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Abstract

Daily weight gains of sheep in pure sward grazing trials showed
relative feeding values to be in the order: white clover (100) >
sainfoin (97), Maku lotus (87) > lucerne, red clover (78) > peren-
nia ryegrass (52). The high feeding value of lotus and sainfoin may
be due to the presence of condensed tannins which have been
_shownalto improve protein digestion and utilization in indoor feed-
ing trias.

INTRODUCTION

THERE is a deieloping interest in New Zealand in the use of Lotus
species as dternative pasture legumes. ‘Grasslands Maku' lotus
(L. pedunculatus Cav.) has been found to grow well in moist,
hill-country soils of low fertility and low pH (Armstrong, 1974;
Brock and Charlton, 1978; Lowther, 1980), whereas the drought-
resistance characteristics of L. corniculatus make it well suited
for dryland pastures (Charlton et al., 1978). Agriculturally impor-
tant lotus species differ from other pasture legumes grown in New
Zedand in that all parts of the plant contain significant amounts
of condensed tannins (Ross and Jones, 1974; Jones et al., 1976).

Condensed tannins are of interest because of their ability to
form complexes with plant and salivary proteins, which are stable
under rumen pH conditions, and have been implicated as a major
reason for the absence of bloating with these legumes (Reid et al.,
1974). The production of such a complex with soluble plant pro-
teins has been considered nutritionaly important as this would
reduce protein degradation to ammonia by rymen microbes and
consequently increase amino acid absorption by the anima (Reid
et al., 1974; Ulyatt et al., 1977). However, information on the
feeding vaue of fresh lotus species by ruminants is limited to the
preliminary results for Maku lotus (Ulyatt et al., 1977) and for
L. cornicdaus in legumegress pedues ad as a hey feed in North
America (Seaney and Henson, 1970; Marten and Jordan, 1979).
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This paper reviews recent information from grazing trials and
digestion studies with Lotus species, with particular attention to
the possible influence of condensed tannins on feeding value. Sain-
foin (Onobrychis viciifolia Scop) , which also contains condensed
tannins (Jones et al., 1976), is included.

FEEDING VALUE' OF LOTUS WITH GRAZING ANIMALS

Liveweight gain trials using sheep grazing pure swards of sev-
eral herbage species and cultivars have been conducted. Species
included have been Maku lotus, Huia white clover (Trifolium
repens L.) , Wairau lucerne (Medicago sativa L.) , Hamua, Pawera
and Red West red clovers (T. pratense L.), Fakir sainfoin and
Ruanui  perennial ryegrass (Lolium perenne L.). The trials each
lasted 6 to 12 weeks and were conducted over spring, summer
and autumn periods with weaned lambs or hoggets. All species
were rotationally grazed in such a manner as to ensure the ani-
mals had an unrestricted diet of leafy, vegetative herbage. Analysis
o svad drudure before and dter gadng indicaed thee require
ments were usualy attained.

The in vitro digestibility of herbage judged to be consumed
during grazing was 85 % for white clover and lucerne, 83% for
Maku lotus and the red clover cultivars, and 79% for sainfoin.

As white clover was included in al trials and usualy gave the
highest weight gain, results shown in Table 1 are presented rela-
tive to this species. Weight gain responses with Maku lotus were
higher than either lucerne or red clover and inferior only to white
clover. Preliminary findings with sainfoin also indicate a high
feeding value for this species.

Differences in feeding value of pasture species can arise from
differences in feed intake and/or differences in the efficiency of
utilization of the consumed feed. For example, the superiority of
white clover over ryegrass has been shown to be due to the higher
feed intake and the more efficient utilization of protein during
digestion of white clover (Ulyatt, 1970; MacRae and Ulyaitt,
1974). Herbage intakes were not measured in these trials, there-
fore it is not possible to conclude whether intake contributed to
the higher weight gains with Maku lotus and sainfoin over the
other legumes. However, studies with hay feeds have found high-

*Following the definitions recommended by Ulyatt (1973) feeding value
= anima response from a given herbage and nutritive value = animal
response per unit of feed consumed.
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TABLE 1: COMPARATIVE LIVEWEIGHT GAINS OF SHEEP
GRAZING MAKU LOTUS AND OTHER PASTURE SPECIES’

Liveweight Gain”

Relative Range No. of
Species Value (g/d) Trials
Huia white clover 100 190-354 7
Fakir sainfoin 97 182-230 2
Maku lotus 87 153-315 6
Wairau lucerne 78 123-267 5
Hamua red clover? 78 127-234 5
Ruanui ryegrass 52 88-198 4

* Keogh and Lancashire, unpublished.

b Determined after fasting.

¢ Preliminary findings.

¢ Similar values obtained in three trids for Pawera and Red West
cultivars.

er voluntary intakes in comparisons of L. corniculatus with lucerne
(van Soest, 1965) and of sainfoin with red clover and lucerne
(Osbourne et al., 1966).

The superiority of the legumes over perennia ryegrass in Table
1 emphasizes the well-established fact that legumes have a higher
feeding value than grasses (Ulyatt, 1970; Ulyatt et al., 1977).
However, the occurence of bloat with the commonly used legumes
has generally discouraged the widespread use of specialist legume
swards. The use of non-bloating legumes of high feeding value,
such as Lotus species, may be one way of overcoming this prob-
lem. For instance, Marten and Jordan (1979) have shown that
substitution of a pure stand of L. corniculatus for one-third of a
lucerne-grass pasture system gave a 23% increase in daily weight
gains of lambs. This led to the recommendation of the maximum

incorporation of this legume in pastures.

The low current use of Maku lotus and sainfoin in New Zealand
appears to be mainly due to the lack of a defined agronomic role
for these legumes, athough they do appear to be generally limited
to those areas where white clover growth is poor. Other papers
in this session and recent publications (Lancashire et al., 1980)
sow thet Mau ldus hes conddadde paetid as a mgor legume
constituent in a number of environments, while, L. corniculatus
appears to be well suited to a wide range of medium fertility dry-
land soils (Charlton et al., 1978), and sainfoin has shown pro-
mise on North Isdand pumice soils (Percival and McQueen,
1980) . The high feeding values of these species suggests that they
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can be valuable as dternative legumes to white clover in these
agronomic  Situations.

NUTRITIVE VALUE OF LOTUS SPECIES

The chemical compositions of three lotus cultivars and sainfoin
are given in Table 2. The content of crude protein, readily fermen-
table carbohydrate (soluble sugars and pectin) and of structural
carbohydrate (cellulose and hemicellulose) is similar to that of
other legumes grown in New Zealand, but the lignin content of
lotus species is particularly high, being three to four times that of
white clover and red clover (Ulyatt ef al., 1977). Lignin is known
to depress the overall digestibility of herbages through its inhibitory
effect on the digestion of plant cell walls — i.e., cdlulose, hemi-
cellulose and lignin (van Soest, 1975) . While the cell wall con-
tents of the fresh herbages in Fig. 1 were similar at about 30 to
35% of DM, except for white clover at 20%, cell wall digestibility
declined as the proportion of lignin in the cell wall increased. As
the digestibility of the soluble components of herbages is close
to 100% (van Soest, 1975) the lower organic matter (OM) diges-
tibility of L. corniculatus cultivars of 71% (Table 2) compared
with 85% for white clover and ryegrass feeds in Fig. 1 can be
accounted for by differences in cell wall digestibility. This might
have an effect on the voluntary feed intake of animals grazing
los & reduosd OM dgediblity hes been cordaed with deess
ed herbage intake of grazing animals (Hodgson, 1977). The lower
lignin content 04 leaf than stem suggests that the efficient utiliza-
tion of lotus swards would involve a grazing management which
maximized the intake of leaf rather than stem material.

TABLE 2: CHEMICAL COMPOSITION (% DM) AND ORGANIC
MATTER DIGESTIBILITY OF LOTUS SPECIES AND SAINFOIN.

Maku Lofus corniculatus®  Fakir
Lotus’ Empire Maitland Sainfoin’

Readily fermentable carbohydrate 134 145 170 196
Structural carbohydrate 170 190 179 205
Lignin 116 99 114 48
Crude protein (N X 6.25) 26.7 218 205 213
Condensed tannins® 2(1-3) 0.25 145  6(57)
Organic matter intake (g/d) - 696 699 543
Apparent digestibility (%) — 713 705 781

“Ulyatt et al. (1977).

® Tohn, unpubl. data.

¢ Ulyatt and Egan (1979).

¢ Values in parenthesis indicate range (W. T. Jones, pers. comm.).
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Fie. 1: Effect of lignification on cell wall digestibility of fresh herbages
fed to sheep.

Ruanui  ryegrass (R), Tama ryegrass (T), white clover (WC)
and sainfoin (S) , calculated from data of Ulyatt and Egan (1979). Empire
(E) and Maitland (M) cultivars of L. corniculatus (John, unpubl. data).

CONDENSED  TANNINS

Though the ability of condensed tannins to form stable com-
plexes with soluble plant and sdivary proteins in the rumen has
been implicated as a major factor in the non-bloating properties of
some pasture legumes, the influence of condensed tannins on dig-
estion of fresh herbages is largely unknown. It has been proposed
that the formation of these tannin-protein complexes would im-
prove protein utilization during digestion by reducing protein

degradation to ammonia in the rumen and subsequently increasing
amino acid absorption in the small intestines (Ulyatt et al., 1977).

The identification of two cultivars of L. corniculatus differing
mainly in condensed tannins content (Table 2) has recently made
it possible to study the effects of condensed tannins on digestion.
in feeding trials. Data in Table 3 show that the higher level of con-
densed tannins in the Maitland cultivar was associated with reduc-
ed herbage protein solubility, reduced ammonia formation in the
rumen, and an increase in feed protein leaving the stomach. These
results are consistent with the formation of a plant protein-tannin
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TABLE 3: N DIGESTION AND RETENTION BY SHEEP FED L.
CORNICULATUS CULTIVARS DIFFERING IN THEIR CONDENSED
TANNINS CONTENT

Empire Maitland

Protein solubility (%)* 95 5
Rumen fluid NH,-N (mg/l) 314 228
Rumen OM outflow rate/day’ 16 13
N intake (g/d) 290 211
N leaving stomach (g/d):

Microbial 118 93

Feed 116 148

Total 234 238
N digested in intestines (g/d) 16.7 16.2
N retained (g/d) 22 51
‘See Table 2.

v Fraction 1 protein.
‘Fractional outflow rate of rumen OM pool estimated from: duodenal

OM flow rate (g/d) < rumen OM pool size (g).

complex which reduces the rate of protein degradation in the
rumen.

Attempts to compare N digestion in different feeds should take
into account differences in turnover rate of rumen digesta as both
the quantity of feed protein escaping digestion in the rumen and
the yield of microbial protein increase with increasing turnover
rate (Kennedy and Milligan, 1978). The passage of protein from
the stomach as a function of rumen OM outflow rate for forages
of high N content is illustrated in Fig. 2. It can be seen that at
the same OM outflow rate more protein leaves the stomach with
feeds of low protein solubility than feeds of high protein solubility.
This dffaence can be aoccounted for by an inoeese in fead pratan
leaving the stomach with low protein solubility feeds (Table 3).
Thee resdts dhow that the presnce of condensad tanins in lotus
reduces the rate of feed protein degradation in the rumen and in-
creases protein flow from the stomach.

Whereas similar amounts of protein were digested in the intes-
tines with the two lotus cultivars, more N was retained when the
sheep were fed Maitland (Table 3). Sainfoin has also been found
to yield higher N retention than white clover or ryegrass (Egan
and Ulyatt, 1980). The reason for this higher efficiency of utiliza-
tion of protein leaving the stomach of sheep fed herbages contain-
ing condensed tannins is not known, athough differences in urea
metabolism have been found (Egan and Ulyatt, 1980).
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Fic. 2: Passage of protein from the stomach as a function of rumen OM
outflow rate for sheep fed forages differing in protein solubility.
Key: High protein solubility feeds (solid squares) : Empire (E) fresh herb-
age cut a primary harvest (1) and secondary regrowth (2) stages (John,
unpubl. data). Ruanui ryegrass (R) and white clover (WC) fresh her-
bages, data calculated from rumen OM pool size (Ulyatt and Reid, pers.
comm.) and the duodenal flow equations of Ulyatt and MacRae (1974)

and MacRae and Ulyatt (1974).

Low protein solubility feeds (solid circles): Maitland (Ml and M2)
fresh herbage, chaffed lucerne hay (LC) from John (unpubl. data). Sub-
terranean clover (SCA) from Weston and Margan (1979), lucerne hay
(LH) and subterranean clover (SCB) from Egan et d. (1975), rumen OM
pool size calculated from published ruymen water volumes and assuming
OM content of 91 g/kg digesta.

With regard to OM digestibility, results in Table 2 show that
condensed tannins were without effect at the concentration pres-
ent in Maitland. While concentrations above 8% of DM may de-

press digestibility (Burns, 1978) the levels found in lotus and
sainfoin are usualy lower (Table 2) .

CONCLUSIONS

Results presented here show that weight gains of sheep grazing
Maku lotus and sainfoin are high and close to that of white
dover.

While the use of these legumes is at present restricted to cer-
tain agronomic situations, it is possible that more widespread
adaptation of these species could be achieved in the future as a



FEEDING VALUE OF LOTUS SPECIES 159

result of plant breeding and selection programmes which are cur-
rently in progress (W. Rumball, pers. comm.; J. F. L. Charlton,
pers. comm.) . An aspect of nutritional importance which warrants
atention during selection programmes is the extent of lignifica-
tion of the cdl wals of these legumes as this was considered here
to be a limting fador in OM dgedion. The pressnce of condensd
tannins in lotus did not affect OM digestion but did improve the
digestion and utilization of N. This enhancement of nutritive value
by condensed tannins could be one reason for the higher animd
perfformance with Maku lotus than with some other legumes.
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