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ABSTRACT

The objectives of this study were to systematically evaltet&mitations of
traditional management arttie potentialsof altemative practicesn raising dual
purpose(DP) replacement heifers owned by farmers in the lduasteca region,
specifically in Tepetzintla, Veracruz, MexicGhe Cornell Net Carbohydrate and
Protein System (CNCPS) model version 6.1 was the primary tobedgp specific
management groups of heifers in a structured set of simulations.-rifuety
simulations were conducted to evaluate framary constrains (bottlenecks), and
fifty -five additional simulations weretilized to evaluate probable outcomesrro
alternative management. Typical heifer management was determined from reports and
observations of memberd the Gupo Ganadero de/alidacion yTransferencia de
Tecnologia Tepetzintla (GGAVATTFTepetzintla; a nomgovernmental farmer
organization dedicate cattle production)guided byinputs froma panel of Mexican
professionals working in this regiandby Animal Science professionals at Cornell
University.

Heifer management groups, defined by three physiological stages of
development (prepuberty, stpuberty and gestation) arigeir interaction withfour
forage seasons of birth (early rains,elat@ins, scarce rain, and lokain), were
evaluated from weaning to calvingindings revealed important understandings of the
main biological and managemeobnstraints orDP heifer performance in tropical
northern Veracruz. Animal performance was sensitive to season of the year, which
reduced growth rate and delayed puberty, conception and, consequently, age at first
calving(AFC).

Results using the CNCPS nedaccurately depicted typical growth in
GGAVATT-Tepetzintla replacemertieifers Average CNCP®redicted outcomes

based on chemical composition of feeds and feeding policies agreetypitl or



farm observations. This study clearly demonstrated the ESIG bea valuable tool
for identifying nutritional constraints and for monitoring growth and development of
heifersin the DP cattle system of northern Veracruz

Analysis of typical management scenatiegealedmportant vulnerabilities in
various physlogical stages of developmermeficits of metabolizablg@rotein (MP)
and metabolizableenergy(ME) limited growth and delayethaturation MP deficits
resulting in body weight§BW) <200 kg at 10 mo of age were identified during the
sevenamonh period afér weaning Negative ME balances begin to arrest growth
performance after 10 mof age, especially during the dry seastow(rains) when
feed quantity and quality are low. Regardless ofrti@rage season ddirth, most, if
not all, heifers incuenergydeficits during the final trimester of pregnancy. Negative
ME dietarybalance prior to calving reduces tissue reserves and thgramsh. The
low nutrient supply results in thin animals wiginowth that is chronicallyslow or
arrested. Consequently, typlty-managed heifers are frequently smalland
underweight for their age, which limits their feed intake capacity, subsequent milk
production andprobable early postparturaturn to ovarian cyclicity.

An alternative strategy was developed to alleviate adyetconstraints
(bottlenecks), using low cost, localproduced feedsespeciallyforages (e.g., grass
hay, sugarcane, legumes). This approach was aimed at feasibly assuring unarrested
growth to achieve youngekFC with desired body weights and tissueem®s. The
modestdietaryinclusion of protein sources, like tree legumes, complemedthy
of good quality and sorghum grain, increased the MP available for growth in weaned
animals, resulting in a BW of 210 kg by 10 mo of agetary supplementatiomfter
ten months of age with sugaane and legume during the most nutrient restrictive
seasonlow rain) significantly improvedhe ME, increasing thaverage growth rates

(from 0.29 to 0.41 kg/d) and forestath BW losses from nutrient deprivatioMore



rapid growthin the seven months following weaningnd in thelow rain season
resulted in average ages at puberty and conception of 15 and,ZLand 8 months
earlier than under typical managemevibreover, energy supplementation in the final
month d gestation awidedthe typical catabolism of tissue reserves, thus increasing
adipose body tissue reserves.

The extrainvestmenin providinggood quality forages resulted in earlier age
at first calving and, consequently, ieduced total feeding costé about 80 from
fewer total rearing days (270 d}o first parturition Heifers under alternative
managementalving at30 mo of agehad 81 to $117 greater discounted income
above feed cost through first to third lactatihran traditiondl/-managed hedfrs.
Although the marginal rate of return (MRR) wasgative {1.41), inconsistent with
usual interpretations, farmers might be expected to be most interested in technologies
or management practices that both increase revenues and reduce costs, aase.this
Therefore, thisexpected outcome representsl@areconomic incentive for farmeto
reduce growth constrainks improving dietary management.

The GGAVATT-Tepetzintla farmers, and probably many other guepose
herd owners in northern Veracramd other tropical regions of Mexicandoubtedly
have economic incentives to redua&C of replacement heifers. They also should
benefit from increasng body weight and condition scorat parturition by
implementing nutritional strategies like those congden this studyTo achieve this
goal, it is essential to kngvand to accurately monitahe quality ofavailableforages
and other feeds (i.e.determine chemical composition) Furthermore, effective
management gbroperly differentiated groups bkifers that differ in their nutritional
requirementsequires competentseof a nutrition tool such agshe CNCPS modegto

generatéhe needednanagememecommendations for farmers.
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1.0 Introduction

Livestock prod ct i on represents one of t he
agricultural sector, comprising about 54% of the 200 million hectare national
landscapg€SAGARPA, 2004a; 2004b)Yhe primary livestock products are meat (beef,
pork and poultry), milk (dairy and goat), eggs, Wdeather and honey. In calendar
year 2007 agriculture constituted approximately 30% of the gross domestic product
(GDP)}, an increase of about 1.4% from 2Q@8EGI, 2008) However, in the last two
decades, the production of animal food products has grown less than domestic
demand, which has dramatically increased importatf@RGARPA, 2004a; 2004b)
Rapid population growth and greater urbanization coupled nitteases in per capita
incomes and market globalization have increased the per capita consumption of
livestock food products in Mexic@Blake and Nicholson, 2004; Delgado et al., 1999;
SalazarAdams et al., 2006)

Cattle husbandry is one of the most widespread agriculturalitestivn
Mexico. About 1.5 million producers derive incomes from cattle to support their
householdqCobosGonzéalez, 2006)The national herd inventory, about 31 million
animals in 2005 (SIAP, 2006a), is managed under various production systems:
confinement semiconfinanentand dualpurpose (GAIN, 2007). The confimentand
semiconfinanent systens, found mostly in northern and central states, utilize
considerable feed grains to produce approximately 70% of milk anthodeof the
domestic supply of bee{GAIN, 2007; 2008) Yet, both systems facserious
production problems due to low tariffs on imported beef daily products under
NAFTA rules (GAIN, 2007 2008), increases in international cereal prices (FAO,
2007; GAIN, 2007 2008), and water scarcity in arid and samd regions of the

YAgr i c usharewas abdut 3.7% of the total GDP in Mexico in tadendar yea?007.
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country (Magafiaonforte et al.,, 2006; SAGARPA, 2004b). These factors have
congrained production and increased the cost of inten@gh input) production

systems.

The dualpurpose system(DP) is locatedon about25% of the national
territory, especially indry and wet tropical region accounts for approximately 60%
of thenationalherd inventory (SIAP, 200@ndproduces 30% of the domestic supply
of milk and twethirds of domesticbeef production. Cattle producticinom DP
systems is cheaper and more profitable than that from intensive sybtemslson et
al.,, 1994) However, outputs are far less than what might be expected given the
number ofanimals and the amounts of resources (i.e., land, water, forage and cheap
byproducts) utilized in this systefilagaiiaMonforte et al., 206). It has been pointed
out that improving the management of DP herds may not only increase milk and beef
production, but may also double their proportional contributions to domestic supplies,
which would reduce foreign exchangeguirementdor these commodities(Absalon

Medina, 2008; Baba, 2007; MagaRtnforte et al., 2006; Romaronce, 1981)

Husbandry information alub DP cattle systems is relatively scarce. There are
few records about production parameters as well as a lack of knowledge of cost and
benefit for alternative technologies applied in the f({didhgafiaMonforte et al., 2006;
RoméanPonce, 1981)Land investment, pasture establishment and animals represent
more than 80% of operating costs; management costs are limited to manual labor,
maintenance of paddocks andatimanagerial inputs. Machinery and construction are
minimal and rustic. Paddocks generally do not have stockingmeatehed with plant

growthand most go unfertilize(RomanPonce, 1981)

2 The dualpurpose system is commonly foundsouthern(tropical) Mexico, where animals feed on
cultivated pastures or native grasses (MagMonforte et al., 2006). Producers in these systems
respond to prices in both the milk and beefkats (Nicholson et al., 1994).



Most DP farms have crossbred anim@eg taurus xBos indicusbreeds) of
unknown ancestry, commonly managed under extensive grgBHoganPonce,
1981) Animal feeding is based on seasonal pastures, occasisopfiyemented with
minerals(mostly common salt)Feeding management is one of tim@in constraints
affecting cattle performance in the tropics due to the variation in quality and quantity
of native forages during the ye@luarezlLagunes et al., 2002a)ost farmers in the
tropics do not practice forage conservation (e.g., haymaking or ensiling) or provide
supplementation (e.g., commercial concentrate) during critical seasons of the year
(i.e., dry seson). Thus, the variability of forages throughout the year, mainly during
the dry season, produces serious fluctuatiorteena productivity (Villa-Godoy et al.,

unpublished).

Production parameter values from DP herds in the Mexican tropics are
generallylow (Appendix, 1). Moreover, a high proportion (33%) of replacement
femaleshas been reported relative to the productive herd (29% cows). The rate of
replacement in DP herds is about 14%. This low rate has been associated with slow
growth becausenly 14%of potentialreplacemerst possess thege andoody weight

sufficient for entry intdhe producthn herd (AppendiX2) (RomanPonce, 1981)

Nutritional management of replacement heifers until calving influences the
growth and development of tleattleherd(Cady and Smith, 1996)n DP systems, the
age at first calving (AFC) is seriously constrained by the large amount of time
required for replacement heifers tachieveadequate BW for mating. In tropical
Mexico, reports indicat that animals reach puberty at more than 17 mo of age
(Castafieda, 2003; Rom&wonce, 1981)Furthermore, Castafieda (2003) pointed out
that the average age and weightfiegt calving in DP heifers is over 36 mo and

weighingabout 410 kg. These low parametatues have been related to the feeding



programs in DP systems, which influence the average daily gain (ADG) and
consequentlythe correspondingime for each physialgical stage of development

(GonzalezStagnaro et al., 2007; Vil&odoy et al., unpublished)

Low milk yields and shortluration lactations in DP cows due to inappropriate
body reservesare common in tropical settingdbsalonMedina, 2008) Primiparous
heifersfrequenly sustainlactations lesshan 200 day$rom insufficient bodytissue
reserves at calvingDeresz et al.,, 1987 cited by VHl@aodoy, unpublished)
Furthermore, a negative energy balance contributes to asdelaginitiatedovarian
cyclicity, which incus extended calving interval®bsalonMedina, 2008; Baba,

2007)

Heifer rearing is often one of the least well managed production stages in DP
herds. Mismanagemenuring this stage could be attributed talack of information
by DP farmers about the importance of this periodiefelopmenbn future animal
performance. Generally, farmers reserve the best forages for the praduetd,
leaving thepoorest fornonlactating animabk (heifers and dry cowsjConsequent
delays in heifer growth beyond a desired age at calving could be translated not only
into production losses, but also into increafseth operatingosts (James and Collins,
1992; Cady and Smith, 1996). These expengeserally go unperceived and
unacknowledgedby farmerswho would need to derive them froracordsof inputs
and resulting animal performano&lthough reasons for delayin calving are many,

poor nutrition is a major factor.

1.1 Target state and client g

Veracruz State, located along the Gulf of Mexico and characterized for its

tropical climate, isa premiercattle producer in the countrya@le occupy 43% of the



State territory(HerreraBeltran, 2006) andproduce about 14% of the beef and 7% of
the milk in Mexico. Thus, Veracruz ithe first and fifth largest producer of these
commoditiegSIAP, 2008) Although there are about 60 thousand cows in specialized
dairy herddn Mexico, most milk is produced by about 4 million @Bws,whose bull

calves are destined ftre beef markgtSIAP, 2006)

Veracruz isdivided into many counties and municipalities(Figure 1la).
Northern Veracruz, or the Huasteca Veracruzana (high and low Huasteca), possesses
about 1.9 million hectares devoted to about 1.2 million cattlestly in DP herds
(OEIDRUSVeracruz, 2003). The ow Huasteca (Figure 1b), comprising 23
municipalities, is known for its DP cattle ranches and active farmer organizations
collectivelyknown as Grupos Ganaderos de Validacién y Transferencia de Tecnologia

(GGAVATT) 3,

The Instituto Nacional de Investiganes Agricolas y Pecuarias (INIFAP)
developed the GGAVATT methodology with farmer collaboratdit®e objective of
this methodology is to evaluate technologiestincrease herd and farm productivity
and profitability,thusimproving the welfare of membedamilies(RomanPonce et al.,
2001) Through this mechanism, researchers and producers collaboidatity and
adapttechnology optiongor farm implementatiorandwidespreaduse(RomanPonce
et al.,, 2001) These technologies are diffused and adopted not only within a
membership but also among GGAVATT organizations and other producershieom
region. The implementation of technology schemes has allowedMBGA members
to be more competitive, an outcome that is widely acknowledged among Mexican

farmers(Aguilar-Barradas et al., 2005)
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Figure 1. Map of the ten counties of the state in Veracruz (a) and 23 municipalities
forming the low Huasteca region (b)


http://portal.veracruz-llave.gob.mx:8025/municipales.html
http://www.e-local.gob.mx/work/templates/enciclo/veracruz/regiones.htm#reg02

The municipality of Tepetzintla, where the first GGAVATT was organized, is
located in the low Huasteca region. Its main economic activity is agriculture (i.e.,
maize, beans and citrus), with more than 2400 production units. Livestcibkities
comprise abut 1067 production units on about 15,6&2 @Gattle production is one of

the most important activities with more tha# 000 DFobovines(INAFED, 2005)

Tepetzintla, characterized by a wahmmid tropical climate (Am (f) Koppen
classification), has two wetlefined annual seasons: dry (November 1 to May 31) and
wet (June 1 to October 31) (Figure 5). Seakwnaation in rainfall results in large
fluctuations in the quality and quantity of feed supplies, which was illustrated by
AbsalonMedina (2008)who studied DP cattlesystems in the Central coastal
(leeward) region of Veracruz. Markedly low or reducedriant intake byanimals
during the dry season resdtin low productivty and depressedreproductive

performance of cowgAbsalonrMedina, 2008)

GGAVATT-Tepetzintla has 12 membfamilies with individual land holding
ranging from 22 to 148 ha that are stocked with about 0.8 animal units (AU) per
hectare (1 AU equals 450 kg of animal live weigl@pnzalezOrtega et al., 2007)
Cattle reared on these farms are mostlgssbred animals whose genotypes are
crosses betwedBos taurugBrown Swiss, Holstein Friesian and Simmental) Bod
indicus (Brahman) breedsAppendix3). The predominant breed group is the Brown
Swiss x Brahman crossbred. These DP herds graze unéeitpastures and receive
commercial supplements during the first ten months of life, one month before ¢alving
and during lactation. Heifers from 10 mo of age until fin@al month of gestation

graze with dry cows and receive only mineral supplementatibis Management

® Husbandry of cattle, pork, sheep, horses and chicken



results in age at first calving (AFC) of about 37 mo with an approximate BW at

parturition of 450 kg (GGAVATT Tepetzintla, personal communication).

The development of managemensystem thatichieves establishddrgets or
goals from birththrough first lactation could more fully exploit animal potential for
growth, reproduction andsubsequent lifetimeproduction (milk and calves).
Management to achieve a youngaerageage at first calving requires systematic
undertakingthroughout juvaile stages of growth andith evaluations of dietary
options. Moreover, age at first calving, an outcome of rearing management, is a
function of the ages at which breeding weight and conception are achieved.
Consequently, reducing the time interfram birth to first calving would be expected
to reduce the average total cost détary maintenance for replacement animals.
Systematic evaluation of productivity limitations and potentigif®uld provide
information to managers of DP cattle systems in thepics to more effectively

manage theilivestockand forage resources

2.0. Review of literature

Heifer rearing is an essential component of the cattle enterprise. In US dairy
farms rearing represents about 15 to 20% of total operating (M@stsAmburgh and
Tikofsky, 2001) Estimates for the Mexican tropics are unavailaBkgtle producers
from tropical regionstypically pay little attention to this component of herd
management, focusing more on milk sales ealfl production. Replacement heifers
may also receive lower priority because they have small immediate effect on herd
income. Mismanagement of heifers, however, results in subsequent economic losses

from delayed breeding and reduced first lactation mikddy(James and Collins,



1992) Reports from several Latin American countiiedicate thablderanimals (>36
mo) at first calving with small frame size (low body weight) produce fewer calves and
less lifetime milk thancounterparts that are younger awtth a larger body size

(Ugarte, 1989; Urbina, 1991; Ventura and Barrios, 2002)

To evaluate the importance tieifer rearing options this chapter briefly
reviews assessments of heifer productivity limitations and potentid)iherds in
the low Huasteca region of Veracrudthough most information was obtained from
Latin American and temperate countriesp@hass is on information from tropical
Mexico. The section first describes the growth and development of replacement
heifers through different physiological stages of maturity. Then emphgsdeciedon
tropical forage characteristics and nutritional constsaicommonly observed in
heifers reared in the tropics. A review of the nfairagealternative found in the low
Huasteca region of Veracruz is presented petential feedstuffesourceo increase
ani mal sé growt h. | mpor t ahNet Gadbshpdmate medn t s
Protein System (CNCPS) (Fox et al., 2004; Tylutki et al., 2008) in bptznarios
are reviewed to identify the potentials of thm®delto predictand to managanimal
production. Finally, a brief discussion of the economic irtgpare of the age and body
weight at calving of heifers on farm income is analyzed infithed section of this
chapter. The aim of this review is twonceptualize ina systematicframework
important physiological stages of development throughout the ggaeimodof heifers
differentiatedby forage season of birtand their growth trajectory through forage
seasons of the yeailhese factors help to defimeanagemengroups of heifers

subjected to nutritional management using the CNCPS or similar models.
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2.1. Heifer growth

Growth of an organism is defined as an increase in its mass. Tissue growth
comprises cell multiplication (hyperplasia) and cell enlargement (hypertréBbyy
and Butterfield, 1976; Owens et al., 199B)gure 1 represents total animal growth,

which can be represented by plotting bioely weight of the animal versus its age.

Live weight

Figure 2. Growth curveof lambs showing a characteristic sigmoasponse Points
represent a) conception, b) birth, c) ssitelerating phase, d) inflection point often
associated with puberty, e) sedftarding phase, and f) maturity. Modifiddom
Owens et al. (1993).

Normally, the pattern of growth is a traditional sigmoid curvest{8ped;
Figure 2). This response function has an initial exponential growth phase (self
accelerating or prepubertal phase) when growth is rapid; the averageosltpe
postnatal growth responsegeeatesuntil puberty(Berg and Butterfield, 1976; Owens
et al., 1993)Prepubertal growth (c) is characterized by rapid deposition of bone and
muscle(Berg and Butterfield, 1976; Owens et al., 1993; Thonney, 2006} phase

ends when tissue accretion diminishes and growth continues at a decreasing rate at, or
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near, puberty (d). The postpubertal (geliibiting) phase, from pul to maturity

(e) is characterized by inhibition in the growth of muscle and deeéuction in lean

tissue growth, which has not been well defined, has been attributed either to a
limitation in resources (space, nutrient supply, growth factors) or sxewmmulation

of products or inhibitory factor(s) that restrict cell divisig@wens et al., 1993)

During this development stage, the lean tissc@etion rate decreases and deposition

of adipose tissue accelerates as the animal approaches its mature frame size. Finally,
the rate of growth reaches a plateau at maturity (f), whereases irbody weight

(lean tissue) essentially ceasd#ature bodysize is generally considered the poantt

which the maximain bone and muscle tissuese achieved(Berg andButterfield,

1976; Owens et al., 1993)

2.1.1. Heifer growth in the tropics

A few reports provide sketchy information about cattle growth performance in
tropical Latin America, including crossbred replacement heifers. Pobéa@sano
(2005) cited several studies from tropical Mexico that classified weaning weights in
DP herds (mostly crosses between Zebu and Holstein or Brown Swiss huedds)
threerearing systems. The first is traditional calf rearing, where cows are milked by
hand once daily (generally in the mornings), after which the calf is permitted to suckle
a whole quarteplus residual milk. The calves leave with their dams to graze in the
morning, and then are separated and enclosed in the afternoon (~13:00 h) until the
next day with little access to water and fe€adlvesare raised in this manner until
they are weaned. The growth rates from birth to weaning vary considdrablygez
Chessani and Sordo (1995) identified patterns of growth at four, seven and ten months

of age with average daily gaims BW of 0.49+0.15, 0.36+0.10 and 0.40%0.08 kg,
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respectivelyBody weights at weaning vexd considerably, but the mean reported for
this sysem was about 155 kg at 10 mo of ag€onzalezPadilla, 1993; McDowell,
1996; PéreHernandez, 1992)

The second method of calf reagiis restricted suckling. In this system, calves
are allowed to suckle a whole quarter and residual milk in the udder during the first
four months of life. Calves are with their damsly at milking time. After milking,
they are enclosed and supplemerdady with about 1 kg of commercial concentrate.
Corresponding average daily gains are about 0.6 to 0.8 kg, whicheddsulteaning
weights of about 110 to 135 kg at four months of @msadasManzano, 2005)In a
study in Central Veracruz, Pérelernandez et al2006) reported ighter weights at
weaning (4 mo) forcalves graing Cynodon nlemfuensigithout supplementation
Average daily gains from birth to weaning were 0.55+0.05 kg, which result8@/in

about 10045 kg.

The third system, artificial rearing, consistsseparatinghe calf from its dam
on the third day of life followed by bottieeding of milk or milk replagr plus
commercial concentrate (starter). These animals are weaned at about three months of
age and weigh approximately 95 Wgosadadvlanzang 2005) GleavesOlvera et al.
(1987) reported similar weights and ages at weaning of Brown Swiss calves reared
attificially at the INIFAP research statiprLas Margaritas, Puebla, Mexico. The
animalsobtaineddaily weight gains of 0.5 to 0.6 kg from birth to weaning. After
weaning and until approximately 10 mo of age, heifers reared in this system generally
receival 1 kg to 2 kg of commercial concentrate and achie®V of 210 kg with

growth rates of ~0.5 kg/d.

Generally, the preveaning period is one of the most well managed stages

within a DP herd, since this period requires more attenbgrfarmers to control ¢
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mortality. However, in most Mexican DP herds calvesragnly allowed tonurse
residual milk (traditional calf rearingland generally fed restricted amounts of low
quality forages rarely supplemented with concentrateds a result of hese
managemenpractices DP heifersnot oftenweighabout200 kgat weaning (~9 mo of
age), which delays reproductivevents (e.g., puberty) andompromises future
performanceof cows and the her@Romero Andrade, 2005; Van Amburgh et al.,

2008)

The husbandryof replacement heifers is one of the weaksshponentsn
tropical herdmanagement. Ais constitutes an input mismatch with the high genetic
potentials for growth and milk pductionfrom crossbred animalwith Bos taurus
(Holstein, Brown Swiss and Simmental) ads indicusinheritance(Villa-Godoy et
al., unpublished; Blake, 2008)'hese crossbred animals have been reported to have
better growth rates and younger ages at pubertydtiaighbreds Bos taurusor Bos
indicug in tropical settings(Grajales et al., 2006)The genetic potential of these
animals is almost certainly being underutilized(MagafiaMonforte et al., 2006;
Urbina, 1991; Blake, 2008)Generdy, one of the stages most affected is the post
weaning growth perio@OsoricArce and Segur&orrea, 2008)Postweanng heifers
generally experience slgwirregular growth, which limits lifetime performance
(Maquivar and Galiana, 2006; Urbina, 199Ihese variations in grotwiperformance
are translated into a variety of relationships between age (young or old) and the weight
(light or heavy) at first calvingWattiaux, 1996)in the tropicsjt is most conmon to

observe low body weights with advanced ages at first calving.

The age atpuberty affects theonset of reproductive management and
influences subsequent herd productiviaquivar and Galiana, 2006Jhe age at

which this physiologicaltthresholdis achieved variesvith growth rate and body
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developmentin relation tothe animalé mature BW(Grajales et al., 20Q0&hort and
Bellows, 1971)Heifers in DP systemis the Mexican tropicsypically reach puberty

on averageat about 17 maf age, butmay vary from 12 to more than 21 mo (Anta,
1987 cited by Coérdovizquierdo and Pére@utiérrez, 2002) Variations in age at
puberty are attributed to the 4#Qrajaleset 6s
al., 2006) Generally,Bos taurusheifersreach puberty at younger ages and lighter
weights thanBos indicusanimals (Calder6nRobles et al., 1996; Maquivar and
Galiana, 2006)wvith intermediate values for crossbred animals (Grajales.,e2G06;

Maquivar and Galiana, 2006; Rosete et al., 1991;-@Abaoy and Arreguin, 1993).

Once puberty isachieved reproductive management does not immediately
begin. Oftentimedreeding is delayed because of #@v growth during their pre
and postpbertal stagesf developmentHeifersin much of tropical Latin Americare
frequently bred when they achieve abou¥f® 75% of their matur8W (Gonzalez
Stagnaro, 1995)The amount of timeequired forDP animals to reach the proportion
of their mature BWrequiredfor mating was clearly identified in a studythre state of
Zulia, VenezueldGonzalezStagnaro et al., 2007l this study, 19,533 records from
47 commercial herds with crossbreds were analyzed to detefautogs affectingage
at first mating Factors weremanagement systems (improved or traditional),
geographic zones (amount of rainfall), predomiraeedgenotypes (Holstein, Brown
Swiss, Brahma and Carora), and critical control points such as weights at birth,
weaning and mating. The results showed that age at breedinth averaged about
31.5 mqg was earlier in highnput herds than in traditional ones (28.1 ws032.7 mo;
P<0.001). Furthenore, first mating was atolder agesfor heifers reared in dry
locations than inhose with more rainfall27.6vs 36.7 mo; P<0.0010ldestages at
breedingoccurred amongeifers born (32.1 mo) and weaned (30.6 mo) during the dry

season and bred durirthe rainy season (32.4 mo; P<0.001). These observations
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demonstrate theeasonagffect offoragequality and availabilityon subsequent animal

performance.

Data from tropical Latin America indicate that productive and reproductive
parametergliffer grealy from those reportetor heifers reared in temperasettings
Dualpurpose heifers reared in the Mexican tropics typically calve at more than 36 mo
of ageand weighindess than 450 kg of BW (mature BW 550 K@astafieda, 2003;
RoméanPonce, 1981; VillsGodoy et al., unpublished)n temperate dairy systems
averageAFC isabout 25 molYSDA, 2007)ata BW of about 550 kg (mature BW 650
kg). Table 1 summarizes the aver&#, ages and dailiiveweightgains at breeding
and calving from several reports of crossbred heitgéos taurus x Bos indicjsaised

in DP systems in tropical Latin Werica.

Table 1. Body weights of animals with two frame sizes (small and large) at various
stages of development in dyalrpose cattle systems in Latin America (Mexico,
Colombia, Costa Rica and Venezuel@nta, 1987; Castafieda, 2003; Gonzélez
Stagnaro et al.,, 2007; Maquivar and Galiana, 2006; Rdtoace, 1981; Urbina,

1991)

Frame Birth weight Breeding Calving ADG! MBW?
Size (kg) BW (kg) Age (mo) BW (kg Age (mo) (kg/d) (kg)
Small <32 320 27-32 360 36-42 <0.450 450
Large ~35 400 27-32 450 36-42 <0.450 550

! Average daily gain
2Mature body weight

Generally, animals that have been well managed duringupestal and
postpubertal stages are mated at younger ages because of the higher growth rates that
these animals experienc&€heseheifers are youngeand heaviemat calving. In the
region of Puebl a, Mexi co (I NI FAPofpresear ch
and postpubertal supplementation were made with Brown Swiss h@ifelderon

Robles et al., 1987 hese animals were grazedpaddocks ofAfrican star grass and
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received 2 kg of concentrate supplementation (16.6% CP and 72% TDN). Afes an
weights at mating were 18 mo and 350 kg, respectivediving was achieved at 29

mo with 440 kg BW (BW not specified if preor postcalving). Similar studies were
carried out in a Venezuelan herd of 222 Brown Swiss hejfamdron and Mecaro,
1987)fed chopped elephant gras®fnisetum purpureun®% CP)and supplemented

with 2 and 3 kg of commercial concentrate (20% and 18% CP, respecthielfgrs
became pregnant at 16 mo of age with an average weight of 325 kg and calved at 28
mo d age with an average calving weight of 500 kg (not specified if pre

postcalving).

Undoubtedly, there are several nutritional management constraints in DP
rearing systems that variously affect the physiological stages of heifer gamath
developmentuntil calving. If total feed intake can be increased (especially during
periods of low rainfall) or if the nutrient content of the diet can be improved, more
rapid growth can be expected. Improved dietary management would be expected to
reduce AFC (lesshain 37 mo) and potentially increase BW (more than 440 kg) at

calving in tropical production systems.

2.1.2. Chemical composition of growth

To understand the growth process, it is important to understand how body
tissuechemical composition changes witisstue accretion throughout different life
stages untimaturity. Animal body composition is described by proportions of muscle,
fat, and bone in the carcass or by the proportions of chemically measured amounts of
water, protein, lipid, and ash in the whbledy (Berg and Butterfield, 1976; Thonney,
2004) Dissection studies in cattle and sheep have shown little variation in muscle

distribution among breeds of widely varying shag&sonney, 2004) Therefore
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becauseBW in relation to mature weight is the principal determinant of composition
at a gven stage of growth, mature size i mdicator traitto approximatebody
chemical composition at different physiological stages of life (puberty, breeding,

AFC).

Thonney(2004) remindedthat there is wide variation among breeds within
species in body composition at a specific weiglttichis mostlydue to differences in
mature body weight. Generally, carcasses of animals of different nsitereontain
about 50% muscle, 35%at, and 15% bone, despite variations in mature weight. This
is shown in Figure 3 for two animal groups of different mature size. These animals
have the same composition at mature size, but the mature carcass of a small animal is
75% of the weight of thenature carcass of a large animal. The differences in body
composition determine the nutrient requirements for animal grdiB#rg ad
Butterfield, 1976; Thonney, 2004This means that animals with the same BW, but

with different mature sizes, will have different nutrient requirements.

Animal growth is determined by the amount of dietary net energy available for
gain (NEQ) after matenance requirements are satisfied. NEg is defined as the energy
content of deposited tissyfRC, 1996; 2001)It represents the proportion of fat and
protein in empty body tissué&arrett et al., 959) asdemonstrated by Simpfendorfer
(1974)who observed thain cattle of the same mature size, the chemical components

and empty body energy varied with body weight.
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Tissue weight

Carcass weight
Figure 3. Growth of the carcass to mature proportions of 50% muscle, 35% fat, and
15% bone. Solid lines represent data for animals of large mature size. Dashed lines
represent data for animals of small mature site sum of quatties of muscle, fat,
and boneequalcarcass weightAdapted from Thonne{2004).

The BW at which cattle reach the same chemical composition differs according
to mature size, sex and dietary intake. Hence, composition differs among breeds even
when BWs g the samdNRC, 1996; 2001; Thaney, 2004) This means that the
average matur®W of cows in a herd partially determines the amount of energy
required at specific stages of growth and developrnié¢ah Amburgh ad Meyer
2006). Van Amburgh(2004)explained this outcome using an exaenpl two groups
of heifers weighing the same, but differing in frame sizZdthough both groups
received similar chemically composed djdatsee energy content of deposited tissues
differed. The animals with a small frame size deposited more fat andrégss per
unit of weight gain than the heifers with a large frame size at the same body weight.
This expected outcome wdecause smaffamed heifers were closer to their mature

BW than the largdramedones.

Fox et al.(2001) proposed a growth model wherein various types oivgrg
cattle have similar chemical composition of growth at the same degree of maturity.

The committee that developed the 20Rtrient Requirements for Dairy Cattle
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utilized the sizescaling equation to formulattiets forheifers. This equation adjusts

the BW of animals of vaying mature sizes to lve weightat which they are expected

to have equivalent body composition: a standard reference animal. This standard
reference weight (SRW) corresponds to a mature animal with an empty body weight
(EBW) of 478kg containing 25 to 28% body fat, which corresponds to a live animal

body condition score of 3.0 on a scale from 0 (BlRC, 2001)

Berg and Butterfield(1976) explained nutrient utilization by developirg
model of animal growth across time periods of positive and negative energy balance.
Vital organs have first claim on available nutrients for maintenance and growth. When
animals are in positive energy balance, muscle and bone growth proceed at the same
relative rates regardless of the total rate of growth. During BW loss, the proportion of
muscle to bone is altered because the relative rate of muscle depletion may be affected
by the intakes of protein and energy. The accretion of adipose tissue depehds on
amount of energy intake, i.e., an amount exceeding the requirement for maintenance.
Finally, when in negative energy balance animals start toBW¢dirst by depleting
mostly fat and then by depleting muscle. Figure 7 shows the partitioning oftdeaila
nutrients for an animal in positive energy balance and the tissue depletion priorities

when in negative energy balance.
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Figure4. The model explains the accretion or depletion of tissues during gvaveh

the nutrient supplys over (high, medium and low) or under (minor and major weight
loss) maintenance requirements, respectively. Adapted from Berg and Butterfield
(1976).

2.1.3. Growth rates and targets

The nutrient requirements for growing replacement heifers depentheon
characteristics of the animal, its environment and management condtiams
Amburgh aad Meye, 2005) The targets for different physiological body weights in a
particular herd or population of cattle are determined by the mature size of the reared
animals.Van Amburghand Meyer(2005) pointed out that the appropriate age at first
calving should be determined based on data available from a particular herd. Important
information includes the management applied in the heifer program and the age at
which the lifetime productivity of theheifers is optimal, given the current herd

management conditions.

Heifer growth is a pliable function that can be adjusted (accelerated or
decreased) according to tmaitrition managemenprogram (low, medium or high

nutrient intake) without effects onature body siz§Head, 1992; Macdonald et al.,
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2005) Thus, the sexual maturation of heifers (e.g. puberty and breeding) is more
relatedto BW than to aggGonzéalezStagnaro, 1983; Van Amburgh et al., 1998b)
Puberty generally occurs when heifers weigbm 40% to 50% of matureBW,
regardless of agfHead, 1992Van Amburghand Meyey 2005) For example, when
slow growthoccursin dairy heifers, th@animalsmight not reach puberty before 18 or

20 moof age(GonzalezStagnaro et al., 2007Dn the other hand, if rapid growth
occurs (>0.9 kg/d) duron the prepubertal stag@uberty might occubefore nine
months of agéGardner et al., 1977)Thus, the time delay in reaching this staga c
vary considerably; heifers the tropicsare often reared on low energy and protein
diets, whichbegetdow ADG andsometimes sevemgelays in puberty(Maquivar and

Galiana, 2006)

In temperate regions, successful breeding typically occurs when heifers reach
55% of their maturd8W (Van Amburghand Meyey 2005; Wattiaux, 1996)which
usuallyoccursbetween 12 and 15 mo of ag#th average gnath rates of ~0.75 kg/d
from plentiful feed. However, in many tropical scenarios, mating is typically delayed
until the animals reach 70 to 75% of mature body weiGlanzalezStagnaro, 1995)
frequently at 20 mo of age or older, because of insufficient feed supptleslow

growth rates of ~0.30 kg/d (Gonzal8agnaro et al., 2007).

Body weight at calving for heifers in DP systems should be at about 80% of
matureBW (Fox et al., 2003)which can only be achieved if growth is sustained
during pregnancyHeifers attaining this BW at calving would have the ability to
partition more nutrients to milk yield instead of growth during first lactation.
However, constraints on growth could result in comith smaller frame sizeand
restricteddry matter intake (DN) capacity, curtailed milkproductionand extended

calving intervals(AbsalonrMedina, 2008; Urbina, 1991for heifers reared in the
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tropics, special attention also should be given during the transition period (last
trimester of pregnancy), when homeorhesis requires complementary nutrient supplies

(Mellor, 1987; Overton and Waldron, 2004)

2.1.4. Mammary development

The mammary gland is associated with functions of the reproductive system,
which is affecéd by endocrie changes that occur with physiological maturation
(Head, 1992; Wattiaux, 199@n the bovine, mammary development is closely related

to fetal development, puberty, pregnancy and lactat®ejrsen, 1994)

The basic structures of the mammary gland deeeloped in the fetal stage
(Forsyth, 1989; Sejrsen, 1994)uring this period the neepithelial tissues, i.ethe
stroma and circulatory system, are almost fully developed, while the epithelial tissues
adjacent to the gland cistern have few mammary duct cells and no alvedtiform
(Sejrsen, 1994)it was believed that during the first two or three months after birth,
the mammary gland structures (repithelial tissues) grew isometrically like overall
body growth, which is similar to that observiedm puberty until conceptio(Sinha
and Allen Tucker, 1969)However, recent studies have demonstrated thaing
early stages of life, epithelial cell proliferation (pareyimal growth) responds
accorcncewith the plane of nutrient intakey the animalBrown et al., 2005Meyer

et al., 2006a; 2006b)

The accelerated rate of growth and development of ducts and other tissues in
the mammary gland (allometric growth) occurs in two ditiphases of sexual
maturation. The first phase occurs before puberty from birth until the onset of the first
estrous cycle (Meyer et al., 200&006). During this phase there is rapid growth of

the fat pad, and development of the ducts that branchitir{®ejrsen, 1994)The
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second allometric growtphaseoccurs in the third trimester of pregnan@ejrsen,

1994; Wattiaux, 1996)During this period, there i@ more extensive branching and
elongation of the ducts, and ultimately the appearance of secretory alveolar cells
(Sejrsen, 1994)These cells appear only during pregnancy due to the effects of

progesterone and estrogen onreemmary glandMeyer et al., 2006a)

Research findings indicated that accelerated growth reduces mammary
development by increasing fat deposition in the gland during the prepubertal period
(Sejrsen et al., 1983; Sejrsen et al., 1982; Sejrsen et al., 2@ ver, recent studies
have shown that the nutritional plan on which the heifers are reared do not mgasurabl
affect mammary parenchyma developméhteyer etal., 2006a; 2006b)Moreover,
changes in homeorhetic signals produced b
or restricted plane of nutrition), which was thought to alter indirectly the secretion
rates of mammogenic hormon@orsyth, 1989; Sejrsen et al., 2008ppear to have
minimal biological effect on mammary parenchyma developniBatniels et al.,
2009; Meyer et al., 2006bytudiesof Holstein heifers of high genetic merit for milk
productionhave shown that there is only a 5 to 8% reduction in first lactation milk
yield from accelerated growtfHoffman et al., 1996; Van Amburgh et al., 1998b)
Milk productiondecreasehave been attributeé to changes associated with prepubertal
hormonal signalsto the rate at which puberty is achieyeshdto physical condition
(BW, frame size andissue reserve stafuat calving(Van Amburgh et al., 1998b)
Therefore, thesubsequentnilking performanceof acceleratedjrowth heifers is not
significantly affected if prepubertal growtaastslong enough to allow proper time for
mammary development before puberty is achieved and if heifers reach 8b&tuoé

BW with a BCS of 3 and proper frame siZ&an Amburgh et al., 1998b)
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During pregnancy, anabolic processes concerned with growth of the placenta,
fetus and mammary gland must be supported by adequate supplies of nutrients
(Mellor, 1987) In the mammary gland, considerable increases in weight occur during
thefinal trimester of pregnancy (Robinson et 4978 cited by Mellor, 1987; Sejrsen,
1994), which implies that during this short period the amount of nwgnieqtired for
mammary development ati&e thoserequiredfor fetal growth (observed in sheep)
(Mellor and Murray, 1985cited by Mellor, 1987). Several studies have pointed out
that the nutrient intake restriction during theal trimester of gestation considdly
affects development of the gland and, consequestipsequenmmilk production
(Mellor, 1987; Rosso et al., 1981; Zambrano et al., 20@6jnalnourished animals,
significant reductions of DNA, RNA and psah content have been observed during
mammary development; moreover, it has also been observed that the protein/DNA
ratio is reduced, while the RNA/DNA ratio remains unchan@®akso et al., 1981)
Histological studies in mammary glands of malnourished rats have revealed that there
is a reduced number of parenchymal cells, a reduced cell size and a larger lumen
within the alveoli(Rosso et al., 1981)Therefore, it is not surprising that severe
maternal undernutrition during pregnancy causes a considerahletion in the
mammary growth rate (Mellor and Murray, 1985; cited by Mellor, 1983nbrano et
al. (2006 reported effects of undernutrition during the last third of gestation in DP
heifers, indicating thalower nutrient intake during this stage majfect mammary

development and subsequentkgltoduction

In DP systems, the milkroductionis an important component in the economy
of tropical regions. Milk yield not only influences the weaning weights of caluds,
also provides extra revenugrough sale of the surplusTherefore, mammary

development of DP replacement heifers plays an important role in the farm income.
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2.1.5. Compensatory growth

Domestic animals experience compensatory or eapcgrowth, when growth
acceleration follows an earlife growth restriction. Catclup growth gearally occurs
when nutrient intake restrictions are relieved, such as when the 4oegdul rainy
season begins following the lesainfall months of the yegHeinrichs and Lammers,
1998; Ojeda et al., 2007; Park et al., 1987; Reid White, 1977)Generally, animals
exhibit compensatory growth when consuming diets that supply 15 to 40% more

nutrients than required for maintenance (Head, 1992; Choi, 1997).

During compensatory growth animals experiemaany physiological and
metabdic changes These changes includgreater BW gain, reducedhnitial
maintenance requirements (depression of the basic metabolichigter efficiency
of energy forliveweight gain,greaterappetite andncreasedfeed intake capacity,
altered endocrine pofiles, and altered body chemical composition (compared to
animals fed conventionallfCarstens et al., 1991; Choi et al., 1997; Ellenberger et al.,
1989; Ford and Park, 2001; Hayden et al., 1993; Park et al., 1998; Park et al., 1987;
Reid and White, 1977; Rompala et al., 1985)

Few studies of tropical cattle producatiosystems have incorporated
compensatory growth into alternative management straté@iesla et al., 2007)
Variationsin animal growth are attributed to the quality of tropical grageekina,

1991) Changes in forage quality has a cyalieffect on cattle grazing conditions,
such that a Anatural o recurring pattern
transition from dry to rainy seasqAlmazanSanchez and Gallo de la Torre, 1978;

Ojeda et al.,, 2007)These responses were observed in an experiment with steers
grazing the Colombian Llanos Oriental@aladines and Leal, 1979Fompensatory

growth was seasonally associated with better grazing supplies of legumes and grasses
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in the rainy season, which resulted in an ADG of 0.85 to 0.90 kg/d. The rapid growth
occurred immediately after the dry season, when the steers grew slowly or lost up to
0.35 kg/d Thus, in heifers managed under grazing systems in tropical areas with rainy
and dry seasons markedly defined, compensatory grawén naturallyoccurring

phenomenon

The catchup phenomenon has been more widely studied in temperate regions
than in theropics.A catchup strategyhas been used to develop feeding programs for
growing dairy(Choi et al., 1997; Ford and Park, 2001; Park et al., 188d)beef
heifers and stee(€arstens et al1991; Park et al., 1998; Rompala et al., 1985gse
programs are based on the combination of phases with dietary energy restriction and
re-alimentation(Ford and Park, 2001) For exampl e, | fParkéte nfnst a
al.,, 1987)the realimentation phasés normally synchronized witlthe endocrine
stages of the animal growi{Choi et al., 1997; Ford and Park, 20®ark, 2005)
Nevertheless, the degree of maturity at which growth restrectomeur plag an
important role in directing compositional changes during compensatory growth
(Carstens et al., 1991). This means that when nutrient restriction is imposety in ear
stages of maturityi.e., a period of impetus fogreaterlean tissue deposition), the
severity of growth restriction iseightenedy a tendency for lean tissue growth to be
reduced and fat tissue growth to be increased during the growth compensaton p
(Thornton et al., 1979). Thughe chemical composition of growth is not only
modified by nutritional means, but is also influenced by cattle type (mature size, age

and sex).

The use of compensatory growth programs has shown not only dienrfand
weights, but also legstal feed consumption, which results in significantly improved

growth efficiency compared with heifers reared in conventional feed system#grget
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the same body weight at the same physiological@gei et al, 1997) Other systems
like limited feeding could result in less total DMI and increased feed efficiency,
which could reduce the feed co@foffman et al., 2007)Hoffman et al. (2007)
indicated that feeding more nutrietiénse diets to pregnant dairy heifers may be an
equally effective feeding management strategy tdroburaloric intake, as compared

with feeding higHkfiber forage diets.

The composition of gain in heifers reared in the tropindoubtedlyvaries
considerably. The variability in the growth rate may reflect seasonal availability of
forages (quantity anquality) and management decisions to adjust growth to a desired
rate. Thus, based on nutritional constraints and opportunity windows for growth,
compensatory growth could allow poorly growing young heifers to reach a desired
breeding weight more quickly dnconsequentlyat a younger AFC. This practice
could be of economic importance for farmers in the tropics because higher growth
rates could be achieved after a nutrient restriction period (drought) by investing in

diets high in energy, protein, and othequired nutrients.

2.1.6. Effect of age and weight at first calving on lactation performance

Several inputs, such as disease control, genetic selection, nutrition and general
management, affect lactation performance. Age and weight at first calving are
important in determining how well primiparous cows will produce during the current
and subsequent lactatior(¢lead, 1992; Van Amburgland Meyey 2006). For
example, if growth is irregular or badly controlled during rearing, then heifers may be
too large or too small at specifstages such as first breeding or first calving and end

up as poor replacemer{tdead, 1992)

27



Numerous reports from US dairy herds indicate that heifer replacements reared
in temperate regions sbld enter the producing herd by approximately 24 mo. This
has been assessed from a composite of economic and productive results over the years
(Cady and Smith, 1996; Gill and Allaire, 1975; Head, 1992; Pirlo et al., 2000; Tozer
and Heinrichs, 2001)Still, farmers may remain skepticabout such an early AFC,
instead preferring to delay it beyond 24 mo to obtain larger heifers that are better able
to compete in the milking herd (Pirlo et al., 2000). However, these approaches have
numerous disadvantages since with older replacementsratugbive lifetime is
lengthened, and the income from milk and calf sales is delg@adly and Smith,
1996; Pirlo et al., 2000; Tozer and Heinrichs, 20@Lthermore, the assumption that
heifers at older ages are going to have a larger frame size, will only be they if

grow quickly; if not, size advantages wglb unrealized(Head, 1992)

Meyer et al.(2004) noted that the biology involving interactions between
reduced AFC and first lactation milk yield has been challengingntierstandYet,
the relationship between the reduction in AFC and increased prepuberal daily gain
and/or reduced body weight at calving has been shown to influence future milk yield
(Meyer et al., 2004)AlthoughBW at calving has been positively correlated with first
lactation milk yield(Van Amburgh et al., 1998aHoffman et al(1996)suggested that
replacement heifers with similar prepartum BW will not always be similar in first
lactation milk production They sugested factors such as skeletal size and body
composition (tissue status) also need to be considered in assgssngl body size

of replacement heifers.

Inconsistencies abowinimal measurements are common in the tropics. Avila
(1995) analyzed weight at different ages in a DP herd (Brown Swiss or Holstein x

Zebu) in Veracruz, Mexico. The average weight at matings Brown Swiss x Zebu
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heifers was 363 kg at 25 mo of age. These animals had an ADG of 0.50 kg from six
months to 25 mo of age. He found that their average weight at about 1 or 7 days
precalving was 415 kg, but once the fetus, placenta and amniotiavidights (50 kg)

were subtracted from the heiferds weight,
just two kilogramanorethan the weight at mating. The same author repariachilar

finding in 40 Holstein x Zebu heifers, whose weight at mating wasita®®s9 kg and

reached 400 kg one week precalviktpwever,after calving these animatctually

weighedabout 9 kdess than theibreeding weight (350 kg).

Generally, DP heifers have low BW atrsti calving, which influence
subsequentanimal performanceDeresz et al. (1987) evaluated Holstein x Zebu
heifers from puberty to first calvingt two levels of energy intake (diets raetfined.
These heifers were mated at 350 kg of BWereafter, half of them were fed a low
energy diet, whichlresulted inBW of about 400 kg (light heifers). Theounterparts
werefed a highenergy diet, whichresulted inan average BW at calving of 464 kg
(heavy heifers). The responses were lactations of about 156ndygythwith milk
productionof 1,283 kg for the light h&r group comparetb the heavy heifer group,
which produced 2,132 kgilk in lactations averaging 239 d. Moreover, during the
second lactation the light group did not grow, remaining at a BW of 400 kg. This
research team pointed out that the mismanagemigiowing animals not only

affectst he first | actation mi | kerfprmanted , but al s

Management conditions in the tropics generally delay calvingahgee 36
mo. Additionally, theslow growth ratesthat theseanimals experienceluring the
prepubertal and postpubertal periods resutlhimheifers calvingvith low BW, which
translates into poor productive and reproductive performas@®ws To assure more

milk and calves per cow iDP cattle systems, it is importamd conside how to
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economically managéteifersto calve at younger ages witheavierBW and larger
frame sizegUrbina, 1991) Thisshould improve the potential fgreater lifetime cow

performance with more milk and calves per d@lsalorMedina, 2008)

2.2. Quality of tropicagirasses

Forage from pas®srepresent the main feed for cattle in the tropics because of
its low cost when availabl@uarezLagunes et al., 2002a)onetheless, forage quality
is variable throughout the year, which produces fluctuations in cattle performance
(AbsalonMedina, 2008; Baba, 2007)Grasses have specific physiological and
morphological characteristics of adaptation to certain climatological conditions, which
support their growth (Pirela, 2005) Nevertheless, when factors such as high
temperatures and high or low rainfall are present, thevthrof the plant iadversely
affected, producing morphological modifications that affect quality and yield. One
such change is the production of secondary compounds that depress their digestibility

(e.g., lignin, tanninsPirela, 2005; Van Soest, 1994)

Seasonal variations in forage quality have been identifiad limit cattle
performance, as in the warm Mediterranean region of Sicily, [falgitra et al.,
1998) Such changes in forage quality were observed to influence the growth of
heifers, which, in turn, affeetd AFC. Results showed that cattle performance was
markedly reduced during the dry season due to the pasture quality. These pastures had
high contents of neutral detergent fiber (NDF) and lignin, and low crude protein (CP),
which decreasedhe forage digestibility. Similarly, in Veracruz, Mexico, Juarez et al.

(2002) showedthat rapid growth and maturation of tropical grasses incurred rapid
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declines in chemical composition (e.g., high lignin, high NDF and low CP) and

digestion rate.

Growth and chemical composition of tropical pastures is also influenced by the
amount and frequency of rainfall. An excess or deficit of water sigeéke plant,
which limits the nutritional quality of the subsequent f¢RBaela, 2005; Van Soest,
1994) In western Amazaan Brazil, Rueda et al(2003) pointed out that forage
chemical composition during the radst monthsresulted inconsiderable nutrient
deficienciesfor steers and DP cowdhey found more NDF and neutral detergent
insoluble protein (NDIP) and less metabolizable energy (ME) in the rainiest months
than in the less raingnes Lower predicted diaery energy and protein intake resulted
in lower predicted weight gain (20% less) in growing steers. On the other hand, in
Veracruz, Mexico, Esquedasquivel et al.(2007) carried out a series of forage
analyses (African star grasSynodon plectostachyus different seasons of the year.
They reported that the forage qualégd quantity during the dry season is seriously
compromised due to the lack of water and high temperatures. They observed that the
content of NDF and lignin was high, while the CP content was low. Therefore, the
productivity of DP cattle in Veracruz is doubtedly constrained by seasonal

variations in the quality and quality of its forage supplfdssalorrMedina, 2008)

2.3. Dietary constraints on growing cattle

A few studies have been conducted in tropical Latin Acaeto determine the
nutrient requirements dDP cattle systems. Most of these have pointed out energy
intakeas a key determinant ofhe productivity and profbility for DP lactating cows

(AbsalonMedina, 2008; Baba, 2007; Nicholson et al., 1994; Reg«@ampos et al.,
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2004; Rueda et al., 2003lowever, in a study in Veracruz, Mexico, the crude protein

(CP) was also found to be a primary dietary limitatiduarez et al., 1999)

The information available about the primary nutrient constraints in heifers
reared in the tropics is limited. However, several studies from temperate slinaate
demonstrated the utilization path of energy and protein during the physiological
maturation of replacement animals. It has been shown that the deposition and use
efficiency of dietary protein for growing heifers is high during the early stagefeof li
but as the animal matures, the amount of energy required temgeteddaily gain

increasegNRC, 2001; Van Amburgh and Fox, 1996)

In the tropics, research has been conducted on the nutrient constraints of
immature cows (first or second lactationattare still growing, and less, if any, has
been focused on younger animals (from weaning to calving). Generally, DP heifers in
the tropics start the first lactation with very low body weights, as a result of the low
growth rates during preand postpubeytstages (AbsaleiMedina, 2008). The ADG of
growing animals is constrained by the low nutrient content of grédsész-Lagunes
et al., 20023)which delays the onset of puberty. Deresz et al. (1987) analyzed the
effect of two planes of energy intake on crossbred heifers from conception (350 kg of
BW; ~65% of MBW) to calvingAnimals rearedn low energy diets calved @0% of
MBW (<400 kg)and animals that were fed higher energy diets and achieved about
85% of MBW (~460 kg). These authors concluded that animals with low BW at
calving had reduced first lactation milk yielout alsothatthe subsequent productive

life of the animal was reduced.

As previously indicated, idtary intake restrictionsoccur widely in DP
systems, especially during the dry season. In Yucatan, Mexico, nutritional constraints

were evaluated in beef rearing systeméere herd management restrittdaily
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feeding time to about 12 {Baba, 2007) The correspondinddMI resulted in low
energy intakes during first and second lactations, wkieverely constrained the
growth of mmature cows. The amount of energy supplied in the diethese cows
wasinsufficientto maintain milk production, making it necessarydty on mobilized

body reserves. Consequently, these animals tended to have long calving intervals
because of the tiyed time to achieve target live weights for subsequent productive
cycles, whichprobably reduced o ws 6 productive | ife (1.e.
productionand fewer calves). The author concluded that a greatentgadntintake
would reducethe reliance on body tissue reserves during lactation, winehd also

signify shorter calving intervals.

Another dietary constraint is the inadequate management of the stocking rate
capacity of native grasses. In an experiment carried out in the kbwkrannah of
Colombia, three groups of Brahman heifers were raised at different stocking rates
from weaningto a target weight of 270 kfVera et al., 1993)All the groups grazing
low-quality Brachiaria humidicolaexperienced undernutrition effects from alternative
stocking rates. Average daily gains were 0.097, 0.215 and 0.259 kg. Once animals
reached the target weight, they were transferred to a common paddock with low
guality Brachiaria humidicolaand received a mineraupplementation of 80 g/kg of
phosphorus and other maeand micronutrients. The ages at calving were 50, 40 and
41 mo for heifers reared under high, medium and low stocking rates, respectively.
These results indicate that heifers with sever@emutriton in early life were older at
calving (P<0.001); moreover, older heifers at calving had shorter productive lifetimes

with fewer calvings (~3) than bettéed heifers (~4).

In addition to insufficient management attention to growing animals, severe

constaints have been identified during the transition period of young animals.
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AbsalonMedina (2008) found in DP systems in thkeeward region of Veracruz,

Mexico, that cows of all ages had severe energy deficits during the last third of
gestation. He pointed out that ME dietary supplies from grasses were insufficient for
desired growth of immature cows. Such growth constraints resulted in smaller cows
with less DMI capacity, curtailed milk production and delayed postpartum return to

ovarian cyclicity (longer calving intervals).

Further research in dietary constraints on growth and the transition period of
heifers is needed for farmers that raise animals in the tropics in order to achieve better
replacement animals. To have a better ideahe primary nutrient constraints on
growing cattle, especially replacement heifers, requires defining animal, management
and environmental factors and then defining the chemical composition of the feed in a
manner consistent with utilization by a rumib&vian Amburgh and Fox, 1996 he
systematic evaluations of herd management opportunities and options should include
explicit considerations of growth to achieve better body size goals and yagesgeat
calving. Cows that target better BW and frame sizes will able to consume more DM
and possess better tissue reserves to support higher milk yield than smaller cows with
low BW (AbsalorMedina, 2008; Urbina, 1991Appendix 4summarizes utritional

constraints and management options for trogi¢atedacement herds

2.4. Alternative grass species for improving dietary nutrient intake

Most feeding systems in tropical Latin America are based on native grasses,
which often supply insufficient dietary nutrients to meet the nutrient requirements of
cattleto produce milk and beef. Therefore, the introduction of dyighding forage

varieties containing more energy and protieinanimals inDP systems could allow
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better growthperformanceand higher BW for milk producing heifeesdbeef steers

in DP systens.

In recent decades, the International Center of Tropical Agriculture (Centro
Internacional de Agricultura Tropical; CIAT), through the tropical forage project, has
identified and characterized forage grasses adapted to a wide range of edaphic and
climatic conditions. New cultivars are increasingly being adopted, which has
significantly improved the forage quality on regions of Panama, Mexico, Colombia

and Central Americ@Argel, 2006)

CIAT has evaluated and devetwp new grass cultivars from selected
Brachiaria spp. These cultivars have shown good adaptation to tropical conditions and
better cattle production. Improved varieties, suchAadropogon gayanuswith its
higher digestibility have resulted igreaterproductive and reproductiveerformance
of cattle than those obtained from native species (i€ynodom plectostachyus

(Argel, 2006)

One of theBrachiaria cultivars recently developed by CIAT is the cv. Mulato
Il. This new cultivar,like cv. Mulato |, is a hybrid fronBrachiaria ruziziensisx
Brachiaria brizanha, also called Brachiaria hybrid. It has been identified as an
outstanding grass, since it is more resistant to higher stocking rates (major biomass
production),to longer drought periods (deeper rooting system), and to peoile
(better adaptation to marginal soils). With these characteristics this cultivar has

resulted in better cattle productivity than otBeachiariaspp(Argel et al., 20@).

The quality of the cv. Mulato Il has been compared with other grass species by
CIAT at the research station in Santander de Quilichao, Colombia. It has shown better
average CP content (11.4%; P<0.05) than those averages obtained from the cv. Toledo

(9.1% of CP) or cv. Mulato | (9.7% of CP), during the rainy and dry seasons, with a
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stocking rate of 3 animals/ha. The yield per hectare and DM digestibility were not
different between varieties,thbugh DM digestibility was lovduring the dry season

in all cultivars.

Several studies have shown the positive effects of using improved grasses on
milking cows. Evaluations have demongtd increases of more than 10% milk
production when cows are grazed, dry or rainy season, in paddocks with cv. Mulato

comparedwith otherBrachiariaspp(CIAT, 2004; 2005; Guiot, 2005)

Research studiassing new grass varieties were conducted at |BDI@mzon
and Santamaria, 200%nd CORPIOCA (Cuadrado et al., 2008p evaluate the
growth of Zebu crossbred steers. Both sites utilized rotational grazing as their
management system. Steers in Panama grazed each paddock for 3 days and then each
paddock was allowed 2lagsof recovery. In @lombia, animals grazed about 2 days
followed by 22daysof recovery for the rainy season, and 3 days of grazing with 33
days of recovery during the dry season. Both studies utilized similar average stocking
rates (3.4 vs. 3.5 AU/ha in Panama and Colomimapectively) for cv. Mulato,
although weight gain per animal was slightly higher in Panama (0.54 kg/d) than in
Colombia (0.50 kg/d). In Panama, steers used were crossbreds of Zebu with initial BW
of 183206 kg, while in Colombia the steers used were Zwbed and crosses (F1) of
Zebu x Romanuano, with an average initial body weight of 285 kg. The latter had
higher (P <0.05) daily gain (0.57 kg/d) than the Zebu breeds (0.41 kg/d). In Colombia,
the cv. Mulato showed better production parameters forrimmah stocking rate and
beefproduction per halyear when it was compared with the cv. Basilisk managed in
similar conditions, although the average daily weight gain was similar for both types

of pastures (0.50s 0.53 kg/d, respectively; P<0.05).

® Institute of Agricultural Research of Panama
" Colombian Agricultural Research Corporation
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In Isla, Veracruz, Mexico, two groups of steers (BW not specified) were
randomly assigned to either Mulato Brachiaria decumbengSignal grass). The
stocking rate was 4 AU/ha. Animals that grazed cv. Mulato grane rapidly than
those that gramg Signal grass(0.30 kg/d vs 0.22 kg/d, [significance was
unreported]). The daily gains are not surprising, but when these grasses were
compared in terms of productivity per hectare, the cv. Mulato showed 555 kg/ha of
annual live weight gains, which was superior to glagns obtained for Signaprass,

219 kg/ha (Enriquez, 2002 [reported in Guiot and Melendez, 2003]).

In the Latin American tropics, fead) quality isa primary limitation o cattle
production. The low quality of native forages provide insufficeupples of dietary
energy and protein, which leads to lower average daily gaingsanskequently, delays
in AFC. Herds rearedn native pastures generally have lower performance than
animals managed on grasses of higher quality, which betteramieedlrequirements.

To develop nutritional management strategies, especially for DP herds, researchers
need to focus on animal groupings differentiated by physiological stages of growth or

productivity, breed type, environment inputs and chemical composition, arstidige

rates of feedstuffs used in the diets to account for the main nutrient requirements for a
specific cattle stage. This basic information gathered and organized into an effective
managerial protocol for technical implementation in target farms or @azores will

provide farmers withhe means to improve animal productivity and profitability.

2.4.2. Use of legumes to feed dypairpose heifers

In tropical and temperate regions, the integration of legumes has shown
improvements in basic diets and o\keemimal production, when compared to grass

only management systenidones, 1994; Ramirdzestrepo and Barry, 2005%0me
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legume forages have secondary compounds, which allow a major supply of essential
amino acids to be absorbed by the small intestine through rprogected transport
(Cannas, 2001)Consequently, improvements in gtbwand lactation performances

might be expected for juvenile and lactatargmals(Shelton, 2004)

The integration of legumes into grazing systems has enhaveedll forage
digestibility by increasing the particle breakdown, rumen fermentation, and passage
rate, which improves voluntary feeintake (RamirezRestrepo and Barry, 2005;
Shelton, 2004) These improgments have been observed when the inclusion of
increased levels of legumes into forage diets (>20% of DM) provide adequate pH and
more NH, (VergaralLépez et al., 2006)Yor rumen fiker carbohydrate bacteria.
Furthermore, VergarhoOpez et al. (2006) showed thabre stable rates of ruminal
ammonia production and ruminal pH were obtained when ruminants grazed on
intercropping systems than when legumes were supplied as protein banks (restricted
feed intake). These authors also pointed out that there are bettaesuggbrotein
through the day when animals graze intercropping systems than when animals are
supplemented once a day with commercial concentrates or are grazed on protein banks
for restricted periods. On the other hand, gtageme associations habkeenshown
to provide other benefits to the system suchbgdixing atmospheric nitrogen in the
soil andby reducingemissions ofgreenhouse gas (metharfeym improved forage
digestibility, which mayresult in more sustainable livestock production systems

(Cannas, 2001; Ramirézestrepo and Barry, 2005; Shelton, 2004)

The tropical regions of Mexico generallgave a dry period that lasts
approximately six months (Magaiidonforte et al., 2006). This results in severely
constrained dietérom shortages in amount and quality ofadsable forage, which

generally comprises mature and fibrous geaswy crop residues. Thus, diets are
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characterized by high content of structural carbohydrates and low contents of nitrogen,
nonstructural carbohydrates, lipids and essential minerals, winetjuently make
thema poorrumen supplieof available nutrient¢JuarezLagunes et al., 2002ah
addition, small quantities of these feedstuftamot provide sufficient nutrients to
catalyze rumen fermentation and maintain microbial growth (Leng, 2003 cited by
Shelton, 2004). Therefore, during the dry season supplementation is required to
provide minerals and protes to the rumen, which promotes digestibility of fibrous
carbohydrate Leng (2003; cited by Shelton, 2004) indicated that the use of forages
with >15%crudeprotein, from which a high percentage waspags protein (>50%),
could increase bacterial growdimd promote live weight gains in animals grazing poor

quality diets.

In tropical settings tree legumes k& shown better adaptation to grazing
systems than herbaceous legunsasce there are tree legumes species that retain their
foliage and quality dumg drought conditiongShelton, 2004)One clear example is
Leucaena leucocephdlavhoserooting characteristi¢between 5 m) enables cattle
to obtain exa proteinduring dry periodsForage poteinin the dry season promotes

rumen microbes and overall better digestiotowf quality roughageéShelton, 2004)

The major anthutritive constituents in some legume species for ruminants are
condensed tannins (CT). These molecules have the capacity to bind proteins, and to
incur negative effects on protein utilizatig@annas, 2001)However, it has been
observed that the binding capacity of CT is seriously affected by the pH of the reaction
environment. Osborn (2000) measured the ability of CT to precipitate protein from

different cultivars ofleucaenal{eucaena leucocephglaHe found that CT has the

8 Legume native fronsouthern Mexico and Central America, which grows on neutral and alkaline soils
throughout the tropics between 30°N and 30°S latitudes, and at elevations up to 1500 masl (Hill, 1971;
cited by Garcia et al., 1996).
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ability to precipitate protein at a pH reaction environment of 5.0. The increase or
decrease in the pH from 5.0 reduced the ability of CT to precipitate proteus,

leuc a esnGI &completely lost its capacity to precipitate protein when the pH was

about 2.5 €.g., abomasum pH). This suggests that the complexes formeitheby

| egumeds tannins have potenti al for incre
rumen degradation. The proteins are released in the abomasum, which increases the

feed protein digestion in the small intestine and the total amount of protein absorbed

by ruminants.Chongo et al. (1998)studyingfii n si t uo fdleeggu caadearba d s t
nitrogen, obsemd an efective degradation of about 53.7% (cited by Ruiz et al.,

2006). These values suggest that for each 100 g of DM protein consumed by the
animal,about54 g are degraded in the rumen and 46 g estteprimen (bypass

protein) and are absorbed in the smatiestine.

Studies from tropical regions hayminted out that the use of tree legumes
could promote good ADG and reduce commercial supplementation, and consequently
production costs of DP heifers. Animal performance data vaamording to
treatmentsof leucaena with molassesea, with freshly chaped sugarcane, or with
intercropping (leucaena/grasses). In a study carried out in the Dominican Republic,
Creole or Creole x Holstein bulls from 80 to 300 kg BYAL or 2 years old were used
to compare treatments with leucaena and groundnut cake assafrgrotein
(Hulman et al., 1977)The basic diet of these animals consistedddibitum intake of
a mixture ofmolasses containing 3% urea and a grass of goality (schnemum
aristatun). In treatments 1, 2 and 3, fresh leucaena was supplemented in proportions
of 2%, 3.5% or 4.6% of the animal BW, whereas in trials 4 and 5, the amount of
groundnut cake in the diet was adjusted to supply the same amourmteih [@s in

treatments 1 and 3. The results showed that ADG for treatments 1 to 5 were 0.791,
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0.737, 0.848, 0.595 and 0.744 kg/d, respectively. These authors concluded that the

most economical level of leucaena supplementation was 2% of BW (fresh basis).

Ruiz et al.(2006) cited a study in which deloping heifers were grazed in
intercropped paddocks of leucaena/grass with stocking rates of 2.5 AU/ha. These
animals were rotated in six unfertilized paddocks and did not receive commercial
supplementation. The results showed an ADG of about 0.50 wghdmating at 22
mo of age at more than 300 kg of BW. In another study reported by these authors,
growing steersweighing 150 kg were grazed in paddock$ native grasses and
leucaena at atocking rateof 2 AU/ha.The ADG obtained were about 0.60 kg/dcs
these animalseceived asupplemerdtion based ochopped sugar cane and 3% urea

during the dry season

Experimentally, the association of legumes and grasses has the potential to
improve ruminant production. However, in practice, the management isf th
association faces several problems, especially under grazing condiobsrts,

1978) One concern is the growth biology of baudant species, which is faster in C
grasses than in legumes. This means that without proper management, the
grass/legumeatio could be difficult to maintain under grazing conditiof@SIAT,

2000; Morales, 1989; Roberts, 197&or example, when legumes such las
leucocephaldtree legumeare associated with tropical grasses, adjustments in grazing
management have to be considered to allow for a legergewth of 42to 56 days
(JuarezLagunes, 2002a; Garcia, 199@)though the nutrient contemif the grasss
sacrificed, the productivity of the graEgume association is greater than from only
grass(Roberts, 1978)Moreover, the addition of legumes to the grazing systems
incorporates nitrogen into the paddock, reducing in this way the need for nitrogen

fertilization (Morales, 1989)
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The use of legumes to feed growing heifers could be an excellent alternative
because it reduces the nutritional deficiencies and diminishes the production cost
However, more information and research is necessary to evaludiestheray to use
these alternative forages. Shrub or herbaceous legumes could be successfully used in
association with tropical grasses, if farmers sacrifice the nutrient content of grasses to
be grazed, and have greater productivity than from gralyspastures. Moreover, tree
legumes have the characteristic of resistance to large droughts since these species have
the ability to search for water through deep root systems. Thus, tree legumes can
maintain quality and DM supply through the dry season, whassgs could reduce

their DM supply by 75% under these conditions.

2.4.3. Sugacane as a supplement during the dry season

Sugar caneSaccharum officinaruims an importanteedstuff for DP cattle in
subtropical and tropical regions. Some of the adggsas a forage crop include easy
adaptation to tropical environments; less sensitivity to poor soil fertilityhtotid
climate, and pests and disease problems than other tropical plants; high yield capacity;
and ability to maintain quality as a standiorgp in the field for many months after

maturity (Collao-Saenz et al., 2005; Pate et al., 2002)

Sugarcane maturity is an important issue at harvesting, since vegetative young
plants lave less total digestible nutrients (TDN) than old plants. In a study at AREC
Belle Glade, cited by Pate et al. (2002), different swgae varieties were tested to
determine the effect of maturity on potential nutritive value. Whole plants were first
hawvested on April 9 (age not indicated at harvesting), when they had mostly leaves
with small stalks, and subsequently at-d&#y intervals for a 33@lay period.

Laboratory results showed that as plants matured, the dry matter (DM) content
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increased, and therude protein (CP) and fiber content (NDF and ADF) decredsed.
vitro digestible organic matter consistently increased with the aging plant (Pate, 1979
[reported in Pate et al., (2002)]). These results showed the importance of sugar cane

maturity in termsf feeding cattle.

Sugarcane, as standing forage, has a great advantage since this crop has the
ability to increase in digestibility and to maintain its high quality over an extended
period. These characteristics offer substantial advantages in toé sisgarcane as a
cattle feed during periods of forage scarcity such as the dry season of the year.
Furthermore, the time for harvesting is during the dry season, which insures maximum

sugar content in the stalk (Pate et al., 2002).

In AREC-Belle Glade,several trials were conducted feeding freklopped
sugarcane at different levels in feedlot type di@@site et al., 2002 heratio of sugar
cane inthediet was from 20 to 77% of the DM with the remainder supplied by corn
grain, citrus pulp and cottonseed meal. The results showed that as the percentage of
sugarcane in the diet increased, rate of gain, feed efficiency, an@dssaquality
decreased. Steers fed with a diet containing 77% staya@on aDM basisgained
weight 30% slower and 30% less efficiently than those fed with 75% corn silage diets.
Furthermore, increasing levels of cane in the diet also resulted in DMIraiobst
which was associated with the low digestibility it§ fiber (bagassejPate et al.,

2002)

In another feedlot trial aAREC-Belle Glade that compared freshopped
sugarcane and cottonseed hulls as roughage, 12 mo old steers were fed a high
concentrate of growing and finishing diets. The diets were formulated such that both
roughage ingredients supplied the same amouRD&¥ to the dieto which they were

added. The results indicated that during the growing phase steers fed witlcaugar
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diet gained 11% slower than steers fed the cottonseed hull diet. Most of this response
was justified by an 8% depression on DMI byestefed a sugazane diet. During the
finishing phase, the roughage source was reduced thaihef the diet. The rate of

gain was similar in both trials. However, steers consuming sager had 12% higher

DMI and 12% lower feed efficiency in convertiM to gain than steers consuming

cottonseed hullgPate et al., 2002)

Undoubtedly, one of the main constraints of the chenaimadpositionof sugar
caneis its low CP content. Moderate levels of CP could be obtained from plants
harvested at a young age. However, Pate et al. (2002) pointed out that harvesting
young plants wouldhavecounterproductiveesults since yield and digébility of the
cane would be seriously constrained. This nutrient constraint in the sagar
chemical composition requires the addition of supplemental nitrogen, when cane is
used for feeding cattiGAranda et al., 2001; Pate et al., 200Non protein nitrogen
(NPN) sources, such as urea, can be usedsapply of CP in diets containing sugar
cane; nonetheless, animals have better performance when natural protein feedstuffs are
suppled (Pate et al., 2002Aranda et al. (2000) tested the effect of sugare offered
as 3% of the BW (242+13 kg initial BW) with or without urea (1%) and with a protein
supplement (1 kg/d) on the performance of 32 crossbred heifBos (taurusx Bos
indicug grazing star grass. The results showed that heifers receiving the protein
supplement had better ADGs (0.53 kg/d; p<0.0B)nthose that received the other
treatments (controlrgup 0.32 kg/d; sugar cane without urea 0.33 kg/d; sogae
plus urea 0.37 kg/d). Thus, the authors concluded that whole cgaoffered at 3%

of the BW (urea at 1% of the sugar cane as fed) supplemented with a protein

° Supplement contained as DM basis: 10% blood meal, 50% poultry letter, 25% rice polishing and 25%
cane molasses.
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concentrate could improvine ADG of grazing heifers in the humid tropics during

periods when forage availability is critical.

In tropical regions, the cost of producing sugane is usually much lower
than the cost of commercial concentrate. Pate et al. (2002) economically anatyzed th
performance of steers fed diets containing 20 and 77% of sagarDM. The ADGs
were changed to 1.6 kg/d and 0.86 kg/d for the 20 and 77% sagear diets,
respectively. The results showed that net returns above feed costs were higher for
steers fed wit the high level of cane, irrespective of concentrate price. The use of
sugarcane in tropical diets is economically feasible for growing cattle in developing

countries in the tropics.

2.5 Application and evaluations of the Corne#tiCarbohydrate and Btein System
in the tropics

The Cornell Nt Carbohydrate and Protein System (CNCPS) is a mathematical
model developed to predict cattle nutrient requirements (i.e., maintenance, growth,
pregnancy, lactation and tissue reserve mobilization), feed ublizasind nutrient
excretion(Fox et al., 2004) This computational software has been used mainly in
temperate herds, but there are some studies in tropical herd production conditions
(AbsalonrMedina, 2008;Baba, 2007;Juarez et al.,, 1999ReynoseCampos et al.,
2004;Rueda et al., 2003)

Juarez et al(1999) utilized the CNCPS to characterize the carbohydrate and
protein fractions as well as the digestion ratésl5 tropical grasses grown in
Veracruz. They evaluated the grass chemical composition to determine the potential of
these grasses to support milk production in DP herds, finding that changes in the

nutrient fractions and digestioates have considerabééfects on milk yield. These
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researchers concluded that the CNCPS can be used to describe animal nutrient
requirements and develop feeding recommendations for tropical animals, if adequate

forage analyses are available.

In Rio Branco, Acre, Brazil (weste Amazon region of Brazil) Rueda et al.
(2003) investigated strategies to improve productivity and economic returns of dual
purpose Bos taurus x Bosndicug and beef (Nellore) cattle grazir@rachiaria
decumbensndBrachiaria brizantacv. Marandu andPueraria phaseoloidefropical
kudzu). Milk production and growth responses were measured to predict animal
productivity responses to dietary nutrienadability throughout the year. Using the
CNCPS, subtle differences were detected in grass chemical composition between
seasons that resulted in less metabolizable energy (ME) available for growing steers.
The authors concluded that sorghum supplementatas necessary to increase milk
production and growth rate by 25 and 50% per animal, respectively. This alternative
supplementation was less profitable thaoreasingthe stocking rate (from 2 to 4
AU/ha) with welkmanaged fertilization of gragsgume pstures, which resulted in
greater net margins for beef producer farmers (growing cattle) but not for milk

production.

ReynoseCampos et a2004) Baba(2007) and AbsalorMedina(2008)used
approaches to sywhatically evaluateproductivity limitations and potentialef
tropicd herds in Mexico. They used the CNCPS to evaluate and identify nutrient
constraints from typical management on tropical herds by analyzing the chemical
composition of forages, animal and environment inputs. These approaches are
fundamental foalsoundersanding and identifying bottlenecks fB heifers reared

in the low Huasteca (Northern Veracruz) region of Veracruz.
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2.6. Economic assessments of rearing heifers

The profitability of the heifer enterprisesults froman integration of our
understandingof the biology of heifer growth and the management necessary to
accomplish appropriate growth in the most timely and cost effective m@viaar
Amburgh and Tikofsky, 2001)The heifer rearing program represettie second
largest capital expenditure on a cattle farm, followed bglfeed cost for the milking
herd (Cady al Smith, 1996; Heinrichs, 1996\ basic approach to minimizing this
cost is to reduce the amount of calvihgne bet w
(Heinrichs, 1996; Meyer et al., 2004}ady and Loney (unpublished, cited by Cady
and Smith, 1996) showed the extra aafstielaying AFC in heifers. They reported that
an extra day of AFC costs approximately twice as much as an extra day dry and 13
times as much as an extra day open. Since older heifers accumulate extra rearing costs,
it is economically more efficient to gnoheifers during the period of time when they
are physiologically and metabolically more efficient, than to wait until after calving
when they have entered lactation and have to partition nutrients to other functions

besides growth.

Cady and Smitt§1996)indicated thaanincreased AFC increases herd costs in
three ways: increasing days of rearing, increasing nusridereplacements on the
farm, and losing production potential. For the first point, it has been demonstrated that
it is economicallyefficient to feed heifers on a high plane of nutrition and reduce the
number of days to calvingCady and Smith, 1996; Pirlo et al., 2000; Tozer and
Heinrichs, 2001)Under suboptimal feedingaily expenditures for feed cost decrease,
but the extra days needed for grbvend maturity more than offset tlestsaving.
Tozer(2000)used a linear and stochastic programming model to determine the cost of

Holstein dairy heifers per day. Heticed that the extra average cost per day to grow
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heifers from a suboptimal to an optimal average daily gain was $0.04/d. The
difference in feed cost to obtain a heifer of 22 or 24 mo AFC versus a 26 to 28 mo
AFC required an extra expense of $40. Howewden he calculated the total cost of
raising a heifer, the increased cost per day for an AFC of 22 or 24 mo was offset by
the increased total feed costs for an AFC of 26 or 28 mo, which was $70 to $120 less

than the difference per head for older AFCléresi.

Improvements in tracking and management of the heifer enterprise provide an
excellent opportunity for financial improvement on farn€ady and Smith (1996)
illustrated rearing expenditures by comparing heifers calving at 24 and 30 mo of age.
Their results showed that heifers calving at 30 mo were expected to outperform those
calving at 24 mo by producing more milk during first and subsequent lactations,
producing about 4000 more pounds of milk at the end of the fourth lactation.
However, older animal had six more months of raising costs than the younger
ani mal s, and in addition, as the cowbs
diminishes (just 254 Ibs of difference during the fourth lactation). When the cash flow
for milk at a $3 margin, and $I5 per day of rearing cost were considertbey
showed that advandeAFC increased the cost on the fa(@ady and Smith, 1996)

This increase was due to the extra days that the old heifers spent in the rearing pen
compared with those 24 mo age. Moreowdder heifers did not produce enough milk
to make up for the difference in rearing cost for the additional 6 mo of age even

though they produced more milk and generated more income during lactation.

When animals of different AFC are compared at a fiage, animals with
younger AFC will have greater production than older anif@gly and Smith, 1996)
This is because younger animals will have produced more income due to the increased

number of productive months than the old heifer. Funtioee, if the breakeven cull

48



agé?is measured, the animals with younger AFC will have to remain in the herd less

time than the older anima{€ady and Smith, 1996)

On the other hand, when heifers in a herd are calving at ages older ¢han th
targeted ones, an increase in the inventory of heifers will be needed to replace old
cows(Tozer and Heinrichs, 2001Cady and Smith1©96) explained the association
of rearing extra heifers with the increaseAFC that accompanincreases in feeding
costs. They found that the number of heifers required to maintain a constant herd size
depended on three variables: 1) replacement ratdin(c rate of old cows), 2)
mortality rate of heifers, and 3) AFC. Using these variables and hypothesizing a DP
herd of 100 cows, with an average AFC of 28 mo @aB8% replacement rate. Based
on these data, 25 heifers will be required annually to maiti@ herd size. If heifers
are calving at 28 mo, this means that animals with a range in age from 17 to 28 mo are
going to be incorporated in the current yeghose from 3 to 16 mo of age will enter
the herd in the next yeaandanimals younger than 3anwill enter after 2 years. In
total, 64 heifers will be required between the newborn and ready to calve ages on this
farm. Given an average death rate of 10%, it will be necessary to increase the
replacement herd to 70 animals. Using the same assum{iitidngith animas calving
at 36 mo, a total of 91 replacements will be needed to maintainsteEerdppendix
5). This increase in replacement herd size means increased feeding costs because of

the extra 21 heifers required.

Similarly, Tozer and Heinrich$2001) developed a dynamic programming
model of a dairy replacement herd with Pennsylvania and US average information.
The objective was to analyze the impact of different variables on the cost of rearing

heifers for a representative herd of 100 cows. dtthors used an AFC of 25 mo,

19|s the ageat which an animal can be culled and her income (milk and calves), including her salvage
value is sufficient to recoup her rearing cost.
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calving intervals (Cl) of 13 mo, hetllling rate of 25%, and preweag calf death

(PDR) of 10% as the base comparison. They examined impact factors like AFC, ClI,
PDR, and the umber of replacements required arohcluded hat the number of
replacements required to maintain a herd size and the AFC are the two management
factors that most affect the cost of raising replacement heifers. The replacement rate
affected the cost of replacement heifers since a high replacemenégaiees more
replacements to be raised until calving, which implies more food expenses. On the
other hand, dower replacement rate requirtdsat fewer replacements be reared and
allowed the farmer to sell excess heifers at the most profitable agecht tivby could

generate the most revenue.

In dualpurpose rearing systems, there is a clear need for information about
management costs of growing animals. It is very common to observe that replacement
heifers are the most overlooked animals in this hudtyasystem. The low input
feeding management consistently shows that heifers in Latin Amddiednerds tend
to average more than 36 mo AFC. Yet, there is not a clear recommendation for an
optimal age at first calving of duglurpose heifers to maximizergdit. Therefore,
current situations need to be systematically evaluated to determine management
scenarios for the best age at first calving, which might result in more profitable

outcomes.

3.0 Objectives

The overall objectives of this study are to deti@e the probable nutrient
requirements and to systematically evaluate the likely limitations and growth

potentials in heifers reared in DP systems of the low Huasteca region of northern

50



Veracruz, MexicoSpecific management goals aoeaccelerat averagegrowth rate to
reduce ages at puberty, conception and first calving,tarabsue adequate body
weight, frame size and body condition scdb®dy tissue reservegt calving for

greateraverageproductive lifetime.

The first specific objective is to asss the average GGAVATTepetzintla
replacement herd scenario. Parameters include the predictions of nutrient requirements
throughout early life for management groups of animals bordifferent forage
seasons of the year. This requires the determinafiamerage daily body weight gain
and dietary nutrient balances in growing animals based on physiological stages of
growth and predicted nutrient intakes from typical diets comprising grass and
supplement. This assessment will identify the main constrantgrowth and

development of heifers in the target herd scenarios.

The second specific objective is to analyze the impact of forage and other
dietary substitutions on the expected growth and reproductive performance of
replacement heifers. It is importato identify alternative local forage species (i.e.,
Leucaena leucocephaleGliricidia sepiun), improved forage cultivars (i.e., cv.
Mulato, Tanzania) and harvested grasses S§accharum officinaruprmaize) in order
to organize a forage portfolio aneé\wklop a management strategy by physiological

stage and season of the yamachieve more rapid heifgrowth.

The third specific objective is to increase the average daily weight gain of
replacementemalesin order to achieve a younger AFC with desi@3@S. Body
weight losses should be minimized during the most critical seasons. Moreover,
opportunity windows, in which the average growth rate can be increased by exploiting
compensatory growth, should be identified. The increase in heifer growth rates

reduces the age at calving by accelerating their maturation, but the proposed
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management system could increase reacwgjs The implications of reducing AFC
will be assessed using a partial budgeting analysis to idesidyunderstandhe
associatececononic returns. Thignethodwill be used tevaluate economic returns
associated witlalternativemanagement scenarios (diets) to achieve the target weight

atearlierages of first calving in replacement animals

4.0 Materials and Methods

The target populatn of GGAVATT-Tepetzintla cattle herds is located in the
municipality of the same name in the Low Huasteca region of Veracruz. Most farm
families in this municipality are dedicated to livestock production \idéh cattle
systems. Tepetzintla is located 421 0 6 N a natlan ltitudesrdnging Wom
60 to 1100meters above sea levehds), averagingabout 260 masl. The landscape
varies inslopefrom 0% togradients ofmore than 30%. Most herds graze paddocks
with slopes from 5 to 25%. The climate ismweh umi d tr opi c al [ Am (f
classification] with an average annual temperature near 23 °C and average rainfall of
about 1300 mmAppendces6 and 7). Figure 5 illustrates the average monthly rainfall
and temperatures for the-30 period endingn 2000. Most rainfall occurs from June

to October.
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Information about tymal animal husbandry, input use, animal productivity and
far mer 0s objectives was obt ai-Tepetkintlef r om a
(economic and technical evaluations) from 2002 to 2(@fRagoyaFuentes et al.,
2002;GonzalezOrtega et al., 200£2005;2006 2007;GonzalezOrtega et al., 2003)
Supplementary information about the strengths, weaknesses and objectives of
GGAVATT-Tepetzintla was obtained from an INIFAP publicati@gntribuciones
del modeloGGAVATT al desarrollo de la ganaderia: TestimonidslFAP, 2005)
Information describing the management and inputs utilized byGGAVATT herds,
especially in raising replacement heifers, was obtained from literature about cattle
management in the tropical Gulf coastagjion of Mexico(MagafiaMonforte et al.,

2006;0soricArce and Segur&orrea, 2008RomanPonce, 1981)
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4.1 Definitions of feedstuffs and heifer management in GGAVAEpetzintla

4.1.1 Feedstuffs utilized in GGAVATFTepetzintla

The forag@ inventories on member farms of GGAVATTEpetzintla are
limited. Table2 depicts the existing grass portfolio, in which the main species are
Guinea grassRanicum maximunvar. Guinea) and African star grass (©gon
plectostachyys These two species, mgsenting about 80% of the total grass

inventory, are the primary feeds for growing heifers on all farms in the region.

Table 2. Principal grass species on the 12 member farms of GGAVATT
Tepetzintla(GonzalezOrtega et al., 2007)

Species Farm land area (%)
Guinea gras$Hanicum maximum var. Guinga 59
Star grass (Gyodon plectostachyys 24
Bermuda grasgGynodon dactylon 6
Taiwan grassKennisetum purpuredm 4
Santo Domingo giss(Paspalum notatuin 2
Brachiaria hybrids (cv. Mulato | and 11) 1
Maize Zea mayspp.) 1
King grass Pennisetum purpureuhybrid) <1
Sugar caneSaccharum officinaruin <1

In recent years, GAVVATT Tepetzintla farms have been steadily replacing
African star and Guinea grasses with improved cultivars Brachiaria hybrids cv.
mulato, Tanzania, among others) or harvested forages (i.e., sugaPeangetum
purpureumspp., maize). The adoption of practices such as conservation, storage and
croppingof feedstuffs for feeding cattle has been successful in these farms. Currently,
the grass inventory utilizedléble 2) indicates that approximately 6% of fadand
(~60 ha) is devoted toarvestedorage crops like sugarcanggccharum officinarum

and Tawan or King grassKennisetum purpureuspp), and maize for ensilingZéa
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maysspp.). These species are mainly used when pastures supplissaae(i.e.,

scarce antbw rain seasons; Figure 6).
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México. The climate is warrsubhumid (Aw K © p p e n dication) ith snaximum

and minimum temperatures from 31 °C to 19 °C, respectively, and annual rainfall of

about 1300 mnfMontercLagunes, unpublished data).

4.1.2 Heifer management in GGAVATTepetzintla herds

Replacement heifers in GGAVATTepetzintlaherds are raised artificially.
After nursing their damgor the first two or three days of life, newborns are separated
and fed 5 or 6 kg of milk replacer daily, until three monthsagé At two months
calves begin to receive a commercial concentrate aredsent to graze nearby
paddocks of Africa star grass or Guinea gr&xsce weaned, tirediets consist of
grazed forage plus about 0.5 kg/d of commercial concentrate until 6 mo and 1.0 kg/d
of concentrate from 6 to 10 mo of age. Groups of heifers froeetto ten months of

age rotationally graze nearby paddocks. At about ten months of age, heifers are
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typically sent to distant locations to graze with older heifers and dry cows. Generally,
these paddocks contain seasonal grasses, whose quality andyJlragite 6) vary
seasonally with rainfall. Heifers are corralled monthly for pregnancy diagnosis and to
identify animals that are close to parturition. Heifers at about one month before
parturition are returned to graze on the main farm facility, wheeg teceive a

supplement of about 1.5 kg/d of commercial concentrate until calving.

4.2 Assumptions about dietary chemical composition and heifer management groups

4.2.1 Chemical composition of baseline diets in GGAVAT@petzintla herds

Little information is available on forage chemical composition in the low
Huastecal aboratory facilities are scarce and analyses are costly. For this study it was
assumedhat because temperature and rainfall patterns are stimlgarobable quality
range throughout theewr for the chemical composition of grassesnorthern
Veracruzis like that of pastures grown icentral VeracruZ. Two sources of data
provided the chemical compositions for forage qualdgigsumedn this study. Juarez
et al. (2002) analyzed nutriefnaictions from whole plants with harvest ages of 21, 28,
35, 42, 49, 56 and 63 days of regrowth. Monieagunes (personal communication,
2008) analyzed probable grazed plant parts, mainly leaves and green stems, harvested
at intervals of 35 days of regrdiwthroughout the year (from May 15, 2007 to June
19, 2008).

The quality of grazed forage for replacement heifers varied with rainfall in four
grazing seasons of the year. The highest quality forage corresponded to the season of

early rain (June 1 to Jul$0), when vegetatively young plants emerge angrosv

“"Campo Experimental fALa Post aodlhetlemateiawaosubhanid Tor o,
(Aw; K° p p e n disation)l Thesnsakifhum and minimum temperatures are about 31 °C and 19 °C,
respectively. Annual rainfall is about 1300 mm, mainly occurring during the months from June to
November.
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after a long dry season. The season of late rain (August 1 to October 31) receives the
highest rainfall, which results in rapid plant growth and accumulation of large
guantities of biomass. During thtime, forage quality declines with senescence. The
season of scarce rain (November 1 through February) results in slower forage growth
and older plants than in previous seasons, Wiellsa biomass omediocrequality.

In the dry season (March 1 thiglu May) mature plants have theastfeeding quality

and biomass availability.

The assumed forage chemical compositions across seasons in this study
corresponded to the average quality of different seasons of the year (Table 3). For the
season of early nas, chemical composition corresponded to the months of June and
July; for the late rain seasate forage quality corresponded to the average of plants
grazed in August, September and October (Morteaigunés, unpublished data). For
the dry period of theyear (seasons of scarce atwv rain), forage chemical
composition corresponded to plants harvested at 42 to 49 days-grbwth,

respectively (Juéarez, et al., 2002).

The composition of the baseline forage diet for each of the grazing seasons was
assumd to have a proportion of Guinea to African star grass similar to the one
reported in the forage inventory of GGAVATTepetzintla (Table 2). This proportion
was 7:3, where 70% of the dry matter intake (DMI) in the diet was Guinea grass and
30% was Africarstar grass. The chemical composition for each grass appears in Table

3.

The assumedcommercial concentrate is the one that GGAVATédpetzintla
farmerstypically use to supplement diets of milking covitswas assumed to have a
chemical compositiofike the one used in Central Veracruz (Absaladina, 2008).

Table 3 shows the chemical composition of this dietary supplement.
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Table 3. Chemical compositidhand predictef contents of metabolizable energy and protein of forages andnemmial
concentrate typically utilized by GGAVATT Tepetzintla members to rear heifers.

8

Guinea grass Star grass

Variable (Panicum maximum va6Guinea) (Cynodon plectostachyys Commercial

Early Late Scarce Low Early Late Scarce Low concentrate

rain’ rain® rain rain? rain’ rain® rain rain?
% DM 19.0 19.6 35.1 37.0 25.3 25.7 38.7 40.4 92.9
CP, % of DM 9.8 7.1 6.6 6.6 12.4 10.2 7.6 6.5 17.0
SF, % of CP 28.9 34.4 39.7 21.3 30.0 18.1 48.4 23.2 26.1
NPN, % of SP 66.1 15.6 14.6 48.9 69.4 41.0 13.6 51.9 83.1
ADIP™ % of CP 11.0 5.3 9.3 16.9 9.2 4.3 8.0 24.1 4.3
NDIP", % of CP 41.5 37.1 71.3 47.9 40.9 33.1 72.3 62.7 9.0
NFC°,% of DM 8.2 7.6 14.0 10.7 6.3 7.2 5.5 4.8 56.6
ADFP, % of DM 42.2 43.1 40.6 39.5 37.2 38.0 375 39.8 4.9
NDFY, % of DM 67.5 70.7 64.9 66.5 69.5 72.2 74.0 76.8 9.7
Lig", % of NDF 3.4 2.7 6.1 6.1 3.8 2.7 14.7 14.1 3.5
Ash’, % of DM 11.6 12.2 10.9 12.9 9.0 8.6 9.5 8.8 9.8
EE', % of DM 2.9 2.4 3.6 3.3 2.8 1.8 3.4 3.2 6.8
ME", Mcal/kg of DM 2.3 2.1 2.2 2.0 22 2.1 1.6 1.6 3.0
MP', g/kg of DM 78.0 70.0 69 60 70.0 72.0 63.0 52.0 68.0

#The chemical composition of the grasses for the seasons of early and late rain were taken from theLdgpmeso(unpublished data) analysis
and that of the seasoobscarce antbw rain were taken from the Juéarez, et al. (2002) study.

®Values predicted by CNCPS 6.1

© The chemical composition d?. maximumvar. Guinea was assumed to be similar to thaP.ofmaximumvar. Mombasa (Juarez, personal
communication).

4 Chemical composition of grasses harvested at 35 days oinafiee and July (Monterbagunés, personal communication).

®Chemical composition of grasses harvested at 35 days dhagegust and September (Monteragunés, personal communication).

"Chemtal composition of grasses harvested at 42 days of age (Juérez et al., 2002).

9Chemical composition of grasses harvested at 49 days of age (Juarez et al., 2002).

"The commercial concentrate consists of corn grain ground meal, soybean meal, molassésgmies and minerals (Sample from GGAVATT
Genesis, AbsaleMedina, 2008).
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Table 3 (Continued)

' Percentage of dry matter

' Percentage of crude protein in dry matter

¥ Percentage of soluble protein in the crude protein

' Percentage of neprotein nitrogn in the soluble protein

™ Percentage of acid detergent insoluble protein in the CP
"Percentage of neutral detergent insoluble protein in the CP
°Percentage of nefibrous carbohydrate in the DM

P Percentage of acid detergent fiber in the DM

9 Percentag of neutral detergent fiber in the DM
"Percentage of lignin in the DM

*Percentage of ash in the DM

' Percentage of ether extract in the DM

“Metabolizable energy, megacalories per kg of DM

Y Metabolizable protein, grams per kg of DM



4.2.2 Chemical congsition of alternative diets chosen for GGAVATTEpetzintla
heifers
To accelerate heifggrowth, alternative forages were chosen from the portfolio
(Table 2) of improved grasses used in GGAVAT@petzintla. From these options,
cv. Mulato was selected tova&uate the effect of improvea/erage forage qualityrhe
chemical compositianof this cultivar for each grazing seasorre/derived from
analyses by Monterbagunés (personal communication, 2088} aregivenin Table

4.

Other feed resources selectedcomplement the forage quality during the most
critical seasons (scarce ala rain) included sugacane and legumes, which have
been recommendedn the GGAVATT methodology.Sugar cane was chosen to
support the diet during the dry season. The chemimalposition (Juarez, personal
communication) of this feedstuff was obtained from analyses of plant samples from
Cérdoba, Veracrdz (Table 4).Some protein fractions (SP, NPN, ADIP and NDIP)
and the ether extract (EE) from this analysis were complementételgatabase in
the CNCPS library. Tropical grasses, however, may be low in protein content,
especially during the seasonloW rain, whicharrestsanimal performance. Therefore,
alternative sources of available protein such as legumes could improveottd gf
heifers reared in the tropics. The legurmeucaena leucocephalavhich grows
naturally in Tepetzintla, was chosen for this study to evaluate the benefits of extra
protein in the diets of young animals. The chemical composition of this legume
(JuérezlLagunes et al., 2002lzprrespondto an average plant age of 62 days (Table

4). An alternative energy supplement wserghum grain which waschosen to

12 cérdoba is located in the center of the state of Veracruz, at an eles8ai masl. Its climate is
warm and humid, with an annual average temperature of 19.8°C. There is abundant rainfall in summer
and autumn (1800 mm), with little rain in winter.
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Table4. Chemical compositidhand predicteimetabolizable protein and metabolizable energy contents of alternative diets
for rearing heifers in GGAVATT Tepetzintla

19

Mulato Brachiaria hybrid) Other feed suppments

Variable

Early Late Scarce Low Leucaena Sugar carle Sorghum  Citrus

raing  raing rain’® rainf leucocephald (Saccharum grairl pulp

officinarum)

% DM 19.0 19.1 25.9 34.6 25.0 28.0 87.4 88.6
CP (% of DM) 12.2 9.2 8.5 4.4 26.4 1.9 10.4 6.9
SP (% of CP) 35.6 20.3 21.8 25.9 21.2 55.0 14.9 35.7
NPN (% of SP) 71.6 20.6 20.9 47.7 80.1 65.0 33.0 40.0
ADIP (% of CP) 9.4 11.9 13.0 18.2 13.1 9.0 5.0 10.2
NDIP (% of CP) 17.2 21.4 32.1 41.1 52.1 16.0 33.9 40.0
NFC (% of DM) 15.7 16.2 18.1 25.4 24.7 52.6 72.7 59.7
ADF (% of DM) 33.6 34.1 32.0 29.2 13.5 25.4 0.0 19.9
NDF (% of DM) 57.7 62.1 58.4 56.8 39.6 42.1 10.3 23.9
Lig (% of NDF) 2.8 2.6 1.9 3.6 7.7 4.5 12.8 9.8
Ash (% of DM) 11.2 10.8 11.6 10.4 6.7 2.0 3.0 6.35
EE (% of DM) 3.2 1.7 3.4 3.0 26 1.4 3.6 3.1
ME, Mcal/kg of DM 2.5 2.2 2.3 2.0 2.7 2.4 3.0 2.1
MP, g/kg of DM 84.0 77.0 73.0 45.0 115.0 23.0 91.0 73.0

#From MontereLagunes et a{2008; unpublished data)

®Predicted by CNCPS 6.1

°Average chemical composition of grasses harvefsbeal June to July

4 Average chemical composition of grasses harvested from August to October

¢ Average chemical composition of grasses harvested from November to February

" Average chemical composition of grasses harvested from March to May

9The age of atting was at 62 days of plantgeowth.

" Sugar cane composition based on analysis done in Cérdoba, Veracruz, (Juarez, personal communication) and compleither@dORiEh
library.

' CNCPS version 6.1 tropical feed library



compensate for dietary deiiencies in criticalseasons, especially when the dietary
energy content drops below maintenance requirementschiégmaical composition of
this supplement wagbtained from the CNCPS tropical feed library (TableGther
byproducts maylsobe used t@onpensatdorage dietary energy deficitBried citrus
pulp is anoption becausehis byproduct igeadily available during theeason of low

rain.

4.2.3 Management groups and assumptions about heifers

Season®f-birth for groups of heifers were definedings an approach similar
to that in previous studies simulating nutrient requirements for beeD&nhdows
(Baba, 2007; AbsaleMedina, 2008). These birth seasons corresponded to the onset
of each of the four forage seasons of the year (Table 5). The dssmsnpsed to
specify heifer management groups and herd scenarios in this study resulted from field

observations and the collective opinion of a panel of exXperts

Table5. Definitions of heifer management groups by forage season
of birth andstageof development in Tepetzintla herds

Forage season of birth Minimum Maximum
Early rain June 1 July 31
Late rain August 1 October 31
Scarce rain November 1 February 28
Low rain March 1 May 31
Stageof developmerit Age (mo)
Wearing 3
Puberty 21
Conception 28
Calving 37

2GGAVATT Tepetzintla, personal communication

13 panel of experts: Dr. Francisco Juatemunes and Dr. Ruben Loekanon (professors at the
Universidad Veracruzana (UV)); Dr. Bertha Ruédaldonado and Dr. Heriberto Rom&wonce
(researchers at the INIFAP); and Dr. Robert Blake and Dr. Michel Van Amburgh (professors at Cornell
University)
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Nutrient requirements and feed intakes vary with body weight, physical
activity, physiological status, and phase of developn{€ok et al., 2004) The
average age of heifers in each phase of development, reported by GGAVATT
Tepetzintla farmers, is shown in Table 5. Management groups were defined by
physiological stages of development: prepuberty (weaning to pubedsipyberty
(puberty to conception); and pregnancy (conception to calving). Table 6 shows the
expectedBW of heifers by physiological stage of development. Aveldgéutilized
in this studycorresponded to thosexpressedoy GGAVATT-Tepetzintlafarmers
Ead expected average body weight by physiological stage of development and forage
season of birth were then reviewed for logical consistency (plausibility) by the panel

of experts.

Table 6. Body weights of heifers by stage of physgial development for
replacement herds reared in GGAVATEpetzintla and naGGAVATT farms.

. . Body weight (kg)
Physiological stage GGAVATT ° NonGGAVATT °
Weaning’ 95 110
Puberty 280 280
Conceptiorf 380 380
Calving" 450 425

2GGAVATT Tepetintla personal communication

® Non-GGAVATT body weights by physiological stages specified from reports on Mexican tropical livestock
(Castafieda, 200€6rdovalzquierdo and Pére@utiérrez, 2002RomanPonce, 1981)

°Body weight for weaned animals repattey farmers in GGAVATT Tepetzintla. For n@GAVATT farms, the
weaning age varies. Weaning age and weight chosen in this study f&@GRAWATT heifers were 4 mo and 110
kg of BW, respectively

9 Puberty assumed to occur at 50% of mature body weight

¢Conception assumed to occur when animals have reaghedt 706 of mature body weight

4.3 CornellNet Carbohydrate and Protein System version 6.1

The information obtained from GGAVATTepetzintla farmers, the panel of
experts and available literature was useddefine simulation cases for evaluation

using the CornelNet Carbohydrate and Protein System version 6.1 model (CNCPS
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v6.1) to predict growth rates, probable ME and MP requirements, probable feed
intakes, nutrient requirements (maintenance, gain aeghpncy), and dietary nutrient
balances for each management group of heifers. The simulations corresponded to
combinations of four forage seasons of birth and three physiological stages of
development (i.e., prepuberty, postpuberty and gestation) for seeypadive
GGAVATT and norRGGAVATT herds These physiological stages of development
were further sulalivided into a continuouarray of shorter time segments, whighre
correlated with the lengths of respective grazing seasons. The number of grazing
season per physiological stage varied with the average daily gain. Simulation
scenarios included other inputs, such as physical activity and climatic conditions to
accuratelyestimate differences imaintenance requiremeny season of the year
These variabke were specified for each physiological stage and forage season of the
year (described in theextsection). me outputs, like BW losses, weazalculatedn

accor@nce withCNCPSpredicted dietary energy balances

4.4 Sensitivity and validation of the @®S model

A sensitivity analysis of the variations in climate conditions tedheifer$
physical activity was conducted to determine the effects on total energy requirements
for maintenance and dry matter intake. Three groups of herfEghing200, 3@ and
400 kg were evaluated in twapntrastingseasons of the year: early rains and scarce
rain. First, basal energy for maintenance was determined assuming an animal in a
thermoeneutral environment withittle or no physical activityandthen each varidé
was altered (climate and physical activity) from lowest to highestpgendix 8).

Output changes were obtainedr feach increment in the input value, which was

divided by the change in input to obtain amdicator of change. A value of zero
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indicates nilsensitivity of energy forthe maintenanceof that variableunder the

specified rearing conditions.

4 5. Predicted feed and nutrient intakes

Based onspecified BW daily activity, climatic conditions, and forage
digestibility, the CNCP$redictons wereobtained fothe mean voluntary feed intake
for each timegrowth segmenibf all management gups of heifers. The output
obtained for each timgrowth segmentvas usedto approximae the total average
daily feed intake. Because GGAVATT members feed fixemants of supplements
during early prepuberty (from 3 to 10 mo of age), these quantities were used to predict
the additional forage feed intake. For animals in fihal month of gestation, the
supplementatiorwith commercial concentrateas additional tathe total CNCPS

predicted forage DMI (Juarez, unpublished data).

Forage allocation during each physiological stage of developmeardre
arrayed in time segments, which were correlated with the lengths of the respective
grazing seasongull appetite exprgsion, or 100%&d libitum dry matter intake, of the
CNCPSpredicted DMI (kg/d)wasexpected during the rainyme of the yealearly
and late rain seasgnand at thebeginning of the dry season (scarce rain season).
However, feedntake restrictions werassumedo occurin the second part of the dry
season geason of lowain). During thisperiod DMI was to be abou®0% of ad-
libitum predictions Estimations were based on monthly forage average DM yield
(Figure 6), DMI (10.5 kg/d) per animal unit (AU 450 kg), stocking rate used in
GGAVATT-Tepetzintla (0.8 AU/ha) and assumed animal grazing selection
(proportion of the plant grazed; 80%). Grazing selection was assumed to be the same

proportion of the plant at 49 dagf cutting as was the case Juarezt al. (2002).
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4.5.1 Feed intake in neEBGAVATT herds

Except for the first 10 months of life, heifers in GGAVATT and ton
GGAVATT farms of Tepetzintla are raised similarly. During the first ten months,
GGAVATT farmers usually provide dietary supplememtatfor heifers in prepubertal
stages, while nalGGAVATT farmers provide restricted amounts of milk (residual

milk in the udder). Both systennsly on grazing.

Under traditional rearing, calves are usually with their dams during milking
time and permittedo suckle either a whole quarter or the residual milk from all
guarters. In the afternoon, they are separated from the cows and enclosed until the next
day with little access to water and forage. They are raised in this manner until weaning
at about 10 mof age. Once weaned, they are sendistantpaddocks with the dry
cows wherethey remain until parturitiomvhenthey return to the main farm facility.
During theentire rearingperiod from weaning to calving, replacement animals graze

pasturesmostlyAfrican star or Guinea grass.

The procedures used for determining the dietsnonGGAVATT heifers
were like those described for GGAVATTepetzintla heifers. The only difference in
the diet of norlGGAVATT heifers was that instead of receiving commercial
concentrates as laasicingredient during the first months after weaning (GGAVATT
far ms) , 1.8 kg of cowbés mil k wadsAtofldo xed

mo of age (weaning age).

4.6 Determination of maintenance requirements

The CNCPS model as used to predict ME and MP requirements, feed intake

and nutrient dietary balances for all animal groups. The CNCPS model, comprising a
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linked set of submodels, predicts nutrient requirements according to physiological
functions: body maintenance, grdwipregnancy, lactation and body tissue reserves
(Fox et al., 2004). The maintenance requirement, constituting the largest amount of
energy expenditure for animals, is determined by metabolic body size, breed,
physiological stage of development, nutritibstéatus (e.g., BCS), physical activity,
amount of urea excretion, acclimatization and effectemmiperaturestress (Fox et al.,

2004; Tylutki et al., 2007).

The CNCPS model utilizes the following equation to determine the basal
maintenance requirement ia thermaheutral environment with minimal physical
activity for a 3/4Bos taurusand 1/4Bos indicuscrossbred: NEm (Mcal/d) = mean
BW°® x the proportional average requirements for fasting metabolism requirements
of each breed computed (Fox and Tkiy 1998). For pregnant animals, CNCPSv6
subtracts the conceptus weight from the shrunk body weight (SBW) to compute

maintenance requiremer(fBylutki etal., 2007)

The CNCPS model computes the cost of energy required to dissipate excess
body heat (Fox et al., 2004) using the equations for the current effective temperature
index (CETI) of Fox and Tylutki (1998). According to data from the Comisién
Naciaonal del Agua (1971 to 2000) the maximum average monthly temperature and
relative humidity reported in Tepetzintla were about 28°C and 80%, respectively.
Based on the CETI, the daytime climatic effect for this study was in the range of
caution (28°C to 32°C The average temperatures by season of the year were 18°C
during scarce rains (winter), 25°C during flogv rain season, and about 27°C and
25°C during early and late rains, respectively. The highest monthly average nighttime

temperature at our studyesis about 22°C, which allows for dissipation of body heat
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accumulated during the day. Therefore, panting and heat stress were ignored in this

study.

The CNCPS model adjusts for differences in physical activity based on the
energy expenditures for the aombd of time standing, the number of body position
changes, and the distances walked daily on flat and sloped (hillside) surfaces (Fox et
al., 2004; Fox and Tylutki, 1998J.edeschi et ali2004) Fox et al(2004)and Brosh
et al.(2006)provided guideline$or choosingthese inpuvaluesfor animals managed

in confinement and grazjnconditions.

Young heifers (3L0 mo) on GGAVATT farms graze in rotational systems on
paddocks close to the central facilities. The paddocks are flat with distances to water
of about 300 m (GGAVATT, personal communication). The daily physical activities
assumed for these animals were 14 h standing, 6 changes in body position, and about
1000 m walked. No differences in physical activity by season of the year were
assumed for this group of animals. On the other hand, heiferslfdamo of ageuntil
one monh prior to parturition continuously graze sloped paddocks with maximum
averagedistances to water of about 500 m (GGAVATT Tepetzintla, personal
communication). Significant seasonal differences in energy requirements for physical
activity, especially walkig (Appendix 9) were specifiedn accorénce withgrass
availability, ambienttemperature and e i fpleysidogical statuéBrosh et al., 2006)

For example, noipregnant heifers grazing during the rainy months (earlylaedain
seasonsyvere daily assumed tstand for 18 hr, change body position six times, and
walk 200 m on sloped surfaces (10% of flat walked distances) and 1800flat
surfaces Heifers in the final month of gestation are generally managed in pgasldoc

next to the main facilities'herefore, they were assumed to have movements similar to
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animals in a feedlot (3 to 5%animal), which corresponded to about 14 h standing, 6

position changes and about 500 m of flat distance walked per day.

4.7 Equationso estimate energy and protein requirements for growth of heifers

The CNCPS predicts energy and protein requirements for growth based on
body weight, rate of body weight gain, chemical composition of gain, and mature
weight (Tylutki et al., 2007) The equations used in the model (Table 4 of Fox et al.,
2004) to predict nutrient requirements for different stages of growth are based on the
shrunk body wejht (SBW)*. The SBW of a mature DP cow of 550 kg is equal to 528
kg for a body condition score (BCS) of 3.0 on a scale of 1.0 to 5.0 units. Mature SBW

is defined as the weight at which added body mass does not contain additional protein.

The net nutrientequirements for growth are estimated from the energy and
protein content of the tissues deposited. Thus, the total amount of energy required for
growth was calculated from the net energy deposited)(NE retained energy (RE).

The CNCPS model uses thquations of Garrett (1980), adjusted for mature size, to
compute the energy content of tissue gains in different stages of growth and rates of
gain. A size scaling system is used to adjust the SBW to a weight equivalent (EqSBW)
to that of a standard referee animal at the same stage of growth (Eq.1; Tylutki et al.,

2007), as follows:

EqQSBW = SBW I (SRW / AFBW) ¢ééééeééeéeéé. . écéé

4 The SBW is defined as 96% of the fllody wei ght (FBW), which is equ
average BW expected after an overnight fast without water or feed. This proportional weight is used to
compute net energy for maintenance requirements,\NiEnount of net energy available for growth in

the diet (NEgQ) and target shrunk weight gain (SWG). (Fox et al., 1999; 2004; NRC, 2001).
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where SBW is 96% of the full body weight (FBV@&andard reference weight (SRW)
is the mature SBW (478 kg for replacemeaeiférs) of the standard reference animal

and AFBW is the expected SBW at matu(igpx et al., 2004; Tylutki et al., 20Q7)

CNCPSV6 utilizes E2 (Tylutki et al., 20070 compute the SRW of growing
and finishing cattle based on the final body fat (FBF) as recommended by the NRC
(2000)

SRW =399.9i (1019.5 x FBF) + (4621.1xFBFé ¢ 6 6 6ééé. . . . 6. . ( 2)

where FBF is the final body fat (kg/100 kg FBW).

The equivalent empty body weight (EQEBW) is 0.89 x equivalent shrunk body
weight (EqQSBW), and equivalent empty body gain (EQEBG) is 0.956 x slmaohk
gain (SBG). These variables are used to predict requirgdBdE3) to formulate diets

that support a target daily gain.

To evaluate whether the currediet meets or exceeds the targhily gain,
daily net energy available for growth (§Efrom the diet after maintenance
requirements are met is used along with the body weight adjusted to the weight of the
standard reference animal to predict the daily gain the diet will all®wis

relationshipis shown in Eg. 4.
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SWG =13.91 x NE'Px EqSBW ™¥g ¢ ¢ ¢ ¢ ¢ 6 6 6 ¢ ¢ é é é ( 4)
The net protein of gain is estimated according to the relationship between

energy retained and protein content of gdihe protein content of &/G (net protein

for gan, NPy) is computedisingEq. 5.

NPy (g/d)=SWGx(268( 29.4 I (RE |/ SWG))ééééeée.ééécéé

In addition, CNCPS v. 6.1 estimates requirements for metabolizable protein
(MP) for mammary growth based on values repottgdVandeHaar and Donkin
(1999) This version, which computes MP for mammary growth using Eq. (6) instead
of the fixed amount of 276.7 g(€Fox et al., 2004)as n past CNCPS versionallows
a continuous calculation of MP required for mammary groaghEqSBW changes

(Tylutki et al., 2007)

MPmm=80/(0.834 0. 00114 + EQqQSBW) ééééééé. . ee66666.

where MPmm is metabolizable protein for mammogenesis (g/d) and EqQSBW s

equivalent shrunk body weight (kg).

4.8 Determination of growth, energy balance and changes in body weights

Due to the lack of information oBW and BCS for heifers reared in trogic
scenarig, probable growth performance for crossbred heifers in Tepetzintla herds was

obtainedbased on personalbservations by the twelve members of GGAVATT
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Tepetzintla and theollectiveexperience of a panel ofgfessionals in Mexico. These
votes of perceptiorwere averaged for the keBW (Table 6) in each important
physiological stagef animal developmer(Table 5).Each stage was then sdlvided
into shorter time segmenthat intersected withgrazing seasonsf the yearto

accuratelyrepresent variations imutrient requirements throughout rearing.

The CNCPS was used to compute probable growth rates of heifers during each
tmesegment or grazing season wilHisHunctidme fA Us e
predicts probable growth during a specifigahe period based on the following inputs:
climatological conditions, physical activity, physiological status, nutrient intake and
animalgenot ype. -ITnh eF BEiWoe rii © dt h eachpemiodtinieadh BW f c
simulat i on. TOet AFRBWOOd s cal cul apregidtel) usi ng
inputted weight gain (kg/d), which waadjusted according to thautrient most
limiting for growth {.e., energy® or protein allowable gain [kg/d]). For example, for
heifers in GGAVATT Tepetzintla, the first period of growth in all theogps is 95 kg,
which was the initial input for the Periodn FBW (Table 6). The predicted growth
(average daily gain; ADG) or Perigdut FBW was then adjusted according to the
inputted gain and energy protein allowable gainwhich was determined lize most
limiting nutrient. Toevaluatesubsequent periods of growth,tputs from the Pericd
Out FBW wee the initial inputs for the Periodn FBW, and then the predicted
average daily gains (ADGlere adjused for the allowable energy or protein for
growth availablegrom the diet. These procedurere repeated for each period until

the probable date of calving (9 mo aféehieving the typical BW ahating).

Dietary energy balances were determined usiriguts from the CNCPS. The

CNCPS has a series of saimdels that calculate the nutrient content (ME and MP) in

5 The energy allowable gain is the remainibE available aftermeeting the requirements for
maintenance. This energy, which is CN@kt8dicted, is utilized by the amal for growth.
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the diet, and the nutrient requirement (ME and MP) for maintenance according to the
SBW of the animal and nutrient requirements for physiologstafuslike growth,
pregnancy or lactation. The dietary energy balance was calculated by subtracting the

total energy required for maintenance from total intake.

Calculation of the amount of energy supplied from BW losses at a specific
negative energy bahce was determined according to the following assumptions.
First, it was assumed that the ME to net energy (NE) conversion was 0.51% (0.0051)
(Van Amburgh, personal communication). This proportion represented partial energy
to maintenance and partial eggrto pregnancy. Then, it was assumed that each
kilogram of EBW tissue mobilized was worth 3.4 Mcal KiEeyer, 2005) which
were used at 80% of efficiency (NRC, 2001). For example, if heifers during the
seventh and eighth months of pregnancy were 3.0 Mcal/d ME deficient, they would be
1.53 Mcalfl NE deficient. Then, for each kg of EBW mobilized, about 3.4 Mcal NE is
yielded, but its use efficiency is just 80%, which means that there are only 2.72 Mcal
NE available for pregnancy and maintenance. To determine how much body tissue
was mobilized peday, the NE deficiency is divided by the NE mobilized and then
multiplied by the number of days of negative energy balance. Thus, 1.53 Mcal/d
divided by 2.87 Mcal/lkg was equal to 0.53 kg/d of EBW tissue mobilized, which
multiplied by the negative balancenmod results in 32.5 kg of EBW. Therefore, the
total FBW catabolized during this period (61 d) of development was estimated to be

about 38 kg.

4.9 Alternative diets to improve heifer growth

The baseline scenarios of heifer growth were used to identifgitional

bottlenecks in GGAVATT rearing systems. Based on these findings, dietary
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alternatives (Table 4) were explored to alleviate nutritional constraints and improve
the growth of replacement females by achieving better frame sizes and earlier ages at
first parturition. Interventions consisted the incorporation of good quality diets, in
which GGAVATT farmers already have invested, into the management protocol of
heifers. These diets were hay from improved forages, sugarcane, legumes and

sorghum, whib will be used to attenuate the most limiting nutrient requirement.

4.10 Economic evaluation of rearing heifers

As in previous studie@\bsalorMedina, 2008Rueda et al., 2003)he method
of partial budgeting was used éwvaluatethe economic incentive toedue AFC. The
partial budgting method helps to screen options to imprdeem systens
productivity. Although this methodypically ignores the transition period for
technology adoption and is limited to a specified range of options, partial budgeting
helps to identify potentil economic alternatives and eliminate unprofitable ones
(CIMMYT, 1988). Based on experience and empirical evidence, CIMMYT (1988)
found thatthe adoption of technologiegs more commorwhenthe marginal rate of
return (MRR) is > 0.5, where the MRR = change in net margin/change in Eosts.
example, farmers would accept a new technology with at MBR& > 0.5when they
already have experienedth it (i.e., improved forages, cropping forages and silages)
and have made modest adjustments to their management practices (e.g., feed improved
foragesto replacement heifers). However, if the technology is new to the farmer (e.g.,
nonGGAVATT farmers)and requires the learning of new skills, the farnmeesy

expectMRR > 1
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The economic effect of using better diets to reduce AFC was analyzed
determining the marginal change in i ncome
management compared to traditionalepractdi
change irthe presentalue offeed cost§ P V Eh@YghAFC and the difference in
the present valuef revenues from milk productiof coP V Bt)first and third

lactations

pl OFC =-IORCF C

where IOFG = PV of Milk Revenuesgi PV of Feed Cosfs
IOFCr = PV of Milk Revenuesi PV of Feed Costs

This evaluation did not include the cost of additional replacement heifers, milk yield
over the animal dés | ife in the milking her

labor needs.

The change in feeding cost for rearing heifers dimst parturition depends on
the quantities of required feed inputs to obtain earlier AFC with alternative diets (i.e.,
hay from improved forages, leucaena, sorghum grain and sugarcane) compared to
typical (baseline) performance for a specified managergenip of heifers. This

analysis did not include cost changes for management labor, health or housing.

Changes in feeding costs (@pFC) at first
management systems in the GGAVATE&petzintla, was calculated as folls:
AFC, . AFC; .
DFC=8Q 4 FPD,;@PF"- § § FPD} @PF/
f t=0 f t=0

where FPR is the feed amount per day, GR& the cost per unit for each fedd,
indicates the month, the A subscript means the alternative feeding strategy and T

means the typical feeding strategy.

75



The P V Ft6@ AFC was calculted for typical and alternative dietary

management systermsthe GGAVATT-Tepetzintla, as follows
DPVFC = PVFC, - PVFC;

where the present value for feeding costs e@sulated using the following equation:

PVEC = 5 A FPD, (TPF,
28 @y

where FPDy is the feedamount per dayCPF is the cost per unit for each fedd,

indicates theime (months) andis the discount rate

To determine the effect that AFC at 30 and 38 mad on cash flow, the
present value approach was used to evaluate the increased gross aictirse
lactation milk sales an@-lactation lifetimemilk sales. DifferencebetweenPVs for
mi | k sal es ( PPV M) in the traditional GG

management were calculated as fokow
DPVM =PVM, - PVM,

where he present valuef milk revenuesvas calculated using the following equation:

Lact N i o Milk
PVM = 4 Milk, CPtt
=0 (L+1)

wheret correspond to the month of lactatjddilk; is the amount of milk production at
time t, PMis the price of milk per kg at time Lactindicates the time throughhich
milk values will be summed (i.e.*'br 3% lactation) and is the discount rateéFor this
analysis,endpointsof first lactation and 3actation lifetime were used as the date of
total milk sales 9§ mo lactatios). The interest rate used was 8%séd on the 7.91%
interbank interest rate balari& Mexico ¢asa de interés interbancaoaTIIE) from

February 27, 2009 to March 27, 20@a6co de Méxicp2009).

'® TIIE is an interbank interest rate in Mexico, which is quoted from at least six banks, or credit
institutions, utilized in the financial system (Diario Oficial de la Federacion, 1995)
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A group of cows (calving in early rains) from Absalblte di nadés study
under baseli@ managementas used as a reference to determine milk yiel@rst
lactation andfor a 3-lactation lifetime milk yield.Body weight and BCS at first
calving were not used to measure milk yield responses, since cows that calve at 38 mo
had lower BW and BS than those calving at 30 mooreover, the grass season for
heifers calving at 30 mo does not correspond to the early rain season assumed for this
analysis gPVM was determined assuming similar milk production in both cases,
although heifers with bettdBCS and heavier BW are expected to have higher milk
yield responses (Absaldle d i n a, 2008) . The o@PVM did

during lactation nor labor, veterinary services, reproduction, and any other expense.

The prices of thefeedstufs (Table 7)used in the analysis were from March
2009 andwere obtained from the local market and from esiiomatoy GGAVATT-
Tepetzintla producersSupplements like commercial concentrates and sorghum are
typically obtained from local suppliers. Mulato grassesastane and legumes are
found in GGAVATT-Tepetzintla farms. An estimation of hay from improved grasses
was assumed to be equal to the prices per kg forf@NBrachiaria brizanha grass
hay in the local markeThe price for seasonal grasses (African stak Guinea grass)
was assumed to have the same price as for African star grass in the local market at
TepetzintlaBecause hay prisanay overstate the actual production costseasonal
forages, a sensitivity analysis using 50% of the hay price as theofdsrage was also
conductedThe valuation of milksalesin this studythrough the yeawasof $0.32/kg
(Table 7)
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Table7. Marketprices for milk and dietary inputs analyzed in this study

($IUS).

Feed Price ($/kg DM)
Seasonafjrasse¥(increased price) 0.070
Seasonal grassgseduced price) 0.035
Legumé 0.1%0
Hay of improved foragév. Mulatoy 0.110
Sugarcane 0.1%
Sorghun 0.260
Commercial concentrdte 0.310
Milk 0.320

®Average exchange rate in the second seme$t2008. $1 USD= $11.47 Mexican pesos
(International Monetary Fund, 2009). Feed prices are expressed on a dry mater basis.

®Price of seasonal forages assumed to be equal to the local market price for hay of African
star grass.

°50% of the hay price asdltost ofseasonaforages

“Leucaena leucocephala

®Price of hay of improved forage assumed to be equal to the local market price for hay of
Brachiaria brizantha

'Approximate price of the eranch harvested sugarcane (GGAVAT®&petzintla,
personal communation)

9Sorghum price in March 2009 (GGAVATTepetzintla, personal communication).

"Commercial concentrate price in March 2009 (GGAVATTEpetzintla, personal
communication).

78



5. Results and discussion

The following section reports and discusses findiings the predicted body
weight gains under typical nutrition management, or baseline, proto&olmal
responses are organized sequentiay physiological stages of growth from weaning
to calving for heifers born in alternative forage seasons of e p@alyses show the
predicted DMI (for each dietary ingredient), total daily intakes of ME and MP, body
weights, daily nutrient requirements (maintenance, growth and pregnancy), the
guantities of energy and protein that are available, or allowed, favtlyr@and the
average daily feed nutrient balances (ME and MP) during sequenced rearing periods

for heifers born at the onset of each forage season of the year.

Section 5.1 depicts how the range of expected fluctuations in physical activity
and environmeial factors may influence the predictions of energy for maintenance
requirements and dry matter intake (DMI) of heifers in different seasons of the year.
Section 5.2 reports the systematic evaluations of typical growth from weaning to
calving for animals rared in GGAVAT FTepetzintla herds. Factors considered were
climatological conditions, nutrient intakes and physiological stages of development. In
addition, section 5.3 summarizes growth and nutrient balances based on dietary
intakes with a discussion dfi¢ key constraints affecting growth and, consequently,

age at first calving.

5.1 Sensitivity analysis of the effects of variations in climatic conditions and physical
activity on total energy requirements for maintenance ang daji matter intake

Energyfor maintenance of an animal is the amount of feed energy intake that
results in neither net loss nor gain in energy in body tissues (NRC, 1996). This
quantity is required for essential metabolic processes, body temperature regulation,

and physical actity (Fox and Tylutki, 1998). Energy requirements for maintenance
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are affected by endogenous factors such BA® and physiological stage of
development (e.g., tissue composition: Fox and Tylutki, 1998; Fox et al.,, 2004).
Among the exogenous factors, variagoin environmental conditions to which
grazing animals are exposed often affect feeding behavior and, consequently, physical
activity. In addition, factors such as season of the year, stocking rate, herbage quality,
standing biomass, and terrain influentee amount of energy required for

thermoregulation and physical activity (Fox and Tylutki, 19&sh et al., 2006

Correspondingly, a sensitivity analysis was conducted to identify changes in
the amount of energy required for body maintenance for #¥pected range in
environmental conditions and physical activity for heifers raised on the rangelands of
Tepetzintla. Three groups of heifers, weighing 200, 300 and 400 kg, were evaluated in
two contrasting seasons of the year: early rains and scarcd hmaifactors measured

and ranges in their differences between seasons are shéwpendix 8

Variations in maintenance requirements were especially associated with
physical activity, especially the daily distance walked (flat and sloped). The sum of
maxmum differences for these variables resulted in about 0.4, 0.6 and 0.9 Mcal/d of
ME for body maintenance of heifers older than 10 mo and weighing 200, 300 and 400
kg, respectively Appendix 10. According to assumptions about distances walked in
different seasons of the year, heifers grazing in the season of scarce rain would be
expected to require 5% to 7% more energy for maintenance than their counterparts in

the season of early rains.

Most combinéions of climaticgrazingconditionsresulted in little dscernible
effect on the total maintenance requirement. Heifers were not predicted to encounter
upper critical temperatures (e.g., panting; Fox and Tylutki, 1998), so increased energy

to dissipate excess body heat was not expected. For the set of sinsulatiois study,
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the effective temperature index at the maximum temperature (27 °C) and relative
humidity (78%), and wind speeds of 23 km/h were in the safe range (Fox and Tylutki,
1998). However, despite this, significant reductions in DMI were predmteeh
daylight temperature and minimum night temperature exceeded the thermoneutral
temperature of 20 °C, conditions that are common in the season of early rains.
Considerable depression in feed consumption was expected from increases in relative
humidity and sun exposure, which were ameliorated by increases in wind speed. A
reduction in DMI of ~1 kg/d was predicted when climatic conditions were more
severeln other words, the ADG for animals reared in the season of early raghs mi

be somewhat inflatedf, heifers were consuming the extra 2.3 Mcal ME and 78 g MP
contained in a kilogram of DMwhich is reduced due to prevalent climatic conditions
during this seasorThis means that the interaction of temperature, humidity and sun
exposure limit the intakef forages and the quantity of nutrients available for growth,
even when forage qualiis highest during the early rains

5.2 Analysis of current management and heifer productivity outcomes in GGAVATT
herds

The following sections contain results from theseline simulation analysis of
nutritional constraints identified for heifers born in each of four forage seasons of the
year. The figures summarize expeci®\d/, growth rates, energy supplied from diets
and body tissues, anthe feed nutrient status ofefifers throughout sequential

physiological stages of growth and development (and coinciding seasons of the year).

5.2.1 Season of early rains

Systematic evaluation for the heifers born in the season of early rains (June 1)

is shown in Table. These heifis are generally weaned in the second month of late
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Table 8. Heifers reared in GGAVATATepetzintla herds born in the season of early rains (June 1) under typical nutrition
management: expected body weights, average daily gaidg,vieeight gains allowed by dietary metabolizable energy (ME) and
metabolizable protein (MP), energy requirements (maintenance, growth and pregnancy) and supplies, and feed energy and protein
balances throughout physiological stages of development.

Z8

ltem Prepuberty

Supplemerstion Grazing
Forage seasén L S S N N E L S
Heifer age, mo 35 5-6 6-9 9-10 10-12 12-14 14-17 17-18
Forage DMI, kg/d 2.7 3.1 3.1 3.2 4.6 54 6.9 7.5
Forage ME intake, Mcal/d 55 6.1 6.3 5.8 8.3 11.6 14.0 14.8
Forage MHAntake, g/d 202.0 221.0 226.0 189.0 272.0 417.0 526.0 550.0
Supplement, kg/d 0.5 0.5 1.0 1.0 é é é é
Total DMI®, kg/d 3.2 3.6 4.1 4.2 4.6 54 6.9 7.5
Total dietary enerdy Mcal ME/d 7.0 7.5 9.0 8.9 8.3 11.6 14.0 14.8
Total dietary proteiy g MP/d 2610 269.0 321.0 299.0 272.0 417.0 526.0 550.0
Initial BW, kg 95 125 136 178 188 189 223 272
Mean BW, kg 110 131 157 183 189 206 248 278
Final BW, kg 125 136 178 188 189 223 272 284
Maintenance requiremefits
Energy, Mcal ME/d 4.1 4.8 6.0 6.2 8.2 7.6 9.1 10.8
Protein, g MP/d 152.0 184.0 203.0 217.0 262.0 253.0 327.0 376.0
Nutrients available for growth
Energy, Mcal ME/d 2.1 2.0 2.6 2.1 0.1 4.0 4.9 3.9
Protein, g MP/d 146.0 112.0 134.0 97.0 5.0 162.0 158.0 117.0
Pregnancy requiremerits
Energy, Mcal ME/d é e é é é é é é
Protein, g MP/d é é é é é é é e
Energy allowable gafhkg/d 0.64 0.48 0.50 0.37 0.02 0.53 0.51 0.37
Protein allowable gainkg/d 0.48 0.36 0.44 0.31 0.03 0.54 0.64 0.55
Inputted gaih kg/d 0.48 0.36 0.44 0.31 0.02 0.53 0.51 0.37
Feed energy balantévical ME/d 0.8 0.7 0.4 0.5 0.0 0.0 0.0 0.0
Required % 101.0 98.0 95.0 94.0 88.0 92.0 95.0 100.0
Feed protein balantey MP/d -50.0 -43.0 -33.0 -36.0 -17.0 -17.0 26.0 57.0

Required % 84.0 86.0 91.0 89.0 94.0 96.0 105.0 112.0




Table8 (continwed)

€8

Item Postpuberty Gestation (trimesters)

Grazing 1 2 3
Forage seasfn S N E L S S N N E E
Heifer age 17-21 21-24 24-26 26-29 2932 32-33 3335 3536 36-37 37-38
Forage DMI, kg/d 7.9 6.7 7.6 9.2 9.8 10.2 8.3 8.2 8.6 6.2
Forage ME intake, Mcal/d 15.6 12.0 16.2 18.5 19.5 20.0 15.2 14.6 18.4 13.5
Forage MP intake, g/d 583.0 398.0 588.0 702.0 728.0 753.0 500.0 486.0 668.0 481.0
Supplement, kg/d é é é é é é é é é 15
Total DMIP, kg/d 7.9 6.7 7.6 9.2 9.8 10.2 8.3 8.2 8.6 7.7
Total dietary enerdy Mcal ME/d 15.6 12.0 16.2 18.5 19.5 20.0 15.2 14.6 18.4 17.6
Total dietary proteify g MP/d 583.0 398.0 588.0 702.0 728.0 753.0 500.0 486.0 668.0 616.0
Initial BW, kg 284 318 308 339 384 417 427 412 395 400
Mean BW, kg 301 313 324 362 401 422 420 404 398 401
Final BW, kg 318 308 339 384 417 427 412 395 400 402
Maintenance requiremefits
Energy, Mcal ME/d 11.5 12.5 11.0 125 14.6 15.2 15.5 15.4 13.1 10.9
Protein, g MP/d 397.0 375.0 348.0 429.0 486.0 506.0 455.0 450.0 390.0 335.0
Nutrients available for growth
Energy, Mcal ME/d 4.0 0.0 5.2 6.0 4.8 4.4 0.0 0.0 1.8 0.4
Protein, g MAd 114.0 0.0 155.0 153.0 117.0 107.0 0.0 0.0 58.0 19.0
Pregnancy requiremefits
Energy, Mcal ME/d é e é é 0.1 0.3 0.8 2.0 35 6.1
Protein, g MP/d é é é é 4.0 10.0 26.0 64.0 112.0 206.0
Energy allowable gafhkg/d 0.35 -0.11 0.49 0.47 0.34 0.31 -0.24 -0.59 0.16 0.06
Protein allowable gainkg/d 0.58 0.00 0.75 0.84 0.66 0.69 0.00 0.00 0.48 0.21
Inputted gaih kg/d 0.35 -0.11 0.49 0.47 0.34 0.31 -0.24 -0.59 0.16 0.06
Feed energy balantévical ME/d 0.0 -0.5 0.0 0.0 0.0 0.0 -1.1 -2.7 0.0 0.0
Required % 100.0 91.0 97.0 100.0 100.0 100.0 93.0 84.0 100.0 100.0
Feed protein balanbeg MP/d 72.0 6.7.0 74.0 120.0 122.0 131.0 19.0 -26.0 109.0 51.0
Required % 114.0 102.0 114.0 121.0 120.0 121.0 1040 95.0 119.0 109.0

& Length of grazing time that corresponds to the seasons of forage geawhrains (E), late rains (L), scarce rain (S) and low rain (N).
® Total amount of dry matter intake from grazing forages and consuming commercial concémbratethis applies).



Table8 (continuegl

¢ Energy supplied by the forage diet and commercial concentratestindyeare used

9 Total protein supply in the diet by the forage grazed and commercial concentrates supplemented.

¢ Amount of feed energy thagsults in no net loss or gain of energy from the tissues of the animal body (NRC, 1996).

" Amount of nutrients available from the diet after the maintenance requirements are covered.

9 Nutrients required for gestation. Estimates of the energy requirefoemgsstation during the last 100 days of pregnancy are estimated in the model using
the equations of Bell et al. (1995).

" Amount of body weight gain estimated by the CNCPS based on metabolizable energy available for growth.

f Amount of body weight gainstimated by the CNCPS based on metabolizable protein available for growth.

! Average daily gain adjusted to the energy allowable gain.

k Feed energy balance = energy intake (feed) minus total energy requirements for maintenance, growth (if alloweyt)amog. penerally, a negative
value during a stage of growth represents the expected amount of ME supplied from catabolized tissues to supportdyesal foreghancy. A positive
energy balance signifies extra energy for tissue accretion (growth).

' Feed protein balance = protein intake (feed) minus total protein requirements for maintenance, growth (if allowed) arzy.plegegative value
indicates a decline in the average gtowdte during a stage of growth; the value represéeteimount of MEheededrom catabolized tissues to support
basal functions or pregnancy. A positive energy balance signifies extra energy for tissue accretion (growth).



rains (at three months of age) when they weighed 95 kg. From this juncture BW was
evaluated untithe time of expected calving. Figure 7 describes changes in BW over
this period. Predicted average body weights at puberty, conception and calving were
284, 384, and 402 kg, which were expected to occur at 18, 29 and 38 mo of age. These
results were constent with those typically observed in GGAVATTEpetzintla herds
(GGAVATT, personal communication). The grapktearly shows how growth is
repeatedly arrested during dry seasons, especially duringwheain season when

animals are 10 to 12, 21 to 24 &@®lto 38 months of age (Figure 7; shaded areas).
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Figure7. Predicted growth for heifers born at the onset of the early rains season (June
1). Shaded areas represent periods of nutrient scarcity and consequent constraints on
growth

Figure 8 shows the average daily gains for heifers born in the season of early
rains.The ADG during the prepubertal stage was 0.41 kg/d, whereas predicted growth
during postpuberty and gestation averaged 0.30 and 0.07 kg/d, respectively. The

growth rae, affected by dietary outcomes throughout life, varied faodaily weight
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gain ofabout 0.53 kg/d with supplementation and rotational grazing to daily losses of
0.59 kg for pregnant heifers (seventh month of gestation) grazing continuously

without suppémentation.
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Figure 8. Predicted average daily gains for heifers born in the season of early rains
(June 1).

Figure 9 describes seasonal (annual) variations in nutrient dietary balances
from weaning to calving for heifers receig typical GGAVATT-Tepetzintla dietary
management. Dietary MP during the first stage of development, from 3 to 10 mo of
age, was more limitingMP balances ranged from 9% to 16% below requirements
After 10 mo of ageME began to be therimary dietary costraint on growthME
deficiencies were most severe during the seasofowfrain, resulting in tissue
catabolism to support a shrinking maintenance requirement. In addition, negative
energy balances were aggravated during the second and third trimésgtessation,
which corresponded to months witbw rainfall when fetal requirements begin to
increase exponentially, thus forcing heifers to sacrifice their own development and

maternal tissues to support fetal growth (Figure 10)
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Figure 9. Predicted dietary balances of daily requirements for metabolizable energy
(ME, Dzand metabolizable proteiM@, y) from weaning to first calving for heifers
born in the season of early rains.

The predicted BW at calving for this group of heifers (402 kg) was 5% less
than the weight of 426 kg (38 mo of age) assumed to be typicGIGAVATT-
Genesis herds in central Veracruz (Absaldedina, 2008). GGAVATT-Genesis
heifers are modestly supplemented during the dry season (length of time not
specified), while GGAVAT FTepetzintla heifers only received supplementation at the
end of pregnanc Consequentlyheifers in this study were predicted to lose about 32
kg during the dry season (from the fifth to the seventh month of gestatidmyvere
unable to fully recover lost tissue reserves. Despite supplementation and the good
forage quality amilable during the final month of @gnancy, this group of animals
was expected to weigh only 18 kg more than when they were Brelh (1995)
reported similar stagnated growth during pregnancy in a DP herd (Brown Swiss or
Holstein x Zebu) in Veracruz. In that study, the average weight at mating of Brown

Swiss x Zebu heifers was 363 kg at 25 mo of age. Howevepvitrage weight at
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calving was 365 kg, which was about the same as at mating. This means that DP
heifers grazing low quality forages are often forced to catabolize body tissues in late
pregnancy (i.e.whenfetal growthis rapid. The expected BC&t calving for these
animals was about 2.25, which was inferior to the minimmaoommendedcore of

3.0 (Fox et al., 2003).Therefore, mobilization and insufficient tissue reserves at
calving are expected to restrisubsequentactation performance and lifetimealt

production Deresz et al., 1987 cited by Vilaodoy, unpublished; Vera et al., 1993)
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Figure10. Feed energy intaké)¢partitioned among maintenancd,(growth ¢ ) and
pregnancy ) in different physiological stages oédelopment in heifers born during
the season of early rains (June 1).
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5.2.2Season of late rains

Heifers born in the season of late rains (August 1) are generally weaned in the
season ofcarcerain. Figure 11 shows growth from weaning to calving. Ptedic
body weights at puberty, conception and calving were 279, 383 and 417 kg, which
were expected to occur at 17, 28 and 37 mo of age (BAblEhese outputs were
similar to those reported by GGAVATTepetzintla herd owners (GGAVATT,
personal communicati). Losses in BW are expected during tbe rain season,
when foragebased diets are not supplemented. These weight losses occurred at 19 to

22 and 31 to 37 months of age (Figure 11; shaded areas).
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Figure 11. Predicted growthfor heifers born at the onset of the late rain season
(August 1). Shaded areas represent periods of nutrient scarcity and consequent
constraints on growth.
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