthe é;eajé
"”§The~d$i}y'industry In the‘érea ét;rﬁed to'dgvélop:in'
- 1966;vS%ncé'tﬁﬁn;a’sévdn'fa;d ingreage hag ocqurred in oo
2 imbe r gf aﬁimglé while the production area of fbrages has
only doﬁbled:(Maftine: et al.04981y. This small increase.in
forage area is probably due to Ehe\limitatiéns of available
unaeréround water. Currently forage production is clearly
insufficient to meet the needs of the dairy cattle in the
area and most milk producérs are dependent upon forége
produced in regions up to 500 km distant in order to
complete their needs. As a result\forage utilizatibn systems‘
on dairy farmg are unstable and dependent upon the quan:itf
and qualitydof forage on offer. |
Very littlé information exists on the~form and
efficiency of regional feeding systems fér dairy cattle in
the Comarca Lagunera. Two reports menticned that the
majority of the dairy farms in the area feed mainly
greenchop forage aleng with some silgée‘agﬁ hay (Martinez
1971 Martinez 1972). Another study }eported that alfalfa is
the main source of forage in this afea,'and that feeding
rnst Compriseg up to 80% of the total cost of milk |
prodﬁction (Avila 1976). Tt was suggested thatvény reduction
in cost fhrough increased efficiency in forage utilization
wonld result in signifinantlsavings for dairy farmers.
| Tt ie very difficult to evaluate systems of- forage

[

rili=aticn in Ajets for lactating cows and to recommend and
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implement changes in such systems unless there is a clear
understanding of the systems currently in use. The objective
~of the research reported in this section was thus to

.determlne how dalry farmers are. currently ut11121ng the

o L N > Lo -

-

forage avallable in the Comarca Lagunera region in dlets for

dairy cows.

B. Materials and Methods

.Official records used to establish background
information concerning the number of aairy farmers, size of
the farms and number: of cows were_obtained from Secretaria
+de Agricultura y ﬁecuréos Hidraulicos (1978). Normally cows
on small_farms,afe'fed a variety of diets because the
farﬁers depehd on purchased feed. For this reason, and since
it would be impossible to obtain reliable data from all
dairy farms in the area, a preliminary visit was made te 35
farms with different populations of cows with the objective
of determining which farms would be suitable for further
study. Many of these farms lacked accurate records of milk
production, amount of roughage and concentrate fed, and
fertility of cows. Orly 19 of the 35 farms initially visited
had reliable rerorde suitable for in-depth study. Nine farms
were selected from these based on the amount of forage fed
end the possiﬁiiitiesmof.obtaining reliable data for a
further one year study.‘The ning farme were selected to fall
into two groups; one with low forage infake (three farms)

and the nther with bhigher forage intakes. In the latter



e
category a further division was made according to'whether
concentrate intake was low (four farms) or high (two farms)

'The nine farms were v151ted once every month for a one
year perlod between July 1979 and June 1980 Every farmer

’measured the m1lk produced per cow tw1ce da11y ané°the§;'
values were checked once monthly on the day of the farm
visit. Also on the day ofrthe‘vrsi;_a,check was made to

] determine the amount of forage offeéred; normally thjs was
done by supervising the weighing of-the amount given to one

group of cows in a corral. If comparisons between reported

and actual results were acceptable the rest of the values

for the month were taken from the records and reported as an-

" average. The same procedure was used to determine the amount
of concentrate offered. The farms visited had only Holstein
’cons which is the predominant breed in the area. The etage
of lactation, lactation number, and month of calving were
not recorded because of 1ack'cf reliable records but all
operations produced nilk throughout the entire year;

Just before ieaving.the farm, sanples were collected
directly from the forege offered, packed in plastic bags and
taken to the laboratory for forage quality analysis. Acid
detergent fiber and ‘neutral deterdent fiber were determined
by the analytical procedures described by Van Soest (1966)
and Van Soest and Wine (1967); crude protein was obtained by
the Kjeldabhl procedure; in vitro dry matter disapﬁearance
was obtained using the Van Soest method (1966) -gross energy

was Aetermined in a Parr Bomb Calorimeter; the minerals



\‘”
potassium, caldium magnesium, iron, manganésé zinc and

copper were determlned using a flame atom1c absorptlon

- phosghoruqbﬁﬁf 9nalyaedabz thq cclcrlmeyric ptdteddré ALY ;;;-::::
| %thé minerals wére determined 'using the techniques described
by Fick et al. (1974).
Resulpsvwgre-anabyzed~statistically‘Esing‘analys;s of .~~~
variancé, linear and multiple regression ﬁrocedures‘(Steel
~and Torrie 1980). Durin§~5£atistical analyses one fafm_ffom~
the high—forage,»lowfeoncentrate_group was eliminated

because of lack of reliable data throughoutwthq\different

_ seasons. -

C. Results and Discussion
Preliminary Survey

The number'of dairy farms, classifiéé by herd éizé, in
the region is shown in Table III.1. The data provided by the .
Secretaria de Aggipulturé'§ﬁRchrsos Hidraulicos, is not!
complete with fesgect to number of cows and farmers, since
it was mainly obtained from farms surrounding thé city. Aléo
there are farms with less than 25 cows per farm which are
not officially registered. In spite of these limitations the
data was considered to be useful in selecting herds for
further study.

Data obtained from:ithe 19 farms in which more or less

complete information could bé¢ obtained are given in Table

-~



'Iable I1I. 1. DaJ.ry farms officlally req:.stered rrn the Gmarca
*I.ag\meraandnmrberofcaﬂsper farm
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500-599

5600
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23
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174

a0 76
-, 37
- 13
18

8
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III 2"Th15 data, because 1t was obtarned from f' e |
unSUbStantlated farmers Clalms. and only on the ba51s of thetf

results reported,to have occurred .on the day of the farm

'v151t 1s con51dered only to glve an approxlmatlon of the

~o s oo

Arms - selected {or furﬁh: Stgdxgare;a}soﬂfotedoln the f

Forage Quallty -h"akf.fh‘f' p~; SR e 'a:

7 Informat1on on the quallty of forages used on the nine
farms for the period from July 1979 to June 1980 is
presented in Table‘III 3 The crude proteln contents of the
forages sampled on dairy farms were within. normai ranges
reported in the Unlted qkates (Natlonal ‘Academy of Science

1971) Thls was also ttfue for ac1d detergent fiber, with the

exceptlon that corn s1lage conta1ned more f1ber than average

values. Neutral detergent fiber was found to be slightly .

higher than listed values in most of the forages which-

\Eﬁggests that the forages of the region contain more

hemicellulose than normal. The gross energy concentration
was lower than listed values (National Academy of Science
197t) especiallyffOr sudan grass (15.88 MJ/kg DM) and
sorghum silage (15.88 MJ/ﬁg DM). One explanation for these
low values'oould-beethe high conCentration ofnminerals in
the forages.kIn vitro dry matter dlsappearance values -
(69—-84%) are con51dered normal in comparlson with values

reported for similar forages in a vegetative state (Van
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' forage (Raymond 1969; Barnes and Marten 1979).

SoéSt 1956-~wilson”etral\7?978;‘Burns and Smith 1980; Jones

et al. 1980) except for annual ryegrass whlch had an

e e

'extremely h1gh dlgestlblllty Probably.- ‘this. hlgh

d1gest1b111ty was due to the stage of matur1ty at. harvest\f'

since younger-materlal is more digestible than more mature'

Mineral cohCéntrations (Table III.4) obtained from the

sampled. forages were .compared with” avefage values for

T et

‘forages in the United States (Natlonal Academy of Sc1ences

1971). The comparison establ1shed that pota551um '

| concentratlons were~higher in"all the forages (2.14-3.69% of

J

'DM) in this reglon of Mexico than in USA llsted’values (1.05

‘ —2408%) .The soils of the study area are rich in pota551um-

no fertlllzatlon w1th thls element is requ1red for any crop

~and the potassium content of forages increases with high

soil potassium levels LWhité'Ead 1966). The'amount of

phosphorus in forage DM (0. 20 0. 24%) was w1th1n ranges

\(0 2 0.5%) reported for these forages w1th the exceptzon of'

corn 511age (0.09%) and forage oats. Calc1um contents were

normal in sudanvgrass, corn silage, forage oats and slightiyj

higher in annual ryegrass than listed wvalues, whereas
magnesium contents were within_normal.rangeé(0.08—0.30% of

DM). Manganese was within the range oé‘gisted values (25—

-~

200 mg/kg.DM) in forage samples. Iron dontent in alfalfa
greenchop (46i mg/kg DM) and annuai rye raSs (547 mg/kg.DM)
Qas high relatlve to Natlonal Academy of Sc1ence (1971)
values (200-300 mg/kg), whereas it was in lower |

& -,
?

- epiv

o
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.'ooncentrations in forage oats (66 mg/kg~ﬁM) Copper.
#concentrations were lower than normal (10 mg/kg DM) mr
alfalfa hay, corn 51lage and annuak ryegrass. Copper,
defigiencies 1n_plants'grown-1n sandy a}kaline‘soils, in
which availability'of_copper,decreases with'increasing”pﬁ,
‘have beendreported (Sauchelli 1969; Nicholas and;Egan1975;i
'Benson and Matrone 1976; Aubert and anata 1977),'The'pﬂ of
“the soils in the Comarca Lagunera is 8.5.

Accordlng to 1nformat10n on the nutrﬁent requlrement of
fda1ry cattle (Natlonal Academy of Sciences 1978;
'Commonwealth Agrlcultural Bureaux'1980) the forages ﬁonldt‘.‘“
.fulflll the mineral requ1rements of lactatlng cows except.
'for phosphorus w1th all the forages, magne51um when oats
were fed, manganese when sorghum s1lage was fed zinc when
alfalfa hay was fed and for copper when corn 51lage, annual.

o,

‘ryegrass and alfalfa hay were fed
Forage Utiljzation.Patterns on DairyAFarms
Alfalfa is the only'plant that can produce forage for
more than 10 months per;year and this is.refleoted in the
differing patterns of forage utilization seen in Table
IIIQS. The availabirity of arable land and water in each
farm as well as management decisions 1nfluence the forage
‘utilization patterns for each farm. Durlng the summer months
100% of the farms visited utlllzed alfalfa greenchop with

the range of use varying from 51 to 93% (mean 68%) of the

forage DM (Table I11.5). In the winter months there was a

:".
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. p ' |
decrease 1n the use’ of greenchop alfalfa espec1ally in terms
of the amount used 1n~the ration (mean 14% - Table III. 5)
'The reason for thlS is that during the winter’ months there‘
1s a reduced DM productlon from alfalfa due to low ID .-
temperatures\ .

When greenchop is. added to a ratlon containing corn

) 51lage or alfalfa hay, 1ncreased mllk productlon has been
reported (Baxter et al. 1973; Montgomery et al 1976 Baxter o
et al. 1978)"However 51nce dairy cattle’ requ1re a’ max1mum |
of 16%- crude prote1n ‘in the dletary DM (Natlonal Academy of
. Sc1ence 1978), feedlng alfalfa greenchop as the sole source
of forage could cause an excéss of protein in the dlet, H1gh
1ntakes of proteln can lead to the productlon of exces51ve
ammonia (Annlson and Lewis 1959: Lake et al. 1974a; Clanton 4 a{h
1877) and the excess nitrogen must be eblmlnated from the
system. The normal function of the llver in remov1ng ammonla

from portal blood can be over—taxed and consequently the

ammon ia concentratlon in peripheral blood may be raised.

1

&~

S it
=
:
Q{..
‘ e

et al. 1974b3%

Excess1ve_grptaiy*proteln can thus cause a reductlon in the

efficiencys e metabolism of nutrlents (Hickey 1960 Lake

: ,0.%;
son and Tayler 1880). Greater eff1c1ency of

i ‘!’L

use of protein could thus poﬁbntlally be achleVed in summer

months in thie reg1oﬁ\&f'less alfalfa greenchop was fed.
Most of the’farmers.in the area offer corn silage alnfg
with alfalFa greenchop or hay with variations in the

<
roport\ons\hsed during ‘summer and winter (Table I111.5).

/
/

f~rages ntll:zed in greater amounts in the diet duri&@tﬂ

\
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winter months besides ¢orn silage, weré;alféifa hay), forage
oats and annual ryegrass. Normally odts are utilized in

early winter and ryegras$ in late winter.
ﬂ' R .

o i '
Milk Productioq‘q£<néiry gérms

The data on m1lk production and forage and concentrgfﬂ
1ntakes collected from the nine farms in the survey were
analyzed by the three groups formed'ontthe basis of the
initia]jsurvey but no statistical difference wés encountered
Setween groups. .Thus the ;;ta was then examined by
individual farms'bccording to season (Table T17.6). Milk
production was affected (P<0.05) by season with 4.2% more
hilk per cow being~produced»during the winter months than
duriﬁg the summer.months. Milk production and DM intake are
'knoﬁn.to be reduced when cows are exposed to high
environmenfal'temperatures (Duble et al. 1971; Dragovich
1.978; Reed 1978). Since no.statistical difference.by season
was detected in concentrate or foréée DM intake, and
digestibilit'y was highly related (r‘;O.QO) with DM Snvaba it
is‘pogsih1a "hat factore other than epvironmental
temp~ratures cavused the lowered s'mmer milk production.

Mean "M intakee (forage plus roncentrate) were well
correlated (r’=0.90) with milk rrnjuéfion a '~ss all dairy
:farms visited (Figure ITI.1). A mn]tiplp .egression analysis
§hqyed that both concentrate DM intake aNA;forago DM intake
were significantly rglated to milk prde¢tion (F values of

39.1 and .9 for concovntrate and foran regpe tivaly oyl
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Figure TTT. '1 Felationship between dry matter intake and mi, 1k
production on’'dairy farms.
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1 and 6 degrees of freedbm respectively)' but concentrate
intake explained more (r 0.88) of the var1at10n in milk
production than did forage DM int;ke (r=0. 51) Although
feedlng grain according to milk productlon was not pract1ced

on these farms, some farmers fed more concentraFé’ln early

lactation than in late lactation. ﬁ\

It could be speculated that a better descfiptidn of the
effect of forage and CSncentrate intake on milk productién
could be e§teblished if digestible energy values were
available fo} the specific forages fed .since it is reported
thét, alfhoﬁgh DM intQké is correlated &ith milk prodSCtion
at lower levels of milk production, outpuf of milk is mainly
a function of energy intake rather than DM inpake'(Biaxter
et al. 1964; Kleiber 1975; Swan and Broster 1976; Lippke

1980) .

D. Summary and Conclusions

1) Forage utilization patterns were difgerent fOrff
spring—summer than for fall-winter‘mqnths; the méﬁh reﬁs@n
for this is that different forages are produced in the
region in different seasons of the year.

I 2) The most common fopagé used on dairy fafms was
alfalfa greenchop which was ﬁtilized_to some ektent in all-
rations during the summer ; during the.fall and winter
alfalfa hay, corn silage, forage ocats and annual ryegrass

vere used, in higher proportions in the diet.
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>;3)‘Forage qhality'waé similar to average.values
repo:te& elsewhere excepﬁ'forvgross energy whf&h,was low in
ésﬁe forages, and for potassium which was high.f_

‘l)fln several forages copper was found in low
concentrations in relation to published valués and animal
requirements.

5) Miik.produétion on the farms studied was higher
during the fall—wintef than’during the spring—summer period
but no ﬁtatistical'differences were:found for forage and
concentrate DM intake in the different seasons.

6) Forage DM iAtake, concentrate DM intake, and milk
production were statistically different between tﬁe fatms‘in
the study; a high correlation (r?=0.90) was found for totai
DM intake and milk production across all farms. Using
muitiple regression‘técﬁniques it was found that coﬁéentrate
DM intake (r=0.88) explaingd more of the relationship
between DM intake and milk production than did forage DM

intake (r=0.51).

R



Iv. Nutritive Value .of Fé:ages‘forlbai:y Cows
'Limited infornation.is atailable-for the Comarca

Lagunera region of.Mexico‘tegarding é%e nutritiveibélue of
the regional‘forages'fOr dairy cows. In vitro dlgest1b111ty
and crude prote1n vagpes have prev1ously been obtalned for
most of the forages and acid and neutral detergent fiber
values are avallable for some forages (Annual reports of the
Pasture Management Project, Research Statlon of tit Comarca
Lagunera; CIAN-INIA). No information was available for
minetal content of the regional erages and'no ﬁeasurements
of in vivo digestibility,‘DM intake orvinfluencenon'milk
_productlom have prev1ously been made with forages from the
region. The objectlve of the experlments reported in thls
section was to evaluatevthe most 1mportant_fo;ages.1n the
- Comarca Lagunera in terms of theit nutfitive value in dairy

rations.

A. Materials and Metnods

The experiments were conducted at the research'etetibn
of the Comarca Legunera, Centro de Investigaciones Agricglas
del Norte, Instituto Nacional de Investlgac1ones Agricolas,
located 17 km east‘of the c1ty of Torreon, Coahu1la, Mex1co
The evaluatlon of forages was mainly carried out in
experiments over a 17 month period from July 1979 to
November 1980. In each ekperiment“the relatine nutritive

value of one forage was evaluated by comparing it to alfalfa

hay. The forages evaluated included alfalfa (hay and

45
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gréenchop),'sudangréés (greenbhob),soaté (greénchop),'annual-
ryeérass (greenchop), corn silage and sorghum silage. The
combinations of evaluated forages and the time:of testiﬁg
are shown.in Tagle IV[1; Each expéfimental period consisted
of approximately 40 days plus 15 déys of pretest adaptation.
In ea;h experiment ﬁ2 different‘Holstein cows were used:; sik
per forage tesfed. The cows were alloted to treatments so
that milk—production, stage of iacfation (approximateiy.110
days postpartum), ﬁumber of calvings (second or third “‘
calving), and body weiéhts were equalized on the two .
treatments. Forages werevoffered ad'libituh at a level of
10% in eitess of the maximum intake obtained duriné.the
‘adaptation period. Alfalfa was fed inzthe form of longghay;
corn silage was prﬁpared the»previous year and sorghum
‘ silageAthé'yeaf in;%hich it was fed. Silages were storedain
a buﬁker silo (6m x%50m~x_2m.dée§) until the time of
.feqdiné;‘Foragesdoffered as greqncth were harQested‘gwicé a
a , : i ,

day with a forage harvester and offered to ééch Sfbhp;of
animals afteg each milking. Forage intake was determined by
weighihé the'offered‘and fejected forage and taking ‘1 kg
.'sampleé 5f both for DM determinations. Concentrate (12%
protein) was individually fed at the level of 3.68 kg DM
(1.84 kg at each milking) éer'cow.per day. The compositién,
of the concentratenwas: sofghum’gfain 80J3%, wheat 5.0%,
meat meal 1.1%, déﬁlourinated'rock phosphéte, 1.0%, :
cottonseed meal ;1.6%, safflowef meal 4.0%, molasses 5.0%,

I

urea 1.0% and galt 1.0%. A trace mineralized salt was

3
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,g“(

: offered;g? l}FItum to‘the cows. The cows had an average
intake oflsa g/oow/day of this m1xture and th1s supplied 5.
mg manganese, O 5 mg molybdenum 2 5 mg cobalt, 5 mg z1nc,"
2.5 mg coppg;qﬂiﬂyﬂ 210 mg iron per Qay.

The cows wer!?rnlfiga'tw1ce dally at- OGQQ andhd

a3

the amount of mllk was fetordeg u51ng a TrueFTest‘sc

&

- (Scientffic Farm Appl1ances Ltd., Hamllton N.Z. ) *MfT“gfat
was measured'once wee rom all the~cows in the experiment
‘u51ng the Babcock test (Judklns and Kganer 1960). The cows
on each treatment were maintained and fed forage ‘as a group
I3 o

in an open corfal“whlch was provided with a sunshade and
whlch was close to the milking parlor Water‘was offered‘ad
l;bltum.AJugular blood samples were eagen in an open'tést
tube.from each cow after the morning'milking at the end-of

. the experimental period. Blood samples were immediately

1 9

taken to the laboratory for- centrlfugatxon for separatlon of
plasma Th1s plasma was frozen for analy51s.

» A dlgestlon trial was performed for each forage
utilized in the study. In_tne'first two trials chromic oxide
(c;zogi, wrapped in a cellulose'paper<container was given
twice daily by a stomach tube to the cows at a level of 10
g/day for a period of 20 days; the last 10 days of which was
the sampling period. Fecal'samples were collected rectally
twice a day after each mflﬁing from each cow on study. Fecal
samples were then taken to the laboratory, frozen and stored

for future analysis.
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In ;iVO.digestibility waS‘alho measured’by a'total |
coilection procedure, using maturj\ﬁethers of m1xed breedlngf
(Ramboullet Merlno) and with an average we1ght of 55 kg.
‘Fbur sheep were utilized for. each forage tested. The animals
were held in metabolic cages and . were fed forage at a level
of 10 percent in excess of the maximum 1ntake achleved
‘during the adaptatlon period. The- adaptatlon per1od was, 14
, days and-the fecal collectlon perlod 7 days. Forage was
offered tulce daily and samples of gorage offered and
refused were taken at this tige as well. Feces were
}collected.dail§ and frozen.
Acid detargent fiber, neutral detergent fiber, crude )
protein in vitre DM dlsappd%gance gross energy and the
" minerals phosphorus, calcium, potass1um magneslum, 1ron
manganese, zinc and copper were determlned by the procedures
outllned prev1oust in section III. Chromic oxide was
determlned using the technique descrihed'by-Bolin et al,

W

(1952 !
( ) . - ‘ , I

The results were analyzed statlstlcally u51ng analy51s
of variance and linear regre551on techn1ques (Steel and

a-

Torrie 1980).
‘B. Results and Discussion
Forage Quality

Information on the quallty of for/ge’ut111zed in the

Six experiments carrled on at the_nésearch station is
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Ih comparlng these results with those obtained in Jocal -

summarizeéiin Table IV.2.
dalry farms 1t is apparent that the crude proteln and flbgr
values for alfalfa'hgy were 51m11ar, except that the alfalfa
hay fed during the:iast two e%perimental periods contained
about.3% more crude protein than that used in earlier trials
or by dairy farmers. Alfalfa greenchop was similar in
proteig éontent to plfalfa greenchop éommonly used in the
region (Téble 111.3). The crude proteln content gf the corn
(8.8%) and sorghum 51lages (7.4%) used in the experiments
were lowerjthan in the samples collected on local dairy
farms. This was probably due to differing stages of
maturity. fhe gross energy of sudangrass (18.7 vs 15.9 MJ/kg
DM) was higher in experjgmental §tation forage than in the .
forageé used on the déiry farms (Table IV.Z) with the rest
of the parameters for this forage being ver§ similar.‘AhBual
ryegrass and forage oats fed at the research station (1§384%
and 20.53% crude ptotsiﬁ’respectively) were very different
in protein contents from that on the aairy farms (50.6% and
1.1% respectively); This could be attributable‘to the stage
of maturity; normally dairy farmers harvest forage oats at a
full kloom stage and annual ryegrass at an imméture stage;
at the ?Eéearbh station forage oats was harvested at early
leaf stage/and annual ryegrass was harvested at an immature
R stage. -

Overall the concentrations of crude protejn,'neutral

detergent fiber, acid detergent fiber, and gross energy in



fibre and gross and ‘dig‘est_ible energy in experimental forage dry matter

Table IV. 2. Crude protein,

~

gestible Energy!

- Gross Energy’ Di

NF®  AE’
(%)

(v)

Digestible Crude Protein
(%)~

" Crude Protein

oM (%)

Trial ﬁ)ra@

* (MI/Kkg)

—

(MJ/kqg)

Predicted?

f

Gbtained

™ N
. .

- ™
- —~

L -N'"s)
(K3
N

Alfalfa hay
' Forage oats

~ Alfalfa hay

Sudan grass

1

(ST}
. .
™
L]

2

Annual Ryegrass
- Alfalfa hay

Q -,

3

‘o si

TR
Y .

no
-~
~

lage
fa hay

4

Sorghiim Si

_Alfalfa

Alfal

O~
.

.
O N

- -
. .
™

~ o~

s
.
[

5

Alfalfa greenchop
. Alfalfa _hay )

22,1
21.4

6 .

'Based on results abtained with four shoep

i National Academy of Sciences (1975)

0.929 (3 crude protein) - 3.48

NIF. = Neutral detergent fiber
ADF = Acid detergent fiber

§
4

‘7 5]
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tﬁe~reseafch station forages (Table IV.2).wera withih normal
ranges reportéd for these,foragea (National Ktademywpf
rSciance 1971). The valpes of digestipla energy (12.1-12.9
MJ/kg DM) for the greenchop’fop?gés were higher than
tabulated values, bht were.considered to be accurate because
of the agreement between sheep and cattle results (Table »\\
IV;Q)ﬁand”because the forages were harvested. at an early
vegetative stage; Even higher digestible energy values

(13.81 MJ/kg DM) hava been reported for high protein forage
oats harvesped at an early stage of matufity (Singh et ajy.

'1977; Kishan and'Singh 1978; Schoedrer et al. 1978);

Digestibilty Trials

The first two experiments,’in which annual ryegrass and
‘sudangrass were compared with alfalfa hay, were used to
:estapllsh a comnar1son between the in vivo d1geqt1b111ty of
‘forage in sheep, the~1n v1tro digestibility in the ‘
lab/ratory, and the apparent d1qpst1b111ty of the complete
‘ragian\_n th%#cows as determlned by using rhremic axld° bo
estlmateﬁﬁi dﬁ productlon

9?\
No statiistical differences (P>0.05) were found in the

digestib{lipy of alfalfa hay DM using the in vitro and sheep
results FTable IV.3). Similar agreiment between in vitro and
in vivo digestibilitiesvafé reported (Tilley and Terry 1963:
Van Soest 1966; Van_Soes€ 1967) for high digestibility

forages. However, the in vitro methad proéided a highar

(P<0.05) digestibility for annunal ryvegrass and lower
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. Table V.3

b;?y matter digestibllities
collection with sheep,

. from in vitro gstimations.

1/,»'

(%) as determined by total * e
with cliromic oxide in cows and

"

-

o
P : Forage plus ° =
7 Forage -Concentrate 7
, ) : R Tomic Oxide :
Tria Forage In vitro  Sheep (cows)} SEM
\Annual ryegrass 84.lb' 79.42 81.3%
1 Alfalfa hay 79.62 7.8 7952 0.72 -
Mean * - 81.9 78.4 80.4 !
1 Sudangrass - 68.4° . 73.9° 76.6° ' . ' ‘
. Alfalfa hay 80.0% 80.8% 81.4% £32
Mean 7.2 77.4 79.0

*OM intakes were 79, 86, 77, 89 g/kg .75/day for annual ryegrass,
alfalfa hay, sudangrass and alfalfa hay, respecti vely.

© 3DM_.intakes were 128[ 146, 96, 126 g/kg .75/day for annual ryegrass,

alfalfa hay, sudangrass and alfalfa hay, respectively.

Corresponding

. concentrate DM intake (g/kg 0.75/day) were 26.2, 25.8, 22.4 and 22.3.
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d1gest1b1l1ty (P<0. 05) for sudangrass than the in vivo
results. One ‘possible reason for the hlgher dlgestlblllty
using the in vitro techniglie is that forages were given to
the animal. ad libitum and it is reported that with increased
intake there is“a decrease in digestibiltiy (Church and Pond
1974; Church 1979; Miller 1979). It is also reported that,
for forages ofmvery high digestibility, the in vitro
technique normally overestimates dlgestlblllty (McLeod and
‘Minson 1969). No explanatlon can be ‘givencfor the lower in
vitro digqétibilit? of”sudahgtass since the source of
inoculum was obtained from a fistulated éteer;feéding on the
same forage. There were no statistical diffefences between
the DM digespibilitieS'of’pure forageé determined with sheep
and the digestibilities“of‘the complete rations (containing'
20.5%, 17.7%, 23.3%, and 17.6% concentrates on a DM basis
for annual ryegrass, alfalfa hay, svwdangrass, and alfalfa
hay, respectivelv) as dete'mined using trhe chromic oxide
procedure in the ]avtatin? cows (Table TV.3). The lachk of
Shatiskifa1 5mprovemenr in "™ digestikility with the
addition of concentrate ie neot toe s prising since the
calcu'ated digestible enerqgy va'ue «f the concentrate (14.0
MJ/kg PM) wae not substantinlly different from the measured
digestible erergy values in the forages (1?.6 13,4 MJ/Fg DM,
Table TV.?). and since dinecstibility would he experted to ke
depréssed somewhat in ‘'~ ~attle tecause of higher intakes

relative t- cheep.
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Based on -all experlments a relatlonshlp between 1n vivo
(sheep) and in v1tro DM dlg’st1b111ty was establ1shed ’a5'~.r
shown in Figure IV la. In vitro dlgestlblllty only accounted
for 74% of the var1ab111ty in in vivo dlgestlblllty and B
could only predict d1gest1b111ty w1th a standard error of &
5.02%. If the values for the annual winter forages (annual
rye%rass and- forage oats) were e11m1nated the r? value
increased to 0.82. 1In thlS case the equation changed to )
y=4.15 + 0,95 X (SE y.x=3,56) (Flgure IV.1b). The reason.for
the improvement in the relatlonshlp upon eilmxnatlon of the
winter forages could be because both forages were harvested
at a very early stage of maturity normally assoc1ated w1th
very h1gh dlgestlblllty (Smlth et al. 1958; Reid €t al.
1959; BlrreI 1980; Vinet et al. 1980). As discussed above in
'vitro_results‘may overestimate digestibility in such cases
(McLeod and Minson 1969). Also, the in vivo method could
have yielded low measurements because of the hlgh intakes

L3

and because the forage was offered as greenchOp Forage
offered as greenchop may ‘-be less dlgestlble than«hay (Reld
. et al. 1959; Barnes and Marten 1979).

These dlfferences between in vitro and in v1vo results
means that in future studies it will be essent1al to include
forages of known in vivo digestibilities in the {hf&itro

, J
analysis, as recommended by Johnson (1966) nes et al.

(1980) especially now that forages of known in{vivo

this in mind, the relationship between in vitro and in
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Figure TV. 1 Relationship between in vitro dry matter digestibility
and in vivo dry matter digestibility as estimated with

cheep .
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results reported here are considered to be satlsfactory for }
use in studies 1n the immediate future for assesxng the |
relatlve nutritive value of forages produced under dlfferent.
env1ronmental condltlons (winter and summer months) ‘in the
Comarca Lagunera region of Mexico. However, it will be
necessary to obtain more prec1se data so the in- v1tro, or

any new super1or techniqgue, can be used to estimate the

nutritive value of feed by;products and less common forag
: \

V4

Voluntary Intake of Sheep and Cattle " g /

Mean intakes of forage (kg DM/kg°®’®) were different R
(P<0.05) for sheep and cattle; cattle having higher intakes
than sheep of all feeds (Table IvV. 4). When such an 1nt3ke
comparison between these two species of anlmals is made,
however, it must be remembered that the cows were-lactating'
whereas mature non—lactating sheep were used. DM intakes can“
‘be expected to increase durirng lactatlon (National Academy =
of Sciences 1978 Miller 1979),. Wlth this reservatlon in
mind, the relarlve 1ntakes are in agreement w1th several
studies which report that when cattle are offered a roughage
which is more than 50% digestible, they consune more of it
pe; unit of metabolic weight than do sheep (Alexander et al.
1962; Buchman and Hemken 1964; Playne 1978). No dffference’
was found in forage DM intake per.100 kg of body weight
between sheep and cattle when the intake means'from all the
experiments were analyzed (Table IV.4), although for some'
forages the two species had differing intakes.

.
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Mineral Analyses of Forage andfPlasma f

Minerals in forage. _ |
The concentraclon of mlnerals in the feed (Table

IV.5) can be compared w1th flgures obtained from local"
da1ry_farms (Section III), The concentration of.
phosphorus in the forage DM tesﬁed at the research“
statisn (0.12—0.40%) wasbhigher than in forages"
collected from dairy farms (0.09-0.25%) but was Stlll
lower than the range reported (0.2-0.5%) as normal
(Whltehead 1966; Sauchelli 1969). This element was
presentrat”high_enough concentrations only in sudangrass
and annual ryegrass to meet the dairy cows reQuiremthf
of 0.26-0.40% in DM (National Academy oflSciences 19785;
Iron was in higher concentrations in forage—oars_(304'
mg/kg DM) than in forages from dairy farms'(GGAmg/kg DM)
Manganese was present\in.loWer amounts (34-89 mg/kg DM).‘
in forages at the research station. Cocper -
concentrations vwere similar in alfalfa at the research

" station (9—11 mg/kg DM) and on dalry farms but
dlfferences were noted for the other forages. The
concentration of potasssium, calc1um magne51um and zinc
were 51m11ar in the dalry farms and research stat1on
forages.

In general all the forage trace elemeht

concentrations were within the ranges reported for these

species of forages (National Academy of Sciences 1971;
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'Church.and Pond 1974; Underwood 1977; Miiler i§éi¢
'“-GeorgiéQSkii et al. 1982) although zinc and iron were-.in -
the upper limits: of the ranges in most of the forages.
Copper concentrations were below recommended values.for

dairy cows (National Academy of- 801ences 1978) in -
sudangrass (7.3 mg/kg DM), sorghum silage (7 mg/kg DM),
forage oats (5 mg/kg DM) and ‘alfalfa hay (7.5 mg/kg DM) .
Copper concentrations in the soils of arid lands is «
expected to be high (Benson and Matrone 976),but the
,availability decreases with increased pH.'Theng of the
soil in the study area is 8.5. Copper.and molybdenuu?ES
;ell as sulphur are nutritiona@ly'related (Nicholas end
Egan iQ?S; Undewood 1§7f) According to several authors
(Sauechelli 1969 Mortvedt et al 1972; Benson and
'Matrone 1976] molybdenum content in the soil is:high in
arid areas and'the.availability of this mineral
increases with increasedipH,bthus the molybdenum contemt
‘_gf the forage could.be high enough to adversely affect
‘the copper availability. Molybdenum was not determined
“in this study because of lack of equipment. Although
high concentrations of’zinc may depress copper
absorption by plants in soils (Nicholas and Egan 1975)"
by competing with copper for absorption, the zinc
concentration of these forages was within the:limits
(15-60 mg/kg DM) reported as normal (Whitehead 1966;

Georgievskii 1982).



‘Minerdl Status of Cows. .
| ITe{Concentrations of célcium, magnesium, éopper,
ifon, and éinc in the plésma of the cd@s_fed_thef, |
différent forages plus 3.68 kg cohcéntrafe DM are
presented in Tablé IV.6. When cqmpariné the
concentration of the élemenés in the plasma of cows fed
the alfalfa hays it-is”apparent that only copper
éoncentrations differed between experiments; plasma

. copper coﬁcentrations were lower (P$Q[05) during ;hé
first'trial whicﬁ was the onl§~one conducted.during.tﬁé
~summer season. Since, with this exception, experimental
period did not influence (P>0.055 plasma mineral levél?
it was considered valid to directly-compare the
different forages in terms of their influence on piasma
mineralvconéentrations. No statistical differ;nce’
(P>0.05) was found betweén cows fed different forages
for éaléium,.i;on, and zinc; only plasma magnesium and
copper céncentratioés feflected a significant difference
(?<0.05) between forages,'?lasma magnesium
concentratiéné vere lowervin cows fed:élfalfa greeh@hop
:ané sorghum s&lage than in thése-fed other forages. The
plasma copper concentration, althoﬁgh relatively low (57
ug/dL) when sudang;éss was offered in the first trial

" was not (P>0.648 different from values obtained when
alfalfa hay was fed during the same period, thus the

apparent difference between sudangrass and the other

forages was considered to be a period effect.
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In general caicium_éonbehtration; appear to be high

"in comparison to mean valuéslreported in the literature
(Chgrch and.Pond.1974; Church 1979). It is known tha£

plésma Ealcium levels are normally maintained betw?en

9-12 mg/dL by the,reguiatory actions of pérathyroid, -
-hormone, calcitonih, and;the active metabolite of Q e :
vitamin D (Underwood. 1981). ﬁowever, it is{known ta't

the oVef&il level of caicium in blood increases during

the sqcénd half of pregnahcy and during lactation

(Georgievskii 1982); all of these ekperiments were

- performed with lactating cows which were approximately

,110 days postpartum. It is-also reporﬁed that a dietary
deficie%cy of phophorus can causé a rise in plasma -
calcium concentration from a nérmal 9-12 mg/dL to 13-14

mg/dL (Underwood 1981). \.

. . ' oA
Normal plasma magnesium concentratipns are reported.

to be 1.7 to 3.2 mg/dL (Underwood 1981; Geogievskii
1982); the plasma levels of magnesium in cows fed corn

silage, sorghum silage, and alfalfa greenchop were thus \\

U >
below the level re{orted as normal. Since it 1s known

-\ . - '

that plasma is an adequate sampling site for detection
. > )

of deficiencies of this mineral (Underwonod 1981), the

mean magnesium concentrations of cows fed alfalfa
greenchop (1.3 mg/dL) were low enough to sUspecfga »
magﬁesium aeficiency; in fact one cow given this forage

had only 1.1 mg magnesium/dL of plasma w'ﬂcﬁ is in the

range where an accute deficiency can occur. This is
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surprising since .the magnesium.content of alfalf?
greenchop wa5'0.23i wvhich. meets the suggested
requ1rements (0 2% magne51um/kg DM) for dairy cattle
(National Academy of Sc1ence 1978). Qne,reason.fot theset“
low plasma magnesium concentrations could be that the -
availability of this element to the animal is reduced by
high levels of nitrogeh and potassium, which were
present in the alfalfa greenchop at this early stage of
maturity (Whitehead 1966). In light of this observationb'
consideration:should be given to pfoviding supplemental
magnesium to cows fed alfalfa greenchop, particulafly‘
since alfalfa greenchop is such a: common forage inboairy
cattle diets in this*teg}on (Table IiI;S). |

The level of copper in plasma of these cows (Table
IV.6) was between 57 and 133 ug/dLlof plasma. Since
normal ranges for cattle are between 50 to 150 ug/dL
(Church and Pond 1974; Underwood 1981; Georgieyskii
1982) and plasma copper concentratlons are useful in
evaluat1ng the copper status of cows (Underwood 1981),
this suggest that the cows were not def1c1ent in this
nutrient. Further it would 1nd1cate that although thel<>
molybdenum content of forages was not_measured,
molybdenum was not present in high enéugh levels to
adversely influence the copper status of the animal
(Underwooo 1981). The normal copper status of the COWS
‘was somewhat su§;r151ng since the c¢opper concentratlons
(5—11 mg/kg) of the experimental forages appeared to be

v



N

onlf‘hargihal in meeting fhe animal requirements (10
mé)kg DM; National‘Academy of Sciences 5978) and only a
negligible amount of the element (2.5 mg/cgw/dﬁy) was
“obtained from the mineral supplement.

Thé normal ranges reported for piasma iron and zinc
concentrations inlcattle are between 89-253 ug/dL and
.80-200 ug/dL respectively (Church and Pond 1974;
Underwood 19&1;:G96rgievskii 1982). Since values
measured in tgese'expe:iments rangéd.from 230-283 ug/dL
and 849196'ﬁg/dL_§oE‘iron'and zinc respectively, and i*
is known thag thé ;oncentration of these e]emenﬁé 1s
indicativg of the animal status, it 1is conside;ed that
no prbblem ékisted'regarding the nutriticral statne of

the animals for these two trage minerals.

-

Milk Production Studies

Since differing feeding methods can influence the

persistency of lactation (Miller 1979) the effect of the

length of time after the 2 week adapt~tion period for whirh

the forage was fed on milk productinn ani DM ‘ntak~ w= -

examined. Only for sudangrass and forage -'ats were

significant differences (P-0.05) obtained for milk

N

productihn by week, and when qiviﬁg these fnragpc no

consistent trend was noticed with time for an inrrease nr

decrease. Also no difference (P:0_.05) was found between

weeks of the evperiment for forage DM in'ake o' percentage

milk fat. Wirh thirs eypportirn datn 4 gipcs "he giy ~ows



g&vén each forage test were fed as a'group rather thao
1nd1V1dually, data was’ stat1st1cally énalyzed u51ng weekly
means for each forage tested ‘

| There was a s;gq;flcant (P{0.0S) difference in milk

- o . 5 .
“production of the cows fed alfalfa hay between seasons, with’

a 5.9 ké/cow/day loyer'produotioh'occurring in the summer’
season (Table IV.7). This is 51m11ar to the results obtained
from the dairy farms survey where 1t was reported that 4. 2%
more milk per cow (P<0.05) was produced durlng the wlnter.

%
months than during the summer months (Table III.G). Milk
production is known to be reduced when éows.are exposed to
high environmental tegberatures (Duble etval.;1971;

y AN )
Dragovich 1978; Reed 1978)."No corresponding statistical

)

difference (P>0.05) between“aseasons was detected in DM
‘ntake.

. e~ -
Fffect of Forages on Milk Production.

Since no statistical difference (P~0,05) in DM
intake was found wher comparinq'alfalfa hayrin all the
experiments and in on\y one experiment (conducted in the
summer) was there a difference in milk production,
comparisons can be establikhed for milk production, milk
fat, DM intake, digestibl energy iotake, and crude
nretain intake across all foraoes (Table I1V.8).

Milk Production, milk fat end DM and diYestible 4
enerqy in;akes ~f cows fed alfalfa(greenchop"Were

similar to when alfalfa hay was fed but the cows given

alfelfa greenchop consumed more -crude protein daily.
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Table IV. 7. Milk production ang foragé dry matter intake when alfalfa
y hay was fed to lactating cows

0

&
Cbservations ¥ Milk production Dry matter intake.
! (kg/day) (kg/day)
Summer I 18.0° 15,9%
Winter . s 21.9% 16.9°
sem? o 0.24 : 1.26

TSEM based on six observat_icns pef mean
ab

Means within the swrre row with different letters are =ignf: f-anrl.y
different (P<0.05)
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'Milk\pfbduction, and DM, digestible energy and crude
protein intakes were hiéhef (?50.05)'whenJcows,weré fed
alfalfa as compared to other fbrageS‘with the excgptiog
of fbrége oats (Table IV.8). ItAhas been reported that
more DM from alfalfa is eaten by ruminants than from
grasses when forages of similar d1gest1b11y are given
(Van Soest 1973).

‘ Cows fed Eofage oats had lower (P<0.05) i7vels of
’butterfat‘ip milk (2.8%) than those fed alfalféh

gr chop (3.2%), annual ryegrass (3. 4§\f corn 51lage
'(3.4%} and sorghum silage (3.3%)(Tab1e 1v.8). This
dlfference is related to the lower acid detergent flber
content(28 5%) of this forage (Table Iv.2) wh1ch is
known to cause milk fatvdepre531on (Foley et al. 1972).
No difference (P>0.05) betweeﬁ'milk butterfat levels was
oSéerved for sudangrass, corn silage; sorghum silaég or
alfalfa greenchop in comparisoh’with alfalfa hay.‘

The particularly low iﬁtakes of DM ang
coiégsponding low milk production with sudangrass, corn
silage and sorghum‘silage could be due to several
factors. Generally, déc%eased digestibility results in
low intake (Church and Pond 1974; Barnes and Marten
1979; Miller‘1§79) and these forages had lower |
digestibilifies than the rest of the forages. Overall,
however, th;‘felationship»bgtweén tHe.digestible energy
content of the forages and their ihlake or the milk

production was not high (r2=0.45 and 0.41.for DM intake
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and milk production,:respectively) A close relatlonShlp'tr'
(r’-O 87) was establlshed between crude proteln 1ntake |
-and milk productlon (Table 1v. 10) Numerous researchers'
(Van Horn and Someta 1978; Cressman et al 1980' Edwardsf:
et al. 1980, Claypool 1980; Journet. and Remond 1981-'
Holter et al. 1982) agree that there is no 1ncrease in
m11k production with dietary proteln concentratlons
'above 15%, but it 1s known that 1n rum1nants
concentratlons of d1etary proteln;below 10%;may‘”"
substantially reduce voluntary intake’(Raymond%fééQ;

Swan and Broster 1976). Since no response in m11k

:fen reported with proteln contents abovef
15% 1t‘§eemed loglcal to make a. d1v151on between forages:
having protein contents below or above 15-percent.'
'Analyzing the data in this way a'very iow:correlation"
(r2=0.07) was found between forage proteln intake. |
(kg/day) and milk yield for forages aboveL15% crude
protein whereas for forages of lower prote1n levels the -
correlation with milk productlon was high Kr’ 0 99)
(Table IV.10). Slmzlarly there was no correlatlon
between.DM intake and percentage crude protein for | . {
forages containing above 15% protein (r2= 0.0bfvwhereas'
'for low protein percentage forages the correlation-was
good (r‘26'78) Based on these relatlonshlps, and the
fact that the crude protein 1ntakes of cows, fed the low
proteln forages (Table IV. 2) were substant1ally below

National Academy of Sc1ences (1978) suggested



:'mble . 9. Forage dry matter intake and m115 pzoduct.l.m of cows fed diets

cantaining corn s:.lage plus alfalfa hay or corn silage

! Carn silage (66%)

Com silage, plus alfalfa (34%) sexif
No. Cows. . 4 4
Crude protein in diets (%) 10.2° : 14.2
Milk productian (kg/day) 16.7° 4 1862 . 0.79
Total intake (kg DM/day) 13.1P 16.9° 0.25
Forage intake (kg DM/day) . : 9.4°. 93,22 - 0.25
Com silage intake (kg DW/day) 9.42 8.7° 0.13
g;mie.protem intake (kgPday) 0.97° 1(88‘3 0.04

2

*Standard error of mean is based on' four animals per treatment
a,b

Means within the same row vn.th different letters differ s:.gm.fxcmtly (P«O 0s)

=

72
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requ1rements (15% crude proteln for a cow produc1ng
between 17—23 kg of mllk per day)- it was cons1dered thatix
rthe cause for the very low 1ntakes of corn 51lage; ;
sorghum silage and sudan grass was a’ def1c1ency of crudeﬁ.:
'proteln in the diet. Th1s concept is cons1stent with
.reports of Huber and Thog?s (1971) where ralslng the
crude pro&eln levels from 8.5‘to 13.6% of the ent1re;
.ratlon resulted In significant increases in crude‘iyg_,
prﬁkeln and” DM 1ntakes as well as 1n mﬂlk producylon.

' Further evidence that low proteln content l1m1tedf'
the intake of ‘cows fed corn 51lage and sorghum 51lage
was that sheep ate almost as much DM /kg"” as cattle,g
for these forages, whereas other forages were.eaten 1n
considerably greaterramount‘by.cattle‘thanVSheep.(Tableﬁ
IV.4). Since thegsheep were'nature and not lactating
they wouid have'a:lower protein requirement‘than the
lactating cows thus-they would be. less affected by a low
dletary crude protein 1ntake.-- . |

‘To check the extent to wthh the low proteln level
of these forages had a negatlve effect on voluntary
1ntake, a mlxture of corn 51lage (66% of forage DM) and
'ground,alfalfa,hay (34% of’forage DM)-wath aﬁprote;n

. . 2, : , . Coe gL
content of 14% in°DM was compared with corn silage.

K

'»'containing“10% Crude protein in the”DM in an'intake

experlment of 25 days using the same procedures as‘,'
R

. ouElinedfp v1ously w1th the except1on that fdhr cow5‘”

.The 1ntakes obtalned w1th corn 51lage alone

3.

>
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were hlgher than 1n the prev1ous experlment (9. 4 ko
versus 7. 6 kg, Taﬁﬁes Iv, 8 and v, 9); thls dlfference h
may have been related to the lower crude proteln
concentratlon (8.8%) in the corn srlage used in the
ﬁirstftriala Mixing alfalfa’with’the corn.silage»
reSUited‘in'an increase (P<0.05)in DM'intahe of'3’8 K
kg/cow/day, an increase of 0.91 kg in crude proteln
‘lntake and an increase of 1. 9 kg/cow/day (P<0,05) in
milk productlon (Table IV 9). The results of this trial
"further demostrates the 1mportance of prov1d1ng adequate
proteln in dalry cattle ratlons.'

The protein content of forages can-be 1ncreased
éhrough n1trogen fert111zat10n or by manlpulatlng the
stage of maturity at harvestlng; less mature forage has.
avhigher protein content' in the:DM (van Soest 1973).
Since urea supolementatlon does not improve DM 1ntake or
milk production when added to ratloﬂs for dairy cows, ‘\
particularly at high Ienels of feeding {Hernel and . f
hartley-197]) and naturai protein sources are very
"eipensive or have to be imported, it may bé more

. 4 : 4 .
desirable to employ management procedures to increase

b -

the proteln content of the . forage or to utilize
dlfferent forages rather than use natural proteln
_supplements. There is evidence that n1trogeﬁ’
fert1L12at1on could improve proteln content of the

forages_(W1lk1nson and Londgale 1974; Van Soest 1982).

Also through the use of fertilizers water—use efficiency
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Table IV. 10. Relaucnsh.xp of various parameters to- ar:y matter mtahe

(DMI) and nulkpmd:.:cum (ml.k)

Lnda.’peﬁamt variable " Bquatiant s
Nutrient in feed (l) L

Crude protein DML = 3.73 + 0.63X. 0.78  1.83
Crude protein (below 15\) oML = 0.492 + 0.94x 0.78 2.01
Crude protein (above 15%) oM = 17.38 '~ 0.524 0.00 -1.50
Mutrient intake o - o : - ,

. Dry matter (kg/day) . Milk (kg/day) = 2.27 + 0.95X .. .0.84 1.54
Digestible energy (MJ/day) = Milk (kg/d'ay_) = 6.23 +1,X ‘ 0.87 5.73°
Crude protein ( g xr . : T C
All forages Milk (kg/day) = 9.91+3.09X ° 0.87 1.38
Forages (below 15% protein) Milk (kg/day) = 7.72 + 4.53X . .- 0.99 -0.28
Forages (above 15% protein) Milk (kg/day) = 17.23 + 1.09X . 0.07 '1.45

. . N . L .

In vitm dry matter. (kg/day)  Milk (kg/day) .7.73 # ,1.076,x _-u,o.al 1.70~

¥ Relauons)up based an 12 means -except for feeds with less or more t:han 15%

crude protein which had 4 and 8 means nespectlvely.

75
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; may be"improved (Vietsd1962- Tlsdale;and Nelson 1966)ﬁ

| A close relatlonshlp (r’-O 84) existed between DM
tlntake and milk productlon (Table 1V.10). Th1s | oot
relatlonshlp has been reported prev1ously and was also
noted in results obtalned‘!n the dalry farms survey
(sectlon I11), but several autnogs (Blaxter 1964; Fadel
,197&;»Kle1ber-1975;'Swan.and Broster 1976) are in
égreement that intake of digestible energy ratheflthan ‘
bM intake has most influence~en aninalfprdductidn.“A |
very small improvement.was,‘in faet\ obtained in the
correlat1on (r2=0.87) when m11k production was related
to d1gest1ble energy intake. Dlgestlble DM 1ntake, as -
estlmated from in v1tro data was also 51gn1f1cantly
~correlated (Table IV. 10) w1th milk productlon (r2=0. 81)
Several o‘.br relatlonshlps were explored dlgestlble-
energy ccntent with DM intake and m;lk product;on,
neutral detergent fiber and acid detergent fiber eontent
' witﬁ DM intake and milk produttibn'.and in ;itro DM’
dlgest1b111ty with DM 1ntake and milk pfoduct1on. None
©of these/relat1onsh1ps accounted ﬁor more.than 50% of
“the var1at1on,1n observatlons. Slmllarly ac1d_detergent
fiber was regréssed against in Vitfd DM digestibilltyw
and again ‘the relationanip‘wae'poor,(r’=0.28), These
results are in contrast to ;epofts that acld deterdent
flnep and neutralvdetetgent.fiber are.well correlated
witn digestibility and intake; respectively (Van Soest‘

1966). One possible explanationAfpr these'centradictory
_ _ , S . :
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results is that the comblnatlon of temperature, llght
' plant maturlty, water, fert1112at1on and plant dlsease
ecause a dlfference 1n nutritive qualzty in forages

(Van Soest et al 1978) Also 51lages were 1nc1uded 1n

L

the above relatlonshlp and the. correIétlon betw%en

neutral and ac1d detergent flber with silage DM 1ntake

and dlgest1b111ty is not well. def1ned (Tayler and: Aston |

»

v

1976 Thomas et al. 1981)
C.* Summary and Conclusions“

1) The results from this sectlondwere obtalned with h
spec1es of forages whlch are generally used by farmers of a
the reglon in da;ry cow ratlons .

2)‘The correlatlon‘obtalned in this study be%ween{inn

\ 3
vivo and in vitro dlgestlbllltx.(r’-o 82) ls con51dered

satisfactory such that dlfferences between forages can be

evaluated by the in vitro techn1que. However, a control of

known in vivo digestibility should be 1nc1uded in each in

v1tro run to 1mprove accuracy

3) The hlgh correlatlon found between DM 1ntake and
dlgestlble energy 1ntake wlth m11k productlon could be used

for practlcal rat1on formulatlon and for forage evaluatlon

purposes. More 1nformat1on concern1ng thlS relatlonshlp 1s .

needed for hlgher m11k productlon levels and w1th hlgher

~amounts ‘of concentrate in the ratlon. . ‘.»f '3

&

’
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4) Evidence was obtained that a large part of magne51um'

in alfalfa greenchop m1ght be unavallable to the cows.
‘Magnesium supplementatlon of thlS forage should be-
.considered. : o , o B 3
h'5) Copper.concentratiens in plasma were ioWet‘in the
summer experlment than in the autumn and w1nter experlments
6) Feeding alfalfa elther as hay or greenchop resulted

in the hlghest milk productlon levels, although productlon

- was not s1gn1f1cantly (P>0.05) reduced when annual ryegrass

and forage oats were fed. The use of alfalfa greenchop
should be'examined‘in terms of labour, torage qQuality -and
econdmy of water usage, since it d1d not improve milk
productlon aboﬂe that obtained with alfalfa hay.
7) Milk productlon durlng the summer was lower (P<0.05)
than in the other seasons in these experiments.
‘8)‘Percent.crude protein in the forage was related to v

1

DM intake (r2=0.78), and crude protein intake was highly

ction (r2=0,99) for forages ontaining
- : 7 -
otein. The low 1ntake ot the summer

related to milk pt£

less than 15% Srude

\\\nnuals of low protein content and the increase of DM 1ntakeAﬁ«

% C
L7

tained by 1ncreased level - of protein in the ration” X ~. -
_ \
uggested that factors influencing g::sprotein content of

the summer annual forages should be ey mined.

v
7

s



V. Optimal Forage_Utilizationﬁsﬁstems for the Comarca

Lagunera Region of Mexico

A. Introduction

Patterns of forage ut111zat1on used by farmers in the
reglon have been identified and the forages evaluated 1n
terms of thelr nutr1t1ve value as reported in sectlon III
and 1V, The objective of. research reported in thlS sect1on
'was to evaluate forage product1on and utilization systems
for the region on the-ba51s of cost of forage DM and econom;

of water“use by the different forage'species.

3

B: Materials ahd Methods.

@

Measurements of irrigatioh-water applied to various
g . .

-

forage crops and DM vield were obtained from a study’ carried

out by Quiroga et al (1981) on the research station,
located 17 km east of the city of Torreon Coahuila

(Appendix 1 \ihls information was comblned R:pYield an
M

economy of water use index (m® of water/kg D roduced)

s important to real1ze that these water—use eff1c1ency

1ndexes are not absolute values but were obtaifed w1th

-

fertilization and water application” procedures that were
$1m11ar to those used by some of the best farmers in the.g

region and where the objective was' to maximfie DM yield

rather than eff1c1ency of water—use. The actual feed cost

‘per kg milk produced in exper1ments was calculated from data

-

reporcted in seqt1on IV (Table IV.8). Least/cost ratlons were

’ 1 ' } . . R ) ’ .
‘ ) o v . . L

79 . "‘.".r
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computed from deta 6btained—on the’nutritive value'of‘;
forages reported in section TI1 and 1V and summarized in‘
'Table V.1; crude prote1n, ac1d detergent fiber, calcium and
phOSphorus were averages of the dairy farms surveyed and
research station forages whereas dlgestlble energy values
were obtained from research stat1on forages. The "
requ1rements for a 600 kg lactating cow were obtalned from -
the National Academy of Sciences (1978) bulletln on dairy
cattle (Table V.2). Costs assumed for forages and '
concentrates vere based aon market prices, and were obtained.

from the local dairymen's association in the month of

-«

September 1983.\

Computat1bn of least cost rations was based on a

s\. e

Fortran ve&flam«of ‘a, ﬂﬁneral linear programm1ng program
. &

Rtion subject to specific linear 1nequa11t1es or

#‘qualltles (S1n§h \?77) The l1near funct1on may be wr1tten
\ . )

-7 ‘asz - oA '
. n . © ' .
Maximize - 2= X C . &
¢ ' C j=13 3 :
Subject to -
X n |
za X sb ( 2,...0n) (2)
L =113 3 1 l' ) o
- ' X 20 +{j=1, 2,...n) (3)
) . J . -

Where Z is the linear function or the objective:
function, Xy is'the‘level of activity j(j=1,_2g...ln), C5 is

_the net price°brvhetire£hrn-£rom'one unit.o} the j—th
activity, bi;is the.auantity available of the i~th resdurce,

/N
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and aj is the amount of the i—th resource required by the
j—th activity.‘The-goai of linehr progra&ming is to maximize
the profit or minimize the cost of producﬁjon by assigning:
values to and determining fhe.magnithdes qf x,.
values assigneé to xj muét be consistent with the
restrictions expressed in the form of inequalities as in
équation (2). In the more specific case of computation of
least cost rationé"tﬁ% program pfovides the cheapest
nutfitionally'balanced ration-'by finding the minium cost of
a combination 6f ingredients for a given set of . (
spegifications. These specifications can contain both
nutrient and non-—nutrient requirements. The nutrient
requiremgnts set re;trictions on the maximum and minimum
amount of nutrients (i.e. c;ude.protein, calcium,
phosphorus). Non-nutrient requiremenés.place restrictions on
the maximum and mihimum aﬁountgjof individual orvggéup of
ingredients to be used (i.e. intake, fiber content). in
addigion the program provides the price ranges (loﬁer'and
upper limits) of an ingredient, which indicates the price at
whirh a feed wouié be included in the least cost ration and
tﬁe extent to which the ingredient price can change without
bringing a change in the ration. Other information provided
by the program is the marginal value, wh{eh represents the
rost of restrictions imposeaiﬁn the prograﬁ,-and indicates
the potentia) change in cret 3if a restriction is increased

¢

by cne ndditional unit in the ration. In the least cost

nrioe vricee were assigned to each forage using market

However, the’

+
b



; rations prices were assigned to each forage using market
prices from september 1983. In the optimum rations for the ©
economy of water—use the gpéexes of economy of water—use for

each forage (Appendix 1A) were used in the objective

)
function. Y

)

C. Results and Discussion

Feed Cost and Economy of Water Use in Relation to Actual
*Milk Production

The actual feed cost per kg milk produced was least
when diets containiﬁg forage oats (5.4 cents/k§ milk)and
annual ryegrass (5.5 cents/kg milk) along with 3.68 kg
concentrate DM were fed (Table V.3). Low feed cost/kg milk
produced was also obtained for sudangrass during the summer
(6.9 cents/kg milk). Corn silage, sorghum silage and alfalfa
gfeenchop rations were very similar -in terms of cost/kg milk
produced (8.5-8.8 cents/kg milk). In all the experiments
feeding alfalfa hay was more expensive in terms of feed
cost/kg milk than any other fnrage (11.3-14,3 cente/kg
milk).

Milk production in the trials conducted at the research
station can also be related to the amount of irrigation
water required to produce the forage which was fed to the
cows. The most irrigation water required to produce 1 kg of
milk occurred wher alfalfs was fed (0.81-1.02 m?/kg milk),

Sudangrass, annual ryegrass and forage oats were



Table V. 2. Constraints utilized for least cost rations for dairy coas'*

~\

Milk Production kg/cow/day®

parareter s 10 15 20 25 30 35
Digestible energy (MJ) > 134.72 162:76 190.79 218.82 246.86  274.89
Crude protein (g) > 1309 1719 . 2129 2539 2049 3359
calcium (g) > 471 60 73 86 99 . 112
phosghorus (g) >.35 ’543 52 61 70 18
Acid detergent fiber (g) > 2730 3150 3360 3780 3990 - 4200
Intake fRg DM) <1 12 4 14 16 - 18 20
Com silage (KgeDM) < 8.0 8.0 8.0 8.0 8.0 8.0
Sorghum silTage (kg DM) < 1.0 7.0 7.0 7.0 7.0 ~ 1.0
Sudan grass (kg M) < 12,0 . 12,0 12,0 12.0 ° 12.0  12.0

YFrom National Acadauy of Sciences (1978) and based upon a 600 kg mature cow
*Based upon total (3.2% fat) rather than- fat corrected milk.

-
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~ . ‘ .,‘ .. . . . i . u\ ) *3.‘1
‘1ntermedlate when the feed. Eost of produc1ng m1lk vas o
& e
expressed on - the bas1s of 1rrlgat1on water requirements
“ Cone

‘ (Table V. 3 and V. 4) Corn and sorghum sxlages ratzons

: resulted in the least water requ1remehts per kg m1lk ss -?' ¥

prod ed (0. 33 .and’ 0 31 m’/kg mllk respectlvely) Corn. and
/péP /sflages-cannot be fed as the sole source of foughage

% 3

at high amounts because of the relat1ve1y low DM 1ntake

L\\

obta1ned in sectlon IV (7.6 and 6 7 kg/cow/day " y ; “ig
respectlvely) | ‘ ' v
Least Cost Rat1ons for Dalry Cattle ' ' . :

The least cost program provided rations (Table!‘b 5 and

-

V.6) that would be the most economical for the reglon‘at-the

prides prevailingjin September 1983, Thelrations were Lle &
ﬂcons1dered to be realistic since they were based o the _

National Academy of Sciences (1978) requlrements and s1nce, o

+ &

at least for cows producing“zo kg milk daily, total DM

3

intake was w1thﬁn the limits reported in actual exﬁ%rlments

7
at the research station (Tables_vr3 and V.4).
Winter Rations.
A ratron based only on annual ryegrass and mineral
mix was(SelecEed as the cheapest ration’for'cous‘
producing 10 kg milk daily (Table Vv.5). This:ratiOn gave
the least feed cost per kg of milk produced. As the
level of milk production'increased corn silage, alfalfa
. hay and concentrate were 1ncluded in the ratlom, w1th.

13

the proportion of alfalfa hay and concentrate in the -
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ratlon 1ncreas1ng w1th m11k productlon.
The forage: concentrate‘rat1o in the least cost
rat1ons varled from a 100% roughage ratlon at 10 kg of

ih - .
duktion to a 50 50 forage concentrate ratlo at

35 kg of milk productlon. At 20 kg of milk productlon a
60:40 roughage to concentrate ratio was observed. -
Experlmental results 1nd1cate that concentrate levels
. ab0ve‘30%vin the,diet may a@?ually decréase'DM {ntake
and miik production (Conrad Zt'al. f96§; Murdock and
Hodgson 1969; Tyrrel 1980). ° h | >

Feed cost per kg of milk produced was highest at-
the level&pf 15'kg of milk w1th a tendency to decrease
asvthe level of milk produi}ion increased (Table V.5).
The 16% protein-content concentrate was selected over_
Ythe 12% protein although the former was more expénsivel
which indicates that protein was limiting~in winter
rations because of the inclusion of corn silage. At all
'lerels of milk production annual ryegrass was selected;

probably this was because protein‘content was high (18%)

in this forage (Table V.1).

" Summer Rations.

Alfalfa greenchop’was included in the ration in all
instances with corn sifage beino included at‘milk
production levels above 10 kg/cow/day (Table V.6). An
all-roughage ration'(sudangrass and alfalfa greenchop)
was selected for the production level of 10 kg of

milk/cow/day; above this level the amount of alfalfa
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'greenchop and concentrate in the ratlon 1ncreased as the‘

level of mllk productlon 1ncreased Corn s11age was also_'”

“ o

.l1nc1uded in rat1ons for h1gher~produ;1ng cows whlch was
‘51m11ar to results obta1ned w1th winter forages The.12%
q‘prote;n.concentrate waS'probably Selected for the SUmmerl
‘rations because of the 1nc1u51on of alfalfa greenchop

"whlch ‘is hj

-in protein (21%; Table V.1).

L
7

concedtrate ratios for thevsummer ranged .
» K3 : - 4]
for the ‘lowest level of milk to 58:42 for

‘Rouj

from 100:

the\highest level of milk production The latter ratio

was close to 60:40 roughage: concentrate ratlo wh1ch is

reported to result in best performance in dalry cattle

rations (Ward and Kelley 1969; Tyrrel 1980). There was a

tendency-for decreaSea feed cost per kg'milk'asflevel of

milk production increased from 15 kg/cow/day to. 35

kg/cow/dayi57 9 and 6.3 cents/kg milk, respect1vely).

&

Optimum Rations for Economy* ofVWater‘Use

The nutrient requirements and‘constraints used to
compute these rations are the same as the ones used for
least cost rations (Tables V.1 and V.2). It nas difficult to
decide on water—use values for concentrate since no data was
dvailable and the 1ngred1ents were not grown in the area.
Values of 0.50 and 0.51 m® water/kg DM produced were
selected and used for the T2’and 16% protein concentrates,
respectively, on the basis that these economies of water—use

were similar to the one obtained for the most
o . “-X
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water-eff1c1ent forage in the area (Appendlt 1A) In factsno.;

‘v:dlfference in rat1on comp051t10n was‘%pund by changrng the

LV

water—use 1ndexes from 0 50 to 1 50 m’/kg DM and only very

.small changes in- ratlon comp051t1on occurred when values of

0 were assumed for the water-use 1ndexes,

€

N

Winter Rations.

During the winter, annua {grass and corn 511age
were.always included in the water opt1m1zat1on ratlons.
Above 10 kg of mllk productlon/cow/day alfalfa hay was_
included in the rat1on The 16% crude proteln

concentrate was selected,over the'12% protein : .

- concentrate and its 1nclu51on in the ratlon 1ncreased as

the level of mllk productlon increased. For 10 kg of

A}

milk production an all-roughage ration was selectegland '
hah R

»

the economy of water use was greatest in.terns of
irrigation water applied to forage (0.42 m;/kg;milk
produced). At milk production of 15 kg/cow/day the “MOSt
water was required (0.52 m */kg milk). whereas as milk
productlon increased above thlS level the amount of a
irrigation’ water required to produce forage decreased,
(0.43 m®/kg milk at 35 kg mllk/cow/day; Table vV.7).

These optimal water rations were 1dent1cal to the

least cost rations (Table V.5) for the winter. perxod for
RY

jcows produc1ng over 10 kg milk daily, ThlS is not

surprlslng since corn silage is the cheapest source of

dlgestlble energy on the ba51s of both economy of water

use and actual cost. e
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Summer Rations. '.'vfa Y fl-}”_-: . ,f: fs?ﬁﬁj‘
‘ Dur1ng theé summer the only forgbes selected on the '
basis of water use were corn szlage and alfalfa

"_greenchop. *Corn- 51lage-was the ma1n rat1on constltuentii ?
at levels of milk producglbn of less than 20 kg dally,
”'as milk product1on 1néreased from 10 to 35 kg, alfalfa
»greenchop 1ncreased from 2 to 6.5 kg da1ly The 13% ‘.

crude prote1n was selected over: the 12% crude proteln

concentrate because of £EE*Ibw content of protein. 1n

corn. s1lage. The roughagexeoncentrate ratio was about

- 60: 40 at the levels of 15 and 20 kg of milk productlon

but :at 35 kg of milk thlS _ratio dropped to- 49 51. - _
A hlgh economy of water use (0 41 m’/kg mllk) was"

obtalned at 10 kg of mllk productlon. At this level of

milk production an all—roughage ration based malnly onif

corn s1lage.could be fed Above 15 kg of m11k product1on ”"\

the economy of water use improved from P.52 m’ water/kg |
milk to 0.42 mJ water/kg milk at a product1on level of
35 kg/cow/day (Table V 8). o i
At the level of 10 kg/cow/day of mllk productlon
the least cost ration was based mainly on sudangrass and
alfalfa greenchop whereas corn 51lage with alfalfa.
greenchop was used in the ootimal water usevrationsu At
15 kg of milk'per da§ and higher the least cost and
economy of water use ratlons were 51m11ar 1n €hét the

basal feeds were alfalfa greenchop (with amounts

- increasing at 1ncreased~levels of milk. productlon) corn

"



§30IUBOUO B3 JO- JUBOTed UTEROZ. .
abueyd pTNOM BUOTIVI IBCC ISVET Y3 YOTYM 30 SSO0TI.

Y

gﬂ%ﬁ?aﬂﬁ«

L 0/L0°0 €L°0/L0°0 TL'O/¥E°'0 2ZL'O/¥E°0 ZL°O/¥E°0 o 16t ..sc s;enusou
9Z°0 - 9z°0 69°0/92°0 0£°0 ot-¢ - 0L ¢ cm..o 3«: BIRIIUSOLD)
29°0 z9°0 z9°0 79°'0 €9°0 Z9°¢0 z8°0 sse1b uepng
15°0 15°0 ot z- I A o€ “2- o€ 2 E.o aberts wybac
85°0/0 g 85°0/0 'SL°0/0 SLT0/0 SL°0/0 LS"0/G 95°0 aberrs wic
1€°1/28°0 TE'1/28°0 TT°1/65°0 22°1/66°0 2Z°1/65°0 e /T 9’1t dowpuseab ejtey™
T $0°1 _ ¥0°1 o't 011 0t1°1 oT'" 97 Aey eyTeIT
$ (W0 mx\n! 38N JojeM JO SITUNT Jamo] pue Jaddn
Zr-o £r:o 990 Lvo 2S°0 1v°0 - (TTe by/g) 3800 1M pos
: 1621 §: LY’6 BLL .oty . (Aep/moO/gW) UDTIR 3O IS
mmﬁ 88° (1 m* T6: €1 €6 T3 ob 6 - .. (W1 B) uorjer UT TMIQ
10°0 10°0 10°0 10°0 10°C 107 - XTW Teloun.
Lz° ot 56°8 £6°9 €29 88°r : - 17 ¢ (V9T smexIUsOUCD
- - ¥s'o - - - ¢ g (827) @3eRUROUT
= = ro= - - - ze gseab uepn
- - - = - - - »°'0 abeTTs wnybic
90°¢ T5°¢€ 88°¢t 6F ¥ 86 £€6°8 90 aberts we
¥S°9 "°s - 81°¢ - 9072 _ L6 1 97"t doyoussab e3 ey
- = = - - - 91°* Aey e3Te3:
; . . . (RepMa %) s3uRTpPaIbY
1% . 119 [14 0z L ¢ 12 ¢ w1 mx\nx JanawerIeg
4 (Xep/Mo5/BY) paonpoad 1N .
coTXaN Jo cq_,mﬁ

mgguﬁﬁaﬂfuﬂl{uoguogﬁShm_ﬁmgghﬁwﬁuagua Euuug& ‘g A OTUEL

t e



96

silage (whichmdecreased with milk production);hend
concentrate . Subtle differences between the rations
were apoerent, with slightly less alfalfa,éreenchop
being included in the optimal water tee:rations as
compared to the least coSt rations. The close agreenent
between the rations was somewhat surprising since there

was not a close‘relationship between the price of forage

and the index of economy of water use (r?=0.06).

Marginal Values for Nutrients in Dairy-Cattle‘Rations

Least Cost Rations.

The figures obtained.for matginal values (i.e. the
change in daily ration cost if one additional unit of
nutrient is required) showed that at low levels of milk®
production during the w1nter (i.e. 10 kg/cow/day) the
energy and phosphorus content of forages were the
limiting factors economically (Table V.9). In contrast,
during the summer digestible energy was the most
expensive dietéry component at this level of milk
pfodUction. |

At higher levels of milk production the relative
importance of enetgy, protein and phosphorus in
affecting the final-cost of the ration oanfbe
approximated by calculating the cost of increasing the
nutrient content of the ration by 1% (i.ey 1% of
nutrient requited times the marginal value for the

nutrient). If these calculations are done. for ‘winter
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rations the cost of a 1% increase in daily requirements
‘for digestible energy would be 29.3 cents/day for a milk
production level of 20 kg/cow/day (i.e. the normal for
.+s, the regiqn). Comparable costs were 5.1 cents/day for
{protein and 0.8 cents/day for phosphorus. This indicates
that at this production level energy was more
economically limiting than protein and,phosphorus.-Tov
determine the extént to thbh an increése in energy
requirement could influence the type  of fation used in
the winter actual "least coét rations were computed for a
cow producing 20 kg milk daily with a i% increase (1.88
MJ/day) in.energy requirement (Table 2Aa1; Abpéﬁdix 2).
‘As predicted from the data on marginal values the cbst
of the ration increased by 29.3 cents/day. The large
increase in cost was associated with an“increaipd usage
of alfalfa hay and concentrate and a decreased usage of
annual ryegrass in the ration. |
Marginal\values (Table Vv.9) indicated that the
greatest change in daily ration cost per 1%'change in
constraints could be achieved if potential DM intake was
increased by 1% (36.96 cents/day). ;he actual
computation of the winter ration with the 0.14 kg/day
greater intake (Table 2A6; Appendix 2) showed a saving
of 37.01 cents/day through increased use of annual
ryegrass and the inclusion of the 12% protein
concentrate instead of the‘16% protein concentrate.

-

/-
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During the sﬁmmer energy was also the most
‘écozﬁmically.limitingfactof at all levels of milk
pro uction (4.9, 5.8 6.7, 7.6 and 8.3 cents/day
increase in cost for a 1% increase in energy intak§ at
15, 20, 25, 30 and 35 kg of milk prédqction,'_
.respectively,(whereas an extra 1% of the requirements of
protein cost 0;13, 0.17, 0.24, 0.29 and 0.34 cents/day
for these milk production levels). The extent to which
the ration would changg if a greater intake was assumed

can be ascertained from Table 2A6; Appendix 2.

Least Water Rations.

During the winter marginal values indicated that
digestible enefgy was the most expensive factor; there
was a cost of 0.30 m* of water for a 1% increase in
energy in the ration at 20 kg of milk production. An
extra 1% protein would cost 0.21 m® of water at this
level of milk production. DM intake marginal values
indicated that a reduction of 0.26 m’ of irrigation
water required to produce forage for 1 day could be
obtained if DM intake increased 1% at milk production
levels of 20 kg/row/day (Table 2A7; Appenidx é).

In the summer, marginal values for the economy of
water usé again indicated that energy was sthe most
costly factor at high levels of milk productioh; 0.62 m?
of water were reqguired for a 1% increase in energy
intake at a production level of 20 kg/cow/day whereas an

extra 1% protein cost 0.17 m® of water. At this
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production level marginal values indicated that a saving

of 0.23 m*> of water could be achieved for®a 1% ihcreaSe

in DM 1ntake. The actual computation of légst water

ration with the DM 1ntake 1ncreased by 1% shcwed that a
—-  saving of 0.22 m’ of water was obtalned by - ugmng more

corn silage and alfalfa greenchop and less conugntrate.

Lower and Upper 'Limits and Forage Composition &=
The figures obtained for lower and upper limits (i.e.

the limits in price at which the least cost ration woulgah

change) for each individual forage are presented in Tables .

V.5, V.6, V.7 and V.8. Information on how these rations
would change if the digestible energyvcontent of the forage
in the ration was changed by 5% is given in Table 2A2; ’
Appendix 2 for cows at the normal production level of 20
kg/cow/day. Similar information is given for protein changes
in forages in Table 2A4 where rations were calculated using
a range of protein in the forage similar to that obServed in

forages collected in the dairy farms surveyed (Section I11).

Winter Rations.

In both least cost and least .water rations the
feeds selected-at 20 kg of milk productlon/cow/day were
alfalfa hay, corn 51lage anqd annual ryegrass for the
winter. The wide prtge rangé (-160 to 18.4 cents/kg DM)
found for corn silage and ifs actuéi\price (7.32
cents/kg DM) indicated that 1ts proportlon in the diet

would not have changed unless there was a substant1al

‘

100
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change in price (Table V;S) A 51m11ar Eonclu51on can be

drawn concern1ng the economy of vater use 1né;§ (Table

V. 7) This is not sutprlslng since corn silage is ‘the

cheapest source of digestible energy for botn least cost

and least water ratidns and digestible energy was

determined to BeAver; expensive 'in winter rations based -
, J ‘ .

SN .
on high marginal val

es. In fact, if the“digestible
enhergy content of corp silage was increased by‘S% a‘:
saving of 23.5 cents/ ay in least cost ratlons could ‘be
obtained (Table 2A2; Appendix 2) with an 1ncreased use
of annual ryegrass ocQurring. If the energy content of
annual ryegrass was.i&creased by 5% the ration would be
based mainly on thls f%rage (92% of the forage- dlet)\and
the cost wduld decrease by 55 cents/day. In least water.
rat1ons a 5% increase in the energy content of corn
silage and annual ryegrass would result in sav1ngs of
0.17 and 0.27 m*® of irrigation water respective;y (Table
2A3; Appendix 2):, These~obsetvations indicated-that‘more
attention should be given to factorsvinfluencing the

digestible energy content of the widter annual ryegrass

grown in the region,.

Summer Rations,

Least cost and least'water rations for the summer
included corn silage and alfalfa greenchop along with
concentrate at 20 kg of milk production/cow/day. The

negative values of sorghum silage;(ﬁablesuﬁ;5]§najv!8)

indicated.that éafry~farmersnnoold'haVe to bé”ﬁaidfto
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1nclude thlS forage in the ration.
The w;de price range (-13.0.to 7.96 cents/kg DM)
found in ®orn silage in relation to its actual price
o 77.32 cents/kg DM) indicated that it would be included
in the ration at the same level at lower érices but_if
_ the prlce was very much h1gher its use would decrease.
The same situation arose w1th least water rations. The
upper limit of sudangrass (6.42 cents/kg DM) in relation
to its‘actuel pgice (7.11 cents/kg DM) suggests that it
could be eénsidered as an alternative crop. The
observations that aﬁiflfa hay was almost selected in .
least‘water rations at 20 kg milk/cow/day, and that when
\ the protein content of alfalfa greenehop was reduced
from 21.2% to 15% it was replaced by alfalfa hay (Table
2A4; Appendix 2), suggested that crUde“%rotein content
is a very }mportant”factof in sumﬁer forages. Increased
levels of b;otein in corn silage and alfalfe greenchop
{2;9 to 13.2% and 21.2';0 25%, respeetively)‘caused a
substantial saving in irrigation water (1.29 and 0.66 m’
of water/day for corn siiage ehd alfalfa greenchop,

respeotively).

X

Optimal Forage Systems ' ®

When suggesting an optimum feeding system it is helpful
to combine the feasibility of that system, the cost of the

diet and the most;limiting factors of the region, which in
: ~

this case is water for irrigation. The data reported in this.

p
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study 1nd1cates that it is very dlfflcult to select only one“
forage to prov1de the roPghage for dairy ratlons because' If
they grow in differant seasons of the year, 2) they will
have a different relative value depend1ng upon the cost and
composition of alternative forages, 35'they will- have
different nelative'valués at different levels:of milk
production,/and 4) different forages may be selected in

least cos and least water rations.

,Low Milk Production Levels.A

An all-roughage ration based mainly on annuals
(annual ryegrass, sudangrass or corn silage) is the most
eff1c1ent in terms of cost and economy of water use in-

-

both summer ‘and Qﬁnter'(Tables V.5 V.6, V.7 and V. 8).
Such rations can only sustain up to 10 kg of mllk »di;
productlon/cow/day, however and thus-unless other costs
of mllk productlon are low in relation to feed costs, it

is unllkely that ratlons based only on these forages

will be fea51b1e.
4

Higher Milk Production Levels. ‘

. Rations based on concentrazeﬁahd coth s%igae, with
differihg amounts of alfalfa greenchop for different
milk productioh levels in the summer, and in combination
with‘anhual ryegrass and alfalfa hay. in the winter, may
be the best for the‘eréa. Increased use of annual

=

forages (annual ryegrass and corn silage) could cause a

substAntial saving on irrigation water and cost in
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’comparlson with the forage utll;zatlon pattern actually;
in use in the area (Table III.5). Desplte the relatlvely
high cost and low economy of water use, some alfalfa has
to be included in the forage_p:odpction and utilization
lpattefhs~qf the region Basica X‘as a "source of protein
and becausé it is eaten in r »atiyel§ large amqspts by
dairy cows, Information obtalned in’ sectlon IV also
1nd1cates that it supported the_highest level of m1lk
production of any of the forages tested. &he use of
alfalfa in rations for dairy cows, however, should be
restricted, at least;to the amounts found as optimal. In
summer this would be 68% of the forage DM at 20 kg of-
milk production (in comparison with 82% used by daify
farmérs; Table I1I.5) and in tﬁé\winter this would be
15% of the fdrage DM as alfalfa hay (in comparison with
42% of the forége in cﬁrrent winter diets in the area).
Utilizing optihum gationé coﬁld potentially represent
savings in cost of 38% in the winter and 44% in the
summer and savings in.watgr of 47% in the gummer and
winter in comparison with rations generally in use for
cows producing 20 kg ef milk daily. It is expected that
the efficiency of water—use could be furfher improved by
uging different m;nagement practices, élthough at'this

time it is unclear whether water—use efficiency could be

improved more in some forage species than yn others.

* P
Y
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'D. Summary and Conclusions // S ' 't‘{7‘ ' _9
1) Based upon research stat1on results feedlng dlets
.conta1n1ng alfalfa hay was more expens1ve in terms of money
and economy of water use than feedlng ratlons based on |
annual cropsr T |

2) The summer forages selected in least cost and
optlmum water rations were corn 51lage and sud\ngrass along L
with- alfalfa greenchop Corn 51lage, annual ryegrass and

;
alfalfa hay were the forages selected for the w1nter
rations. |

3) The least cost and least water rations were very
similar in composition at milk'production levels of 15 kg
and above. This occurred even though there was not a cLose
relationship between the price of the forage and the economy!
of water use of the forages (r’=0a06).

4) Utilizingvoptimum rations for the region, whlch
would entatl a decrease in the USe'of alfalfa, could
represent savings of 38—44% and 47% per kg of mllk produced
(at 20 kg/cow/day for cost and 1rr1gatlon water,
respectlvelyw in comparlson with rations generally in use.

5) In most 1nstances the 16% crude protein»concentrate
was selected over the .12% protein cohcentrate because' of the
inclusion of corn silage in summer and winter rations.

6) Digestible'energy was the most economically limiting
factor in lactation rations, except for cows with‘a daily
milk yield of 10 kg during the sumner when‘protefn bgéémé‘i:”

more important.



. V1. General Dlscussxon
” Currently farmers in the Comarca Lagunera region of
Mexlca ‘rely mainly on alfalfa greenchop during the spr1ng
and summer months and on annual ryegrass and forage oatsw
along with corn silage and alfalfa hay dur1ng the autumnoand.
winter AOnths in rations for da{ry cows. The least cost
rations for a levei.offmilk production of 10 kg/cow/day were
.all—roughage rations based mainly on sudangrass with alfalfa
gréenchop in the summaraand on annual ryegrass in the\)'
winter. Rations which minimized the use of irrigation water
-at this level of milk production were based mainly on corn
silage along with alfalfa greenchop in the summer and annual
ryegrass in the winter. At Milk production levels over 15 kg
daily least cost anq least waté;m;ations were almosé'.
identi;al wiéh the.uaa'of corn silage being maximized. Least
cost rations indicated that a saving of 38% in feed cost
could be potentially achﬁeved during theawinter in
-comparison to an all-alfalfa diet at a milk pfodﬁction level
of 20 kg/cow/day (normai_for dairy cows of the area). The
comparable figure for summer diets was a 44% saving. In
terms of optlmum use of irrigation water a 47% reduction in
water requirements could be achieved durlnq the summer i f
optimum rations rather than alfalfa-based rar{ons were used.
Water requirement could be reduced further in all regional
fo;ages through more extensiva.fertiliiationoandaihﬁfovéd .
Qmaaagéﬁent practices. However, according to actual

experimental results: milk -production was higher when alfalfa

1
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veas 1ncluded in the ration which may tend to. Justlfy the use’
of thls forage in dalry ratlons in thls_;sg1on
Even’ though sudangrass and fh;age oats were not
included in the least cost or least: water rat1ons for mllk
productlons higher than 10 kg/cow/day they could be
con51dered as alternatlve crops. Sudangrass was 1ncluded 1n‘
the Summer least cost rations at a product1on level of 10 kg
milk da1ly, and marginal values indicated that if the prlce{
was decreased (or if the duantity of protexn 1n the forage
could be‘increased) it would have been included 1ndthe diet
at a milk production level of 20 kg/cow/day. On the Basis of
water usage, however, sudangrass would be less attractlve as
an alternatlve crop in the reglon Increa51ng=the level of
crude protein in forage oats to 20% (i.e. the cruée proteine
content found in the forage at the research station, at a
&ery early stage of maturity) resulted in the replaeement‘;f

annual ryegrass in least cost ratlons by forage oats. -

However, .at 18% crude protein contept ﬁorage oats would not
enter the ration.vThls suggesté_that, except for any
"Vhecessity of grgwrng forage oats for agronomic reasons, it .
may\get be;a gédd forage alternative for the area even
thdugh,relatlvely hiéhﬁmilk productions were obtained uith;.
it as a single forage in the diet (section IV), In the case
*of sorghum silage, even if the protein or digestible energy
conteénts of this forage vere 1ncreased by 5% of the orlg1nal
value, it would not bp 1ncluded in least cost or. least water'

;atlons This would suggest that less emphasis should be
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placed on it as a potential foragé:crop-for the région.

It has béen shdwn that it is possibie to obtéin similar
levels of milk proauction as obtained with alfalfa hay when
other forages ihcluding.cqrn silage are fed to lactating
cows, if these forages are iﬁcluded"at a lower proportion of
the total diet than used in’the present experiments (Thomas
1970; Belyea et al. 1975; wallenious 1978). Corn silage is

. <
relatively lpw in crude protein, though, and alfalfa
greenchop, alfgﬁa hay and annual ryegrass (21, 18.5 and 18%
crude protein respectively) were thus included in the ration
primarily to balance for protein. Since the protein content
of corn silage is qonsiderabiy Below the reqqifements for
the dairy co;, and milk productéon and DM intake were
increased with higher crude protein levels (up to 15%), it
1s apparent that considerable attegtion shouid be given to
factors influencing the protein content of the corn silage.

Even though protein is very limiting in dairy cow diets
based on corh silage., the marginal values obtained from the
least cost and least water rations indicated that digestible
energy was the most costly factor to provide in rations.

Marginal valves also indicated the importance of DM intake.

The importance of voluntary intake in high forage diets was

further emphasized in resnlts obtained at the research
station and in dairy farme where positive relationships
(r’=0.84 and r’=0.,90; respectively) were ~btained betuween MY
intake and‘mil' pvmducﬁion, There is thns 3 real need fn
Pureve ctndies with fo;aﬁgé.in‘fér$é Jf ‘maximizing the

+ - ‘ . “y
@ . A
-



. intake of DMjand digestibletenergy.
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Even though it was believed that mineral deficiencies

might limit milk cutput from cows fed forage produced in

L

~desert areas (Sauchelli 1969; Bemson and Matrone 1976), no.

evidence to édpport this EOnéept was found in these trials
with the exception that_phosphorus has to be supplemented

(as expected) and that magnesium levels in plasma were low
enough to suspecf a mild hypomagnesaemia in dairy cows fed

alfalfa greenchop. Further studies are needed to examlne the

-¢ncidence of hypomagnesaem1a in cows fed thls forage and

also to determine why the copper’ status of the cows was.
apparently influencéd by season.

In addition to providing infermation on optimum forage
utilization paﬁterns for dairy farms in the Comarca Lagunera

region, research conducted in the course of this study

provided additional useful information for the area.

Specifically it has been shown that the in vitro technigue
for estimating digestibility was: suitable for grasses and

alfalfa hay but further data was required for the techniqUe’

.:.,:.

to be useful with greenchop forages at an early stage of

e e r

- matunﬁfy oT W}th sulages.*Also “as a resu}t of - thlS study

) forages of known 1n vivo dlgestlbllrty can- be included in . .

the in vitro determinations to improve accuracy of
prediction,
A 4.2% greater (P<0.05) milk production was observed in

winter months than in summer months in dairy farms and-this

)

trend was also observed at the research station. This result

*
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along with the lower plasmé copper content during the summer :

suggest that more attention could be given to the

plant—-animal—environmental relationships.

v
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Appendix 1A

A Water use by Forage Crops in the Comarca Lagunera Region
of Northeastern Mexlco
Introduction
This research was performed at the research statlon of
the Comarea.Lagunera located 17 km east of the city of
Torreon Coahuila. Qu1roga M., M, Farlas and R. faz
conducted the experlments (Quiroga et al. 1981). Martinez R.
“waé the overall leader of the Pasture Management Project.
PR T J."
Mater1als and Methods
’ The forage production patterns tested are shown in
Tabie 1A1. Alfalfa yas established in a plot of 6120 m? and
the rest of the forage patterns in plots of 2040 m* each.
The plan was to simulate as much as possible the irrigation
system used by farmers. In the case of alfalfa normally
farmers irrigate plots 12 m wide by 50 to_10b'm long'at one
‘time, whereas for summer annuals they irrigate by 0.90 m
wide rows. The amount of water applied does not differ
"during the summer and winter but the frequency»is different;
normally for alfalfa the farmers irrigate twice every 36
-days in: June, July and August (a hot period) and once every
30 days the rest of the year In this research water was

applied to the plots as needed using practical‘criterion

obtained from previous experiments at the research station
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with fhe'amOUAt of water applied being kept betﬁeen narrow -
limits-(17—20 cm/irrigation). The criterion for .

fertilization were: alfalfa, 110 kg of pbosphorus /ha/year;
corn silage, sorghum silage and sudangrass 120 kg of . - -
“- nitrogen and 60 kg”df‘ph6spH6ruSAHa;_annuél?r&égféséléné'-'":°;4.;?<
forage oats 80 kg of nitrogen and 60vkgyof phosphorps/ha.at
the eStablishmenf and 50 kg of nitrogen/ha every clipping.
Seeding and cl{pﬁingnof the fofagés Qaélconduﬁted withb
standard equipment available in the region. The criterion

for clipping were: -alfalfa, early blopm} sudangrass, |
prebloom;  corn and sorghum silage, dough stage; annual
ryeé:ass, imﬁature: f@ragg»oats, prebloom.

_ Ih_all the forage experiments DM production/ha was'
détermined'as well as the amount of water applied/ha to each
batternu'Using these two vaiueé én écondmy of wéﬁer—use
index (m®/kg DM produced)’was computed by dividing the
amount of water applieé by the DM yield. The améunt of water
applied per hectare was measured by a wéter'meter'located in
the water canal juét“at the entrance oflthe experimental -
plots. The experiments were conducted in a soil whiéh had
62.4% clay, 20.5% sand and 17.1% humus at 0-30 cm depth} at
30-60 cm depth the soil composition was: 53.6% clay, 39.1%
sand and 7.3% humus. The pH Sf.the soil was 8.23 at 0-30 cm
depth and 8.20 at 30-60 cm depth.

Data obtained from the annuallreporf5‘1979, 1980, 1981
(Quiroga 1981) were analyzed by year, by season and hy

pattern by Martinez R. at the University of Alberta ﬁsing
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=L+ 777 9hé-mean températures and rainfall during the

experimental period at
Data on the economy of
individual speciés are
-whereas data on fdrage

are shown ip Table 1AS5.
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standard analyses of variance procedures (Steel and Torrie

Torreon are presented in Table 1A2.
water use and DM production for

presented in Tables 1A3,“and 1A4,

combinations during the whole year

.
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Table ZAl Ieast: cost winter and summer raticns for 600kg dairy cows ptcducing 20kg milk
. (3.2% fat) da.xly using dlffexent dxgestlble energy reqml:enmts ) -
. (G per . Winter D . Swwer
Parameter ' kg M) 179.8M3/dayt 181.6 MI/day¥  179.8 Mi/dayt 181.6 MI/day¥
Irigredients. (kg I:M/day)* v )
Alfalfa hay 12.75 1.24 3.48 , '
Alfalfa greenchop 8.13 - - 5.53 ' 5.37
Corn silage 7.32 T 3.28 3.22 3.31 2.63
Annual ryegrass: o 4.07 . 3.54 0.59 - - -
Concentrate 12¢ ., . 14.23. - . : - ) 5.05 .. 5.90
Concentrate 16% - 17.07 5.86 ' 6.63 - o -
Total in ration (kg DM) 14.00 14.00 13.90 13.91 .-
Cost of ration (¢/kg DM) "156.25 ‘185..54 " 141.36 147.13
Feed cost {¢/kg milk) - 7.81 9.28 7.07 7.36
Lower and Upper limits for prices (¢kg OM)°
Alfalfa hay 12.75 7.6/ 7.6/ 7.97 : 7.97
Alfalfa greenchop - 8.13 - - 7.5/11.5 7.5/11.5
Com silage . 7.32 © -160/18.4 . -160/18.4 ~13/7.96 - —13/7 96
Annual ryegrass . 4.07 0/9.9, 0/9.9° -
Concentrate {12%) 14.23 " 9.24 9.24 8.8/18.98 8.8/18. 98

Qoncentrate (16%) 17.07 -19.3/22.4 -19.3/22.4 13.22 13.22

Requxremznt for dlgesuble energy faor a cow producmg 20kg milk (3 2% fat) dzuly
* Al mcrease over requuenents '



135

e

gyenusouo Y3 jo Iuwsorad :..dw»oum_
abueyp pINOM UWDTIELI ISCO ISEST AP YOTYM e .wﬂo..ﬂm.»
.?ﬁ By/(W) poa3 Jo 3usjuo AbIoue aTqrisabrp ueSi,

_ S2°sT 82/61- 6Z/%1 zT/61- 81/81- €2°¥L  2z/61~- 6T/LT- LO°'LT ¢ ($9]) 83eniueOUD
Lv/z- 90°G 9T/8'Y . ¥T°6 9°¢1 L1/6°= pZ°6 - ET'TT  €T°¥1 § (27) sIer3UmOUD
o § A4 - 11°0 £9°9- 0z 1- 0Z°¢- €9°9~ EE°T  LO°F s3e0 abeiaj
S/~ 6°0T/0 6°L/0 6°6/0 z'8/0  €°L/0 6°6/0 6°S/0 L0y ssexbala penuwy
8°6/¢ b°81/09T~ Lz/L8e- 8z/t 81/091- 6/€LT- 116/ 61/9T- T1/25- "L sbeTrs wmn
81/0T1 09°S 5°S 19°L oL’1t ~ 8L°0 €66  €6°6  SL°TT ey e3TeITY
3 -~ {Wa By/3) s201ad 1oy sawrry Jodd) pue Iawmol _
58‘9 80°8 £9°9 8L 8E°6 so's  18°L g9'g Y oy R —
90°LET 29° 191 zLeeet §2°951 S9°LBT. 66001 S2°9ST 69 €41 Aep/m00/5) UOTIRI 3O ISOD
00°¥1 00°¥1 00°¥1 00°¢1 00°b1 00°$T  00°FT 00°#1 (W3 6%) woTr3ex ur TEIAL
L0°0 80°0 - 10°0 80°0 80°0 L0°0 80°0 00 00°SZ XTW TeIOUTH
- 00°9 €z'y . "98°S 89°9 - 98°S - ze£°9 Lo L1 »191 saerusOu)
§0°S - 96°0 # - - 428 - - €7 $W 1 ||enuoup
- - - - . = - - - Loy s3v0 abeiog
905 00°C . v8°S e 8EL°0 Lr6 . ¥S'E 6L°T  L0°¥ sseabakr Tenuuy
60°1 Lee 06°2 82°€ e v8°0 8Z°t  yz-e (492 sbeTTs ump
€L°2 $9°1 - [ 740 ¢ y9°t = ¥2°T 1672 cL°ZY *key eI TV
: (Aepa By) s3udTpRIbUY
vzl 09°€T . 3L6°20 v o1 BT'ET 46521 26°1T (Wg By ToaueTed
vy ejfeITy abe{1s Wiy SSvibaky Jentey . aad 3)
, 390D

fu, BY/mw) abe1oj jo usuoO Fbiaus o1qTasabig

aberoj a3 Ut Jusuoo ABaaus arqrasabip jo

STaN3] VRIS TP BuTsn (3e3 87°¢) NTW bypz Butronpard smoo ATTep 63009 10j SUDTIRI I3qUTM ISCO ISET] 7wz ITqel



136 .

& Qd Q .ﬂucu.ug a3 3o usoxad S.magmm
s ebUWO PTNOM UOTIRI 3800 ISWOT I YOTUM e mmmﬂwaw
(Wa ox\nt.. .mmh.uOu a3 30 IvNUo ABTSuD aTqTIsebIp §+

08°0/1°0 0L°0/€°0 "1/1°0 0L*0/€°0 ° OL°0/£°0 78°0/1°0 69°0/€°0°  06°0/1°0 ¥8°0/€T°0 25°0 m;wd sye;UsOUC)

00°T
oL0 92°0 '80°0 92°0 92°0 L1°0 92°0 €10 910 05°0 § (821) . Aexyusouc
“15°0 8s°0 T 680 85°0 85°0 Lr'o 85°0 o 0S°0 . 5830 sje0 Aberag
£8°Q - 00°1/0 00°1/0 00°1/0 . 00°T/0 °00°1/0 00°1/0 - 00°1/0 00°1/0 - ~ 0670 sswibakl rentny
9L°0/0 L5°0/0 ot 1/0 L5°0/0 L5°0/0 88°0/0 £5°0/0 , L6°0/0  0BLT0/£°T~ 95°0 aberTs W
20°t z0°t 201 R 1 z0°1 20°1 20°1 N § . —/70°T 911 Aey e3TeITY -
: ) : *Aﬁmx\mtvonauﬁguoguowﬂgggg :
90 Lo ©8y°0 90 Lr°0 60 - 9°0 o (NTTw BY/gH) 800 poed
9%°6 sr°6 05°6 82°6 S¥°6 LL'e 81°6 S¥°6 (Awp/MCO/(H) UOTIRI 3O IS
00°¥T 00° 9T 00°¥T 00°¥T . 00°PT . 00T 00°vT 00°¥Y . (W1 5% uworiex uT TeIqL
o 80°0 . 80°0 80°0 80°0 80°Q 80°0 . 80°0 0 __mo.o . XTW TRISUTH
ST°€ 98°s 00°9 -66°¥ 98°S 89°9 < K'Y 98°G.. L e 500 ¢(897) sEnUOU
- - - - - - - L= * 05°0 . 4 (820 e3emuBoum
- - - - - - - - L ¥ 580 §Ivo gberay
- ¥s'€ 00°€ 16°S e 8t°0 z0°9 ¥S°E e Y 0670 sgexbalz-Teruuy
oz" 82°€ Lz e e 8T°¢ zze 96°€ 82°¢t Y 1500 118 I
59 2T 591 - A p9°€E - 't i 94 9T 1 2y eyTezTy
. o : . . S : (Aep/a By) s3uaTpabuy
. 09°€T 106°21 ¥e“ 21 09°€T pl6et A 8T°ET 456°2T, . 26°TT  (Wa By I9jaueId,
Xey ejTeI TV —— ey Sseiboki TonUN 1ad o

(W by/mW) sbeioj jo u:N.Eoo Ab1oun 9TqrISadW . I8 ,

abeI0] AY3 UT JUIIUOO 510U STqTIsabTD JO STaneT IUATR3FTP buTen (3e3-87°€) NTTW 07 buranpozd swoo AxTep 69009 103 SWTIET JeuTA TEM ISETT *EVT ITRL

{



FVUNUSOUO Jo abejusarad uralard,
sbueyp pTnom uoryes 3sco 3seer AR YyoTym e moﬁa»

(v) abexoy ay3 3o uajuo ursncad spnis §+
b

B £ 3 §

9T°¢eY

2T e TT°eT [4 AN ¢ 8t° ST et T el 0Z°€T Aow.c ﬂuﬂ.ﬁgg
' 86°81/8"8 86°81/8°8 ma 81/8°8 0°61/L°8 B6°81/8°8 T€°91/Z°9 €6°81/7°8 86°81/8°8 0°61/L°€ SNV enuUsoD
€0 £ £0° €~ - €0°¢~- 90°€- Q“%l. L8 T897¢- £0°¢- 8- eTTs unyfizos
w9 [4 28 BEECE. 4 AL 1w°9 4 [ 2" I A ] w9 s°9 sseab uepng
WBLUET- 967 L/ET- ' 96°L/E T~ 96" L/V 62~ 96°L/E°T- (S°¥ 86°L/1°2-  96° L/ T~ S6°L/¥1 abetrs dip
LL6/s L LL6/s°L - U6/s°tL L TI/S5°L LLe/s L nn.‘a\o.c. 65°6/5°L LL°6/S°L S8°6/S°L dapuaalb e3Tes Ty
'8 ? yes « ¥°8 .. 98°L ] LU Et/9°8 AN ve'8 1€°8 Aey e3Te3TV
. »eﬁ by/3) rsa01ad 107 sITWT Ieddn pue JamMOl
"L 0L SLotL €0°L L 78 L T0°L 0L . BO°L (OTTw by/3) IS0 pIwg
9E " TrT S 20 § 4 GEERUOREE  Sah § A § Z5° 00T 9" DT LE9PT ' 6% 01 9t " Tr1 L9°T¥T (Aep/mco/3) woriex’ jo IS
06°€T 06°€ET 7 06'tT 06° €T 06°€T" 06" €1 06°€1 06°€1 06°€T (Wa 6%) uorIex ur TRIqL
i - o= - - - - - .- miod FIRIIUBOUQ)
S0°s S0°S S0°S Lo°S S0°S 9%V 80°S S0°S y0°S m;N: SeIIUSOWD
- - - - - v - - - - abeTTs wrbaog
- - - - - - - - - ssebuepng
€€ 1€°e €€ "y 1€ - LSy €€ 14 aberts wigp
£S°6 £5°G £S°S 6Z°% €5°S 8v e [ Z48 ] £S°¢ 00°9 dapusaib eyTesTy
- - - - - Lys - - - Aey eyrezTy
. . : (AepAn BY) sausTpeIbL
310 ) QR T . 0°SZ 42T 0°ST TET -~ £t6°6 0°8 I33auereg
m&ﬂﬂmld.ﬂuuaw —SSeIUepnG t T QuUssIb BiteiY 3beTT15 W

(W0 30 t) 3br1O} JO IUMUD uUT3R0Id PO

-

e

Im3ew A1p abeioj any ut uranoxd spnx

30 ﬂ..gua uﬁu&uua bursn (3e3 3z°¢) s bypz o:«nnﬁoun_ smoo ArTep mxoow xad SUDTIPI JAMNS 3500 ISeF] *py7 ITqes

?



s
{
. ‘S3eI3UN0uns’ 3o Sbejusored uragaxd .
5 gﬂ.ﬂﬂaﬁﬂ ISCO ITEIT LPOTYM 3w 530Tad o
abexpy jo (v) u,ﬁuﬁoﬁﬁou_mmu:bﬁm:
“0L*0/0 - 0L°0/€°0 0L*0/¥°0 o0 0L°0/€°0 08°0/0 L70/€°0 69°0/0 (897) ®IenUsOUD
62°0 - 020 9Z°0 0L°0/0 0£°0. 0z°0 . 810 0E‘0 . 0t°0 - $(821) ;aeHueouy,
Ts°0 6°0 15°0 z5°0 6¥°'0  6¥°0 61°0 (120] 0Z°0 ' sberrs w105
29'0 . ¥9°0 - ..08°0 09°0 790 ?9°0 1] 79°0% - L0 © ssexbuepng
SL°0/0 09°0/0 15°0/0 LS°0/0 0L°0/0 09°0/0 0L°0/0 . 0L°0/0 99°0/0 - @berys 'uxdp
0€°1/9°0 0Z°1/9°0 " .02°1/8°0 ° 09:1/6°0. 0Z°1/9°0 0S'T/T°T. o ULe: 02°1/9°0  0E'T/T°0 doyousazb e3resty
£0°T 20°1 T 20T * 06°0 701 S8°0 96°0 z0°1 so'tT ¢ Aey ezTezTY
\*Aa mzvmm:umaguoguouwu.gaggg .
i 9°0 Ly°o 90 A Lo 690 oro - Ly:0 6¥°0 (T
. : . - EY/gW) 3800 Iaaem poag
62°6 Lr6 EE°6 18°8 . Lr6 98°6 81'8 LY°6 *L°6 - (Aep
‘ g /MOO/¢H) uoTIeT 3O 380D -
06°€T *06°ET 06°€T . 06°€T 06°ET - 06°€T 06°€1 06°€T 16°€1 (W1 6%) uotiex ur re3oL
£2'9 Al £z°9 - £2°9 T €29 82°9 £2°9, zZ°9 §$90 s3enuOUy
- - - . Lo°s - - - - - s 821 ex3umouD
- - N - - - - - - - : aberys wxfiros
. - . - B - - - - .- - s ssexbuepng
&by (128 ] Yy ¥y 6"y 69y 12°9 (3 47 L8°¢ ebeTrs urp
8T°¢€ ;1885 8Tt 6z°" T 81°¢ w1 81°¢ z8°¢ dapousezb eytesTy
- Co- - - - - - - - ey e3Te3TY
. . : : (Aeppia 6%) syueTpaabuy
oo €T . 0°sz "1 0°sT et 66 0°8 IjaueTed

0T €T

(Wd 3O %) abexoj ut utmyoad spun

Wa abeioy a3 uv

uteraxd spad 3o STana7 JuUaxaz3TP bursn (33 $2°¢) YT 6ypz Butonpaxd smoo Axrep 63009 103 uoTIRX Twms I1smem 3SeIT "Gyz STqel



e D

139

abueyD pINOm UOTIEZ YOTYM JB SOTI,

aeryusouwo ur utagoad IwmoTd )

Araamsadsar ‘paxmbel anoqe aSeaDUT 36 pue ‘partnbal anodqe SEEAIOUT V] ~vou.._dg+

et zz et Ay £zt 8°LT/Z°¥1 v zZ/C°61-  (197) syenuBOuD
86°81/8°8 86°81/8°8 86°81/8°8 T L6y TLU/v el ¥2'6 § (81 aenuadco
- - - 62°'y/0 66°L/0Q 6°6/0 .7 sseibada Tenuuy
96° L/€1- 96°L/E1- 96" L/£1~ TS 01°6/1°0- v°81/091- aberts wIn
S'TT/5°L S TS L S TU/S°L - - : - . dopusalb e3fes Ty
9°L 96° L 6L Zs°S s 9L Key e3TesTV
+ W Bw/3) 53011d 103 SIWAT I PUB JawO] N

06°S" ¥8°9 L 1 2 96°S 18°L, (tTe Bx/3) 3Is00 peay
1°8T1 0L 9€T "9€° Y1 ¥ 68 v 611 ST 951 {Wa B3/3) uorjex jo 3sop

. oL ¥ YUt 06°€1 oL ¥T 12802 ¢ 00°b1 {Wa 6y uomex ur Te3qr
. - - - . - 91 98§ (397) PIeBUOUD
$6°0 £y S0°S 08°Z €€ - 5 (321) ;IenUOED

- - - 811 069 bS€ § ssesbakz Tenuuy
06°L £2°y (R - e 8z°¢ aberrs wim
s LS°S €5°S - - - dapuweib eITeITY

. - .- - v 1 Aoy e3TesTY
(Aep/a 6%) sausTpaIbul
T4 FUAA¢ 10°91 YL TR 4001 P —

‘ Tawmns Tmue W ‘

(Aep/moo/bY) 3yeRUT ISIIEU Kxg

4

SuTIANSUCO 13w AIp JuaIajITp

bumunsse AtTep {303 82°¢) xA..E 30 mxom wﬁd:voua sm00 Aatep B5(09 1037 SUDTIEI JAUMUMS pue IHNUIM IS ISed] *9yz ITqel

M



140

meryusouo ap Ut uremoxd jusoTed,
sbuRyD PTNOM UOTIRI YOTUM @ BNTeA, |

»aﬂ:ﬂo&uﬂu Jgd&&u anoqe aePaDUT 3¢ pue ‘Jumaarnbar anoqe ‘SseRAIOUT §T §S+

oo ov0. T 0L°0/0 oL’ o\n. 0 69°0/£°0 69°0/£°0 06°0/1°0 ¢ (197) sawnuUIOWD
-7 09°0/0 Lo - . 080 90 - | 92°0 - £1°0 . ¢ (321 SRRUEUD
o - : - - N 00°1/L°0 | 00°T/L°0 00°1/0 < ‘sseibokz Tenuuy
.. 8§°0/0 - '86°0/0 0L°0/0 L5°0/0 L5°0/0 . 06°0/0 sberts wrp
.- .0E°1/8%0- 0€°1/8°0 0Z°1/9°0 - - - dopusaib v3TeITy
wv z0°1 0T - 0T 201 20°T. : Aey e3TezTY
B .#?ﬂmx\mzvmmshmum:uogueﬁgaggug . o

13 20 B C99°0 o - X A1) 3 A o L¥°0 (orTm By/g) 38cO IEqeM pRed

s - GZ°6 LyY‘6 S9°8 6T°6 . G¥°6 (W3 mx\m—s uwTIeI JO I8
oLyt . 1288 2 16° €T TALA PRt 00° %1 {wg b%) wTtIez ur Te3aL
e - £2°9 o'z CLSTh - ,.-98°S s (491) SenUSOUD
96°0 e'v . - . - - - ch JeIIUSOUWD
- . - - 88°9 - 95°g ¥ e ‘ sseibakl Tenuuy
L1'6 999G A 'S £6°€ + *82°E sbeTTs WID
A ] Al 4 : 8Tt . - - - _ doyousath eI TeI TV
- - - - : - | /0 S Koy e3resTy

. . : (Xeppn by) saustpexbur

0Lt U 30°0T _ 0L PT 1T 40°¥T _ Toyamereq -

I8Ng ’ ITIUIM : . :

(Xep/moo/bY) oweayt Teadew Axg

!
sayeur Iomew A1p juaiaijTp butsn
(303 82°€) NITw bypz Buronpard smoo AxTep Byppg 13d SUOTIEX JAUUNS pUe JIIUTM II3BM ISed] ‘[¥Z OTTEL

-



