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LOW PRODUCTIVITY OF LAMBS ON | MPROVED PASTURE
K. A ARCHER
[. | NTRODUCTI ON

Pasture inproverment has increased animal production. by enhancing
"both the quantity and quality of herbage available, especially in
particul ar seasons of' the year. Despite these inprovements , there are
"instances where levels of aninal production have renmined far bel ow
potential. The extrenme manifestation of this syndrome is comonly
referred to as "ill thrift" and in New Zeal and, Scott, Rattray and
Sneaton (1976) have described the problemas being "characterised by
negligible weight gains... despite' ample pasture, anthelnmintic drenching
and the correction of known mineral deficiencies". Apart from such
obvi ous exanples, animal production often varies considerably on
apparently good pastures and this indicates sone basic problemwth
pasture quality which linmts the intake or the availability to the
janimal of nutrients derived from pasture.

The objective of this paper is to define some aspects of pasture
.quality which adversely affect animal production. It is not proposed to
extensively reviewthe literature but to draw attention to the mgjor
areas using selected published references and unpublished data from
.current studies at {d en Innes.

[1. GROMH POTENTI AL OF LAMBS

It is' difficult to deternmine what constitutes a satisfactory rate
of liveweight gain of |anbs on pasture especially when the |arge nunber
of breeds and their crosses are considered. In pen feeding experinents
in the United Kingdom |iveweight gains of Suffolk x (Finnish Landrace x
'Dorset Horn) |anbs have exceeded 400 g/ h/d (orskov et al. (1976). Rates
of gain in excess of 300 g/h/d are common in crossbred lambs on grain
based diets in Australia.

Langl ands (1972, 1973) neasured liveweight gains of Merino, Border
Leicester, Merino x Border Leicester and Merino x Dorset Horn Cross
| anbs on phalaris, white clover pastures at Arnmidale, N.S.W Pre-weaning
livewei ght gains were approximtely 185, 276, 237 and 231 g/h/d while
post-weani ng gains were approximtely 80, 130, 130 and 133 g/h/d.
Al t hough lambs grazing pasture nay not be expected to reach the high
rates of gain achieved under pen feeding conditions, it is quite
apparent that |iveweight gains on pasture are generally far bel ow the
genetic potential of the aninal.

Also, there are often inconsistencies in aninmal performnce on
pastures of apparently similar quality as measured by normally accepted
indicies such as digestibility and crude protein contents. The best
docunent ed exanpl es of this phenomenon occur on grass pasture conpared
with | egunme pasture and on autumm pasture conpared with spring pasture.
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[11. EFFECTS OF PASTURE SPECIES AND SEASON ON LI VEVEI GHT GAIN

In a review., Reed (1972) concluded that animal production was
directly related to the 'proportion of |egunes in the diet of grazing .
ahimals. Data in Table 1 indicate the range of differences which have
been reported in the literature. Average |iveweight gains on pure |egune
.pastures were nore than tw ce those obtained on pure grass.

TABLE 1 Examples of differences in the growth of [anbs on
grass and cl over

Liveweight gain (g/h/d)

Pure Mixed Pure
Grass Pasture Legume
Heinemann & Van Keuren (1958) U.S. 127 172 213
Sinclair et al. (1956) N.Z. 52 - 172
McLean et al. (1962) N.Z. 122 254
Hight & Sinclair (1965) N.Z. 37 128 191
Wilson (1966) Australia 82 159
Corbett et al. (1976) Australia _83 - 148
Means 83 190

Differences in animal growth rates between seasons have also been
wel | docurmented, especially in New Zeal and and Geat Britain where
"animal s grazing autumn grass pastures often fail to produce satisfactory
livewei ght gains. In New Zealand, Sinclair, Carke and Filner (1956)
‘report that |anbsbecone unthrifty on perennial ryegrass in autumm
"despite vigorous pasture growh. In Australia, this problem has not been
well docunented but a conparison of seasonal growh rates of animals
would suggest that it could be a significant factor. Hamlton,

"Hut chi nson and Swain (1970) compared growh of |anbs on four tenperate
grasses at two stocking rates. Liveweight gains of |anbs at the |ower
stocking rate for spring, sumer, autumm and w nter were approximtely
160, 60, 30 and 20 g/h/d, respectively. Data on pasture availability

and quality were notprovided, but apart fromw nter, differences in
ani mal production would be expected to occur largely as a result of
differences in pasture quality.

Data of Langlands, Bowles and Donald (1979) indicate that the
organic matter digestibility (OWD) of diets selected by sheep grazing
fertilized inproved pastures on the northern tablelands of NS W is
| owest in winter and may fall to 60% while from spring to |ate autum,
oMD usual |y remains between 70 and 85% Dietary nitrogen contents remain
in excess of 2% and for nmuch of the year are above 2.5% The quantity of
avail abl e green forage is a major determ nant of both OVD and N contents
and this is generally at its lowest level during winter. Such data .

i ndi cate that under normal climatic conditions and sufficient avail-
ability of green material, pasture quality should be adequate to sustain
at least noderate levels of liveweight gain during much of the year.

Way then do pastures with simlar digestibilities differ so
greatly in feeding value?

(a) Grasses versus | egunes

Sinclair, Carke and Filner (1956) found in New Zeal and during
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autum that the dry nmatter digestibility of perennial ryegrass was 63%
compared with 73% for white clover. However, intakes of digestible dry
matter by lambs were 400 and 800 g/h/d respectively and |iveweight gains
were 52 and' 172 g/h/d. Corbett et al. (1976) conpared growth of |anbs on
lucerne and phalaris pasture on the northern tablelands of N.S.w. (Table
1). Their results indicate that lucerne may be fernented nore efficiently
and have shorter residency periods in the rumen than phalaris as
differences in intake per se did not always adequately explain

"differences in |iveweight gain.

Rattray and Joyce (1974) found that although ryegrass and white
clover had sinilar netabolizable energy (ME) contents, the net avail-
ability of ME for fattening from ryegrass was only 33% conpared with
51% for white clover. |In pen feeding experinments with subterranean
clover, Gaham (1969) concluded that the net energy (NE) val ue of
clover was equal to that of any other feed with simlar chenical
conposition and digestibility. Its exceptional value was simply due to
the very high levels of voluntary intake. The superior value of clover
has al so been associated with its faster rate of digestion conpared
with grasses rather than digestibility per se (Marsh and Chestnutt,1976).

These data suggest that the higher feeding value of |egunes is
due to a conbination of factors which include higher voluntary intake,
greater efficiency of utilization of ME and nore efficient fernentation
in the rumen.

(b) Spring versus autumm growth

The superiority of spring compared Wth autum growth nay al so be
related to voluntary intake. In New Zeal and, O arke (1959) fed dried
spring and autunmm grass with digestibilities of 74.9 and 71.5%
respectively. Digestible dry matter intakes were approximately 620 and

450 g/ h/d. Sheep fed autum and spring grass at the same |evel of
i ntake had sinmilar liveweight gai ns.

In Tasmani a, Michell (1973a) showed that dry matter intakes of
both | egunes and grasses reached a peak in early spring and then
gradually fell to a minimumlevel in winter. Intake of |egunme was
general |y higher than that of grass. Although intake was positively
correlated with digestibility, the intake of spring-sumrer pasture at
any digestibility level was 15 to 20% hi gher than intake of winter
pasture. Autumm pasture was internediate.

In the United 'Kingdom Corbett et al. (1966) and Blaxter et 'al.
(1971) both showed that early cut grass was utilized much nore
efficiently for liveweight gain than late cut grass of simlar digest-
ibility. The net availability of netabolizable energy for early cut
forage was 43.5% and for late cut forage 32.5% (Corbett et al.1966).

Blaxter et al.' (1971) found no effect on season of pasture growth on

voluntary intake.

In a review, Reed (1978) concluded that at similar digestibilities
the nutritive value of early pasture growh in the United Kingdom was
20-35% higher than late cut pasture. This was associated with differ-
ences in voluntary intake, rumen retention tinmes and efficiency of
utilization of netabolizable energy. It was also interesting that the
effects of season on the feeding value of clovers appeared to be |ess
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than for grasses.
Iv. EFFECTS OF PLANT CHEM CAL COVPOSI TI ON oN NUTRI TI VE VALUE

(a) sSoluble carbohydrates

The chemi cal conposition of grasses and | egunmes grown in spring
and autumm may vary considerably as shown in Table 2. The nain
differences are that spring grass has higher soluble carbohydrate 'levels

TABLE 2 Chemi cal conposition (% of dry matter) of
pastures grown in spring and autumm

Grass Clover Grass

Component Autumn* Spring* Autumnt Springtt Autumnt Springtt
Soluble

carbohydrates 12.4 19.3 5.3 7.9 4.0 12.6
Hemicellulose 19.2 19.9 7.0 9.7 14.1 12.6
Cellulose 25.5 29.4 17.5 20.9 27.6 25.4
Lignin 5.1 1.6 6.5 ‘8.2 5.9 6.8
Total nitrogen 2.2 1.6 4.7 4.1 4.1 3.3

* Beever et al. (1978) - U.K.
+ Joyce and Newth (1967) - N.Z.
++ Rattray and Joyce (1969) - N.Z.

and | ower crude protein contents than autum grass. Conposition of
clover is not as greatly affected by season as the grasses. Corbett

et al. (1966), Blaxter et al. (1971) and Beever et al. (1978) suggested
that the higher feeding-e of early cut grass was due to the higher
content of sol uble carbohydrates which produce a higher proportion of
propi oni ¢ acid:acetic acid in the rumen. Propionic acid is the main
precursor of glucose in rumnants. Gines, Watkin and Gal | agher (19.67)
al so found that clovers were superior to grasses due to the production
of higher |evels of propionic acid in the rumen. Conversely, a higher
ratio of acetic acid:propionic acid in the rumen will depress intakes
(Egan, 1977). -

Hight et al. (1968) grew ryegrass under artificial shading to
reduce the levels of soluble carbohydrates.. This treatment produced

[ ower intakes and |iveweight gains in penned sheep conmpared with
conparabl e unshaded ryegrass. Intakes and |iveweight gains on clover
were higher than for both grass treatnents. |ntake accounted for nost
of the observed differences in |ivewei ght gain. These authors pointed
out that there was no clear relationship between i ntake and

digestibility above 70%

The apparent relationship between |evel of soluble carbohydrates
i n herbage and ani mal performance through the alteration in VFA
proportions in favour of propionic acid is the nost consistent factor
energing fromthese studies to explain the superiority of clovers over
grasses and spring over autumm grown grass. However Hight and Sinclair
(19.65) obtained no response when nol asses was used as a supplement. I|n
Tasmani a, Michell (1973b) found that intake could generally be
predicted frommultiple regressions involving digestibility and water
sol ubl e carbohydrate contents, but no chenmical conposition nmeasurenent
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adequately explained the reason for low intakes on winter pastures. The
wi nter pastures did have | ow water sol uble carbohydrate |evels but so
did | ate sumer pasture which had normal intakes. Al though the |evel of
wat er sol ubl e carbohydrates was positively correlated with the propo-
rtion of propionate in the rumen this was not closely related to intake
of digestible energy (Michell, 1974).

(b) Protein

McRae and U vyatt (1974) suggested that differences in aninm
per formance between grasses and clovers may be associated with differ-
ences in protein absorption fromthe small intestine: They found that
t he energy absorbed as VFA's fromthe stomach and small intestines was
simlar for clovers and grasses (about 2100 to 2400 X cal/day) While the
rati o of absorbed protein:absorbed energy was higher from clovers and
was highly correlated with liveweight gain. Egan (1977) proposed that
voluntary intake is dependent upon the ratio of digestible protein:
digestible energy. For diets which yielded | ess than 12-13% of digestible
energy as digestible protein, voluntary intake could be increased by
infusing protein into the duodenum Xempton and Nol an (1978) have
suggested that in growing animals, the requirement for amino acids
of ten exceeds the supply from rumen m crobial sources. They argue that
it may sonetines be necessary to supply dietary protein in a formwhich
i s non-degradable in the rumen but which is digestible in the smal
intestine. This would stimulate voluntary intake by increasingthe
rati o of digestible protein:digestible energy (Egan, 1977).

Al though Beever et al.(1978) found that a |ower proportion of the
protein in autum pasture did by-pass rumen fernmentation conpared with
spring pasture, the digestion products fromautum pasture ultimtely
contained a higher proportion of protein (26% conmpared with 20%.

Beever et al. (1978) proposed that protein degradation in the rumen may
be associated with | ow recovery of energy as VFA and excessive | osses
as heat, causing a depression in the utilization of ME. However, as

al ready reviewed, sone studies have al so shown reduced intakes on
autumm pasture and it may be possible therefore, that in some environ-
ments, the higher protein degradability on autumm pasture nmay reduce
protein:energy ratios to critical |evels.

V. RESEARCH AT GLEN | NNES

(a) Supplenmentation with by-pass protein

An experiment was undertaken from27th April to 22nd June, 1976,

to determ ne whether weaned |anbs grazing high quality green pasture
during autumm and early winter may be deficient in protein due to
excessive fermentationof dietary protein in the rumen. Merino |anbs
were supplenented with either 40, 60, 80 or 100 g/h/d of fishmeal by
mxing the meal with water and administering it directly into the .
reticulo-rumen using a drenching procedure. Simlar experiments were
undertaken in 1977 and 1978. Responses to the by-pass protein supple-
ment were variable.ln 1976, a significant response occurred to the
- suppl ement and for the total period average |iveweight gains were il
and 75 g/ h/d for the suppl emented and unsuppl ement ed groups respect -
ively. 'The oMb and N contents of the pastures were 80.3 and 2.9%in
early May and 71.5 and 2. 7% in md June. In 1977 and 1978 there were no
significant effects of protein supplenentation although there were
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trends for increased liveweight gains in supplenmented aninmals during
1977.

(b) Effects of anthelmintics and | egunes on autunn/w nter production

The 1978 experinent also investigated the effects of anthelmntic

- drenching and mneral (Se, Co and Cu) supplenmentation on the growth of

* weaner sheep. For this reason, treatments were given to groups of sheep

“run in different plots and two replicates of each treatnent were used-

- The results indicated *(Figure 1) that infrequentdrenching in autum
(4-6 week frequency) predisposed the Merino |anbs to heavy worm
infestation and contributed to severe |liveweight |oss and even nortality
conpared with frequent drenching (every 2 weeks). There were no other
significant treatment effects, including the supplenentation of by-pass
pr ot ei ns.

However, it was noticeable after 6-8 weeks that differences were
occurring in |iveweight gain between replicates within certain treat-
ments. The basic pasture on which the experinent was |ocated conprised
fescue, subterranean clover and lucerne, but most plots. in one 'of the .
replicates devel oped marked | egune dom nance and animals on these plots
grew faster than those on the nmore grass dom nant replicate, as shown
in Figure 1. Although this contributed to problens in statistica
analysis, it strongly illustrated the potential significance of |egunes

in the nutrition of growing animls on pastures during autumm and early
winter on the northern tabl el ands
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FIGURE 1. Effects of anthelmintics and botanical composition of pasture
' on liveweight gain of Merino lambs :
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A further experinment was undertaken in 1979 to explore this thene
further. Weaned Merino lanmbs were placed on either grass dom nant,
| egume doni nant (subterranean clover) or mxed grass/l|egume pastures
frommd April until Novenber. The main effect of |egumes on ani nal
growh '"occurred during w nter when |iveweight gains were 67, 96 and 119
g/h/d for the respective treatments. The lower rate of gain on the
| egume plots conpared with the mixed plots was due to | ow herbage
availability.

Studies are continuing with |egunes and grasses to obtain further
data on their relative potentials for animl production in this environ-
ment and to neasure the "nutritional factors involved based on recently
devel oped techni ques and hypot heses. W see these studies as an
extensi on of basic research to the field situation in an attenpt to
solve practical problens.

(c) Agronom ¢ eval uati on of pasture |egunes

Research on pasture |egumes has largely been neglected on the
northern tablelands in favour of evaluation studies on exotic grasses
such as fescue, phalaris, ryegrass, cocksfoot etc. Wite clover is the
standard | egunme used and al though this species may be efficient for soil

nitrification, it is really a spring/sumer grow ng species and because
of its susceptibility to dry periods nay even grow as an annual . |f
| egunes are proven to have a majorinfluence on the nutritional status
of grazing animals, especially during autum and winter, then currently
used cultivars of white clover are unlikely to be of significant benefit.
"At den Innes, we are also vitally interested in the nutritiona

- evaluation of native grass species and the use of |egunmes to inprove the
quality and productivity of natural pastures

Legunes such as subterranean clovers and lucernes of fer enornous
potential advantages for the inprovenent of both sown and natura
pastures on the northern tablelands but substantial research inputs are
required to develop these species and their managenent requirenents
Such progranmes are currently being inplemented at the Agricultura
Research Station, Gen Innes

VI. CONCLUSI ONS

Beever et al. (1978) stressed that the true causal reasons for
different animal performance on pastures with simlar digestibility
coefficients, such as autum vs spring herbage, have not been el ucidated

They highlighted in their research the msleading nature of apparent
digestibility as a measure of nutritive value, and the danger of using
a fixed value to convert DE to ME. Mnson (1978) also stressed this
point indicating that the net availability of ME for fattening may
differ by up to 65% for pastures with similar ME concentration

Such differences in efficiency of utilization of ME have been
shown to be a major reason for differences between herbage species and
season of growth. Differences in intake are also strongly inplicated.
Possi bl e factors associated with these differences include variations
in readily available carbohydrates, the proportion of propionate in rumen
VFA's and the proportion of protein energy to total energy. However, no
expl anation has yet produced satisfactory reasons for low growh rates
on highly digestible pastures.,
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Research in this area still therefore poses a najor challenge to
ruminant nutritionists, while a resolution of the factors associated
with the overall inefficiency of conversion of pasture to aninal

product could have enornmous inplications in the pastoral industries.

In the neantime, one necessary agrononic objective should be to
pronote the proportion of |egunes in pastures, especially during autum
and winter.
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