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ABSTRACT

Experiments during 4 years examined the diets selected, growth, and responses to N supple-
ments by Bos indicus-cross steers grazing summer-rainfall semi-arid C4 Astrebla spp. (Mitchell
grass) rangelands at a site in north-western Queensland, Australia. Paddock groups of steers
were not supplemented (T-NIL), or were fed a non-protein N (T-NPN) or a cottonseed meal
(T-CSM) supplement. In Experiment |, young and older steers were measured during the late dry
season (LDS) and the rainy season (RS), while steers in Experiments 2—4 were measured through
the annual cycle. Because of severe drought the measurements during Experiment 3 annual cycle
were limited to T-NIL steers. Pasture availability and species composition were measured twice
annually. Diet was measured at |-2 week intervals using near infrared spectroscopy of faeces
(F.NIRS). Annual rainfalls (I July—30 June) were 42—68% of the long-term average (471 mm), and
the seasonal break ranged from 17 December to 3 March. There was wide variation in pasture,
diet (crude protein (CP), DM digestibility (DMD), the CP to metabolisable energy (CP/ME) ratio)
and steer liveweight change (LWC) within and between annual cycles. High diet quality and steer
liveweight (LW) gain during the RS declined progressively through the transition season (TS) and
early dry season (EDS), and often the first part of the LDS. Steers commenced losing LW as the
LDS progressed. In Experiments | and 2 where forbs comprised <15 g/kg of the pasture
sward, steers selected strongly for forbs so that they comprised 117-236 g/lkg of the diet.
However, in Experiments 3 and 4 where forbs comprised substantial proportions of the pasture
(173-397 g/kg), there were comparable proportions in the diet (300—396 g/kg). With appropriate
stocking rates the annual steer LW gains were acceptable (121-220 kg) despite the low rainfall.
The N supplements had no effect on steer LW during the TS and the EDS, but usually reduced
steer LW loss by 20-30 kg during the LDS. Thus during low rainfall years in Mitchell grass
pastures there were substantial LW responses by steers to N supplements towards the end of
the dry season when the diet contained c. <58 g CP/kg or c. <7.0g CP/M] ME.

Keywords: dietary protein, digestibility, faeces, forbs, grazing, near infrared spectroscopy,

protein supplements, rangelands, steers.

Introduction

Rangelands in the seasonally dry tropics are characterised by a distinct, and often brief,
summer rainy season (RS) followed by an extended dry season. Tropical C4 grasses grow
and mature rapidly, and when senesced are highly fibrous, with low contents of meta-
bolisable energy (ME) and key nutrients such as nitrogen (N) and phosphorus (Winks
1984; Minson 1990; Hogan 1996). In northern Australia, C4 Mitchell grass (Astrebla spp.)
rangelands comprise about 0.45 million km? generally within the 250-550 mm rainfall zone
with usually fertile alkaline cracking clay soils, and are important for cattle and sheep
production (Christian et al. 1952; Orr 1975; Orr and Phelps 2013a; Cowley et al. 2018).
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Below-average and variable rainfall resulting in short rainy
seasons with extended dry seasons, especially in years with a
late seasonal break, are major limitations to cattle growth and
productivity.

Cattle productivity per head in Mitchell grass rangelands
is generally considered higher than in most other rangeland
regions in the seasonally dry tropics of northern Australia
(Weston 1988; McLennan et al. 1999; Bortolussi et al. 2005).
This is associated with generally fertile soils and senesced
Mitchell grass pastures in semi-arid regions tending to main-
tain their nutritive value more than do pastures in higher-
rainfall (e.g. >600 mm) areas such as the northern speargrass
(Heteropogon spp.) and Aristida—Bothriochloa rangelands
(Weston and Moir 1969; McGowan et al. 2014). However,
dry-season rainfall can cause major spoilage and rapid loss of
the amount and nutritive value of standing Mitchell grass
pastures (Blake 1938; Davies et al. 1938; Orr 1975). Cattle
management to achieve high productivity accommodates high
between-year variation in rainfall and pasture growth through
moderate stocking rates and timely adjustments of herd
numbers in response to rainfall and pasture conditions.

Mitchell grass pastures contain other perennial and annual
grasses and numerous dicotyledonous herbaceous forbs, with
considerable variation in their frequency and biomass among
years. Where there is winter rainfall or low grass biomass
owing to low summer rainfall and/or heavy grazing, forbs
may comprise a substantial proportion, or even dominate, the
sward (Lorimer 1978; Orr et al. 1988; Cobon and Carter 1994;
Orr and Phelps 2013b). Many forb species are palatable to
sheep and cattle, and are generally higher in nutritive value
than are grasses, especially during winter (Hall and Lee 1980;
McMeniman et al. 1986a, 1986b). Sheep often strongly select
for forbs, so that forbs can comprise a substantial part of the
diet even when they comprise only a small proportion of the
pasture (Lorimer 1981; McMeniman et al. 1986a, 1986b,
1989; Pritchard et al. 1986; Orr et al. 1988). The general
lesser ability of cattle than sheep to select higher-quality
pasture components, including in semi-arid environments in
southern Australia (Wilson 1976; Graetz and Wilson 1980)
and Africa (Fianu 1982), suggests that forbs are likely to
comprise a lower proportion of cattle diets than sheep diets.
The limited data available (Coates and Dixon 2007; Dixon
et al. 2007a; Cowley et al. 2018) suggest that the forbs often
contribute to the diet of cattle, but more thorough knowledge
of the diets of cattle grazing Mitchell grass pastures through
seasonal cycles, and especially the contribution of forbs, is
needed.

Nitrogen is usually the first limiting nutrient in the diet of
cattle grazing senesced grass pastures in the seasonally dry
tropics. Numerous pen studies with cattle fed low-quality
grass hays have reported large increases in forage intake and
reduced liveweight (LW) loss, or occasionally increased LW
gain, in response to N supplements, including to N provided
as non-protein N (NPN; Hennessy and Williamson 1990;
Kennedy et al. 1992; Dixon and Mayer 2021). The CP and
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the CP:ME) in senesced tropical grass pastures, and in the
diet of cattle grazing such pastures, are usually low (Winks
1984; Minson 1990; Hogan 1996). Non-protein N supple-
ments have reduced the dry season LW loss by up to c. 35 kg
in growing cattle and breeder cows grazing senesced pastures
in the higher rainfall (>600 mm) northern speargrass and
Aristida—Bothriochloa pasture regions of northern Australia
(Winks et al. 1979; Holroyd et al. 1988; Dixon 1998; Coates
and Dixon 2008a; Dixon and Coates 2010; Dixon et al. 2011).
Also sheep fed Mitchell grass hays in pens (Stephenson and
Hopkins 1978; Stephenson et al. 1983), or grazing senesced
Mitchell grass pastures (Stephenson et al. 1981; McMeniman
et al. 1982), have often responded to N supplements.
However, there is no information based on replicated
research on the responses of cattle grazing Mitchell grass
pastures to N supplements.

The present study was conducted to provide quantitative
information on the diet and the growth of steers, and their
responses to N supplements, when grazing Mitchell grass
pastures in north-western Queensland in northern Australia.
Livestock production on many of these rangelands has
changed in recent decades from primarily Merino wool pro-
duction to beef cattle. Hence, a better understanding of the
nutrition and production of cattle is needed, particularly with
respect to the differences in diet selection and in the nutri-
tional demands for cattle growth rather than wool. The study
also examined the extent and timing of responses of growing
steers to N supplements, and the extent to which these
responses could be predicted from diet CP and diet CP:ME.

Materials and methods

Experimental site and cattle

The study was conducted on Toorak Research Station, 50 km
south of Julia Creek, north-western Queensland (21°2’S,
141°48’E). The site was representative of Astrebla spp. pas-
tures in the northern more summer-dominant rainfall pattern
of this pasture system in western Queensland, Australia. The
treeless pasture was dominated by Mitchell grasses (predom-
inantly Astrebla lappacea (Lindl.) Domin) and Flinders
grasses (Iseilema spp.), and a diverse range of leguminous
and non-leguminous herbaceous forbs on grey, cracking, self-
mulching clay soils. Long-term (1913-2000) mean annual
rainfall was 471 mm, with 84% (394 mm) occurring during
summer (November-March), and the median date of the
seasonal break (>50mm rain within a 3-day interval;
Rainman 4.3 database, 2000) was 10 January (day of year
from 1 January in the preceding year (DOY) 375; Table 1).
During the 5years (1996/1997-2000/2001) before the
study commenced, annual rainfall ranged from 76 to 134%
of the long-term mean, and the November-March rainfall
was 80-90% of the annual rainfall. Because the experimental
paddocks had been moderately grazed during these years,
the pastures were in good condition.
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The experimental cattle comprised four annual drafts of
Droughtmaster type steers (c. 5/8 Bos indicus X 3/8 Bos
taurus cross) from the Swans Lagoon Research Station herd
near Ayr, northern Queensland, in the northern speargrass
region. Steers were relocated to the research site 2-4 months
before introduction to the experiments to allow adaptation.

Experimental design and treatments

The study was designed as a randomised block to examine
three nutritional treatments, each with two paddock repli-
cates for three annual cycles. The six 128 ha paddocks were,
on the basis of soil type and topography, considered as two
blocks, and the three paddocks within each block were
allocated to one of three treatments during each annual
cycle. It was planned to graze two age groups of steers in
each paddock, with introduction of a new draft of the young
steers and disposal of the older age-group steers at the end
of each RS. The number of steers per paddock in each new
draft was calculated at the end of the RS based on pasture on
offer, with assumptions that steers consumed 20 g pasture
DM/kg liveweight (LW) per day, and that 600kg/ha of
residual pasture was required 10 months after assessment.
The study commenced in August 2001. Rainfall below the

Table I.

long-term average during the three RS in the 2001/2002,
2002/2003 and 2003/2004 summers (Table 1) led to mod-
erate to low pasture production. Thus, a reduced number of
steers only of the young age group were introduced in the
replacement drafts commencing at the end of the RS in
Experiments 2, 3 and 4. Furthermore, from June 2003 to
March 2004 during Experiment 3, the experimental pad-
docks were destocked because of very low pasture availabil-
ity. Given the differences among annual cycles in rainfall
and numbers of cattle, and the need to destock during
8 months of one annual cycle, the study was regarded as a
series of separate experiments (Experiments 1-4).

The commencement and termination dates, numbers of
steers, and their initial LW and body condition scores for
each experiment are given in Table Al. The experimental
paddocks were not grazed during the RS, rainy-to-dry tran-
sition season (TS) and early dry season (EDS) before
Experiment 1 commenced on 3 August 2001 and continued
until 23 March 2002. Cattle in each paddock comprised
12 steers initially c. 1.6 years old (YO) and six steers initially
c. 2.6 YO. In subsequent years, only younger steers initially
c. 1.2YO were used. Experiment 2 commenced on 23 March
2002 with 12 steers and continued until 1 April 2003.
Experiment 3 commenced on 2 April 2003 with six steers

Rainfall (mm) at the experimental site during the experiment and long term at the Julia Creek Post Office. The seasonal break was

considered as the first rainfall event of at least 50 mm over 3 days after the | September. The day of year (DOY) of the seasonal break was the

day from the | January within each experiment.

Month 2000/2001 2001/2002 2002/2003 2003/2004 2004/2005 Long-term
Pre-experiment Expts | & 2 Expts 2 & 3 Expts 3 & 4 Expt 4 mean|913-2000

July 0 | 0 0 0 8

August 0 0 0 0 I 2

September | 0 0 0 5 6

October 51 41 0 0 10 17

November 94 13 0 9 12 31

December 201 54 0 35 66 69

January 28 68 17 166 110 122

February 67 51 41 98 8l 114

March 68 9 142 0 0 58

April 0 0 0 0 0 18

May 0 0 0 0 24 16

June 0 0 0 0 0 I

Total 510 236 200 308 319 471 (s.d. 184)

Date of seasonal break 31/12/2000 17/12/2001* 03/03/2003® 09/01/2004< 08/01/2005° 10 January

DOY 366 DOY 351 DOY 427 DOY 374 DOY 373 DOY 375 (s.d. 73)

A52 mm on the 17 December 2001, preceded by 37 mm on the 28 October 2001 and three other scattered falls each <7 mm, total 17 mm.
142 mm on the 3 March 2003, preceded by 28 mm on the 9 February 2003 and nine other scattered falls each <I | mm, total 30 mm.

€57 mm on the 9 January 2004, preceded by 31 mm on the 29 December 2003 and three other scattered falls each <7 mm, total 12 mm.
P50 mm on the 8 January 2005 with no preceding rain, followed by 14 mm on the 20 January.
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per paddock, but with only 200 mm summer rainfall in
2002/2003 and no further rain, the paddocks were des-
tocked on 24 June 2003. Then, until 22 March 2004, steers
given the T-NIL treatment and five additional similar steers
that had also not been fed supplements (n = 17 in total)
grazed an adjacent 256 ha paddock with similar soil and
pasture species, but a higher pasture availability. Experiment
4 commenced on 23 March 2004, with 18 steers per paddock,
and continued until 11 April 2005. The three paddocks
within each block were initially randomly allocated to treat-
ments, and each treatment was imposed in each paddock
during Experiments 1, 2 and 4.

The three treatments consisted of no supplement (T-NIL),
or supplements of loose mineral mix, to provide principally
NPN offered ad libitum (T-NPN), or a restricted amount of
cottonseed meal (T-CSM). Supplements were fed through the
TS, EDS and late dry (LDS) seasons until the seasonal break.
The T-NPN supplement comprised (g/kg air-dry) 350 cotton-
seed meal, 300urea, 290 salt (sodium chloride) and
60 ammonium sulfate, and contained 165 g N/kg DM with
87 of the N as NPN. This supplement contained (g/kg DM)
111 sodium, 14.5 sulfur, 4.0 phosphorus and 1.6 calcium. The
NPN supplement was offered twice weekly, and the voluntary
intake was measured from the amounts of supplement DM
offered and refused. The DM contents were determined by
drying at 60°C to constant weight. The CSM supplement was
offered twice weekly at intervals of 3 and 4 days in open
troughs (> 0.25 m trough space per steer) in amounts equiva-
lent to 400 g air-dry per steer per day (g/steer day), and 28 g
N/steer day, and was always consumed promptly. On average
this supplement contained 914g DM/kg as-fed CSM, and
(g/kg DM) 77.2 N, 4.8 sulfur, 1.9 sodium, 12.7 phosphorus
and 2.6 calcium, and an estimated 11.5MJ ME/kg DM.
Supplements were fed from shortly after the commencement
of each new draft of cattle through to the seasonal break.

Pasture and animal measurements

Pasture yield and species composition were estimated in
May in the TS and October in the LDS of each annual
cycle using Botanal, with 400-500 quadrat (0.5 X 0.5m)
estimates in a grid pattern per paddock on each occasion
(Tothill et al. 1992). Herbaceous forbs were classified as
likely palatable or unpalatable to cattle according to
Cunningham et al. (1981) and Milson (2000), and as C3 or
C4 plants according to Cobon and Carter (1994) and Sage
(2016). Each 4-5 weeks, steers were mustered to yards in the
late afternoon, fasted overnight with access to water, and
weighed the following day. Faecal samples were obtained by
rectal sampling when the cattle were weighed, and also from
fresh dung pats in each paddock at 2 week intervals between
musters in Experiments 1-3, and at weekly intervals in
Experiment 4. To ensure that faecal samples from steers in
the T-CSM treatment were representative of the diet forage,
faeces were sampled on Days 3 or 4 after feeding the CSM
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supplement when the faeces would have comprised princi-
pally undigested residues of the forage ingested and little
undigested CSM residue (Dixon and Coates 2005). Faecal
samples from individual steers were bulked within paddocks,
and in Experiment 1 also within steer age groups, and stored
frozen.

The annual cycle was considered as the following four
seasonal intervals:

(i) the TS from 1 April until 31 May (DOY 91-151) for
60 days,

(ii) the EDS from 1 June until 31 August (DOY 152-243)
for 90 days,

(iii) the LDS from 1 September (DOY 244) until the seasonal
break, and was for 107, 183, 130 and 129days in
Experiments 1-4 respectively,

(iv) the RS from the seasonal break until 31 March (DOY 90),
and was for 104, 28, 81 and 80 days in Experiments 1-4
respectively.

Laboratory analyses and calculations

Faecal samples were oven dried (65°C) and then ground
(1 mm screen, Model 1093 Cyclotec mill, Foss Tecator AB,
Hoganas, Sweden). For NIR analyses, samples were re-dried
(65°C) and scanned (400-2500 nm range) using a monochro-
mator fitted with a spinning cup module (Foss 6500,
NIRSystems, Inc., Silver Spring, MD, USA). Chemometric anal-
ysis used ISI software (Infrasoft International, Port Matilda,
PA, USA), with global H values calculated as (Mahalanobis
distance)?/f), where f is the number of factors in the model
(Shenk and Westerhaus 1991). Calibration equations devel-
oped for northern Australian pastures (Coates 2004; Coates
and Dixon 2008b, 2011; Dixon and Coates 2009; R. M. Dixon,
unpubl. data) were used to measure the diet CP concentration,
diet DM digestibility (DMD), the proportion of non-grass in
the diet and the N concentration of faeces. Because no browse
was available in the experimental paddocks, the component
measured by near-infrared spectroscopy of faeces (F.NIRS) as
non-grass must have comprised forbs, and hence this term is
used throughout this paper. The diet ME content (M/D)
was calculated as: M/D = (0.172 X DMD%) — 1.707 (CSIRO
2007). The daily LW change (LWC) of the steers between
successive measurements of steer weight was calculated as
the change since the previous measurement. The voluntary
intake of pasture DM was calculated from the ME requirement
by steers to achieve the measured LWC on each occasion the
steers were weighed, and the contents of ME and forbs in the
diets following CSIRO (2007) equations.

Statistical analyses

The effect of steer age and supplement treatments on the
diet attributes in Experiment 1 was examined as a 2 X 3
factorial by ANOVA on each of the 3 days within the LDS
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and RS when faecal samples were obtained separately from
the age groups. Similarly, the effects of the supplement
treatments on the diet attributes in Experiments 2 and 4
were examined by ANOVA for each of the seasons in each
annual cycle on each of the days when faecal samples were
obtained. The effects of each of the seasons (RS, TS, EDS and
LDS) and year (Experiments 1-4) on diet attributes, pasture
intake and steer LWC were analysed in the steers not fed
supplements (T-NIL treatments) by a one-way ANOVA,
using paddocks as replicates. For all analyses, the paddock
treatment groups were considered as independent replicate
experimental units. Analyses were performed using GENSTAT
(release 18.1, VSN International, Hemel Hempstead, UK).
Means were compared when appropriate using Fisher’s pro-
tected Ls.d. test. Linear regression was used to examine the
changes with time in each of the diet attributes, and of DM
intake and LWC, first within seasons and, when appropriate,
combined across seasons.

Results

Rainfall and pasture measurements

During the 4years of the study, the annual rainfall was
only 50, 42, 65 and 68% of the long-term rainfall, whereas
seasonal breaks ranged from 17 December 2001 to 3 March
2003 (Table 1).

Pasture available varied throughout the study (Table 2).
In the TS, forbs comprised only 13-15 g/kg of the pasture in
Experiments 1 and 2, but 324 and 173 g/kg in Experiments
3 and 4, respectively. These high forb proportions were
associated with a low availability of grasses (296 and
1062 kg/ha in Experiments 3 and 4 respectively), and fol-
lowed only a moderate pasture availability in May 2002. In
Experiments 1 and 2, the most frequent forb species present in
quadrat measurements were Rynchosia minima (Rynchosia)
and Sida spp. (Table 3). In Experiments 3 and 4, when forbs
comprised a higher proportion of the pasture, there was a
greater variety in forb species, the most frequent being

Boerhavia spp. (Tar vines), Cleome viscose (Tick weed),
Ipomoea and Polymeria spp., Sida spp., Streptoglossa adscen-
dens (Mint bush), Tribulus terrestris (Caltrop) and Alysicarpus
rugosus (Chain pea).

Supplement intake

The T-CSM-treatment steers consumed their supplement
within a few hours of being fed each 3rd or 4th day, and
thus consumed the equivalent of 366 g DM and 28 g N of
CSM per day. In Experiment 1, the voluntary intake of the
loose mineral mix supplement (T-NPN) averaged 95g
DM/steer.day and 16g N/steer.day (Fig. 1a) during the
LDS; thus the intake of NPN-N was 55% of CSM-N. In
Experiments 2 and 4 the NPN supplement intakes increased
progressively through the TS, EDS and LDS seasons. During
the LDS the T-NPN steers consumed on average 46 and 38 g
N/steer.day in Experiments 2 and 4 respectively (Fig. 1b, c);
thus, the intake of supplementary N in the T-NPN steers was
164% and 136% that in the T-CSM steers.

Diets selected by steers

During the LDS in Experiment 1, steer age had no significant
(P > 0.05) effect on any of the diet attributes (Table A2). In
contrast, during the RS when no supplements were fed, the
diet CP, DMD and CP:ME, and the faecal N concentration
were all higher (P < 0.05 or P < 0.01) in younger steers,
indicating that the older steers selected diets of lower
nutritional quality. However, despite these statistical signif-
icances, the differences were likely to be too small to have
had any important nutritional consequences on these high-
quality RS diets.

There were effects of supplementation on the F.NIRS-
measured diet attributes during the LDS of Experiment 1.
Averaged across both age groups, both supplements
increased (P < 0.05 or P < 0.01) diet CP (from 42.7 to
49.8 and 55.0 g/kg), and diet CP:ME (from 5.8 to 6.7 and
7.5g CP/MJ ME), for the T-NIL, T-NPN and T-CSM diets
respectively (Table A2). The diet DMD and forbs contents

Table 2. Availability of components (kg DM/ha) of pasture measured on each occasion in each experiment by using Botanal procedures.

Measurement Expt | Expt 2 Expt 3 Expt 4
May 2001 May 2002 Oct. 2002 May 2003 May 2004 Sep. 2004
Yield (kg/ha)
Astrebla spp. (Mitchell grasses) 1685 946 983 261 684 186
Iseilema spp. (Flinders grasses) 820 49 43 29 328 0
Other grasses 96 72 55 6 50 38
Herbaceous forbs 35 17 14 142 247 43
Litter and inert plant material 0 27 53 | 121 139
Total 2636 11l 1148 439 1430 406

Values are the means for the six paddocks.
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Table 3.
quadrats (mean of six paddocks) in each experiment (Expt).

The photosynthetic pathway group (C3 or C4), the expected palatability, and the percentage frequency of forb species present in

Species C3/C4 Expected Expt | Expt 2 Expt 3 Expt 4
palatability May 2001 May 2002  Oct. 2002  May 2003  May 2004  Sep. 2004

Leguminous species
Alysicarpus rugosus C3 P 7 5 <l 12 <l <l
Cullen cinereum C3 P <l <l <l | | <l
Desmodium spp. C3 Var | 2 <l <l <l <l
Glycine falcate C3 P | <l <l 4 <l <l
Indigofera spp. C3 Var <l <I <l 4 <I <l
Rhynchosia minima C3 P 18 2 <l 4 3 <l
Other legumes - Var <l <I <l 8 <I <I

Non-leguminous species
Abutilon spp. C3 up <l <l <l 2 <l <l
Amaranthus mitchellii C4 P <l <l <l 2 3 2
Boerhavia spp. C4 P <l 6 4 14 22 13
Cleome viscose C3 uUpP <l <l <l I 29 19
Commelina ensifolia C3 P <l <l <l <l <l <l
Flaveria australasica C4 uP <l <l <l 6 3 |
Goodenia spp. C3 P | 6 5 <l <l 2
Ipomoea & Polymeria spp. C3 P 2 5 2 17 26 9
Malvastrum americanum C3 Var 3 3 <l 12 | <l
Phyllanthus spp. C3 P <l 2 <l <l <l <l
Sesbania spp. C3 P 5 <l <l 4 5 3
Sida spp. C3 Var 5 18 5 37 I I
Solanum spp. C3 upP <l | <l 8 <l <l
Streptoglossa adscendens C3 P 6 <l <l 15 12 10
Tribulus terrestris C4 up <l <l <l 16 3 <I
Trianthema triquetra C4 up <l <l <l <l 6 <l
Other non-leguminous - Var | 8 12 56 16 7

species

The expected palatability to cattle was classed as palatable (P), unpalatable (UP) or variable (Var) and this would also depend on plant maturity and species within

genus.

were not significantly affected (P > 0.05). There were no
significant (P > 0.05) effects of the supplementation on the
diet attributes measured with F.NIRS in Experiments 2 and
4. Nevertheless, given the differences in Experiment 1, the
F.NIRS measurements made in the T-NIL-treatment steers
were used throughout as the most reliable estimates of the
attributes of the diets selected by the steers in all three
treatments.

During each annual cycle, the values for the diet attributes
of the T-NIL steers in each experiment followed the profile in
Experiment 4 (Fig. 2). The diet CP and DMD increased
abruptly to maxima 2-3 weeks after the seasonal break, and
then progressively declined. Across all experiments, the diet

102

CP averaged 114 (range 91-152) g/kg, DMD 603 (range 575—
630)g/kg and diet CP:ME 13.0 (range 11.1-16.6) g/MJ
during the RS. These diet attributes were always high during
the RS and then declined through the following seasons
(Table 4). During the RS, these diet attributes decreased
linearly within the paddock groups (P < 0.05 or P < 0.01)
in Experiments 3 and 4 (18-21 g/kg.month for CP, 23-32 g/
kg.month for DMD and 1.3-1.9 g/MJ.month for CP/ME).
However, no such relationships (P > 0.10) were observed
during the RS in Experiment 1 where there was high variabil-
ity, or in Experiment 2 where the RS to the end of March was
very brief, owing to the late seasonal break. The changes in
diet quality from the RS to the TS were confounded by the
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Fig. 1. Voluntary intakes of loose mineral mix supplement DM (©)
and N (A) by steers in the T-NPN treatment during Experiments
(a) 1, (b) 2 and (c) 4. The supplement was offered ad libitum from the
commencement of each experiment until the seasonal break. The
seasons comprised the rainy-to-dry transition season (TS), early dry
season (EDS) and late dry season (LDS).

introduction of the new draft of steers at the beginning of each
TS. Nevertheless, there were consistent and often significant
(P < 0.05) decreases in the CP, DMD and CP:ME from the RS

to the TS, and, from the TS through the EDS. There were
generally smaller differences in these diet attributes, or no
differences, between the EDS and the LDS. During the LDS,
the diet CP averaged 55 (range 48-62) g/kg, DMD 539 (range
511-574) g/kg, and diet CP:ME 7.3 (range 6.3-8.7) g CP/MJ
ME across all experiments. These diet attributes were gener-
ally consistent through the LDS, except in Experiment 1 where
the diet CP and DMD from 27 September to 31 October 2001
(44.7 and 527 g/kg, n = 3) appeared to increase from
19 November to 17 December (53.0g CP/kg and 550 g/kg
DMD, n = 3) in association with rain between 28 October and
26 November that was not sufficient to constitute a seasonal
break but led to some pasture ‘green pick’.

There was strong selection by the steers for forbs in
Experiments 1 and 2 where forbs comprised only 13 and
15 g/kg of the pasture in May 2001 and 2002 respectively
(Table 4). In the LDS of Experiment 1, forbs in the diet
averaged 146 g/kg (Table 3), ranging from 258 g/kg in
September 2001 to 94 g/kg in late November 2001; this
decrease was presumably due to removal of forbs by grazing
during the interim. Similarly, during the TS in Experiment 2,
forbs comprised only 15g/kg of the pasture, but averaged
236 g/kg in the diet during the TS, decreasing to 118 g/kg in
the LDS (Table 4). In contrast, in Experiments 3 and 4, there
were much higher proportions of forbs in the pasture in May
during the TS (324 and 173 g/kg), and the average diet forbs
through the TS, EDS and LDS seasons ranged from 300 to
396 g/kg; thus, in these latter experiments, there was little
selection of the forbs by the steers. Diet forb content was high
during each of the RS (238-447 g/kg in Experiments 1-4). In
all the seasons, there was a high variability in forb content
within experiments, with the coefficient of variation ranging
from 9 to 77%.

The estimated voluntary pasture intake calculated
from steer LWC and diet ME (Table 4) averaged 36.9
(range 35.6-39.2) g DM/kg LW during the RS (excluding
Experiment 2), and 21.0 (range 19.5-24.0) g DM/kg LW
during the LDS (Table 4). However, the estimated DMI
was much lower than were these mean values when steers
were rapidly losing LW towards the end of the LDS.

Liveweight changes of steers not fed supplements
(T-NIL treatment)

Steer LW through the annual cycles are shown in Fig. 3, and
the average LWC in Table 4. There tended (P = 0.067) to be
differences among seasons in the average LWC. During the
RS, steers always gained LW rapidly (0.78-1.10 kg/day for
4-13 weeks). Liveweight gains during the TS were 0.55 and
0.34 kg/day in Experiments 2 and 4, but were much higher
in Experiment 3 (1.09 kg/day) in association with the pre-
ceding late seasonal break. Across all experiments, steers
continued to gain LW, but more slowly during the EDS
(0.16-0.66 kg/day). During the LDS, the T-NIL-treatment
steers in Experiment 1 were losing LW from September.
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However, in Experiments 2, 3 and 4, steers did not begin to
lose LW until late in the LDS (Fig. 3). The LW maxima in
Experiments 2, 3 and 4 during the dry season were on
7 January 2003, 28 October 2003 and 16 November 2004,
before the steers lost LW for 8-12weeks through to the
seasonal break. Calculated over the entire LDS, steers were
at about LW maintenance in Experiments 1, 2 and 4 and
gained LW slowly in Experiment 3 (0.21 kg/day; Table 4).
Annual LW gains of steers were 121, 220 and 172 kg during
Experiments 2, 3 and 4 (Table A1).

The effects of the steer maturity on LWC could be exam-
ined only in Experiment 1. At the commencement of the
LDS, older steers were heavier (405 versus 229 kg), and
through to the seasonal break lost 19kg LW, compared
with negligible LW loss in younger steers (Fig. 3). The LW
gain during the late LDS in Experiment 1 was apparently due
to rain being sufficient to increase diet quality as described
above. The older steers gained less LW from the seasonal
break through to the end of the RS (70 versus 81 kg), so that
during the 8 months of the LDS and the RS, the older steers
gained only 59 kg, versus 103 kg for younger steers.
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(A) and faecal N concentration (x) in steers
grazing Astrebla spp. pasture.

Liveweight responses of the steers to the N
supplements

In Experiment 1, both supplements tended (P = 0.061) to
reduce the LW loss in younger steers, with the T-NPN and
T-CSM treatments 15 and 32 kg heavier respectively, shortly
before the seasonal break, and still 14 and 30 kg heavier at
the end of the RS (Fig. 3a). The supplemented steers were
heavier (P < 0.05 or P < 0.01) than the T-NIL steers at each
LW measurement from late October 2001 through to the end
of the RS. The effects of the supplement were less marked in
older steers, and the measured differences in the LW between
the T-NIL and supplemented steers were comparable in
magnitude but were not significantly (P > 0.05) different.
In Experiment 2, both the T-NPN- and T-CSM-treatment
steers were 22-24 kg heavier at the seasonal break on the
3 March 2003 (P < 0.05) (Fig. 3), and these LW increases
were retained through to the end of the nominal RS only
4 weeks later (P < 0.05). In Experiment 4, similar trends
were observed for the T-NIL and T-NPN treatments, but
there were no significant (P > 0.05) differences. In summary,
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Table 4. The diet forbs, crude protein (CP) concentration, DM digestibility (DMD), CP:ME ratio (g CP/M] ME) and faecal N concentration
measured with F.NIRS, and the estimated DM intake (DMI) of pasture, in young steers grazing pasture without any supplements through four

annual cycles (Experiments 1-4).

Season and Days Attribute measured with F.NIRS LWC* and pasture intake
year® n  Dietforbs Diet CP DietDMD  Diet CP:ME Faecal n Intake Measured
(g/kg) (g/kg) (g/kg) (/M) N (g/kg) (g DM/kg LW) Lwc
(kg/day)
Experiment | (2001-2002)
LDSB-2001 107 14 146 48.4 536 6.4 8.5 6 19.5 -0.04
RS-2002 104 10 238 91.2 575 1.1 16.0 6 39.2 0.97
Experiment 2 (2002—2003)
TS-2002 60 8 236 68.7 557 8.7 14.1 4 30.5 0.55
EDS-2002 90 14 124 59.5 582 72 12.2 6 22.6 0.40
LDS-2002 183 14 118 58.0 574 7.1 11.0 8 21.1 0.06
RS-2003 28 4 447 151.8 630 16.6 21.6 4 21.6 1.10
Experiment 3 (2003-2004)
TS-2003 60 8 396 99.5 588 1.9 19.0 4 40.2 1.09
EDS-2003 90 7 397 83.7 564 10.4 15.7 3 29.2 0.66
LDS-2003 130 6 306 62.0 511 8.7 9.6 5 24.0 0.21
RS-2004 8l 5 366 110.0 597 12.8 17.1 3 35.6 1.08
Experiment 4 (2004-2005)
TS-2004 60 20 300 71.3 553 9.1 14.8 4 34.6 0.34
EDS-2004 90 26 332 63.0 530 8.5 12.4 6 247 0.16
LDS-2004 129 34 318 52.4 535 7.0 10.4 8 19.5 -0.15
RS-2005 80 26 255 102.2 608 1.6 18.1 8 35.9 0.78
Probability = = P=0.010 P<0.001 P<0.001 P<0.001 P<0.001 = 0.30 0.067
l.s.d.C - - 161 13.3 232 1.41 3.1 - - 0.79

Values are the means for measurements during four seasons in the annual cycle.

ALWC, liveweight change.

BThe seasons were the rainy season (RS), the rainy-to-dry transition season (TS), the early dry season (EDS), and the late dry season (LDS).
CAverage least significant difference (l.s.d.). The values varied for comparisons among pairs of means depending on the number of observations.

N supplements increased steer LW only in the LDS, from
September in Experiment 1, and from late October or
November in Experiments 2 and 4. The measured differences
in LW of young steers fed the NPN supplement were 20, 24
and 29kg in Experiments 1, 2 and 4 respectively, at the
seasonal break.

Discussion

Diet quality and cattle growth though the annual
cycles

Despite low annual rainfalls and only moderate pasture
availability, with appropriate stocking rates the steers
were able to select diets that provided sufficient ME and
CP to support LW gains during the RS that approached or
exceeded 1kg LW/day for 11-15 weeks. These LW gains on

these Mitchell grass pastures are high compared with those
often observed in cattle grazing RS pastures in the season-
ally dry tropics of northern Australia. In a review of 140
experiments, LW gain during the ‘peak’ period of growth in
cattle grazing grass pastures exceeded 1 kg/day in only 18 of
160 measurements (Winter et al. 1991).

Although diet quality declined as expected following
the RS, it was still sufficient through the TS and EDS of
Experiments 2 and 4 to provide for moderate LW gains
(ranging from 0.16 to 0.55kg/day) from April to August.
Higher steer LW gains occurred during the TS and EDS of
Experiment 3 (1.09 and 0.66 kg/day respectively). This was
presumably due to the late seasonal break (3 March 2003) in
this experiment, leading to a late commencement of pasture
growth and pasture in less mature stages and higher
nutritive value during the TS and EDS. The continuation
of slow steer LW gain for c. 18, 8 and 11 weeks after the
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Fig. 3. (a—d) The liveweight of steers grazing Astrebla spp. pasture

during Experiments |—4. Steers were fed no supplements (T-NIL; o),
or were supplemented with loose mineral mix supplement offered
ad libitum (T-NPN; A) or a restricted amount of cottonseed meal
(T-CSM; o). The seasons comprised the rainy-to-dry transition
season (TS), early dry season (EDS), late dry season (LDS) and
rainy season (RS), and the time of the seasonal break in each annual
cycle is shown by (4).
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commencement of the LDS in Experiments 2, 3 and 4 respec-
tively, followed from an average diet DMD of 530-582 g/kg,
diet CP = 59.5 g/kg DM, and CP:ME = 7.2 g CP/MJ ME, and
LW gains, during the EDS. The annual LW gains of 121-220 kg
in the present study are in accord with the few research
reports available, indicating that in reasonable to good sea-
sonal conditions, the annual LW gain of young cattle grazing
Mitchell grass pastures is likely to be in the range of
110-190kg per annum (Smith and Cheffins 1986;
McLennan et al. 1999; Bortolussi et al. 2005). These LW
gains are also in accord with the expectations of experienced
cattle managers in the region, and with observations that at
very low stocking rates, cattle can often maintain or gain LW
during low-rainfall years. The diet quality and LW gains of
steers in the present study are in contrast to those reported
for many other pasture systems in northern Australia where
the diet quality during the TS, EDS and LDS was lower,
and steers are usually losing LW by August (Winks 1984;
McLennan et al. 1988; Dixon et al. 2007b, 2011; Dixon 2008;
Coates and Dixon 2008a; Dixon and Coates 2010).

That the quality of the diet selected by the steers declined
only slowly through the TS and dry seasons was most likely
because steers were able to maintain substantial intakes of
forbs of higher nutritive value than that of the senesced
grasses (Table 4). Numerous studies have reported that the
forbs present in Mitchell grass pastures are usually much
higher in CP and DMD than are the grasses (Weston and
Moir 1969; Hall and Lee 1980; Holm and Eliot 1980; Roe
and Allen 1993). Sheep strongly select for many of the forb
species, and forbs are important to their diet quality and
productivity (Lorimer 1978, 1981; Pritchard et al. 1986;
McMeniman et al. 1986a, 1986b; Orr et al. 1988). The
present study is in accord with the few other reports availa-
ble of substantial selection by cattle grazing Mitchell grass
pastures of non-grass species during the dry season at other
sites, presumably including forbs when present (Coates and
Dixon 2007; Dixon et al. 2007a; Cowley et al. 2018). Non-
grass species (forbs and browse) are present in many other
seasonally dry native pasture rangelands both in northern
Australia (Siebert et al. 1968; Newman 1969; Hall 1981;
Squires and Siebert 1983) and elsewhere such as tropical
western Africa (Innes and Mabey 1964; Fianu 1982),
and often make an important contribution to dry-season
diet quality. However, these non-grass forages typically
comprise only 50-150g/kg of the diet during the dry
season in the northern and southern speargrass, Aristida—
Bothriochloa and semi-arid pasture systems (Squires and
Siebert 1983; Coates and Dixon 2007; Dixon et al. 2007b,
2011; Hall et al. 2016). Moreover, because many browse
species contain antinutritional factors (e.g. condensed tan-
nins) that severely reduce the availability of the N and the
digestibility of browse for ruminants, their contribution to
diet CP and diet DMD will usually be much lower than is the
contribution of the forbs such as in the present study.
There are other additional characteristics of Mitchell grass
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pastures in semi-arid environments that may contribute to
the diet quality of both sheep and cattle through the dry
season. The generally fertile soils and growth of only mod-
erate pasture biomass, particularly during low-rainfall
years, would likely be associated with a lesser dilution of
soil N and other plant nutrients during grass growth than
in higher-rainfall regions. This results in senesced grasses
having a higher CP than in pastures growing on infertile
soils. In addition, during the present studies, the CP and
DMD of the senesced grasses were presumably maintained
with an absence of dry season spoiling rainfall.

Response of the steers to the N supplements

During the dry season, mature tropical grass pastures are
often deficient in N relative to ME, and N supplements
providing rumen-degradable N are often effective in increas-
ing rumen microbial digestion, voluntary intakes of ME, and
animal LW in rangelands such as the northern speargrass
and Aristida—Bothriochloa pasture regions of northern
Australia (Winks 1984; Holroyd et al. 1988; Dixon 1998;
Coates and Dixon 2008a; Dixon and Coates 2010; Dixon
et al. 2011). In these latter pasture systems, the responses
to NPN supplement often commenced during the TS or EDS,
and continued through to the seasonal break. This contrasts
with the present study where LW loss and a response to N
supplements did not occur until the LDS. The F.NIRS mea-
surements showed that T-NIL steers were selecting diets
with sufficient ME content to provide for slow LW gain,
and diets adequate in CP and CP:ME. As discussed above,
this was likely to be associated primarily with forbs in the
diet, but possibly also with higher N and ME in these
senesced Mitchell grasses than what occurs in senesced
grasses in most other native pasture systems in northern
Australia. The N supplements reduced LW loss, and the
supplemented steers were about 20-30 kg heavier shortly
before the seasonal break. The magnitude of this reduction
in dry-season LW loss is in accord with reported studies of
NPN supplementation of cattle grazing senesced dry-season
speargrass, Aristida—Bothriochloa and Cenchrus ciliaris pas-
tures in northern Australia in the studies cited above.

The responses to NPN supplements in cattle consuming
low-quality forages are due to provision of rumen-degradable
N as a substrate for rumen microbial digestion. Because the
requirement for rumen degradable protein is directly related
to the fermentable ME available for microbial activity, the
ratio of dietary CP to fermentable ME (for forage diets simply
diet CP:ME) should provide a reliable measure of the ade-
quacy of the supply of rumen-degradable N. In Experiments
2 and 4, during the EDS, and during the LDS until c. 4 weeks
before the steers achieved the maximum dry-season LW, the
CP:ME ratios were =7.0g CP/MJ ME (paddock means ran-
ged from 7.0 to 7.9). However, during the 4 weeks before the
maximum dry-season LW, and when the LW responses to
the NPN supplement became apparent (Fig. 3), the CP:ME

averaged 6.6, 6.7 and 6.3 in Experiments 1, 2 and 4 respec-
tively. This suggests that when cattle are grazing Mitchell
grass pastures with some dietary forbs, the supply of rumen-
degradable N for rumen digestion becomes limiting when the
g CP/MJ ME is about <7.0. This CP:ME ratio is equivalent to
a DMD:CP ratio of >10 when Bos indicus cattle grazing other
tropical grass pastures have responded to NPN supplements
(Dixon and Coates 2005, 2010; Coates and Dixon 2008).

For several reasons, the CP:ME threshold when cattle
respond to NPN supplements is likely to vary with the diet
and the pasture system. A major uncertainty will be the
proportion of forage N present as rumen-degradable N and
this may be low in senesced C4 grasses (Hogan et al. 1989;
Hogan 1996). There is a lack of information on the availa-
bility of N in forbs at various stages of growth and maturity.
In addition, the diet CP:ME threshold will be affected by the
transfer of endogenous urea N to the rumen that also poten-
tially provides rumen-degradable N. For comparison, the
ratio of microbial CP to digestible organic matter (or ME
is often used as a measure of the efficiency of rumen micro-
bial protein synthesis and the supply of microbial protein to
the animal, but the CP:ME ratios required for optimal micro-
bial protein synthesis (about 8.3 g microbial CP/MJ ME at
animal maintenance; CSIRO 2007) and the thresholds
required for responses to NPN supplements or increased
rumen digestion may well differ. Where F.NIRS can be
used, the diet CP:ME should provide the best estimate of
when cattle are likely to respond to N supplements. The
results here suggest that N supplementation responses will
not occur until October-November in the LDS in Mitchell
grass pastures where cattle are able to select forbs. This
contrasts with pastures such as the northern speargrass and
Aristida—Bothriochloa regions, where diet CP and CP:ME are
often much lower during EDS, and sometimes the TS, and
when N supplementation responses often occur (Winks 1984;
Holroyd et al. 1988; Dixon 1998, 2008; Coates and Dixon
2008a; Dixon and Coates 2010; Dixon et al. 2011).

Supplementary N was provided as either NPN or as cot-
tonseed meal to compare the responses to the two forms on
N. Greater responses to protein meal supplements occur
in some circumstances because of an increased supply of
absorbed amino acids from protein meal escaping rumen
digestion, as well as the increased supply and form of
rumen-degradable N (Dixon and Egan 2000; McLennan
et al. 2016). However, in the present experiments there was
no evidence that the CSM supplement led to higher pasture
intakes or LW than did the NPN supplement. However, dur-
ing the LDS when steer LW responses occurred the intake of
supplementary N by steers in Experiments 2 and 4 was
substantially greater in steers fed the NPN supplement than
in those fed the CSM supplement, possibly because of the
high voluntary intake of the NPN supplement. Also, the NPN
supplement contained 350 g CSM/kg. The responses to N
supplementation could be attributed entirely to increased
supply of rumen-degradable N as ammonia.
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The reliability of the F.NIRS measurements of
diet quality and diet attributes

The measured changes in diet quality through the annual
cycles and the conclusion that the steers responded to N
supplements when the diet contained less than about 7.0 g
CP/MJ ME obviously depend on the accuracy and precision
of the F.NIRS measurements. The robustness and expected
errors in the F.NIRS measurement of diet CP and DMD using
the northern Australian calibration equations have been
described comprehensively (Coates 2004; Dixon and Coates
2009; Coates and Dixon 2011). Because only a small propor-
tion of the reference samples used to construct these calibra-
tions were from Mitchell grass pastures, the appropriateness
of the calibrations to measure attributes of Mitchell grass
pasture diets was evaluated using two approaches. First,
because the northern Australian calibration sample sets
(n = 1223 for diet CP and n = 1052 for diet DMD) included
some Astrebla spp. forages (n = 39; mean 37.8 g CP/kg and
478 g/kg DMD), the cross-validation prediction errors for
these forages could be examined (Table 5). Second, data
not included in the calibration equations were available
from other pen experiments with cattle fed Astrebla or
Iseilema spp. forages in pens (n =31) at the Toorak
Research Station and elsewhere, and could be examined as
an external validation sample set. In both sets of samples, the
diet CP and DMD were measured satisfactorily, with errors
being comparable to those for other common pasture grasses
in the northern Australian seasonally dry tropics. There was
no evidence of bias error causing the CP or DMD measure-
ments of Astrebla spp. pasture diets to be consistently over-
or underestimated (Table 5). Furthermore, these Astrebla or
Iseilema spp. forages represented low-quality senesced pas-
tures that are the most relevant for estimating the diet CP:ME
at which cattle will respond to NPN supplements.

The observation that diet CP as measured with F.NIRS
was increased by NPN supplementation in Experiment 1
(Table A2), but not in Experiments 2 or 4, was in accord
with previous reports that mineral-mix supplements contain-
ing urea have only small and inconsistent effects on F.NIRS
measurements of the diet CP or DMD (Coates and Dixon
2008a; Dixon and Coates 2005, 2009, 2010). The conserva-
tive approach adopted in the present experiments to use the
F.NIRS results from the non-supplemented (T-NIL) steers as
measurements of the diet forage, and to calculate the total N
concentration of the diet from the N concentrations and
intakes of both the forage and the supplement (Dixon and
Coates 2005), would have avoided error from this source.
These calculations indicated that the NPN supplement would
have increased the CP concentration of the entire diet by
30-35g CP/kg DM during the EDS in Experiments 2 and 4,
respectively, and by c. 20, 40 and 50 g CP/kg DM during the
LDS in Experiments 1, 2 and 4 respectively.

An unusual characteristic of Mitchell grass pastures is
that some common forb species are C4 rather than C3 plants
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Table 5. Statistics for the calibration equations used to predict the
diet crude protein (CP) concentration and DM digestibility (DMD)
and for cross-validation of the subset of Astrebla spp. diets included in
the calibration data sets. The data used for validation of these diet
attributes were obtained from measurements in young cattle fed in
pens on Astrebla, Iseilema spp. or mixed forages harvested at the
Toorak Research Station where the field experiments were
conducted (R. M. Dixon, unpubl. data).

Diet attribute
DM digestibility

Measurement

Crude protein

(glkg) (glkg)
Calibration data set
n 1223 1052
Mean 738 546
s.d. 46.1 57
R? 091 0.88
SECV 3.80 20.8
Cross-validation of Mitchell grass hay diets
n 39 39
Mean, reference values 379 478
Mean, predicted values 38.8 496
Difference 0.9 18
Global H mean 1.00 1.14
s.d. 0.48 0.67

External validation of Mitchell grass and Flinders grass hay diets

n 31 31

Mean, reference values 41.2 482
Mean, predicted values 43.8 526
Difference 2.6 44
Global H mean 1.28 1.52
s.d. 0.52 0.54

SECV, standard error of cross-validation.

(Cobon and Carter 1994; Sage 2016), and not all are pala-
table (Table 3). However, the F.NIRS calibration equations
used to measure the proportion of forbs in the diet depend
on the grasses being C4 and forbs being C3 plants, and using
the '2C:'3C ratio in faeces as reference values (Coates and
Dixon 2008b). This has two implications for measurement of
the proportion of herbaceous forbs in the diet. First, because
of the potential inclusion of C4 forbs in the diet, it was not
possible to use the '2C:'3C in faeces measured by mass
spectroscopy as reference values to validate the F.NIRS
measurements of forbs for these Mitchell grass pastures, as
is possible for other pasture systems (Dixon and Coates
2008; Dixon et al. 2020). Second, as discussed by Coates
and Dixon (2008b), F.NIRS calibrations actually depend on
the differences in anatomical structure of C3 and C4 plants
rather than differences in the '2C:'3C ratio. The presence of
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some C4 forbs in the diet would have caused the F.NIRS
calibration to underestimate the proportion of dietary forbs,
but likely by no more than 10% of the predicted proportion.
Thus, the presence of some C4 forbs in the diet should not
have affected the conclusion that forbs often contributed
20-40% of the diet in Experiments 3 and 4, and the steers
strongly selected for forbs in Experiments 1 and 2.

Conclusions

This series of experiments provided accurate and detailed
information on the quality of the diet selected and the LW
change of tropically adapted cattle grazing Mitchell grass
pastures in north-western Queensland through a series of
abnormally low rainfall years. The steers strongly selected
for forbs, even when they comprised only a minor propor-
tion of the pasture, such that forbs comprised a substantial
part of the diet. Diet quality and growth of the steers was
highest during the RS, but then decreased only slowly. Diet
quality was sufficient for slow steer LW gain through to late
in the dry season. Nitrogen supplements increased steer LW
near the end of the dry season when the diet CP:ME
decreased to c. 7.0 g CP/MJ, and increased steer LW at the
end of the dry season and at the end of the subsequent RS.
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Appendix

Table Al. The dates each experiment (Expt) commenced and terminated, the number of steers in each of the six paddock groups, and the
initial and final liveweights (LW) and body condition scores (BCS) of each group of steers in the T-NIL treatment in each experiment.

Measurement Expt | Expt 2 Expt 3 Expt 4
Date
Commencement 3 Aug. 2001 23 Mar. 2002 2 Apr. 2003 23 Mar. 2004
Termination 23 Mar. 2002 I Apr. 2003 22 Mar. 2004 Il Apr. 2005
Younger steers
n (per paddock) 12 12 6/17% 18
Initial age (years) clé cl2 cl2 cl2
Initial LW (kg) 229 (14) 239 (13) 172 (18) 229 (20)
Final LW (kg) 333 (19) 359 (21) 392 (31) 401 (34)
Initial BCS 5.2 (0.7) 4.6 (0.5) 3.5 (0.5) 3.1 (0.2)
Final BCS 4.4 (0.5) 4.3 (0.5) 4.3 (0.5) 4.3 (0.5)
Annual LW gain (kg) = 120 220 172

Older steers

n (per paddock) 6 = = =
Initial age (years) c 26 - - -
Initial LW (kg) 405 (16) = = =
Final LW (kg) 464 (18) - - -
Initial BCS 6.3 (0.8) - - -
Final BCS 54 (0.7) - - -
Initial stocking rate® I 20 56/27* 14

The BCS was evaluated on the 9-point scale described by NRBC (2016).

The means and the s.d. (in parenthesis) are given.

Aln Experiment 3, the number of steers in each of the six paddock groups from 2 April 2003 to the 24 June 2003, and subsequently the number of steers grazed as
a single herd from the 24 June 2003 to the 23 March 2004.

BStocking rate in hectare per 450 kg adult equivalents.
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Table A2. Experiment |. The contents of forbs, crude protein (CP) concentrations, DM digestibility (DMD), and the ratio of
CP:metabolisable energy (ME) (g CP/M] ME) in the diet, and of faecal N concentration, measured with F.NIRS, in the two age groups of
steers sampled at monthly musters during the LDS and during the RS (each n = 3).

Age group and Diet attribute measured with F.NIRS
treatment Forbs Diet CP Diet DMD Diet CP/ME Faecal N
(g/kg) (g/kg) (g/kg) (g/M)) (g/kg)

Late dry season (LDS)

Younger, T-NIL 143 39.8 528 54 7.86
Younger, T-NPN 190 49.9 533 6.7 9.30
Younger, T-CSM 172 54.6 529 74 10.89
Older, T-NIL 115 45.5 529 6.2 827
Older, T-NPN 166 49.7 534 6.6 9.42
Older, T-CSM 145 55.4 530 7.5 10.61
s.e.m. Treatment 29.3 I.11 1.74 0.17 0.097
Age 7.8 0.94 0.33 0.13 0.165
Treatment x Age 30.8 1.60 1.79 0.23 0.225
Probability Treatment 0.587 0.031 0.273 0.043 0.005
Age 0.099 0.213 0.139 0.220 0.745
Treatment X Age 0.986 0.300 0.894 0.292 0.556

Rainy season (RS)

Younger, T-NIL 257 85.7 567 10.6 153
Younger, T-NPN 299 86.0 575 10.5 157
Younger, T-CSM 307 86.3 566 10.7 16.0
Older, T-NIL 270 82.6 565 10.3 14.9
Older, T-NPN 278 79.3 566 9.9 14.5
Older, T-CSM 271 81.3 560 10.2 14.8
s.e.m. Treatment 27.2 1.42 3.89 0.162 0.44
Age 5.2 0.32 0.80 0.046 0.13
Treatment x Age 28.0 1.47 4.0l 0.171 0.47
Probability Treatment 0.774 0.769 0.543 0.495 0.883
Age 0.135 0.002 0.016 0.005 0.016
Treatment X Age 0.137 0.102 0.215 0.276 0.284

The younger and older age groups of steers were c. 1.6 and 2.6 years of age at the beginning of the LDS. The treatments were no supplement (T-Nil) or
supplemented with a loose mineral mix (T-NPN) or cottonseed meal (T-CSM) during the LDS. No supplements were fed during the rainy season (RS).
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