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THE TREATMENT OF A TROPI CAL ROUGHAGE W TH ALKALI,
NI TROGEN AND SULPHYR I'N RELATION TO THE NUTRI Tl ONAL
LI M TATI ONS OF PASTURES | N NORTHERN AUSTRALI A

B. D. SI EBERT*

Sumary

Poor quality spear grass was fed to cattle without prior treatment, or
after treatment with potassium hydroxide and addition of urea and sodi um sul phate.
Treatnment caused significant increases in the digestibility of organic natter and
cell wall constituents, and in organic matter intake; as a result, calculated
met abol i zabl e energy intake rose by 51%to well above naintenance. The results
are discussed in terms of the nutritional deficiencies of cattle during seasonally-
dry periods of the year.

I, I NTRODUCTI ON

The short growi ng season of nany pasture plants in northern Australia
forces cattle to graze mature forage for much of the year. During such tines
grasses in particular consist mainly of cell wall with a small proportion of cell
contents. The low nutritional quality of the resulting forage, characterized by
high fibre, low protein and |ow digestibility, is well known (MIford 1960). Mbore
recently the specific inadequacies of sonme species (e.g. Playne and Haydock 1972)
and their poor utilization by both cattle and sheep (Siebert and Kennedy 1972)
have been denonstrated.

Sel ection of new pasture species which denonstrate adaptation to the area
during the dry season is in progress (Burt et al. 1970). Currently, however, non-
protein nitrogen supplenents are being used to mnimse weight |oss of the grazing
stock during the seasonally-dry period of the year (e.g. Wnks, Al exander and
Lynch 1970). In specific circunstances additions of nitrogen and sul phur to poor
qual ity spear grass have increased feed intake to above mmintenance requirenents
(Siebert and Kennedy 1972). Results with supplements are generally inconsistent.
One probable reason is the wide variations in pasture conposition both wthin and
bet ween vyears.

Because of the high fibre content of dry season roughage, sufficient
energy may not be available for optimum microbial activity in the rumen. The
experiment reported here analyses the effect firstly that potassium hydroxide
treatment has on subsequent digestion and secondly that this treatnent, with
addition of nitrogen and sul phur, has on netabolizable energy intake. AlKkali
di gestion of roughages has been carried out for many years, but nore recently
sprayi ng techniques that avoid washing have been attenpted (O ol ade, Mowat and
Wnch 1970; Hogan and Weston 1971; Fernandez Carmona and G eenhal gh 1972). The
subject of alkali treatment and steam processing of |ignocellulose material for
rum nant use has been discussed by Pigden and Bender (1972). The results of
treatnment are discussed in terms of the nutritional linitations of cattle grazing
poor quality pasture and the possible role of such treatnments in fodder conser-
vation procedures.

IT. MATERIALS AND METHODS
(@) Animls

Four Brahman x Shorthorn (Droughtmaster) steers of about 18 nonths of age
were used in the experinent.

*C.s.1.R 0 Division of Animal Physiology, Pastoral Research Laboratory,
Townsville, Qd, 4810.
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(b) Feeds
(i) Untreated

Mat ure spear grass (Heteropogon contortus) was harvested froman unfertil-
ized area of the Lansdown Pasture Research Station near Townsville, during Cctober
1972, and coarsely mlled through a 5 cmscreen. Conposition of this material is
given in Table 1.

TABLE 1

Conposi tion of untreated spear grass and that
treated with potassi um hydroxi de, urea and sodi um sul phate

Constituent Untreated spear grass Treated spear grass

Organic matter 92.9 89.7
(g/100 g DM)

Nitrogen 0.34 0.54
(g/100 g DM)

Potassium
(g/100 g DM)

Cell wall 82.8 82.2
(g/100 g OM)

(ii) Treated

MIlled hay in 50 kg lots was sprayed during mixing in a rotating feed
mxer with 15 1 of a solution of conmercial grade potassium hydroxide (10% w v).
The treated hay was |eft overnight then neutralized with 10 1 of hydrochloric acid
(15% w/v) then sprayed with a solution of urea (0.5 g nitrogen (N) per 100 g feed)
and sodi um sul phate (0.05 g sul phur (S) per 100 g feed). The conposition of the
treated feed is also given in Table 1.

(c¢) Animal management and digestion neasurenents

The procedures followed were as reported by Siebert and Kennedy (1972).

(@) Palatability test

Separate to the main experinent, the four steers were offered the free
choice of the untreated and treated feeds together with hay fromthe sane cut
treated in the same manner with sodi um hydroxide (10% w/v). Preference was
measured over 4 days.

(e) Chenical anal yses

The analyses for dry matter (DM), organic matter (OM and N were as
reported by Siebert and Kennedy (1972). Sanples of feed, feed residue and faeces
were anal ysed for cell wall constituents (CWC) by the method of Van Soest and W ne
(1967).

(£) Experinent design and statistical analysis

I'n the digestion experiment treatment effects fromthe 2 x 2 crossover
design were deternined by anal ysis of variance techniques. In the palatability
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test all 4 steers were offered the various feeds at the same time and daily intake
cal cul ated

[, RESULTS

(a) Palatability

After 4 days of free choice of 3 feeds the daily intake of each was as
foll ows: Untreated feed, NI; sodium hydroxide treated feed, 0.7 kg/head/day;
pot assi um hydroxi de treated feed, 3.5 kg/head/ day.

(b) Intake, digestion and excretion of nutrients

Al kali treatnment plus addition of nitrogen and sul phur significantly
increased the digestibility of OMand CAC and the intake of OM (Table 2). As a
result, calculated metabolizable energy intake (ME) increased by 51% Nitrogen
i ntake under both conditions was inadequate for requirenents and treated feed
only contained 0.54 g/100 ¢ DM  The percentage increase in faecal N excretion
was simlar to that of ME intake when the aninmals were fed the treated roughage
but the animals receiving the untreated feed excreted nore Nin the urine
Pot assi um added during treatnment was sufficient to bring the animals into positive
K balance. Al though there was no significant difference in the CAWC of the feeds
(Table 1), there was in the faeces of animals fed the different feeds because of
increased digestibility of the CWC

TABLE 2

Mean val ues (+ s.E.M.) of intake, digestion and excretion of
energy, nitrogen and potassium of Droughtmaster steers (nean)
: _ body weight 212 kg)

Measurement Untreated spear Treated spear Significance
grass- grass of
difference
Organic matter intake (g/day) 2388 + 188 3607 + 150 *
Organic matter digestibility 52.8 + 0.76 57.8 + 1.10 *%
(%)
Metabolizable energy intake® 363.5 + 21.5 548.8 + 13.8 **
(k J/kg BWO-75/day)
Digestibility of CWC (%) 56.1 63.8 *
Nitrogen intake 8.5+ 0.5 21.4 + 1.1 *%
(g/day)
Urinary nitrogen 10.7 + 1.8 6.6 + 1.3 *
(g/day)
Faecal nitrogen 14.5 + 0.4 20.67 + 1.73 *%
(g/day)
Potassium intake 9.8 86.6
(g/day)
* P < 0.05 **% p < 0.01

¥ Digestible energy intake (k J/kg BWO'75/day) x 0.83
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V. DI SCUSSI ON

Those areas of northern Australia subject to seasonally-dry conditions
frequently contain native pastures that nmature rapidly with a resultant |ow
proportion of cell content (MIford 1960). \Wen this is so, metabolic activity of
rumen microflora may be linmted by the supply of soluble carbohydrate, nitrogen
sul phur and possibly some electrolytes. The level of intake of such pastures by
rumnants is primarily controlled by the rate of fibre digestion (Wston 1967) and
hence any disturbance in mcrobial activity in the rumen soon results in a decline
in feed intake. Even when mineral deficiencies are overcome, however, the fibre
may be so resistant to digestion that voluntary feed consunption may not be
adequate to maintain the animal

The I ow nitrogen content and | ow digestibility of mature roughages in the
tropics has been docurmented frequently (e.g. Shaw and Bisset 1955; Mlford 1960)
Mre recently the role of sul phur has been investigated (Playne 1969a; Siebert
and Kennedy 1972; Kennedy and Siebert 1972); additions of nitrogen and sul phur
have been found to increase significantly the intake of spear grass by cattle
A question raised by the present experiment was the possible influence of the
level of potassium Examination of the data of Ritson, Edye and Robi nson (1971),
Pl ayne and Haydock (1972) and subsequent anal yses of previously collected sanples
of tropical grasses reveal that after mid-year potassiumis frequently only
present in concentrations of < 0.5 g X/100 g DM As it is an el ement quickly
excreted by the herbivore, a deficiency state can arise at this level. Devlin,
Roberts and St. Omer (1969) have clearly shown increasesin feed intake and body
wei ght by cattle by supplementations with potassiumup to levels of 0.71 g K/100 g
DM  Further experinents are being carried out at present to clarify this point
wi th spear grass doninant pastures

O her el enents such as phosphorus, calciumand sodiumare often present in
| ow concentrations (Playne and Haydock 1972), but their turnover rate is
frequently slower than nitrogen, sulphur or potassiumand nore time is required to
establish a deficiency state in the animal (MDonald 1968). Supplenents of some
elenents (e.g. P) are sonetimes ineffectivein raising feed intake since either
nitrogen deficiency or resistance of fibre to breakdown prinmarily limts rate of
passage and hence intake by the animal. This was denonstrated in a conparison of
Townsvill e stylo and spear grass of simlar phosphorus content (Playne 1969b).
When both were fed to sheep with a supplement of cal ci um phosphate, animals
increased their intake of the Iegume but failed to do so with spear grass. Low
phosphorus pasture is found extensively and responses to supplenentation have been
noted from Charters Towers (Mutch 1970) to Cape York (Wnter, unpublished
information), On many occasions, the situation is confounded with |ow protein
content. Trace el ement deficiencies probably occur fromtime to time, but usually
the gross deficiencies over-ride these. Copper deficiency has been recognized in
north Queensl and breeding stock (Donal dson et al. 1964) and copper and cobal t
deficiencies are currently being investigated in a high rainfall area (Wnter and
Si ebert unpublished information).

Direct supplementation of deficient nutrients and minerals is one neans of
overconing the linmitation placed on cattle production. |If supplements include
sol ubl e carbohydrate in the formof nolasses, grain or high quality hay, the
energy derived fromthese sources may substitute part of that nornally derived
from the basal forage. This substitution effect causes intake of the poor quality
material to decline. |If soluble carbohydrate is not included, energy intake will
still be based on the physical characteristics of the original roughage. In sone
circunstances, cattle appear able to consunme their naintenance needs with nitrogen
pl us nol asses or sul phur supplements (Wnks, Al exander and Lynch 1970, Siebert and
Kennedy 1972). Such a result is not consistent however (e.g. Al exander, Daly and
Burns 1970) and intakes of roughage cut at varying tines of the year and in
different years are not adequate on every occasion to neet the reported naintenance
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needs of cattle (Siebert and Kennedy unpublished information). The experinent
reported here was ained at supplying nore energy to the nmicroflora by chenical
treatment. Since there was no actual supplement of energy involved, no substitution
of roughage could occur.

The techni que used in the present experiment was novel in two ways.
Pot assi um hydroxi de (the comon cation of plant material) was used instead of
sodi um hydroxi de, and | ow cost hydrochloric acid was used for neutralization
i nstead of dearer organic acids such as propionic. The latter is often used to
avoid nould growth but in a dry tropical climte atnosphere during md-year,
moi st ened roughage dries quickly in the open. The resulting product was eaten
more readily than that treated with NaoH. Digestibility of organic matter rose
by about 5% and metabolizable energy intake rose by 51% to well above the reported
mai nt enance requirements of similar type of cattle fed tropical roughages (417
M/ kg BWO-75/day, Vercoe 1971).

The possibility of using the process in connection with a fodder
conservation procedure is attractive. The cost of the reagent chemicals for the
process was near $30.00 per tonne of dry feed which would supply 31 M of
net abol i zabl e energy per day to animals of 200 kg body weight for 250 days. The
same amount of energy could be supplied by about 0.75 tonne of high quality hay or
0.61 tonne of grain.

A nunber of nutritional deficiencies or linmtations are placed on cattle
production because of the quality of pasture during the dry season of northern
Australia.  Supplementation of missing nutrients, plant introduction or treatnent
of the present roughages are possible ways of overcoming these limtations.
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