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Observations on some cardiopulmonary effects of midazolam, xylazine and
a midazolam/ketamine combination in the goat

G F Stegmanna

INTRODUCTION
Xylazine is commonly used in rumi-

nants as a sedative or as an adjunct to
ketamine anaesthesia5,18. For sheep and
goats the use of xylazine represents an
extra-label use of the drug. There are,
however, unpublished observations from
practising veterinarians that mortalities
may be associated with the use of this
drug in small stock. Published reports
also indicate adverse effects such as
hypoxaemia in the goat9 and lung oe-
dema in the sheep20. Alternatively, xyla-
zine may be used as an anaesthetic
adjunct in combination with ketamine to
obtain anaesthesia10. The popularity of
the benzodiazepines as anaesthetic ad-
juncts is increasing as a result of their mild
cardiovascular effects, and its combined
use with ketamine is recommended for
old and debilitated animals5. Midazolam
hydrochloride is a water-soluble benzo-
diazepine salt, the free base being highly
lipid soluble, with low solubility in water.
It exerts a dose-dependent sedative-

hypnotic effect in the goat, and may be
combined with ketamine for induction of
anaesthesia17. The purpose of this investi-
gation was to compare the effects of
midazolam, xylazine and a midazolam/
ketamine combination on cardiovascular
and respiratory function in the goat.

MATERIALS AND METHODS
Six adult, castrated male goats of indige-

nous (nondescript) origin were used.
The body mass varied between 28.5 and
47.5 kg. The mean body mass for the
6 goats was 41.5 kg. The right carotid
arteries were previously surgically trans-
located17 to a subcutaneous position in the
jugular groove to facilitate arterial blood
collection.

The doses to be used for midazolam hy-
drochloride (Dormicum, Roche) and
ketamine hydrochloride (Anaket, Cen-
taur) were first determined in a pilot trial.
For the investigation, the anaesthetic
agents were administered to the goats in a
randomised 3-way block design. Each
animal therefore received all treatments
with at least a 7-day interval between
treatments. The agents were injected
intravenously (iv) into the jugular vein

after venipuncture with a 20G teflon
catheter (Jelco, Johnson & Johnson). Xyl-
zine hydrochloride (Rompun, Bayer) was
administered at a dose of 0.05 mg/kg,
midazolam hydrochloride at 0.6 mg/kg
and ketamine at 5 mg/kg.

For the investigation the goats were
starved of food and water for a period of
12 hours. The goats were manually immo-
bilised in lateral recumbency. A face mask
was placed over the mouth and nostrils
and an airtight seal obtained with the aid
of cotton wool placed in the inter-
mandibular space, and a glycerine lubri-
cating jelly (KY Lubricating Jelly, Johnson
& Johnson) around the edges of the mask.
The face mask was connected to a physio-
logical multi-parameter airway gas
monitor with side-stream spirometry
(Capnomac Ultima, Datex Instrumen-
tarium Corporation, Helsinki) for the
measurement of the tidal volume (VT),
minute volume, ventilation rate and
end-tidal CO2 concentration (ETCO2).
The apparatus was calibrated for the flow
rate and analysis of gas. The VT/kg was
calculated as: mean body mass/mean VT.
The arterial blood pressure and electro-
cardiogram (ECG) were measured with a
physiological multi-parameter monitor
(Cardiocap II, Datex Instrumentarium
Corporation, Helsinki). The arterial blood
pressure was measured after percuta-
neous puncture of the carotid artery with
a 20G intravenous cannula (Medican,
Medical Specialities). The ECG was
recorded with a 3-limb lead attached on
the 2 front limbs and a hind limb using
disposable electrodes. Arterial blood sam-
ples were collected anaerobically in 2.5 m
plastic, heparinised syringes, and stored
in iced water. A pH/blood-gas analyser
(ABL3, Radiometer, Copenhagen) was
used to measure the blood-gas variables.
The arterial partial pressure for oxygen
(PaO2) and carbon dioxide (PaCO2)
were corrected for body temperature. The
analysis was performed within 2 h of col-
lection. Arterial oxyhaemoglobin satura-
tion was measured with an oximeter
(OSM3, Radiometer, Copenhagen) with
extinction coefficients for caprine blood.
Observations on the cardiovascular and
respiratory variables were made 5 min
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ABSTRACT
Xylazine, midazolam and a midazolam/ketamine combination were administered to 6
goats in a randomised 3-way block design. All goats received all treatments with at least a
7-day interval between treatments. Statistically significant (P < 0.05) changes were
observed in some of the measured cardiopulmonary variables for xylazine and midazolam/
ketamine. Xylazine administration resulted in statistically significant decreases in minute
volume, arterial partial pressure of oxygen, heart rate and mean arterial blood pressure. The
increase in arterial partial pressure of carbon dioxide was not statistically significant. For the
midazolam/ketamine combination, the decrease in tidal volume was statistically signifi-
cant, but not the decrease in minute volume and increase in arterial partial pressure of car-
bon dioxide. The decrease in the arterial partial pressure of oxygen was also statistically
significant. The mean arterial blood pressure for the combination was statistically signifi-
cantly higher compared to xylazine. The changes in cardiopulmonary variables after
midazolam administration were not statistically significant, such as tidal and minute vol-
ume, arterial partial pressure of oxygen and carbon dioxide. However, clinically significant
effects such as hypoventilation and hypoxia were observed after its administration. The
change in mean arterial blood pressure was minimal.
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before administration of the drugs, and at
5 min intervals for 15 min after drug
administration. The baseline measure-
ments were only made once the animals
relaxed after instrumentation, although
minimal resistance or resentment to the
physical immobilisation was encountered
for the baseline measurements. It was ob-
served that application of the face mask in
conscious goats resulted in an increase in
blood pressure, therefore the cardiovas-
cular and arterial blood gas measure-
ments were made before application of
the face mask. Body temperature was
measured before drug administration
and after 15 min. The investigation was
carried out in a temperature-controlled
room that varied between 18 and 20 °C.

Data analysis
Variability of data was expressed by the

standard deviation (±SD), and was re-
corded at each sample collection point.
Data were analysed for statistically signif-
icant differences with a 1-way repeated
measures analysis of variance. When
significant differences were found, the
Tukey all pairwise multiple comparison
test was performed to identify signifi-
cantly different samples for the venti-
latory and cardiovascular variables. For
ordinal data or when the values failed the
normality or equal variance test, the
Friedman repeated measures analysis of
variance on ranks was used. Significantly
different samples were further analysed
with Dunnett’s test. Significance was
accepted at a confidence level of 95 %. A
personal computer was used to analyse
the data with SigmaStat for Windows,
version 2 (Jandel Corporation).

RESULTS
The mean and standard deviation

(±SD) recorded for ventilation, arterial
blood-gas and cardiovascular variables
are reported in Tables 1, 2 and 3, respec-
tively. Changes in the following mean
ventilatory variables were statistically
significant (P < 0.05). For xylazine, the de-
crease in tidal volume at 10 and 15 min
and the minute volume over the 15-min
observation period, the mean ETCO2 con-
centration for midazolam was signifi-
cantly higher (P < 0.05) compared to
xylazine over the 15 min treatment period
(Table 1). For midazolam/ketamine the
decrease in tidal volume at 10 and 15 min
and the minute volume at 15 min were
statistically significant. The ETCO2 con-
centration for midazolam/ketamine was
significantly higher compared to xylazine
over the 15-min treatment period (Table
1). The mean VT/kg for the conscious goats
was 12 m /kg. The minimum and maxi-
mum mean VT/kg for midazolam was 7

and 9 m /kg; for xylazine 7 and 8 m /kg;
and for midazolam/ketamine 4 and
10 m /kg, respectively.

The following changes in mean arterial
blood-gas variables were statistically
significant (P < 0.05): for xylazine the
increase in PaCO2 at 10 and 15 min, the
decrease in PaO2 and oxyhaemoglobin
saturation over the 15-min observation
period. The PaO2, oxyhaemoglobin satu-
ration and standard base excess for
midazolam differed significantly (P <
0.05) from xylazine over the 15-min obser-
vation period (Table 2). For midazolam/
ketamine the decrease in pH and PaO2

was statistically significant over the
15 min observation period, and the arte-
rial oxyhaemoglobin saturation at 5 min.
The pH, PaO2, oxyhaemoglobin satura-
tion and standard base excess for midazo-
lam/ketamine were significantly different
(P < 0.05) from xylazine over the 15-min
treatment period (Table 2).

The following changes in cardiovascu-
lar variables were statistically significant
(P < 0.05) after drug administration: for
xylazine the decrease in heart rate over
the 15-min observation period, the de-
crease in diastolic and systolic arterial
blood pressure at 10 and 15 min, and the
decrease in mean arterial blood pressure
over the 15-min observation period. The
heart rate and diastolic blood pressure for
midazolam were significantly different
(P < 0.05) compared to xylazine over the
15-min treatment period. For midazo-
lam/ketamine the increase in heart rate at
5 min, and the decrease in systolic arterial
blood pressure at 10 and 15 min were
statistically significant. Compared to
xylazine, the heart rate and mean arterial

blood pressure for midazolam/ketamine
were significantly higher (P < 0.05) over
the 15-min treatment period (Table 3). No
ECG abnormalities were observed after
the administration of midazolam or
midazolam/ketamine over the 15-min
observation period. Following xylazine
administration, large increases in the
arterial blood pressure were observed
within 60 sec, and lasted for less than
5 min. During this hypertensive period
3rd-degree atrio-ventricular heart blocks
were observed in some goats.

The mean body temperature remained
unchanged at 38.6 ± 0.4 before and 38.6 ±
0.4 °C after midazolam; 38.4 ± 0.5 before
and 38.4 ± 0.5 °C after midazolam/keta-
mine. With xylazine the temperature de-
creased from 38.8 ± 0.2 to 38.6 ± 0.3 °C.

DISCUSSION
Values obtained for ventilation vari-

ables in this investigation varied from the
reference values recorded for conscious
goats6 and anaesthetised goats16. The
mean baseline (conscious) tidal volume of
12.7 m /kg or 527 m /goat obtained in this
investigation may indicate a considerably
higher value compared to the resting ref-
erence value of 300–350 m /goat6, as no
reference was made to the body mass of
the goats. The mean ventilation rate of 18
breaths/min that was obtained is in agree-
ment to the reference value of 20
breaths/min6. In the anaesthetised goats,
the mean venti lat ion rate of 16
breaths/min for both midazolam and
xylazine at 15 min was in accordance with
the reference16. The minimum tidal
volume of 4 m /kg obtained with the
midazolam/ketamine combination at
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Table 1: Mean and standard deviation (SD) of ventilatory variables in goats before and after
intravenous midazolam, xyalazine and midazolam/ketamine administration.

Time (min)

Variablea Drugb –5 +5 +10 +15

VT mdz 528 (171) 292 (193) 293 (101) 373 (214)
xyl 448 (102) 298 (98) 327 (158)* 339 (111)*
m/k 573 (223) 413 (144) 164 (67)* 272 (120)*

f mdz 18 (5) 20 (4) 23 (9) 16 (7)
xyl 22 (6) 20 (6) 18 (8) 16 (9)
m/k 17 (6) 23 (15) 18 (12) 19 (8)

VE mdz 10.5 (5.6) 7.8 (3.5) 7.2 (4.5) 6.3 (4)
xyl 10.6 (4.2) 6.1 (2.3)* 5.3 (1.2)* 5.1 (2.2)*
m/k 10.1 (5.2) 8.1 (6.0) 6.3 (3.1) 5.9 (2.9)*

ETCO2 mdzc 5.8 (0.6) 5.1 (0.9) 4.7 (0.9) 5.4 (0.4)
xyl 5.5 (0.5) 4.9 (2.6) 4.2 (1.8) 4.1 (1.3)
m/kd 5.5 (0.6) 5.8 (1.0) 5.6 (1.0) 5.5 (0.7)

*Statistically significant (P < 0.05) change from the baseline.
aVT = tidal volume (m ); f = ventilation rate (breaths/min); VE = minute volume ( /min); ETCO2 = end-tidal carbon
dioxide concentration (%).

bmdz = midazolam; xyl = xylazine; m/k = midazolam/ketamine.
cSignificantly (P < 0.05) higher for midazolam compared to xylazine over the treatment period.
dSignificantly (P < 0.05) higher for midazolam/ketamine compared to xylazine over the treatment period.



10 min was considerably less than the
7–8 m /kg previously reported16. The max-
imal tidal volume of 14 m /kg that was ob-
tained with the midazolam/ketamine
combination at 5 min is in excess of the ref-
erence value16, and was probably mea-
sured before the full onset of anaesthesia.
The variation between the minimum and
maximum VT/kg was also the greatest for
this group. The large tidal volumes ob-
served could be the result of apneustic
breathing seen with ketamine3.

After midazolam administration, the
minute volume continued to decrease
over the 15-min observation period (Table
1). During the first 10 min a small increase
in ventilation rate was associated with a
decrease in the tidal volume, and was
probably a reflex response to the decrease
in the minute volume and tidal volume.
The ETCO2 continued to decrease for
10 min and could indicate ventila-
tion/perfusion abnormalities, as the
PaCO2 changed very little from baseline
during this period (Table 2). Hypoxaemia
was observed as the PaO2 decreased by
27 % to 7.0 kPa at 5 min. The arterial oxy-
haemoglobin saturation followed a simi-
lar pattern as the PaO2. The baseline
arterial blood-gas values obtained in this
investigation varied in some aspects from

previously published studies, although
references to conscious values in goats are
limited14. Of interest was the reference
PaO2 of 6.2 kPa (43.25 mmHg), which
agreed with the low baseline values re-
corded before midazolam (9.5 kPa) and
xylazine (8.5 kPa) administration in this
investigation. As hypoxia normally
would serve as a powerful respiratory
stimulant, it failed to do so after midazo-
lam administration. In humans midazolam
inhibits the central respiratory drive4 and
respiratory depression is the most signifi-
cant adverse effect during conscious
sedation15. The mean arterial blood
pressure remained stable during this
period, although a small decrease (7 %)
occurred (Table 3). The systolic and dia-
stolic arterial blood pressure reported for
conscious goats are 16 and 11.2 kPa (120
and 84 mmHg), respectively6, and are in
agreement with the baseline measure-
ments made in this investigation. The
maximal increase in heart rate 5 min
after midazolam administration did not
coincide with the maximal decrease in
arterial blood pressure at 15 min, and may
therefore not be a reflex compensatory
response to the decrease in arterial blood
pressure. Alternatively, the decrease in
heart rate may have been the result of

hypnosis, although it is expected that the
heart rate would also decrease immedi-
ately after its administration. The increase
in heart rate following midazolam was in
agreement with previous observations in
the goat17 and calf12. In the dog, midazo-
lam resulted in a small increase in heart
rate and mean arterial blood pressure.
Cardiac output increased, while contrac-
tility and peripheral vascular resistance
decreased8. In humans midazolam pre-
serves the baroreceptor response to
hypotension11, which would enable the
reflex increase in heart rate in response to
a decrease in blood pressure.

Xylazine resulted in a decrease in minute
volume, PaO2 and arterial oxyhaemoglo-
bin saturation, and an increase in
PaCO2, which indicated the magnitude of
hypoventilation induced by this agent. Of
significance was the simultaneous in-
crease in PaCO2 and the decrease in
ETCO2. The former was probably the re-
sult of hypoventilation, and the latter
from a decrease in cardiac output, ventila-
tion-perfusion mismatch, intrapulmo-
nary shunts or a combination thereof. The
statistically significant increase in the
PaCO2 is in contrast to previous studies
where no increase was found with
xylazine in sheep2, or with a xylazine/
ketamine combination10. No explanation
for the low baseline mean PaO2 of 8.5
±1.4 kPa before xylazine administration
could be found, and this may have influ-
enced the values obtained after xylazine
administration. Peripheral muscle relax-
ation induced by either xylazine or
midazolam may in addition reduce
ventilatory muscle function, and contrib-
ute towards the reduction in tidal volume
as observed in this investigation. The
hypoxia observed in this investigation is
in agreement with previous investiga-
tions in the goat9 and sheep1. In addition,
xylazine may cause pulmonary oedema
in sheep20. The hypoxaemia observed in
this investigation after the administration
of xylazine could therefore indicate that a
combination of hypoventilation and
intrapulmonary mechanisms was possi-
bly responsible for the hypoxaemia.
Xylazine is an �1 and �2 adrenoceptor
agonist that also acts extrasynaptically on
�2 receptors in vascular smooth muscle to
cause vasoconstriction19. In sheep an
increase in airway pressure is reported,
which is an indication of altered pulmo-
nary mechanics, i.e. dynamic lung com-
pliance or an increase in airway
resistance2,13. In addition, it may possibly
increase pulmonary vascular resistance.
The former will result in reduced alveolar
ventilation, and the latter in increased
pulmonary arterial pressure. In either
case it will result in hypoxaemia and an
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Table 2: Mean and standard deviation (SD) of arterial blood gas variables in goats before
and after intravenous midazolam, xyalazine and midazolam/ketamine administration.

Time (min)

Variablea Drugb –5 +5 +10 +15

pH mdz 7.37 (0.03) 7.39 (0.09) 7.32 (0.08) 7.36 (0.02)
xyl 7.43 (0.07) 7.39 (0.13) 7.39 (0.06) 7.43 (0.18)
m/kc 7.42 (0.1) 7.23 (0.2)* 7.25 (0.2)* 7.32 (0.2)*

PaCO2 mdz 4.7 (0.3) 5.1 (0.4) 5.1 (0.4) 4.7 (0.4)
xyl 4.4 (0.7) 5.1 (0.3) 5.6 (0.4)* 5.5 (0.7)*
m/k 5.4 (1.8) 6.1 (1.7) 5.9 (2.0) 5.7 (1.9)

PaO2 mdz 9.5 (1.0) 7.0 (1.5) 7.1 (0.6) 7.7 (0.6)
xyld 8.5 (1.4) 4.2 (1.5)* 4.4 (1.5)* 4.5 (1.3)*
m/ke 10.4 (1.5) 7.4 (1.6)* 7.9 (0.7)* 7.6 (1.4)*

HCO3 mdz 19.5 (0.8) 20.0 (0.6) 19.0 (1.4) 18.8 (1.3)
xyl 20.9 (0.6) 22.0 (1.1) 22.9 (2.6) 23.4 (1.7)
m/k 20.7 (1.2) 19.1 (1.9) 20.3 (0.9) 18.2 (2.5)

SBE mdzf –4.7 (1) –1.3 (7.4) –6.2 (3.5) –5.6 (1.3)
xyl –2.7 (1.2) –0.3 (5.8) 0.5 (5.8) 3.0 (10.7)
m/kg 1.0 (11.7) –8.1 (5.9) –7.8 (5.7) –2.1 (9.7)

SAT mdz 93.2 (0.9) 85.5 (9.5) 85.9 (4.1) 88.6 (1.9)
xylh 92.6 (1.6) 53.7 (19.8)* 57.1 (20.3)* 59.1 (18.4)*
m/ki 94.3 (1.7 83.3 (9.2)* 87.4 (3.6) 85.6 (6.0)

*Statistically significant change from the baseline.
aPaO2 = partial pressure of oxygen in arterial blood (kPa); PaCO2 = partial pressure of carbon dioxide in arterial
blood (kPa); SBE = standard base excess; SAT = arterial oxygen haemoglobin saturation; HCO3 = bicarbonate.

bmdz = midazolam; xyl = xylazine; m/k = midazolam/ketamine.
cMidazolam/ketamine significantly (P < 0.05) different from xylazine over the treatment period.
dXylazine significantly (P < 0.05) different from midazolam over the treatment period.
eMidazolam/ketamine significantly (P < 0.05) different from xylazine over the treatment period.
fMidazolam significantly (P < 0.05) different from xylazine over the treatment period.
gMidazolam/ketamine significantly (P < 0.05) different from xylazine over the treatment period.
hXylazine significantly (P < 0.05) different from midazolam over the treatment period.
iMidazolam/ketamine significantly (P < 0.05) different from xylazine over the treatment period.



increase in the alveolar-arterial oxygen
partial pressure difference. Arterial
hypoxaemia and pulmonary oedema (as
observed in sheep20) may possibly be the
result of pulmonary hypertension. In
sheep minimal changes in pulmonary
vascular resistance and pulmonary
arterial pressure occurred after the
administration of a xylazine/ketamine
combination3. The effect of xylazine on its
own on the latter 2 variables in the goat is
not known. With xylazine the decrease in
mean arterial blood pressure and diastolic
blood pressure was statistically signifi-
cant and corresponded with decreases in
blood pressure observed in sheep1. The
decrease in arterial blood pressure is
probably the result of the decrease in
heart rate and the presynaptic activation
of �2-adrenoceptors resulting in periph-
eral vasodilatation. The effect of heart rate
and peripheral vascular resistance was re-
flected in the magnitude of the decrease
in blood pressure, 32 % for the diastolic
blood pressure and 24 % for the mean
arterial blood pressure. Both the mini-
mum systolic and diastolic blood pressure
values recorded for xylazine in this inves-
tigation were within the reported limits
for anaesthetised goats16. The combined
effect of hypoventilation, hypoxia and
hypotension would strongly suggest that
the supplementation of oxygen after the
administration of xylazine to goats is ad-
visable, and that the use of this agent in
compromised goats is not recommended.

Midazolam/ketamine resulted in hypo-
ventilation characterised by a decrease in
minute volume and tidal volume. The
mean tidal volume of 164 m was the low-

est value obtained during this investiga-
tion for all 3 agents and probably
coincided with the time of maximal
anaesthetic depth. The changes in the
ETCO2 followed a similar pattern to the
changes in the PaCO2 during this period,
but in contrast to the direction of changes
with xylazine, that may indicate
improved pulmonary gas exchange. The
increase in heart rate was probably the ac-
tion of the ketamine. Ketamine is known
to support arterial blood pressure and in-
crease heart rate by sympathetic stimula-
tion7. The only statistically significant
change in the acid-base balance was ob-
served after midazolam/ketamine admin-
istration (Table 2) and was associated with
a small increase in the PaCO2, indicating a
metabolic acidosis. It is possible that the
hypoxic ventilatory drive may have in-
creased ventilation and therefore only re-
sulted in the relatively small increases in
the PaCO2 and ETCO2. The decrease in
standard base excess to –7.8 confirmed
the existence of metabolic acidosis. The
baseline pH for the goats observed in this
study is much lower compared to a previ-
ous study10, but the magnitude of the de-
crease in pH is similar after a
atropine/diazepam/ketamine combina-
tion. The reported decrease in the stan-
dard base excess was also small in
comparison to the decrease observed in
this study.

The administration of xylazine to the
goats resulted in statistically significant
changes in the ventilatory and cardiovas-
cular variables. For midazolam the
changes in the cardiovascular and
ventilatory variables were not statistically

significant. The mean arterial blood
pressure was maintained. However,
hypoventilation was sufficient to result in
hypoxia and oxyhaemoglobin desatura-
tion. For the midazolam/ ketamine combi-
nation, statistically significant changes
occurred in pulmonary variables. The
changes in the cardiovascular variables
were not statistically significant, and
maintained within acceptable clinical
limits.
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Table 3: Mean and standard deviation (SD) of cardiovascular variables in goats before and
after intravenous midazolam, xyalazine and midazolam/ketamine administration.

Time (min)

Variablea Drugb –5 +5 +10 +15
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m/k 10.9 (1.9) 11.1 (2.4) 10.8 (3.0) 10.4 (3.4.)

MAP mdz 13.8 (1.4) 13.4 (1.1) 13.1 (1.2) 12.8 (2.1)
xyl 14.3 (1.3) 11.8 (1.2)* 11.0 (1.4)* 10.9 (1.6)*
m/kf 14.2 (2.0) 13.8 (2.8) 12.6 (3.3) 12.2 (3.1)

*Statistically significant (P < 0.05) change from baseline.
aHR = heart rate (beats/min); SAP = systolic blood pressure (kPa); DAP = diastolic blood pressure (kPa); MAP =
mean arterial blood pressure (kPa).

bmdz = midazolam; xyl = xylazine; m/k = midazolam/ketamine.
cXylazine significantly (P < 0.05) different from midazolam over the treatment period.
dMidazolam/ketamine significantly (P < 0.05) different from xylazine over the treatment period.
eXylazine significantly (P < 0.05) different from midazolam over the treatment period.
fMidazolam/ketamine significantly (P < 0.05) different from xylazine over the treatment period.
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Book review — Boekresensie

Grass for dairy cattle

Edited by J H Cherney and D J R Cherney

1998. CABI Publishing, CAB International, Wallingford, UK, 403 pp., hard cover. £60.00 ($110.00). ISBN 0 85199 288 9.

In response to the current interest in environ-
mental and economic sustainability of dairy farms,
grass forage crops have emerged as potential
solutions to some of the nutrient management
challenges now encountered on intensively-
managed dairy farms. On the other hand, inten-
sive grass management can generate additional
management concerns, such as excess potassium
in dry cow diets. This book focuses specifically on
the grass family and secondarily on grass-legume
mixtures. The expansion and reintegration of
grass-based systems will require a major paradigm
shift involving economic, social and ecological as
well as biological factors.

In this book, the role of grass in milk production

in sustainable agricultural ecosystems is exam-
ined. The book provides an up-to-date assessment
of the breeding, management, storage, feeding
and economics of grass for both lactating and
non-lactating dairy cows, including a summary of
the current role of grass in dairy cattle systems.
Chapters focus on highlighting the state of the art
in specific topical areas of grass for dairy cattle.

This book is an essential reference source for ad-
vanced students, researchers, scientists, farmers,
nutritionists and advisors in forage and dairy
cattle nutrition.

G E Schroeder
Xantah Research Farm

Pretoria


