
Near left, calves were 
observed three times each 
week during the trial and 
any signs of illness or 
injury were recorded. 

Rearing 
reduces 

Far left, calves were 
weighed on a portable 
livestock scale at birth, 
weaning, 1 month post- 
weaning and at the con- 
clusion of the trial. 

immunodeficient calves on pasture 
death, production costs 

Barbara Reed o Carolyn Stull o Steven L. Berry P Cynthia Batchelder 

Neonatal calves rely on passive im- 
mune function from the ingestion of 
colostrum to maintain health, be- 
cause the calf's own immune system 
is not fully functional until the age of 
6 to 8 weeks. Blood serum immuno- 
globulin G (IgG) levels are an indica- 
tor of adequate ingestion of high 
quality colostrum. According to a 
1992 analysis of heifer-calf IgG by 
the National Animal Health Monitor- 
ing Systems, approximately 40% of 
U.S. dairy heifer calves are colostrum 
deprived, and 25% of those are se- 
verely deficient in IgG. Adequate co- 
lostrum delivery is the best preven- 
tion against neonatal calf disease. 
Diseases in early life may affect fu- 
ture productive ability and longevity 
of the adult in the herd, causing eco- 
nomic impact to the dairy beyond 
production costs of the heifer calf. 

California's dairies are growing 
larger every year, with farms averag- 
ing more than 600 cows per herd in 
1997. Specialization in tasks performed 
on the dairy occurs along with this ex- 
pansion. Calf rearing is a separate en- 
terprise from the milk harvesting op- 
eration, and may be contracted out to 

' 

professional heifer growers. Tradition- 
ally, newborn calves are reared in in- 
dividual pens, with limited calf-to-calf 
contact, in an effort to reduce disease. 
Calves are not placed into groups until 
after weaning at 8 weeks of age. This 
rearing method is labor and capital 
intensive. 

young calves on pasture is the norm. 
New Zealand uses such a system. 
There, calves are placed in small 
groups when born and nurse from a 
multiple-teat feeder. The calves are 
moved to pasture when they are a few 
days old and progressively merge 
with other, similar age groups of 
calves as they grow. Calves are offered 
shelter from inclement weather, but no 
effort is made to isolate them from one 
another. Dairy producers and profes- 
sional heifer growers in northern and 
coastal California have grass-based re- 
sources that can support this type of 
program. 

two rearing systems: calves mob 
reared on pasture and calves individu- 
ally housed in elevated metal pens. 
Both groups were deficient in passive 

In some parts of the world, rearing 

This on-farm pilot study compared 

immune transfer, as evidenced by low 
IgG levels. The objectives of this study 
were to compare the effects of the two 
rearing systems on growth, morbidity, 
mortality and production costs in im- 
munodeficient dairy calves. 

Pasture versus pen 
The field study took place on a 300- 

cow dairy in the Sacramento Valley 
between April and October of 1997. In 
the spring, 38 colostrum-deprived 
Holstein calves were randomly as- 
signed at birth (by gender) to one of 
two rearing treatments. We compared 
18 calves reared in individual elevated 
metal pens (8 feet by 6 feet) to 20 
calves mob-reared on pasture at a 
stocking rate of approximately 20 
calves per acre. The "pen" calves, al- 
though housed individually, were not 
restrained within the unbedded pens 
and could contact calves in adjacent 
pens. The pen floor was 3 feet above 
the ground, for ease of waste removal. 
Although outdoors, the pen rows were 
covered with a continuous metal 
roof. The pens had been empty for 
more than a year prior to the start of 
the trial. 
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Fig. 1. Cumulative mortality for unweaned 
calves. 
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Fig. 2. Mean weekly maximum and mini- 
mum environmental temperature and hu- 
midity for mob calves on pasture and for 
pen calves. 

According to normal management 
protocol for this farm, calves were fed 
milk withheld from the bulk tank due 
to antibiotic holding times (hospital 
milk), grain and forages up to weaning 
at 65 days of age, when milk was no 
longer offered. We evaluated the 
health and growth of individual calves 
within each group from birth to 4 
weeks past weaning (approximately 94 

days of age). Growth rate and feed 
costs were studied for an additional 70 
days. Within each group, environmen- 
tal conditions were recorded from the 
time the first calf was enrolled until all 
calves were weaned. 

At enrollment, we weighed the 
calves on a portable livestock scale, re- 
corded rectal temperature and mor- 
bidity observations, and collected 
venous blood samples. Pen calves 
were placed in metal pens when en- 
rolled. “Mob” calves were temporarily 
housed as a group for several feedings 
- while they learned to suckle the 
milk feeder - then were moved to 
pasture, usually at 3 or 4 days of age. 
The mob calves were temporarily 
housed in a large wooden shed (15 feet 
by 24 feet with a metal roof and a dirt 
floor covered with crushed almond 
shells). 

The occurrence of diarrhea (loose 
stool, not ranked or scored), respira- 
tory illness (increased respiration rate, 
coughing, panting), nasal or ocular 
discharge (visible mucus, tearing of 
eyes), refused or unfinished milk (ob- 
served not eating or feed remaining; 
refused feed was not measured), lame- 
ness (abnormal gait or favoring a limb 
or hoof), injury (laceration or other ex- 
ternal wound), and calves’ inability to 
stand due to illness were recorded 3 
times per week throughout the study 
period. In addition to the 3-times- 
weekly observations, we collected rec- 
tal temperature and an additional set 
of morbidity observations biweekly 
until weaning. Individual calf weights 
were recorded again at weaning, at 28 
days postweaning and at 165 days af- 
ter the start of the trial. Two techni- 
cians shared responsibility for record- 
ing observations in both animal 
groups and were instructed in stan- 
dardizing the observations. Calves 
that died were submitted to the Cali- 
fornia Veterinary Diagnostic Labora- 
tory at UC Davis for necropsy. 

Climatic temperature and relative 
humidity were monitored continually 
until all calves were weaned, using a 
7-day tracing unit placed at each site. 
We determined maximum and mini- 
mum temperature and humidity from 
continuous 24-hour tracings. 

Feeding and management 
Pen calves received chopped alfalfa 

hay, while mob calves grazed irrigated 
perennial pastures composed of ladino 
clover, annual and perennial ryegrass, 
tall fescue, native bromegrass and 
bermudagrass. Both pen and mob 
calves were allocated a half-gallon of 
hospital milk per head, twice daily un- 
til weaning. Water, grain and forage 
were offered ad libitum. Pen calves re- 
ceived individual feedings in buckets. 
Mob calves, as a group, received grain 
and milk in pasture feeders. Because 
variation in feeding behavior (aggres- 
sion, intake) within the mob treatment 
was anticipated, we minimized intake 
differences, grouping calves by size 
and appetite. 

condition and when consuming ap- 
proximately 2 pounds of grain per 
day. At weaning, mob calves were 
moved into a weaned group (also on 
pasture). Pen calves were moved to a 
dry lot (dirt pen) and fed in similar 
age groups. Once weaned, grain was 
increased to a limit of 5 lb/head/day 
for both groups. Maximum hay con- 
sumption for weaned pen calves was 
limited to 7 lb/head/day. Mob calves 
received ad-libitum access to pasture. 

Paddocks were fenced with a com- 
bination of permanent fencing and 
portable electric fencing. A portable 
water tank was provided for mob 
calves because they did not have ac- 
cess to larger permanent stock tanks. 
We calculated purchased feed and 
pasture production costs. Animals in 
both groups received medical treat- 
ments according to standard farm pro- 
tocol. If necessary, farm personnel iso- 
lated calves for treatment, then 
returned them to their group follow- 
ing recovery. Antibiotic treatment 
costs were recorded. 

Blood analysis 

quantified serum IgG concentrations 
from blood collected within 5 days of 
birth. Transfer of passive immunity 
was classified by IgG concentration. 
Less than 1,600 mg/dl was considered 
inadequate passive immune transfer. 

Calves were weaned based on body 

Radial immunodiffusion techniques 
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Calves need some training to use the feed- 
ing equipment. After a few days in groups 
of two or three, calves can be moved into 
groups of 10 or more, depending on the 
capacity of the equipment and calf feeding 
behavior. Groups should be matched for 
size and appetite. 

Statistical analysis 
Temperature was analyzed using 

factorial ANOVA (GLM). Morbidity 
data was analyzed using the nonpara- 
metric Mann-Whitney tests 
(NPARlWAY). Mortality data was 
analyzed using the Cox Proportional 
Hazards Model (PHREG). 

Passive immune transfer 
When calves are properly fed high 

quality colostrum, normal IgG levels 
should be above 1,600 milligrams per 
deciliter (mg/dL). The mean serum 
IgG levels for the pen and mob calves 
were 867.9 f 143.4 mg/dL and 859.3 f 
132.1 mg/dL respectively, and did not 
differ significantly ( P  > 0.05). Thus the 
trial was performed on a majority of 
calves that had not ingested or had 
failed to absorb sufficient quantities of 
immunoglobulins from colostrum and 
were similar to severely colostrum- 
deprived calves in the NAHMS study. 
Trial calves were more susceptible to 
infectious pathogens than calves with 
adequate IgG intake. Mean rectal tem- 
peratures between the groups did not 
differ significantly; they were 101.8"F 
f 1.O"F and 102.1"F f 1.O"F for pen and 
mob calves respectively ( P  > 0.05), and 
were within a normal nonfebrile range 
of 101.5"F f 1°F. 

Mortality and morbidity 

20% for pen and mob calves respec- 
tively. Mortality occurred in the first 
10 weeks and 4 weeks of life for pen 

Cumulative mortality was 44% and 

and mob calves, respectively (fig.1). 
Although not statistically different ( P  
= 0.14) between groups, the risk of a 
calf death occurring was 40% lower in 
the mob group according to the Cox 
Proportional Hazards Model. In this 
pilot study, small animal numbers ob- 
scured statistical differences between 
groups. The average age at death for 
the pen calves was 36 days, more than 

twice that of mob calves at 15 days. No 
mob calves died between 4 weeks of 
age and the termination of the morbid- 
ity and mortality data collection pe- 
riod at 4 weeks postweaning. One calf 
in the mob group died (presumptive 
diagnosis: bloat) outside the data col- 
lection period at 5 months of age. 

The extremely high mortality rates 
in this trial demonstrate the enormous 
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This portable feeder can accommodate 
10 calves and can be easily towed by a 
4-wheel all-terrain vehicle (ATV). Any 
other needed supplies can be taken out 
to the paddock in the same trip. 

risk that calves face when there is fail- 
ure of passive immune transfer. Un- 
fortunately, a large percentage of dairy 
farms have inadequate colostrum de- 
livery programs, and average U.S. 
dairy heifer calf mortality rates are 
close to 9%, according to NAHMS 
data. Most well-managed commercial 
dairy calf-raising operations limit mor- 
tality rates to less than 5%. 

We performed necropsies on 7 of 
the 12 calves that died. Necropsies 
could not be performed on the remain- 
ing five calves because of poor carcass 
condition. Confirmed causes of death 
for the pen calves included Esckerickiu 
coli septicemia (n = 2), pneumonia (n = 
1) and navel ill (n = 1). Thin body con- 
dition was noted in two of the 
necropsy reports for the pen calves 
and none for the mob calves. Con- 
firmed cause of death for the mob 
calves included Esckerichia coli septice- 
mia (n = 2), pericarditis and intestinal 
abcesses (n = 1). Pneumonia and septi- 

cemia are common causes of death for 
calves with failure of passive immune 
transfer. 

Morbidity was evaluated by per- 
cent incidence of diarrhea, respiratory 
illness, lameness, injury and ocular/ 
nasal discharge in similar-age cohorts 
from birth to weaning (65 days), and 
for the groups without regard to age 
(table 1). The only significant differ- 
ences were a greater percent incidence 
of respiratory illness (0.5 months of 
age; P = 0.02) and lameness (2.5 
months of age; P = 0.03) in pen calves. 
Both pen and mob groups averaged 
five medical treatments per calf from 
birth to weaning. Because the type and 
expense of treatment depended on the 
drugs used, and costs were averaged 
over surviving calves, the mob per-calf 
treatment cost was $0.25 less than for 
the pen calves, from birth to weaning. 
A study comparing pen-grouped and 
individually housed immune-competent 
calves conducted at the University of 
Delaware showed similar morbidity 
results, although mortality in both 
control and treatment groups was 
much lower. In that study, calves 
reared in group pens had fewer days 
on medication than did hutch-reared 
calves. 

Environmental conditions 

the production period were signifi- 
cantly different ( P  < 0.05) between 
pasture and pen locations. Figure 2 
shows weekly averages for tempera- 
ture and humidity. Mob calves were 
subjected to 30% greater daily varia- 
tions in temperature and humidity 

Daily environmental conditions for 

during the production period. Greater 
daily environmental variation for mob 
calves on pasture could precipitate a 
greater incidence of disease, but no 
such effect was seen in this trial. Tran- 
sient morbidity differences between 
mob and pen calves were observed 
for certain age groups, but not be- 
tween the groups over the entire trial 
( P  > 0.05). 

Mob calves had some natural shel- 
ter from trees and hedgerows, but no 
permanent housing. Because this trial 
was conducted during the late spring 
and summer months, shades or other 
shelter were not provided. Early in the 
trial, mob calves were given tempo- 
rary shelter in the enrollment shed 
during rain. If calves are to be pas- 
tured on a regular basis during wet, 
cold weather, shelter should be pro- 
vided. These costs would be added to 
capital expense. The ability of young 
calves to maintain body temperature is 
crucial for health, and calves need to 
remain dry to maintain normal body 
temperature. 

Nutrition and daily gain 
The nutrient analysis of the mob for- 

ages showed a lower acid-detergent fi- 
ber level and slightly higher protein and 
fat than pen forage (alfalfa hay) (table 2). 
Lower acid-detergent fiber levels indi- 
cate higher digestibility of forage. 
Calves were weaned based on body 
condition and feed consumption. Aver- 
age age at weaning was 65 days for pen 
calves and 67 days for mob calves. Table 
3 shows calf body weight during the 
trial. Average daily gains from birth to 
weaning were 0.94 f 0.34 lb/day and 
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0.95 f .36 lb/day for pen and mob 
calves respectively, and were not sig- 
nificantly different ( P  > 0.05). We cal- 
culated cost per pound of gain by di- 
viding total feed costs by total weight 
gain for the period. Although weight 
gains were comparable for both 
groups of unweaned calves, at $0.211 
lb of gain versus $0.33/lb of gain, mob 
calves had 36% lower feed costs per 
pound of gain than pen calves. Cost 
savings were due to the lower cost of 
forages (table 4). 

Average daily gain for the 28 days 
following weaning was greater ( P  < 
0.05) for mob calves at 2.0 f 0.8 lb/day 
compared to 1.1 f 0.7 lb/day for pen 
calves. Forage quality and ad-libiturn 
rate of intake were factors contributing 
to gain. Limiting intake of purchased 
forages for pen calves did not result in 
savings when compared to pasture 
production costs. Mob feed costs per 
pound of gain were 64% lower than 
pen costs during this period ($0.28/lb 
of gain versus $0.78/lb of gain for mob 
and pen calves respectively). Average 
daily gain for the period from 1 month 
postweaning to approximately 165 
days of age was not significantly dif- 
ferent ( P  > 0.05), with a gain of 1.6 f 
0.6 lb/day and 1.8 k 0.4 lb/day for pen 
and mob calves respectively. Mob feed 
costs per pound of gain were 47% 
lower than pen costs during this pe- 
riod ($0.32/lb of gain versus $0.61 
cents/lb of gain for pen and mob 
calves respectively). Mob pasture pro- 
duction costs were $36/ton, compared 
to pen alfalfa hay costs of $llO/ton 
plus the added labor and equipment 
needed to chop it. Over the entire trial 
(165 days), cost/lb of gain averaged 
$0.28 for the mob calves compared to 
$0.58 for the pen calves. The average 
daily gain was 1.2 f 0.2 lb/day and 1.5 
f 0.3 lb/day for the pen and mob 
calves respectively ( P  < 0.05). 

Labor and equipment 
Nearly $8 in labor was saved per 

mob calf from birth to weaning (table 
5). Because mob calves are handled as 
a group, labor inputs are similar 
whether there are 5 or 25 calves. In the 
Delaware study, labor per calf per day 
for group-pen calves was one-tenth of 
that for the hutch-reared calves. This 

of computerized feeding equipment 
for pen-grouped calves. When mob 
capital inputs are cost averaged over a 
group of calves, portable fencing, milk 
feeders and watering troughs cost al- 
most $5 less per calf than capital input 
of pen calves, which includes portable 
hutches, livestock paneling and buck- 
ets. After weaning, costs were similar 
because weaned pen calves were 
placed in groups in dry-lot pens. 

Practical implications 
Newborn immunodeficient calves 

can be successfully mob reared on pas- 
ture without increasing their risk of 
morbidity or mortality compared to 
calves reared in individual pens. How- 
ever, some provision should be made 
for sheltering calves in wet weather. 
Using the mortality risk and death loss 
in this trial, and a calf value of $1 per 
pound of live weight, reduced death 
losses would save the producer in this 
pilot study (rearing 200 calves a year 
on pasture) more than $7,000. Even 
considering the expense of sheltering 
calves, the benefits of reduced mortal- 
ity risk can easily offset building and 
material costs. 

In hot weather, mob calves sought shade 
under oaks or next to hedgerows. Young 
calves should have some protection from 
wet, cold weather if they are managed on 
pasture in winter and spring months when 
rain is likely. 

For producers with pasture avail- 
able, mob rearing has potential to be- 
come a part of California’s dairy calf- 
rearing program, and significant 
savings can be realized because of 
lower feed, labor and equipment costs. 
In this trial, $63 per calf was saved in 
labor, housing and feed. That trans- 
lates into savings of $12,500 per year 
for 200 calves. Mob rearing should not 
be a substitute for good management, 
but it could be used in conjunction 
with high-quality colostrum feeding, 
excellent sanitation and frequent calf 
observation. 

regulations are putting pressure on 
dairies to reduce animal numbers and 
manure loading rates. Moving heifer 
production out of confinement and 
into extensive production systems 
may increase the use of this type of 
rearing system and improve animal 
waste loads on dairies. 

Beyond cost savings, environmental 
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As a preliminary demonstration 
project, funding limited the scope of 
variables that could be measured and 
reported here. Continued research of 
this type on a larger scale will help 
further define the potential benefits of 
a mob-rearing system and should in- 
clude additional stress and infection 
measurements, such as white blood 
cell counts, neutrophi1:lymphocyte ra- 
tios, and acute phase proteins. 
~ ~ ~ ~~ 

B. Reed is Farm Advisor, UCCE Glenn 
County; C. Stull is Animal Welfare Spe- 
cialist, Veterinary Medicine Extension, 
UC Davis; S.L. Berry is Dairy Extension 
Specialist and C. Batchelder is Graduate 
Student, Department of Animal Science, 
UC Davis. 

ing dairy farm and the Western Region 
Sustainable Agriculture Research and 
Education Program for funding support 
for this project. Statistical support was 
provided by Neil Willits, Ph.D., in the 
Division of Statistics, using SAS 6.12 

The authors wish to thank the cooperat- 

(1 995-96). 

Further reading 
Kung L, Demarco S, Siebenson LN, et al. 

1997. An evaluation of two management sys- 
tems for rearing calves fed milk replacer. J 
Dairy Sci 80:2529-33. 

McDonough SP, Stull CL, Osburn BI. 
1994. Enteric pathogens in intensively reared 
veal calves. Am J Vet Res 55(11):1516-9. 

Stull CL, McDonough SP. 1994. Multi- 
disciplinary approach to evaluating welfare of 
veal calves in commercial facilities. J Anim 
Sci 72:2518-24. 

Thurmond MC. 1986. Epidemiologic ap- 
proaches used in a herd health practice to in- 
vestigate neonatal calf mortality. Prev Vet 
Med 4:317-28. 

USDA: APHIS: Veterinary Services, Na- 
tional Animal Health Monitoring System. 
1996. Part 11-C: Heifer Health. In Dairy '96, 
Part II: Changes in the US. Dairy Industry: 
1991-1996. Fort Collins, CO: USDA APHIS 
Veterinary Service. 

USDA: APHIS: Veterinary Services, Na- 
tional Animal Health Monitoring System. 
1994. Part II: Dairy Heifer Morbidity, Mortality, 
and Health Management Focusing on 
Preweaned Heifers. National Dairy Heifer 
Evaluation Project. Fort Collins, CO: USDA 
Animal and Plant Inspection Service Veteri- 
nary Service. 

USDA: APHIS: Veterinary Services, Na- 
tional Animal Health Monitoring System. 
1993. Part I: Dairy Herd Management Prac- 
tices Focusing on Preweaned Heifers. Na- 
tional Dairy Heifer Evaluation Project. Fort 
Collins, CO: USDA APHIS Veterinary 
Service. 

Several fungicides control 
powdery mildew in peppers 
Richard F. Smith D Steven T. Koike o Mike Davis 
Krishna Subbarao a Frank Laemmlen 

In the early 199Os, powdery mil- 
dew became a recurring problem 
on chili peppers and bell peppers 
in all production districts in Cali- 
fornia. Growers were initially un- 
prepared to deal with the disease. 
Research has shown that several 
fungicides can control this dis- 
ease. Sulfur is most effective as a 
preventive fungicide. In variety tri- 
als, four experimental varieties 
were significantly less suscep- 
tible to powdery mildew than the 
standard commercial variety. Ge- 
netic resistance is likely to even- 
tually be incorporated into com- 
mercial bell pepper varieties. 

Powdery mildew infects many crops, 
ornamentals and weeds commonly 
found in California. The pathogen is 
able to infect 710 host species from 59 
plant families, and has been recorded 
around the world. It was noted on bell 
peppers in Israel in the 1950s, but did 
not occur on bell peppers in the 
United States until 1976, when it ap- 
peared in Florida. In 1983 it appeared 
in California in the Santa Clara Valley. 
The disease was not a production 
problem in California until 1992, when 
it infected numerous fields in the 
coastal production districts from San 
Benito County to Ventura County and 
caused losses of up to 50% to 60%. Af- 
ter 1992, pepper powdery mildew 
spread to the San Joaquin Valley and 
the desert production districts, and 
now it can be found in all major pep- 
per production areas of the state. 

is unique among powdery mildews 
because of its internal growth habit. 
The fungal hyphae grow inside the 
host tissue, rather than on the surface 
of the leaf tissue, as is common with 

Leveillula taurica (= Oidiopsis taurica) 

powdery mildews that infect most 
other plants. The fungus typically in- 
fects the older leaves first and can be 
seen with the naked eye when masses 
of the spore-bearing structures (conid- 
iophores) extend out of the leaf tissue 
and appear as typical white, fuzzy 
powdery mildew growth. 

The conidiophores are most often 
seen on the under sides of pepper 
leaves; however, when infection is se- 
vere, they can also be observed on the 
upper sides of the leaves. The spores 
of pepper powdery mildew, unlike 
most other powdery mildew types, 
contain sufficient water for growth, 
and as a result can germinate at rela- 
tively low humidities. For instance, 
they can germinate at relative humidi- 
ties of 40% to 90%, with the optimum 
being 90%. The additional water that 
the spores contain makes them suscep- 
tible to bursting in the presence of free 
water in the environment from sources 
such as rain or sprinkler irrigation. 

Pepper powdery mildew is typi- 
cally observed at first harvest. How- 
ever, during years of severe infection, 
it may be seen earlier in the growth 
cycle. If left uncontrolled, powdery 
mildew can affect a majority of the 
leaves on the plant. Severe infection 
causes yellowing of the leaves and 
subsequent defoliation of the plant, 
exposing pepper fruit to sunburn 
damage. Losses from sunburned fruit 
can range from 50% to 60%. 

Pepper powdery mildew is an on- 
going problem in the coastal produc- 
tion districts because of favorable hu- 
midities and temperatures. However, 
in years with favorable weather condi- 
tions, the disease can cause significant 
damage in all pepper production dis- 
tricts, including the desert and San 
Joaquin Valley. This disease caused 
particularly severe losses in the early 
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