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SUMMARY

Crossbreeding strategy may have a major economic impact in tropical dairy 
production. Important heterosis is the rule, both for productive and adaptive 
traits, particularly in the more stressful environments, so FI of Boa tauAuA x
B. indicia crosses show superior performance in most circumstances. Differences 
between breeds/crosses become more apparent when important components of over
all economic merit are not disregarded, such as herdlife, survival, lactation 
length and milk quality. Given the importance of genotype x environment inter
actions, matching cattle germplasm to other available resources is crucial for 
economic production. A continuous FI heifer replacement scheme may have sound 
economic basis, although other breeding strategies might be preferable depend
ing on circumstances.

INTRODUCTION
Tropical environments may be (generally are) extreme — in the sense of 

limiting dairy production — not only due to ecological and economic factors, 
such as climate, unavailability of concentrates and low quality roughages, but 
also due to poor husbandry practices and lack of industry organization affecting 
cattle nutrition, health, and reproduction. Therefore, mid term economic value 
of adaptation depends on policy, being nil if environmental restrictions were 
to be removed to allow utilization of high yielding European breeds, as some 
argue should be the case and was actually done in Israel (Volcani, 1973), albeit 
in a very special conjuncture. Notwithstanding, if, as in most tropical re
gions, that policy is not implemented for economic or other reasons, then, ad
aptation to sub-optimal conditions becomes an important component of overall 
economic merit, and combining germplasm of European and local breeds may be 
preferable to straightbreeding (e.g. Me Dowell, 1972).

Genotypes considered unproductive for a given socio-economic niche would 
tend to be substituted, so, in a sense, production traits also have adaptive 
value. Several reviews on crossbreeding tropical dairy cattle have been pub
lished (Cunningham and Syrstad, 1987; Katpatal, 1979; Me Dowell, 1985; Nagar- 
cenkar, 1982; Robertson, 1949; Taneja and Bhat, 1986; Turton, 1981; Vaccaro,
1982). Research objectives have changed somewhat, or at least became more 
clearly defined in the last twenty years or so. Thus, the former cannon ques
tion: "which is the optimum level of European blood?" has switched to the more 
relevant "which is the best way to utilize available genetic resources?" 
(Cunningham, 1989; Mahadevan, 1966; Mason, 1974), following the general devel
opment of theory and models to predict crossbred performance (Dickerson, 1969, 
1973; Eisen, 1989).

Since comprehensive reviews are available, I will concentrate in this pa
per on some aspects which I believe should be further stressed, drawing heavily
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from our own Holstein-Friesian (HF) x Guzera (Gu) trial in Brazil, in which six 
contemporary crossbred groups were evaluated at cooperator farms, grouped for 
analytical purposes into "high" and "low” management levels (HML and LML). The 
six groups were: F1, first backcross to Gu (B1G); first (B1H), second (B2H) and 
-5th (HF) backcrosses to HF and in ten ie mated 5/8 HF:3/8 Gu. Selection was 
not practised to avoid counfounding with crossbreeding effects.

ECONOMIC IMPACT
Large differences in economic performance are to be expected from alterna

tive breeding strategies — a fact not always recognized in spite of its impli
cations on policy and planning. Table 1 shows some results from the Brazilian 
trial, in which profit differences remained large under various cost-price 
structures simulated by drastically altering the economic parameters (Madalena 
et al. , 1989b). The FI was the most profitable gpoup in both management levels, 
and for this reason was taken as a reference. FI superiority was more marked

Table 1. Profit per cow per day of herdlife under alternative strategies of 
crossbreeding of Holstein-Friesian (HF) x zebu (Z). From Madalena 
et al. (1990b).

Management level^
"High" "Low"

Price-cost situation A B C D A B C
FI profit, kg/d* 1.8 2.8 3.5 2.5 4.6 5.5 5.1
Strategy percent of F1 performance ■
HF-HF-Z rotation 75 72 84 81 48 51 52
HF-Z rotation 41 53 63 57 59 60 61
Upgrading to HF 75 57 84 80 -21 -12 -10
New breed (5/8 HF x 
3/8 Z).

-18 1 23 14 30 33 34

A: 1980 to 1985 prices (protein not paid for).
B: Fat differential tripled and protein paid at same rate. 
C: Cost of concentrates halved.
D: Beef value of animals doubled.
* profit expressed in kg milk (3.3% fat) = US$ 0.16.
-)• Characteristics of management levels: "High" "Low"

Mean first lactation milk yield, kg 2450 
Mean first lactation length, d 283
Mean first calving interval, d 402
Concentrates fed, kg/cow/d 4.5
All milked 2X, with calf suckling stimulus.

1731
309
561

1.6

D
5.4
47
63
-28
55

in the IML than in the HML. Rotational crossing of HF sires for two gener
ations followed by one generation of zebu sires did not meet previous expecta
tions of a performance similar to the F1 because heterosis was more important 
in the present data than in the results used when the scheme was originally pro 
posed (Madalena, 1981). Nonetheless, this scheme was the second best alterna
tive in the HML. Upgrading to HF was as profitable as the HF-HF-Z rotation in
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the HML, except under the higher fat and protein pricing, which vrould be fairer 
to farmers. However, in the IML, upgrading to HF would have disastrous conse
quences, for reasons discussed below. A new breed developed from inten -6e 
matings would require strong selection to reach the same profitability as the 
F1. Choice of strategy would of course depend not only on performance but also 
on the actual possibilities of implementing each crossbreeding scheme (Madale- 
na, 1989b).

Holman (1989) concluded that dual purpose production Systems utilizing 
crossbreds were likely to be more economical than specialized dairy systems 
based on straightbred Holsteins in Venezuela. European x zebu crosses had bet
ter economic performance than purebreds in the results reviewed by Madalena 
(1986). Vaccaro ( 1982) indicated that crossbreds would tend to be more pro
ductive even when conditions were sufficiently improved to allcw lactation 
yields above 3000 kg. Hegade and Bhatnagar (1985a) reported that profit per 
day of herdlife of 3/4 Brown Swiss x Sahiwal was 83% of the F1 profit, while 
the F2 fell to 43%.

GENOTYPE X  ENVIRONMENT INTERACTIONS
Changes in the relative superiority of breeds and crosses, according to 

energy intake and heat, were suggested by Me Dowell (1972). Barlow (1981) con
cluded that heterosis is generally more important in sub-optimal environments. 
Cunningham (1981) proposed a model for milk yield based on a double interaction 
of both additive and non-additive breed differences by environment, the former 
being more important under less stressful conditions and vice vet-ia. Results 
reviewed by Syrstad (1985) were inconclusive in this respect, except for age at 
first calving. Crossbred group x management level interactions were documented 
for other important traits in the Brazilian trial (Madalena it at., 1990a). A 
brief summary follows.

lactation length and milk yield

Crossbred groups varied in their response to improved management, as 
measured by the differential response in. the "high" and "low” management levels. 
HFs had large increments in lactation length and milk yield as a consequence of 
improved management, while B1G showed a reduction in lactation length and a 
snail increase in yield (Table 2). Thus, HFs had a higher yield potential for 
the more favourable conditions but were unable to sustain lactation under poor 
husbandry, whereas the high zebu grades did not respond to improved environment. 
Breeders claim a more pronounced depressing effect of pregnancy on lactation in 
zebus than in HFs, which could explain the reduced lactation length under the 
better management, but this has not been properly substantiated.

The intiK M  behaved much as the B1G. The F1 also showed reduced lactation 
length in the HML (Table 2), but had the highest yield per day of calving inter
val due to better reproductive efficiency. Short lactation problems in FIs 
have been reported in other studies (Madalena, 1986). Discrepancies might be 
due to the breeds/samples used and the effects of milking practices (Cheah and 
Kumar, 1984). HF x Gir crosses milked without the presence of the calf be
haved similarly to the HF x Guzera of the main trial (Madalena, 1989).

Milk fat and protein content
Estimates of the direct breed additive differences (g) and heterosis (h) 

were obtained by multiple regression (Robison et at., 1981). Heterosis for fat

312



Table 2. First lactation length (LL) and milk yield (MY) of six Holstein 
-Friesian (HF) x Guzera (Gu) crossbred groups. From Madalena et at. 
(1990a)-

Management level Difference
l»High" •1Low" H - L

Crossbred LL MY LL MY LL MY
Group d kg d kg d kg

FI 305 2953 375 2636 -70 317
B1G 211 1396 268 1180 -57 216

Intel ie 191 1401 283 1423 -92 -22
B1H 329 2981 367 2251 -38 730
B2H 295 2821 304 ■1672 -9 1149
HF 365 3147 258 1226 107 1921

BIG = first backcross to Gu. inteA *e = 5/8 HF x 3/8 Gu.
B1H, B2H, HF = first,, second and ̂ 5th backcrosses to HF.
Means based on 14 to 25 observations in the HML and 42 to 57
observations in the IML.

content was detected in the HML but not in the IML. Zebu direct gene effects 
increased fat content in the IML but not in the HML, and increased protein 
content in both levels (Table 3). A trend for a lesser fat content with in
creased European grade has been reported for Holstein-Friesian and Brown Swiss 
crosses with zebu, but not for Jersey crosses (Cunningham and Syrstad, 1987;
Me Dowell, 1985). Heterosis for fat content was small in Jersey x Criollo 
crosses (De Alba and Kennedy, 1985).

Table 3. Estimates of Holstein-Friesian minus Guzera additive differences (g) 
and heterosis (h), for first lactation traits. From Madalena et at.
(1990a).

HML
9
h
IML
9
h
h/g ratios
HML
IML

Yield per day of
calving interval Milk content

Milk Fat Protein Fat Protein

7.79** .31** .22** .03 -.54**4.49** .25** . 16** .91** .16
4.33** . 16** .12** -.83** -.58**4.69** .20** .14** -.05 -.13
.58 .81 .74 29.48 -.29
1.08 1.23 1.16 .06 .23

Significance of slope heterogeneity within management level
★ ★ 

* *

HML, IML: "high", "low" management level. 
* P< 0.05, ** P< 0.05.
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Milk and ccnponent yield per day of calving interval
As may be seen in Table 3, g estimates for milk and component yield per 

day of calving interval were much larger in the HML than in the IML, while h 
estimates were not very different, so the ratios h/g were higher in the more 
stressful environment, thus confirming Cunningham's (1981) model.

DATA EDITING AND ADJUSTMENTS
There is no consensus of opinion in the literature on procedures to handle 

variation in lactation length in analyses of milk yield. Camion procedures are: 
(a) to adjust yield for lactation length; (fa) to delete short lactations, con
sidered "abnormal" and (c) to use all available, non-adjusted observations (Ma 
dalena, 1989a). The consequences of these three procedures were examined in 
preliminary analyses of first lactation yield in the Brazilian trial. As may
be seen in Table 4, excluding short lactations lifts the yield means of the
poorest milking groups, thus attenuating crossbred group effects (De Alba and 
Kennedy, 1985). Regression adjustment has a still more drastic effect, since 
all between group variation in yield associated with lactation length is then 
removed.

Table 4. Frequency of short lactations (<120 d) and lactation yield relative 
to F1 yield, for six Holstein-Friesian x Guzera crossbred groups un
der 3 procedures for computing yield: (a) adjusting for lactation 
length; (fa) excluding short lactations (<120 d); (c) using all obser
vations, non-adjusted. From Madalena <Lt at. (1987).

Management level
"High" "Low"

Short Group yield Short Group yield
Crossbred lacta ( .F1 yield lacta F1 yield
group tions a b c tions a b c

F1 0 100 100 100 0 100 100 100
B1G 12 72 55 47 20 62 54 45

Intet -SC? 19 77 59 47 11 69 58 54
B1H 0 95 101 101 4 85 89 85
B2H 4 98 98 96 9 75 71 63
HF 0 91 107 107 26 67 57 47

In the analysis of variance of yield, procedures (a) and (6) although reducing 
residual variance, resulted in lower F-values for crossbred groups and their iri 
teraction with management level than procedure (c), i.e., more genetic than 
non-genetic variation was removed.

Estimates of g for lactation yield computed by procedures (a), (fa) and (c) 
were respectively 1371, 2783 and 3113 kg in the HML and 960, 1559 and 1749 kg 
in the IML. Corresponding h estimates were 899, 1312 and 1502 kg in the HML 
and 1199, 1872 and 2251 kg in the IML (Madalena at at., 1987).

The above results only exemplify improper use of covariance analysis when 
the covariable is itself affected by the "treatments". The same argument ap-
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plies to the adjustment of yield by age at calving, which is known to be influ
enced by crossbred group (e. g. Cunningham and Syrstad, 1987).

Short lactations are sometimes taken as a pro for abnormalities, when 
causes terminating lactation are not recorded, but it should be noted then that 
crossbred groups vary in their frequencies of abnormal lactations (Madalena at 
at. 1989b). At any rate, the term "abnormal” hardly applies to events occur
ring at the frequencies shown in Table 4. Similarly, in the analysis of cumu
lative yield, disregarding those cows not reaching a given parity prevents full 
evaluation of crossbred group differences associated with herdlife. In any 
case, clear description of editing procedures is essential for the interpreta
tion of results.

COMPONENTS OF ADAPTATION
Finch (1985) reviewed differences between 804 indicui and 8. tauAui in 

their mechanisms to control body temperature. Small differences in rectal tem
perature between F1 crosses and 8. indicai breed's were found in field trials 
(Frisch, 1987; Katpatal, 1979).

Frisch (1987) indicated that resistance of the FI to environmental stresses 
was similar to or approached that or the zebu breed. The stresses were measured 
by rectal temperature, coat type score, bovine infectious keratoconjunctivitis 
score, tick and worm counts and effects of these parasites on gain. Heterosis 
for these traits was not retained in advanced generations of intaA ia mating in 
spite of selection for weight gain. FI crosses of Fleckvieh, Charolais and Chia 
nina x Nellore had higher but manageable tick counts than the Nellore, while the 
new Ibage breed (5/8 Angus: 3/8 Nellore) had dangerously higher counts (Gomes 
at at. 1988). A linear relationship between log tick count and HF grade was 
found in the Brazilian trial, indicating an exponential relationship in the 
untransformed scale (Lemos at at. 1985). However, the differences in tick bur 
dens between the FI and B1G were not very important in practical terms, the 
same applying to other parasites (Table 5).

Table 5. Parasite burdens in six Holstein-Friesian x Guzera crossbred groups.
From: 1. Lemos at at.- (1985). '2. Oliveira (1986). 3. Honer at at.
(1981). 4. Paloschi (1981).

Crossbred Boophtlui VaAmatobia Vtctyocaului TA-ichuAii CoopaAia
group mtcAoptui

(adults)
hominii 
(nodes) 

--- number
vtvtpaAui 
(adults) 

per animal---
diicotoA 
(adults)

ip.
(all forms) 
n x 10̂

F1 71 4.3 12.5 19.1 4.9
BIG 44 4.2 11.3 18.4 11.9

Intai ia 151 3.9 7.6 14.0 14.6
B1H 223 8.8 8.3 10.0 26.1
B2H 282 7.3 11.3 17.7 26.4
HF

Average
501 8.4 6.6 45.0 21.9

std. error 26 1.2 14.6 15.4 n.a.
Reference 1 2 3 3 4

Health disorders appeared to be less frequent in Holstein/Jersey (but not 
Brown Swiss) FI crosses with zebu than in straightbred zebu in India (Singh at 
al., 1986). Zebu crosses had fewer health problems than European cows in
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Louisiana (Hollon and Branton, 1975).
Reproductive efficiency, stayability and survival in stressful environ

ments have in general been higher in FIs than in backcrosses and European or 
zebu parental breeds (Cunningham and Syrstad, 1987; Katpatal, 1979; Me Dowell, 
1972, 1985; Vaccaro, 1973, 1974). Results from the Brazilian trial also indi
cated F1 superiority for these traits (Table 6), which was not retained in the 
inte.1 M  mated group. Mortality was very high for the higher HF grades, as 
also reported in other studies (Amble and Jain, 1967; Madsen and Vinther, 1975; 
Vaccaro at at., 1983; Wilkins et at., 1979). Joviano it at. (1963) found de
creased herdlife with higher Jersey grades above F1, in .'crosses with zebu. 
Hegade and Bhatnagar (1985b) reported longer herdlife in FI than in F2 and back 
crosses of Brown Swiss x zebu.

Table 6. Reproduction and survival up to mean age 6.6 y in six Holstein- 
Friesian x Guzera crossbred groups in "low" management level farms. 
From Madalena <Lt al. (1990b).

Crossbred CULLING2 MORTALITY2
group NC1

n
2.2

AFC1 HL1 heifers COW S heifers C O W S

FI 38.7 29.9 3.4 0.0 1.7 5.1
B1G 2.0 44.4 23.1 8.3 15.0 3.3 3.3

lntc>i -ie 1.6 45.2 18.0 13.8 6.9 10.3 10.3
B1H 2.0 42.1 27.1 1.7 6.9 13.8 6.9
B2H 1.6 45.5 20.0 0.0 11.1 14.8 13.0
HF 1.6 44.3 18.9 5.2 12.1 27.6 13.8

NC: no. of calvings. AFC: age at first calving. HF: herdlife, from 
first calving to end of last lactation. 1: based on 37 to 57 females 
per group. 2: based on 54 to 60 heifers per group, distributed to co- 
operator farms at mean age 22 mo.

In the Brazilian trial, cows in the HML were practically free of parasites 
after calving, and in very good health and condition, so it would appear that 
the main factors limiting HF performance, relative to the F1, might have been 
low heifer growth rate (s 0.4 kg/d) and poor pasture quality. Hunter and Siebert 
(1986) reported that Hereford and Brahman steers had similar dry natter intake 
of poor quality roughages, but the former consumed progressively more than the 
latter as the quality of the diet improved. They suggested a higher energy 
deficit for the Hereford in the poor quality diet, since British breeds have 
higher maintenance requirements than zebus (Frisch and Vercoe, 1984). Other di_ 
gestive and metabolic interactions with genotype were indicated by Preston and 
Leng (1987).

CONCLUDING REMARKS
Heterosis is important for most traits studied in 8. tau'iu-i x 8. ind-ccu-i 

crosses, so FI superiority increases as more components of overall economic 
merit are considered. Herdlife, mortality, lactation length and milk quality 
greatly influence the magnitude of breed differences, which may be underesti
rrated by statistical procedures preventing full expression of between breed/ cross variation.
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The g estimate for profit per day of herdlife was not different from zero 
in the LML of the Brazilian trial, while h was equivalent to 5.8^0.7 kg milk 
per day. In the HML, on the other hand, the corresponding estimates were g = 
5.5-0.4 and h = 3 .2-0.3 (Madalena et a t . ,  1990b). Parasites, diseases and 

underfeeding probably increased the importance of heterosis by diminishing per
formance of the high European grades, as indicated by Frisch (1987). Notwith
standing, other components of heterosis, besides resistance to tropical 
stresses, are suggested by the performance of zebu crosses in temperate regions 
(Cundiff et aC., 1986; Joandet, 1989; Peters and Slen, 1967; Peters and Vesley,
1988).

Given the importance of the genotype x environment interactions, matching 
germplasm to the other resources available is crucial for the design of tropi
cal dairy production systems. Future, rather than present environments, should 
be considered in breeding prograrrmes (Smith, 1989). However, the fact that, at 
a production level of 10 kg milk per day of calving interval, no differences 
were found in this trait between HF, 7/8 HF and 3/4 HF x Gir crosses, indicates 
that in most tropical regions zebu genes may not be a hindrance for dairy pro
duction until husbandry practices are substantially improved (Madalena et al., 
1990b).

The superior performance of the F1 indicates that a scheme of continuous 
F1 heifer replacement may have sound economic basis. In Brazil, this could be 
organized through the existing dairy cooperatives, just as other inputs are. 
Such scheme would be favoured by the new technologies of embryo manipulation, 
if these led to a reduction in cost of the F1 heifer. Other crossbreeding 
strategies may nonetheless be more convenient depending on the particular cir
cumstances involved (Madalena, 1989b).
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