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Nutritive value of subtropical grasses invading North Island pastures
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Abstract

A study was undertaken to ascertain the possible
nutritional impact of subtropical grass invasion into
pastures, by chemically analysing five common
subtropical grasses. Leaves taken from kikuyu
(Pennisetum clandestinum),  paspalum (Paspalum
dilatatum), smooth witchgrass (Panicurn
dichotomiforum),  crowfoot (Eleusine  indica), and
summer grass (Digitaria sanguinalis) were
collected from grassland in the North Auckland,
Waikato and Manawatu regions. Leaves of
perennial ryegrass  (Lolium perenne) were also
taken from each pasture as a reference temperate
grass. Relative to perennial ryegrass  the subtropical
species clearly showed increased levels of neutral
detergent fibre (NDF; 38.4% vs 57.5%) but reduced
levels of total protein (23.0% vs 13.2%), soluble
sugar (11.7% vs 5.9%) and in vitro organic matter
digestibility (OMD; 84.0% vs 66.6%). Similar
results were obtained for grasses grown in each of
the three areas. Of the subtropical grasses, summer
grass was of the highest nutritive value and crowfoot
was of the lowest. The results of an in vitro rumen
protein degradation experiment showed net
ammonia produdtion from pasture fermentation was
significantly lower for the subtropical species than
for perennial ryegrass. The present study indicates
that the subtropical grasses are of considerably
lower nutritive value than perennial ryegrass. Their
cont.inued  spreading into grazing pastures will
probably substantially decrease the nutritive value
of the pastures and animal production.
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Introduction

Perennial ryegrass  (Lo&urn  perenne) - white clover
(Trifolium  repens)  mixtures are by far the most prevalent
type  of  graz ing pas tures  sown in  New Zealand,  but  an
increas ing number  of  subtropical  grasses  have recent ly
become establ ished in  some areas  of  the  North  Is land,
especially in dairying regions, i.e., Auckland, Waikato
and Bay of Plenty. Both perennial species such as kikuyu
(Pennisetum clandestinum) and paspalum (Paspalum
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di la ta tum) ,  and annual  species  such as  summer grass
(Digitaria sanguinalis), crowfoot  grass (Eleusine  indica)
and smooth  wi tchgrass  (Panicurn  d icho tomi forum) ,  are
common in pastures .

Al though subt ropica l  grasses  grow readi ly ,  remain
green and produce more dry matter  than t radi t ional
pasture  mixtures  dur ing a  prolonged dry summer,  their
chemical composition has not been extensively
evaluated. Previous studies (Minson 1972; Joyce 1974;
Forde e t  a / .  1976)  have  ident i f ied  tha t  paspalum and
kikuyu can  have  lower  nut r i t ive  va lues  than  tempera te
species such as perennial ryegrass, but little is known of
the nutritive value of the common annual species which
regular ly  appear  as  volunteers  in  pas ture ,  espec ia l ly
crowfoot  and  smooth  wi tchgrass .

The object ive of  this  experiment was to compare
the chemical composition of invading subtropical grasses
wi th  tha t  of  perennia l  ryegrass  and to determine if  the
increas ing  quan t i t i es  o f  sub t rop ica l  g rasses  invad ing
North Island pastures will alter the nutritive value of the
feed.

Materials and methods

Leaves from five subtropical  grasses  and the temperate
grass  perennia l  ryegrass  were harvested during mid-
summer from  grass land in  the  Manawatu ,  Waikato  and
Nor th  Auckland  reg ions  and  t ranspor ted  on  dry  i ce  to
Palmerston North.  Leaf samples of kikuyu,  paspalum,
smooth witchgrass, crowfoot, summer grass and
perennial ryegrass  were immediately freeze-dried on
arr ival  a t  AgResearch,  Palmers ton North  and ground fo
pass  through a  l -mm sieve.  Analysis  was under taken a t
Massey Univers i ty  and AgResearch,  Palmers ton North
for  to ta l  n i t rogen  (N) by  the  Kje ldah l  p rocedure  wi th
crude protein calculated as total N x 6.25, condensed
tannin  (CT) us ing the  extractable  and  bound method of
Terrill  et al. (1992) and soluble sugars as described by
Bai ley  (1967) .  Neutra l  de tergent  f ibre  (NDF;  to ta l  ce l l
wal l )  was  analysed  us ing  the  n ie thod  of  Rober t son  &
Van Soest (1981),  and organic matter digestibility
(OMD) was determined using the method of  Roughan
& Hol land  (1977) .

In addition to the chemical  ianalysis,  in vitro rumen
incubations were, performed fqllowing  the method
descr ibed  by  McNabb  e t  a l .  (1994) to measure the net



convers ion of  p lant  n i t rogen to  ammonia ,  us ing rumen
fluid from three sheep fed a basal diet  of meadow hay
(850  g/day) and lucerne chaff (150 g/day). Plants of the
same species from the three different regions were bulked
together. In addition lucerne (0% CT) and Lotus
comiculatus  (4% CT) were used as internal references
to check the performance of thein vitro technique, Four
replicates of each plant material were used. Freeze-
dr ied  mater ia l  was  weighed in to  s toppered  f lasks  wi th
0 .2% cel lobiose  (energy) .  Polyethylene  glycol ( P E G ;
MW 3,350)  was  added to  one of  each dupl ica te .  PEG
binds to CT, preventing the CT binding to protein (Jones
& Mangan 1977); hence the effect of CT on forage
protein degradation can be deduced by comparing
control flasks (CT acting) with PEG flasks (CT
inactivated). Sixty ml of freshly prepared artificial saliva
(pH  6.8; McDougall 1948) was added to each flask
along with 15 ml of strained rumen fluid, the flasks
were then flushed with COz,  stoppered and shaken (200
rpm) at 39’C  for 8 hours. 20 ml subsamples were
removed at  0,  4 and 8 hours from each flask,  acidified
and stored at 4°C for ammonia analysis using a Cobas
Fara  automatic  analyser  (Cobas  Fara,  F. Hoffmann-La
Roche Ltd,  Switzer land) .

Results

Relative to perennial ryegrass, all the subtropical species
showed reduced levels of crude protein, soluble sugars
and OMD with increased levels. of NDF (Table 1).
OMD was on average 17% units lower than for perennial
ryegrass. All grasses analysed contained trace levels of
CT (0.07-0.30%)  with the exception of crowfoot  from
both the Waikato and Manawatu regions, which
conta ined  neg l ig ib le  l eve l s  (O.Ol-0.04%)  and  k ikuyu
sampled from Waikato (0.03%). Crowfoot s t o o d  o u t
among the subtropical species as having very low levels
of  crude protein (6.68.9%),  h igh  NDF (62-67%)  and
low OMD (52-67%).  Summer grass  was also notable
for having the lowest NDF level (44-52%  DM) and the
highes t  OMD (71-76%  OM).

Plants grown in North Auckland were consistently
lower  in  OMD for  a l l  subt ropica l  spec ies  ana lysed;
kikuyu 65.4% vs 66.3% and 69.5% for Manawatu
and Waikato  respect ively ,  paspalum 58.3% vs  67.8%
and 64.7%,  crowfoot 52.2% vs 67.5% and 64.0%.
Perennial ryegrass followed the trend, with OMD
81.7% and 86.2% for North Auckland and Waikato
respectively.

Table 1 C h e m i c a l  c o m p o s i t i o n  o f  t h e  l e a v e s  o f  s u b t r o p i c a l  g r a s s e s  c o m p a r e d  w i t h  p e r e n n i a l  ryegrass  l e a v e s  ( s a m p l e s  w e r e  a n a l y s e d
in duplicate).

A r e a Spec ies C r u d e  p r o t e i n * T o t a l  c o n d e n s e d Soluble sugar NDFs OMD4
(%  DM) tannin (%  DM) (%  DM) (o/o  DM) (%  DM)

N o r t h A u c k l a n d Ryegrass’ 24.2 0.30 1 2 . 1 4 0 . 3 8 1 . 7
Kikuyu 1 7 . 5 0.10 4.3 58.8 65.4
Paspalum 1 5 . 7 0.25 8.6 58.2 58.3
Crowfoot 6.6 0.13 3 . 8 67.0 52.2

Waikato

Mean values

1
2
3
4

Kikuyu 1 6 . 8
Paspafum i5.5
Witchgrass 6.5 ’
Summer grass 1 2 . 0
Crowfoot 8.9

Ryegrass’ 21.8
Kikuyu 1 5 . 6
Paspalum 1 5 . 8
Wi tchgrass 1 3 . 3
Summer grass 1 9 . 2
Crowfoot 8 . 9

Ryegrass’ 23.0
Kikuyu 1 6 . 6
Paspalum 1 5 . 6
Wi tchgrass 9.9
Summer grass 1 5 . 6
Crowfoot 8 . 1

Perenn ia l ryegrass
Crude protein N= x 6.25
NDF; Neutral detergent fibre; total cell  wall
OMD; Oroanic matter digestibility

0.14 6.6 5 6 . 1 66.3
0.09 6.4 63.3 67.8
0.21 9 . 7 57.9 71.2
0.12 6.3 5 2 . 3 76.4
0.01 8.0 6 2 . 1 67.5

0.07 1 1 . 3 3 6 . 5 86.2
0.03 5 . 1 59.4 69.5
0.18 7.9 63.0 64.7
0.12 8.5 53.6 63.7
0.20 5 . 7 44.2 71.2
0.04 0.0 62.8 64.0

0.19 1 1 . 7 3 6 . 4 84.0
0.09 5 . 3 5 8 . 1 6 7 . 1
0.17 7 . 7 61.5 63.6
0.17 9 . 1 5 5 . 8 67.5
0.16 6.0 48.3 73.0
0.06 1 . 3 64.0 61.2
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Ammonia accumulation after 8 hours, in vitro
rumen  fermentation,  expressed as a percentage
of forage total N added (Table 2),  averaged 0.85%
for the subtropical  grasses,  5 .3% for  perennial
ryegrass  and 12.2% for lucerne, values being
similar in the presence and absence of PEG.
Among the  subt ropica l  grasses ,  h ighes t  va lues
were  recorded for  kikuyu,  wi th  negat ive  values
for crowfoot. Lo&s cornicufutu.s  was the only
plant to show a significant increase in ammonia
accumulation with the addition of PEG, indicating
its CT were reducing degradation of forage
protein to ammonia.

Discussion

Table 2 Ammonia accumulation after 8 hours’ in vitro rumen
fermentation, expressed as a percentage of forage total nitrogen
a d d e d  ( m e a n  v a l u e s  ? S E  d e t e r m i n e d  f o r  4  r e p l i c a t e s  o f  e a c h
t rea tment ) .

S p e c i e s

P e r e n n i a l ryegrass
Kikuyu
P a s p a l u m
W i t c h g r a s s
S u m m e r g r a s s
Crowfoot
L u c e r n e
Lotus corniculatus

Total N ._________  __ PEG _.- __.__.___ Level of
(96  DM)  - + s i g n i f i c a n c e

3.68 5.3 f 0.60 5.3 + 0.71 NS
2.66 4.7 f 0.32 4.6 t 0.25 NS
2.50 1.3 50.61 1.7 * 0.31 N S
1.59 0.3 f 0.30 0.4 ? 0.35 NS
2.50 o.zi1.17 0.2 t 1.29 N S
1.30 -2.2 f 0.26 -2.1 f 0.29 NS
4.61 12.2 + 1.08 12.7 + 1.36 NS
3.85 4.7 f 0.38 10.7 2 1.56 *

NS, P >  0.05; *, P <  0.01.

The present study indicated that the invasion of perennial
ryegrass-whi te  c lover  pas tures  by  subt ropica l  grasses
would  cons iderably  reduce  nut r i t ive  va lue .  This  was
true for  a l l  f ive  invading species  analysed,  the  OMD
values being on average 17 digestibility units lower for
the subtropical grasses compared with perennial
ryegrass .  This  decrease  would be expected to  lower
voluntary feed intake (VFI)  (Minson 1981)  and in
combina t ion  wi th  the  lower  OMD would  be  l ike ly  to
decrease  animal  product ion.

Dif ferences  in  nut r i t ive  va lue  were  evident  wi th in
the subtropical  grasses ,  k ikuyu,  paspalum and summer
grass having the highest crude protein contents.
Crowfoot had the lowest nutritive value, with high fibre
content and crude protein content so low that ammonia
supp ly  cou ld  be  r e s t r i c t ing  rumen microbia l  growth .

This is consistent with observations that it is often
rejected by grazing livestock.

Summer grass contained moderate levels of crude
protein and OMD with a lower NDF than the other
subtopical grasses, indicating that of the invading species
summer grass would have the least  effect  on pasture
nutr i t ive  value .  There  may be  some oppor tuni t ies  to
develop more agronomical ly  desi rable  var ie t ies  of  th is
subtropical grass if more leafy varieties could be
developed, as the leaf material is clearly of some
nutitional value.

There  is  increasing interes t  in  New Zealand in  CT
for  improving the  eff ic iency of  ni t rogen digest ion in
ruminants fed fresh forages (Waghorn et&.  1990).  The
resu l t s  f rom th is  s tudy  shows tha t  th ree  subt ropica l
grasses  and perennia l  ryegrass contained traces of CT.
However, the levels of CT were too low to be effective
in  reduc ing  the  ne t  degrada t ion  of  p lan t  n i t rogen  to
ammonia, and the nutritional advantages of CT in
pro tec t ing  pro te in  degrada t ion  as  seen  in  spec ies  such
as Lotus corniculatus were not observed for any of the
grasses .

It is concluded that without effective  pasture
management ,  the  cont inued invasion of  subtropical
grasses will lower the nutritive value of traditional
perennial ryegrass-white clover pastures. The spread of
subtropical grasses may be limited by agronomic
practices, e.g., spraying or resowing, or grazing
strategies (e.g., harsh grazing in autumn). Conversely, a
supplementary  feeding s t ra tegy could  be  devised  to
ensure  graz ing s tock are  not  def ic ient  in  the  requi red
nutr ients  for  maximum production.  Based upon the
differences in chemical  composit ion between perennial
ryegrass  and the subtropical grasses shown in Table 1,
such  supplements  should  have  h igh  concent ra t ions  of
readi ly  fermentable  carbohydrate  and contain rumen-
undegradable  p ro te in .
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