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ABSTRACT

To evaluate the usefulness of two Salix speciepastoral systems, two experiments were conducted to
determine 1) the effects of browsing intensity aftdquency on the regrowth of the Salix species and
Chamaecytisus palmensis (H. Christ) Hutch and 2)egip preference for them. The species responded
well to browsing but the mean regrowth of S. kinuyagi Kimura and C. palmensis was higher than
that for S. matsudana x alba clone ‘Tangoio’. Acrespecies, browsing twice during summer-autumn
yielded more edible dry matter (DM) than browsingae and seemed the most practical management
for the farmer. Heavy browsing increased woody st&M in S. kinuyanagi but did not influence
regrowth in S. matsudana x alba and C. palmensisn&atsudana x alba was the most preferred spe-
cies by sheep but declined dramatically in prefecerduring autumn. It is suggested that C. palmen-
sis must be grown alone to enhance its use while 8alix spp. could be mixed.

Keywords: Browsing intensity, browsing frequency, condensedin, forage intake, preference,
regrowth, Salix species, Chamaecytisus palrsensi

INTRODUCTION tential of Salix matsudana alba clone ‘Tangoio’

For practical purposes, woody species selectaahd Salix kinuyanagiKimura as supplementary
for fodder in pastoral systems should be judgetbdder in a dry summer. Nonetheless, their re-
on both cutting and browsing managementsponse to browsing has been sparingly studied
Browse species tend to respond differently tgHathaway, 1986) and therefore needs to be investi-
different methods of defoliation due to thegated further. In this study, tialix species were
amount and type of tissue removed. The use abmpared tdChamaecytisus palmengild. Christ)
either cut and carry dn situ browsing system de- Hutch since it has received most attention in brows
pends on how accessible and acceptable the foragg evaluations (Borens and Poppi, 1990; Town-
is to the animal, and the practical expedienchéo t send and Radcliffe, 1990). Moreové&, palmensis
farmer. Cutting management studies (Dougdas is the most favoured browse species because of its
al., 1996; Oppong, 1998) have indicated the padhigh edible dry matter (DM) yield and reasonable
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browse quality (Borens and Poppi, 1990; Douglabe the most convenient and economical option.
et al, 1996). Browse species that maintain productivity under

Townsend and Radcliffe (1990) found that browseg rowsing may be favoured by pastoral farmers. A
C. palmensishad lower edible DM yield than when wider use of browse fodder in well-developed pas-

cut or browsed and then trimmed. The browse&oral systems such as those in New Zealand wil

. . ~fequire more information on the effect of browsing
trees also became woody with fewer bud sites X :
on and animal preferences for browse species. Two

(Townsend and Radcliffe, 1990). The fewer poten-x eriments were conducted to determine 1) the

tial growth buds resulted in reduced regrowth sinc&xP C .

these buds occur largely on the smaller and softgrfeCt of browsmg_ intensity and frequency on the
growth of theSalix spp. andC. palmensisand 2)

stems that were also browsed. Hathaway (1QSé ; :
found increased DM vyields i@ matsudana alba eep preference for these browse species at-differ
ent times of the day and year.

when severaBalix species had intensive browsing

once a year for three years but they did not deteyATERIALS AND METHODS
mine the effect of browsing intensity and frequency;ie description

on the DM yields of the species. The experiments were conducted at Frewens,
Further, the feeding value of any forage is a fundMassey University, Palmerston North (grid refer-
tion of its intake and nutritive value (Ulyatt, 198 ence; NZMS, Palmerston North 260 T24 3328609).
Forage intake is influenced by the preference ofhe long-term mean annual rainfall is 995 mm and
animals, and is modified by the availability of thethe dry months are January to April. The long-term
forage (Hodgson, 1979). In New Zealand only anean annual air temperature is 129 The mean
few studies on browse preferences have been cawil temperature (30 cm depth) is 4@ (Burgess
ducted (Lamberet al, 1989; Pandet al. 2002). 1988). The soil is an Ashhurst silt loam, thatas,
Preference ratings are useful for selecting thet moshallow and stony soil associated with yellow-grey
acceptable browse species for inclusion into pagarths and it is excessively well drained (Cowie
toral systems and such studies could be useful ¥976). It has medium fertility, for example, Olden
formulating browsing strategies (Lambest al, of 20 mg/kg soil and soil pH of 5.2 (Table 1).

1989).

Depending on the farmers’ circumstances, the s&xPerimental plants o
lection of species that are resilient to browsirmym | he three browse species used were hybrid willow
(Salix matsudana alba) clone ‘Tangoio’, Kinuya-

Table 1: Soil nutrient levels at Frewens, Massey Urersity, Palmerston North
(sampled to 75mm depth; July 1995)

Exchangeable cations

(meq/100g soif)
Olsen P S (mg/
pH® (mg/kg) kg) K Ca Mg
52 20 4 0.3 0.1 0.8

#Converted "quick-test" units assuming constantsdk density
®Determined on a 1:2.5 soil : water suspension

‘CaH,PO, -extractable S@S

91M ammonium acetate, pH 7
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nagi willow (Salix kinuyanagi and tagasaste Experiment 2
(Chamaecytisus palmengi$he same experimental The treatments were three browse spe@esmé-

plants were used in both experiments. tsudanax alba, S kinuyanagiand C. palmensiy
) two browsing times and two seasons. The times
Plant establishment and management were morning (9.30 - 11.30 hr) and evening (15.00

The site was sprayed with glyphosate (1.1 kg ailha) 17 oo hr), which are peak grazing periods for
and cultivated by chisel plough a week beforgneen grazing temperate pastures (Hodgson, 1982).
planting. Stakes of th&alix Species were planted The two seasons were summer (February 1997) and
on 8/9 September 1994 whilst seedlingsCopal- 5 yymn (April 1997). The experiment was a split

mensis were transplanted on 21/22 SeptembeﬁlOt desi : ;
. : gn with four randomised complete blocks.
1994. In autumn 1995 the site was sown with The trees were cut to 1.2m above ground in late

lium perenneandTrifoIium repensas cover plants August 1996 for summer browsing and cut in Feb-
to control .th.e ingress of weed§. Sub.sequen.tly, ﬂ}ﬁary 1997 to the same height for autumn browsing.
pasture within tree rows was killed with a mixture

of glyphosate, terbuthylazine and terbumeton (1.5aCh subplot comprised a row of 4-8 trees of each

0.25 and 0.25 kg ai/ha, respectively). The betweenrzO v_\ll_shee Strpeeecslevsv'etrza; lzctgl(;eaesr?r\‘/v;;near?maerﬁtﬁ f’ fplas-
row pasture was mowed regularly. The species P P '

between the trees was killed with glyphosate
were browsed by sheep when they were aged 1% © X

months and hady the f(ﬁlowing me)a/m heightgs an .1 kg ai/ha) about four weeks before the observa-
crown diametersSalix matsudana alba (1.7 m ; tion period so that the browse species were the onl
1.8 m), Salix kinuyanagi(1.7 m : 2.3 m) an'd live forage available. Preference for the browse

Chamaecytisus palmengls9 m ; 3.1 m) species by six Romney ewes (with mean weights of
" ' 56 kg and 55 kg for summer and autumn respec-

Experimental treatments, procedures and design  tively) was determined with the interval sampling
Experiment 1 technique (Hodgson, 1982). The sheep were identi-
The treatments were three browse spec@alix fied using coloured markers on their backsides. The
matsudanax alba, Salix kinuyanagand Chamae- animals were allowed to become accustomed to the
cytisus palmensjistwo browsing intensities - heavy browse species in a nearby paddock with the same
(removal of leaves and edible stem less than 5 mfarages for a week, then were held there when not
in diameter) and light (removal of leaves only)on the experimental plots. The sheep were not
browsing, and two frequencies of browsing - oncéasted, to prevent any bias in their preferencéhfer
(summer) and twice (summer and autumn). The 1iZrowse species (John Hodgson, personal communi-
treatments were arranged in four randomised corgation), and were allowed free choice of all browse
plete blocks with each plot (experimental unit)species in each plot. The observation period was 2
comprising a row of 8 trees. One row had 4 treesours whilst the frequency of the observations was
and was considered a missing plot. The trees hadminutes.

intra-row spacing of 2 m and inter-row of 4 m and

each plot was enclosed with an electric fence. Folleasurements

groups of six mature Romney ewes were used Bxperiment 1

the experiment with mean weights of 63 kg and 6Fwo plants within each row were selected a week
kg for summer and autumn, respectively. Thdefore browsing and their crown diameters meas-
groups were allocated randomly to the plots. Thared at the mid-point of the tree canopy (0.8-1.0 m
summer browsing spanned from 6 - 20 Februargboveground). Crown diameter (CD) was measured
1996 and that of autumn, 22 - 28 April 1996. Bewith a 7.5 m diameter tape. Tree mass ofShéx

fore each browsing, the animals were kept in agpecies was removed to a stump height of 30 cm
adjacent paddock with the same browse species f@hilst that of Chamaecytisus palmensis 50 cm

a week, to become accustomed to them. stump height to optimise regrowth and maintain it
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within reach of the browsing animal. The freshconsumed, using the equations above. No regrowth
herbage was oven dried at %D for 24 hours to yield was determined after the autumn browsing
determine the dry matter (DM) of each speciesuntil the following spring, because tBalix species
These data were used to determine the followingiere dormant during winter whilsE. palmensis
regression functions relating dry matter (g/tra®) a was assumed to have negligible growth during win-
crown diameter of all the species based on the teder (Oldhamet al, 1994). The final regrowth of
niques developed by Rittenhouse and Sneva (197rges browsed once or twice during the season was
and Rutherford (1979) using Microsoft Excel forestimated at the end of the following spring (20
windows version 7 programme (Microsoft Corp.December 1996; Figure 1). The regrowth was esti-

1995): mated from a randomly selected pair of trees not
Chamaecytisus palmensis previously sampled. Similarly, the crown diameters
DM =119.6C3® R =83% p 0.0001 were measured for estimating regrowth dry matter

and sub-sampled as before to determine leaf, edible

Salix matsudana alba clone ‘Tangoio’ and woody stem components.

DM = 193.1CB*R2 = 63% g 0.01

Salix kinuyanagi Experiment 2
DM =57.7CH® RP=64% px 0.05 The activity of each sheep was recorded as brows-
ing or idling (all other activities apart from brew

A day before summer and autumn browsing, arl"d). Sheep activities were recorded using binocu-
other pair of randomly selected trees from eaclgrs Of 10 x 50 magnification and each animal was
treatment were tagged and their crown diametefPserved every 2 minutes. The species browsed and
recorded. Twenty-five percent of tree mass of onff® humber of bites on the species during this time
of the pair was sub-sampled to estimate dry mattéyterval was recorded. The recordings were con-
of leaf, edible and woody stem components. Thgucted on all the animals over the entire observa-
crown diameter of the second tree of the pair waion period of 2 hours. The procedure was repeated
measured post-browsing to estimate dry matter nér €ach subplot in the morning and evening and for

Browsing Summary
frequency browsing
. . Regrowth Final Harvest
I 1 1
I 1 I
I 1 I
I 1 I
Summer | ' I
I 1 1
1 I 1
:6/2/96 : :
I 1 20/2 i
: : Harvest : 20/12/96
1 1 1 1 1
! : : ' -
Summer + Autumn I Regrowth] Autumn brdlwsing R?QFOWth
— ! !
: 1
22/4

28/4

Figure 1: Schematic diagram of browsing and harvesig sequence in Experiment 1
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eight subplots in each browsing season. The totpfogramme of SAS (SAS 1994). Pre- and post-
number of bites on each browse species over theowsing data were analysed as a split-plot over
browsing period (four days for each season) waime. Data from Experiment 2 were analysed as a
used to determine its preference rating. split-plot analysis of variance using the SAS pack-

Plant numbers, spreads (crown diameters) artP®: Fisher's p“’teCtef LSD was used to compare
mean heights per row were recorded. The foliagtéeatment means at = 0.05 (Steel and Torrie,

densities of the browse species per row were rankdd80)-
visually on 1 (trees with least dense foliage incza

pies) - 10 (trees with most dense foliage in candRESULTS

pies) scale. These variables were used to estimatgSults presented are significant (p< 0.05) interac

relative abundance values (RAV) of each brows on ef_fects (species X browsing iptensity; spegies
rowsing stage; species x browsing season; brows-

species in each plot (Oppong, 1998). This was ex- ~". . X
pressed in terms of browse species density (Etienr|B9 time x season) and main effects of the estithate

1989). The proportion of browsing observationyariables that provided useful information. There
(PBO). for each browse species and RAV were usdiere no significant second-order interaction effect
to calculate the browsing preference index (BPIbn any of the experiments.

(Loehle and Rittenhouse, 1982), using the formula: _ ) )
Effects of browsing frequency and intensity on

regrowth

BPI = n(PBQﬂ Regrowth of the tree species when browsed twice

%i(PBQ/RAV) (summer and autumn) was in leaf, edible stem,

Where i = individual browse species; n = all thevoody stem and total and edible DM, than when
browse species browsed once (summer ) (highes @.05; Table 3).

Regrowth ofS. matsudana alba andC. palmensis
o ] was not affected by browsing intensity (p2 0.05;
Statistical analysis Table 4). Heavy browsing & kinuyanagiresulted

In Experiment 1, analyses of variance were pejp, higher regrowth in woody stem and total DM,
formed on leaf, edible stem, woody stem and totg,,, light browsing (9 0.05: Table 4).

and edible dry matter yields, using the PROC GLM

Table 2: Effect of browsing on regrowth biomass (@PM/tree/day) of the Salix spp. and
Chamaecytisus palmensizetween 6 February and 20 December 1996 (Experimeh)

Regrowth biomass (g DM/tree/day)
Leaf DM Edible stem  Woody stem Total edible Total DM

DM DM DM
SPECIES
Salix matsudana alba 1.8 0.6 1.9 2.0 3.9
Salix kinuyanagi 3.7 0.8 4.9 4.2 9.7
Chamaecytisus palmensis 4.8 1.7 3.5 5.7 9.5
SEM 0.6 0.2 0.5 0.7 1.1

Means in a column followed by the same letters atesignificantly different at 5% significance level
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Table 3: Effect of browsing frequency on regrowth lbmass (g DM/tree/day) of theSalix spp. and
Chamaecytisus palmenskzetween 6 February and 20 December 1996 (Experimieh)

Regrowth biomass (g DM/tree/day)
Leaf Edible stem Woody stem Total edible Total

DM DM DM DM DM
BROWSING FREQUENCY
Summer only 23 0.4 2.6 2.7 5.4
Summer and autumn 41 1.8 4.4 52 9.6
SEM 0.5 0.2 0.4 0.6 0.9

Means in a column followed by the same letters atesignificantly different at 5% significance level

Table 4: Effect of browsing intensity on the regrowh biomass (g DM/tree/day) of theSalix spp.
and Chamaecytisus palmensksetween 6 February and 20 December 1996 (Experimen

1)
Browsin Regrowth biomass (g DM/tree/day)
SPECIES intensityg Leaf Edible stem  Woody stem  Total edible  Total DM
DM DM DM DM
, Light 1.4 0.6 1.¥ 2.0 3.8
Salix matsudana
alba Heavy 1.6 0.5 1% 2.1 4.0
Light 2.7 0.2 3k 2.9 6.4°
Salix kinuyanagi oy 4.7 0.8 62 5.5 11.7
_ Light 5.3 1.4 4.8 6.7 11.6°
Chamaecytisus
palmensis Heavy 3.8 1.0 3% 4.8 8.6
SEM 0.8 0.3 0.6 1.0 1.6

Means in a column followed by the same letters atesignificantly different at 5% significance level

Experiment 2
heep preference for browse species
ffect of species
r§heep biting rate when browsii®) matsudanax

pre-browsing DM yields (Table 5). The mteractlonalba andC. palmensiswas 11 bites/minute which

between species and browsing stage for these vaffas ;[W'Ce thtat forSl gguyganagl(Tablef) dSheep
ables was only significant for leaf DM yield<{p spent more time (18%) browsirgy matsu (;’:max
0.05). Post-browsing leaf DM yield was higheSin alba thanS kinuyanagiandC. palmen.s]s(lz/o VS
kinuyanagi (0.8 vs. 0.3 kg DMitree) than pre- 11%), but the values were not significantly differ-
browsing DM.yieId. bdt similar irs matsudana ent. Sheep spent 40% of the browsing period feed-

alba (0.6 vs. 0.4 kg DM/tree) ar@. palmensig(1.0 ing on the species and 60% of time idling (defined
vs. 0 7.kg D.M/'treeg) P ' as a combination of resting, ruminating and feeding

on dead pasture). The percent time spent browsing

Pre-and post-browsing dry matter yield
Post-browsing DM vyields after 7 months regrowt
were significantly higher for leaf, edible stem,
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was higher in summer (45%) than in autumn (38%umn forS. matsudana alba whilst for S. kinuya-

for all three species. The browse preference isdic@agi, values for these attributes in autumn were
showed thatS matsudanax alba was 3-5 times considerably higher than those in summer. There
more preferred thaBl kinuyanagiandC. palmensis was no seasonal effect (p3 0.05) on the bitingohte

(p< 0.05; Table 5). sheep, percent time spent browsing and preference
) rating ofC. palmensisalthough the data suggested a
Effect of time of day decline in all variables for autumn forage (Table 7

The biting rate of sheep on all browse species was
higher in summer than autumn for morning browsp|scuUsSsION

ing (11 vs. 7 bites/minute) and similar (0> 0.0%) f Results from Experiment 1 showed that the browse
afternoon browsing (9 vs. 10 bites/minute). Howspecies responded differently to sheep browsng.
ever, there were no differences between momingnyuyanagiand C. palmensishad higher regrowth
(16% vs. 10%) and afternoon (14% vs. 15%}ompared to that o matsudanax alba and they
browsing in each season on percent time she@Remed better adapted to browsing tBamatsu-
spent browsing and the preference rating of thgana x alba. Radcliffe (1982) found thaE. pal-
three species (33%). mensisresponded better to browsing tHammatsu-
Effect of season danax alba and S viminalis clone ‘Gigantea’, an

preference rating were higher in summer than ad9s: S kinuyanagi an osier, showed a similar re-

Table 5: Difference between pre- (16 months) andogt-browsing biomass of theSalix spp. and
Chamaecytisus palmensizetween 6 February and 20 December 1996 (Experinteh)

BIOMASS (kg DM/tree)

BROWSING STAGE Leaf Edible stem  Woody stem  Total edible Total DM
DM DM DM DM

Pre-browsing 0’5 0.P 0.4 0.6 1.0

Post-browsing 038 0.2 0.9 1.0 1.9

SEM 0.1 0.03 0.1 0.1 0.2

Means in a column followed by the same letters atesignificantly different at 5% significance level

Table 6: Sheep preference for th&alix spp. andChamaecytisus palmensguring summer
(February 1997) and autumn (April 1997) (Experiment2)

Bite rate (bites/ Proportion of browsing time Browsing preference
minute) in each browsing period (%) indices (%)
SPECIES
Salix matsudana alba 11.7 18.1 63.8
Salix kinuyanagi 5.4 12.1 24.4
Chamaecytisus palmensis 11.2 114 12.6
SEM 0.9 2.5 5.2

Browse preference indices - preference rating adglisor browse availability; Means in a column follavey
the same letters are not significantly differenb& significance level
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Table 7: Effect of season on sheep preference fanet Salix spp. and Chamaecytisus palmensis
(Experiment 2)

Species _ Brows- Bite rate (bites/ _Proportion of _browsi_ng time Brow_sing prefer-
ing season minute) in each browsing period (%) ence indices (%)
Salix matsudana Summer 14% 27.58 82.4
x alba Autumn 78 8.g° 44.8
o ~ Summer 18 1.8° 0.8¢
Salix kinuyanagi Autumn 9.6 227 48.¢°
Chamaecytisus ~ Summer 122 16.2° 16.8
palmensis Autumn 10.%° 6.7¢ 7.3¢
SEM 0.9 2.7 4.6

Browse preference indices - preference rating adpisor browse availability
Means in a column followed by the same letters atesignificantly different at 5% significance level

sponse to browsing & palmensisThis pattern of deleterious effects of tissue damage to either-vege
response bys kinuyanagiis not well understood, tative or reproductive organs (McNaugthon, 1983).
but may be due to morphological differences befhe higher regrowth in woody stem and total DM
tween this species and the osalix used in Rad- yield resulting from heavy browsing @& kinuya-
cliffe’s study. S kinuyanagihas its growing buds nagi compared to light browsing may be due to
on the main shoots and therefore escaped damdgygh compensatory growth. A greater proportion of
whilst in S. matsudana alba, these buds occurred this growth was woody stem which served as stor-
mostly on the edible stems which were browsed age tissue for reserve carbohydrates that may pro-
damaged during browsing. Further results obtainedde the potential growing buds adequate nutrients
by Oppong (1998) showed that the length and basfalr regrowth.

diameter of the dominant coppice shoot were mo
important for estimating DM vyield i& matsudana
x alba and S kinuyanagirespectively, indicating

differences in morphology of the two species. Ther omponent was reduced in heavily browgzgal-

also seemed to be differences in the use and 8toragensis The decline in edible DM yield following
of cart?ohydratga reserves as shown in the dIﬁerﬁeavy browsing irC. palmensiswvas similar to the
ences in DM yield whe matsudana alba and findings of Townsend and Radcliffe (1990). Moly-

S kinuyanagiwere first cut in mid-spring (Oppong, neux and Ral :

o ) ph (1992) reported that browsing was
199.8)’ and this might have also affected their CaHsually more damaging to evergreen than decidu-
pacity to show compensatory growth.

ous species and further supported the findingS.on
There were no differences in leaf, edible stem angalmensisunder heavy browsing in this study. Ev-
total edible DM regrowth between heavy and lightrgreen species store carbon and nutrient reserves
browsing regimes in the three species. Du&oél  their leaves whereas deciduous trees store them in
(1990) reported that the net annual shoot regrowitems and roots (Kramer and Kozlowski, 1979). As
of heavily browsed\cacia nigrescenwas not sig- a result leaf removal places substantial strain on
nificantly different from that in lightly browsed plant reserves and regrowth following browsing is
trees. They suggested that the response was dugyteatly reduced (Molyneux and Ralph, 1992).
compensatory growth which alleviated the potential

®he Salix species potentially benefited from heavy
browsing since there was no decline in edible DM
ield (Benjaminet al, 1995) but in contrast, this
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Across theSalix spp. andC. palmensis browsing rate is an important parameter in forage intake Th
twice in the growing season increased regrowtlow values obtained with the browse species in this
compared to once. This is corroborated by Oldhastudy may cause reduced intake and subsequent
et al (1994) who found tha€C. palmensistrees decline in animal production (Hodgson, 1990).
_browsed twice by cows and ca_lves during the 9O all three species the biting rate of sheep was
ing season increased forage yield due to subsjtanthall

compensatory growth. In contrast to the findings of gher in the summer mornings than autumn morn-

this study, Kay (1997) reported reduced browsigs whereas in autumn afternoons it appeared to be
yield afte)r/'repegted browsir?g 8tlixspp. by elk in ﬁigher than in summer afternoons. The differences
Yellowstone National Park. Furthermore, Oppon ight be due to behavioural responses of the sheep

(1998) showed th&alixtrees cut in late winter and o variable weather conditions. The warm summer

harvested once in autumn yielded more DM thagwornings offered a more cpnducive Conditio'." to
trees harvested three times including autumn ha rowse than the cold and windy autumn mornings.

vest. The results discussed here are for one pear aThe summer afternoons were hot and possibly this

it is suggested that this experiment should be coff@used reduced browsing.
ducted for 3 - 4 years to establish the long termThere were variations between seasons in biting
response of the browse species to herbivory. rate of sheep, percent time sheep spent browsing

Experiment 2 showed th&alix matsudana alba 2nd preference rating of trsalix species. These
was the most preferred by sheep and that their pr ariations may be due to structural and chemical
erence forS kinuyanagiand C. palmensiswas differences of the browse (Provenza and Malechek,
similar. McCabe and Barry (1988) and Douglad984)- S kinuyanagihad higher values for the
(unpublished data) also found ttmatsudanax rowsing variables in autumn than in summer and

alba was the most preferred species comparegl to > Matsudana alba showed higher values for the
viminalis andS kinuyanagiand C. palmensisre- ~ Same variables in summer than autumn. A possible

spectively. The relatively high biting rate of shee €XPlanation for the improved autumn preference
browsing S matsudanax alba and C. palmensis 'aling ofS kinuyanagicompared t& matsudana
compared taS kinuyanagimay be due to differ- alba may be due to the new leaves which resulted
ences in condensed tannin (CT) concentration. OFOM regrowth of the trees when topped after sum-
ponget al (1996) found tha kinuyanagihad a Mer browsing. Owen-Smith (1993) reported that
high CT concentration which may be responsiblgnpalatable woody species may be acceptable in the
for its reduced acceptability to sheep (Provenzi afieV €af stage even though CT levels in leaves may
Malechek, 1984; Silanikovet al., 1996) leading to  Still b€ high (>50 gCT/kg DM). This may be due to
the extremely low summer values for the percerf'® high protein concentration as well as high di-

time sheep spent browsing and the preference ratifg&snbi"ty of young leaves compare_d to mature
of the species. The summer CT concentration wasaves (Papachristou and Papanastasis, 1994).

higher than the autumn levels even though it washe biting rate of sheep, percent time sheep spent
not statistically different within species (Oppo#lg  browsing and preference rating 6f palmensis

al, 1997). The biting rate of sheep on temperat@nded to be higher in summer than in autumn. The
pastures is 31- 49 bites nlifHodgson, 1982), |ow sheep preference rating f6r palmensismay
about four times that obtained in the present studye related to its small and hairy leaves whichuinfl
The Qifference in leaf structure and density of thenced bite size and depressed forage intake
species compared to the grass/legume sward Mayodgson, 1990). Certain morphological features
be responsible for the low sheep biting rate on thg,ch as dense pubescence and texture (Malechek
browse species. Hodgson (1982) defined foragghg provenza, 1983) may also reduce the accept-
intake as the product of grazing time, biting ratgility to stock of plant species. Reduced intake o
and forage intake per bite which shows that bitings palmensismay also be due to increased secon-
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dary metabolites resulting from heat and water ing.Journal of Arid Environmer29: 63-84.
stress during summer (Edwasetsal, 1997) as well Borens, F. M. P. and Poppi, D. P. (1990). The
as odour from leaves. Arnold and Hill (1972) noted |, /titive value for ruminants of tagasaste
that the senses of taste and smell were also respon (Chamaecytisus palmenjisa leguminous
sible for preference rating of species by animals. i ae Animal Feed Science and Technology
The preference rating &. palmensidn this study 28: 275-292.

is similar to those of several workers (Lambetrt )

al., 1989; Pandet al.,2002. However, the intake of BUrgess, S. M. (1988). The climate and weather
C. palmensisis high when provided as a sole diet ~ ©f Manawatu and Horowhenusew Zealand
and has been acclaimed as a useful fodder espe- Meteorological ServiceMiscellaneous publi-
cially for dry summers (Borens and Poppi, 1990; cation 115:18

Oldhamet al, 1994). Cowie, J. D. (1976). Soils of Palmerston North
City and environs, New Zealantlew Zea-
CONCLUSIONS land Soil Survey report 24Department of

All three browse species showed adaptability to  Scientific and Industrial ResearchVelling-
browsing. Browsing twice in the growing season  ton, New Zealand. 48p.

did not adversely affect regrowt8. matsudanax Douglas, G. B., Bulloch, B. T. and Foote, A. G.
alba was the most preferred species but preference (1996). Cutting management of willows

declined dramatically in autumn. The high autumn  (sajixspp.) and leguminous shrubs for forage

preference foB. kinuyanagisuggested that a mixed during summer.New Zealand Journal of
plantation of both th&alix species might be useful. Agricultural Researcl39: 175-184.

C. palmensisneeds to be grown alone to boost it%u Toit, J. T., Bryant, J. P. and Kathleen, F

tuhsee’SZI?xl.i, is less preferred when in associatidm wi (1990). Regrowth and palatability of Acacia
Pp- shoots following pruning by African brows-
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