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Abstract

Woody vegetation can provide numerous benefits on-
farm, such as shade and shelter for livestock, erosion
control, livestock forage, vista enhancement and fodder
for honeybees and other pollinators. Research on woody
species for forage has occurred in the South Island
and in the central and lower North Island for exotic
species such as tagasaste, saltbush, poplar and willow.
We located no information on woody forages for
Northland. This review identifies woody forage species
with potential for use in Northland’s pastoral systems,
drawing on New Zealand and international literature.
Ten candidate species were selected, including
leucaena, tagasaste, saltbush, and others, based on
drought tolerance, nutritional traits, and adaptability.
Although not woody, bananas were also included due to
their potential as a forage crop, particularly on effluent
treatment areas. The findings highlight the need for
regional trials to evaluate establishment, management,
and livestock responses.
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Introduction

On New Zealand farms, woody forages are best thought
of as an addition to pasture rather than as a replacement
and sole diet. Pastures are generally of higher nutritive
value than the woody forages. However, shrubs and
trees can provide valuable forage when pasture growth
is inadequate or of poor quality such as during a drought
or at the end of winter/early spring when pasture
growth is slow. The woody legumes have the advantage
of nitrogen (N) fixation, so less fertiliser is required,
and having their own source of N enables them to stay
greener in a drought.

Woody vegetation can provide numerous benefits
on-farm, such as provision of timber, shade and shelter
for livestock, erosion control, livestock forage, vista
enhancement and fodder for honeybees and other
pollinators (Pollock 1986; Wills et al. 1990; Butz Huryn
1995; Hawke & Dodd 2003; Papanastasis et al. 2008;
Swaffield & McWilliam 2013). Research on woody
species for forage has been done in the South Island
and in the central and lower North Island for exotic
species such as tagasaste (Cytisus proliferus), saltbush

ISSN 2463-2872 (Print) ISSN 2463-2880 (Online)

2 GBDScience, Palmerston North, New Zealand

*Corresponding author: katherine.tozer@agresearch.co.nz

(Atriplex halimus), poplar (Populus spp.) and willow
(Salix spp.) (Townsend & Radcliffe 1990; Wills &
Begg 1992; Douglas et al. 2003; Charlton 2007; Tozer
et al. 2023b; Tozer et al. 2023a). However, we could
find no information on research on woody forages in
Northland.

There has also been very little research on the
suitability of native species as woody forages, although
species such as mirror bush/Taupata (Coprosma
repens), Karamu (Coprosma robusta), Cabbage tree/
ti kouka (Cordyline australis), Karaka (Corynocarpus
laevigatus), broadleaf/kapuka (Griselinia littoralis),
lacebark/houhere (Hoheria populnea), whitey wood/
mahoe (Melicytus ramiflorus), and Karo (Pittosporum
crassifolium) may be suitable for livestock forage
(Tozer et al. 2021a; Wangui et al. 2024). However,
before any of these native species are trialled as
potential forages, they will need to be screened for
compounds that might compromise animal health or
cause off-flavours in products.

Recent investigation into banana plants as a perennial
crop for cattle feed has shown promising results in
the region (Rennie 2021). Banana could be a low N,
high carbohydrate summer green feed with potential
to complement Northland pasture systems and play
a part in effluent recycling on dairy farms. Bananas
require high amounts of N and potassium and have
been estimated to grow 15 to 20 t DM/ha total biomass
accumulation as a permanent summer crop. Tropical
and subtropical banana production shows significantly
higher DM production for further potential in a warming
climate (Watts et al. 2023). Research is required on
nutrient cycling, grazing/harvesting management and
feeding systems utilising bananas.

This paper identifies and reviews candidate woody
forage species for Northland, drawing on both New
Zealand and international research. The objective is to
inform future on-farm trials and integration strategies
for woody forages in pasture systems.

Methods and Results

The New Zealand and overseas literature were searched
to identify woody forage species that might have utility
under current Northland climates. Ten species were
selected as potential candidates for field testing, based
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on prior evidence that they are palatable and not toxic
for livestock, are present in New Zealand with easily
accessible seed (either in New Zealand or in Australia
with only basic biosecurity import requirements),
and are suitable for growing in Northland based on
their environmental tolerances. While bananas are
not woody species, they were included in this review
due to their potential forage value and suitability for
integration into effluent management systems in
Northland. The production potential, problematic
issues, establishment processes, management methods
and growing conditions tolerances for each species are
summarised in Table 1.

Discussion

Establishing woody forages in pastures is often difficult
from seed. Firstly, many of the species produce seeds
with a hard seed coat which results in low germination
unless they are scarified. For example, to establish
tagasaste from seed, it is recommended that seeds be
placed in boiling water which is then removed from
the heat source and allowed to cool overnight. This
promotes cracking (physical scarification) of the seed
coat, allowing water to be absorbed with consequent
swelling of the seeds. The swollen seeds are then sown
into root tubes.

Secondly, woody species grow much more slowly
than herbaceous species and are very vulnerable to
competition during establishment. Transplanting
seedlings of woody forages rather than sowing seed is
much more likely to result in successful establishment.
Competing pasture species, such as kikuyu, must be
controlled during establishment. There may also be
some benefit in pruning the seedlings to develop a
multi-stemmed shrub to reduce the risk of irreparable
damage from livestock to a single leader growth form.

Reducing competition from pasture species during
establishment may involve using weed-mats at the
time of planting, release chemicals and / or grazing
livestock. Grazing livestock must be managed to
prevent ring-barking and severe damage. Pest animals,
such as rabbits, hares, goats, possums, pigs and deer,
can also damage seedlings. Provided the woody forages
are afforded some protection from grazing, sheep can
be used with care to graze the surrounding pasture.

Once the woody forages are a few years old, they
can be grazed intermittently for short intervals by sheep
or cattle, but always with care to avoid damage to the
main stem. Woody forages can be incorporated into
farm systems in a variety of ways:

* as wide-spaced trees

* in stands for direct browse

* afeed bank from which leafy branches can be cut and
carried to the livestock or cut and dropped and fed in
the vicinity of the parent plants. This may be a good

option on areas of the farm where direct access by

stock is not practical.

+ a multi-purpose system in which trees or pods can be
browsed but also grown on for timber as is the case
for honey locust (Papanastasis et al. 2008).

Many woody forages — particularly tropical shrub
legumes (Beauchemin et al. 2008) contain phenolic
compounds such as condensed tannins (CT). These
compounds have potential anthelmintic properties
which may reduce the requirement for drenching (e.g.,
willow, Diaz Lira et al. 2008), but this depends partly
on the CT concentration and individual CT chemistry.
Higher-growing woody forages also have negligible
or no parasitic worm egg populations. Condensed
tannins present in low concentrations (such as occurs in
saltbush (e.g., 2-4% of DM)) can increase the absorption
of amino acids in grazing stock. Conversely, when
present in high levels (4-10% of DM), CT can reduce
palatability, voluntary intake of forage, digestibility of
the forage, and the availability of protein (Honeysett
2004). Woody forages containing CT can also reduce
methane emissions which is a potentially valuable
additional benefit (Beauchemin et al. 2008). Research
is required to determine the optimal content of CT-
containing woody forages in livestock diets to balance
the methane-reducing benefits with the potential intake
and digestibility penalties.

Some woody forages such as Leucaena produce
chemical compounds like mimosine. This compound
can cause loss of hair and liveweight in grazing stock.
Gradual introduction of stock to Leucaena allows the
animals to adapt to the compound and avoid adverse
reactions (Dalzell et al. 2012).

Both Leucaena and tagasaste have become problem
weeds in some overseas locations, including in some
Australian environments (Paynter et al. 2003; Sharma
et al. 2022). The weed potential for both species in
Northland is uncertain. It would be prudent not to plant
Leucaena near any waterways as it has become weedy
in riparian areas in some countries (Walton 2003). For
tagasaste, planting should be avoided near shingle
riverbeds where grazing pressure may not be adequate
to control the plants.

Recommendations

Based on the information summarised in Table 1, we
suggest that the best potential woody forages for on-
farm trials in Northland are: (i) tagasaste, (ii) saltbush,
(iii) golden wattle, (iv) hairy canary clover, (v) Robinia
and vi) hybrid willow. Bananas also merit further
investigation, especially on effluent disposal sites.
All these species can be sourced in New Zealand,
most of them are available as seedlings and there
are scientists / rural professionals who have worked
with these forages and can provide advice on their
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establishment and management. Basic research on
optimal establishment and management techniques for
Northland farming systems is required. For example,
determining the optimal age and size for transplanting,
different methods to protect them from ring-barking
(e.g., individual tree guards or clumps and types
of fencing), weed control (especially kikuyu), pest
control (hares, rabbits, possums, goats, deer), and
how to manage them for grazing. Basic information is
lacking on how often and to what extent they should
be grazed and their production potential for Northland
pasture-woody forage systems. Enablers and barriers to
adoption should also be ascertained to understand what
support landowners need in establishing and growing
these woody forages.

In summary, woody forages offer a promising strategy
to build resilience in Northland’s pasture systems,
particularly in the face of climate variability. However,
local research is needed to refine establishment
practices, evaluate grazing strategies, and ensure these
species fit within practical farm systems.

ACKNOWLEDGEMENTS

We thank Northland Inc. for funding for the literature
review, Warren King and Tracy Dale for their insightful
comments and assistance to improve the manuscript.

REFERENCES

Amato G, Stringi L, Giambalvo D. 2004. Productivity
and canopy modification of Medicago arborea as
affected by defoliation management and genotype
in a Mediterranean environment. Grass and Forage
Science 59: 20-28. https://doi.org/10.1111/j.1365-
2494.2004.00399.x

Beauchemin KA, Kreuzer M, O’Mara F, McAllister
TA. 2008. Nutritional management for enteric
methane  abatement: a  review. Australian
Journal of Experimental Agriculture 48: 21-27.
https://doi.org/10.1071/EA07199

Bell LW, Moore GA, Ewing MA, Bennett SJ. 2005.
Establishment and summer survival of the perennial
legumes, Dorycnium hirsutum and D. rectum in
Mediterranean environments. Australian Journal of
Experimental Agriculture 45: 1245-1254. https://doi.
org/10.1071/EA04227

Bell LW, Ryan MH, Ewing MA, Moore GA, Lane
PA. 2008. Prospects for three Dorycnium species
as forage plants in agricultural systems: a review of
their agronomic characteristics. Australian Journal
of Experimental Agriculture 48: 467-479. https://doi.
org/10.1071/EA07109

Borens F, Poppi D. 1990. The nutritive value
for ruminants of tagasaste (Chamaecytisus
palmensis), a leguminous tree. Animal Feed
Science and Technology 28: 275-292. https://doi.

org/10.1016/0377-8401(90)90159-6

Burner DM, Pote DH, Ares A. 2005. Management
effects on biomass and foliar nutritive value of
Robinia pseudoacacia and Gleditsia triacanthos f.
inermis in Arkansas, USA. Agroforestry Systems 65:
207-214. https://doi.org/10.1007/s10457-005-0923-9

Butz Huryn VM. 1995. Use of native New Zealand
plants by honey bees (4pis mellifera L.): A review.
New Zealand Journal of Botany 33: 497-512.

Charlton D, Mclvor I, Gawth P, Douglas G. 2007.
Growing Poplar and Willow Trees on Farms. Massey
University, Palmerston North, New Zealand: New
Zealand National Poplar and Willow Users Group,
70 p.

Charlton JFL. Ed. 2003. Using Trees on Farms.
Grassland Research and Practice Series 10: 124 p.
https://doi.org/10.33584/rps.10.2003

Corleto A, Cazzato E. 2011. Aspects of growth
behaviour and evaluation of DMY of Medicago
arborea under different management utilizations for
pasture improvement in Mediterranean environment.
Acta Horticulturae 918: 709-716. http://dx.doi.
org/10.17660/ActaHortic.2011.918.91

Dalzell SA, Burnett DJ, Dowsett JE, Forbes VE, Shelton
HM. 2012. Prevalence of mimosine and DHP toxicity
in cattle grazing Leucaena leucocephala pastures in
Queensland, Australia. Animal Production Science
52:365-372. https://doi.org/10.1071/AN11236

Dann P, Trimmer B. 2003. Tagasaste (tree lucerne).
Agfact P2.1.7 First Edition. 6.

Degen A, Becker K, Makkar H, Borowy N. 1995.
Acacia saligna as a fodder tree for desert livestock
and the interaction of its tannins with fibre fractions.
Journal of the Science of Food and Agriculture 68:
65-71. https://doi.org/10.1002/jsfa.2740680111

Diaz Lira CM, Barry TN, Pomroy WE, McWilliam EL,
Lopez-Villalobos N. 2008. Willow (Sa/ix spp.) fodder
blocks for growth and sustainable management of
internal parasites in grazing lambs. Animal Feed
Science and Technology 141: 61-81. https://doi.
org/10.1016/j.anifeedsci.2007.05.030

Douglas G, Woodfield D, Foote A. 1998. Elite
selection of tagasaste (Chamaecytisus palmensis) for
droughtprone sites. Proceedings of the New Zealand
Grassland Association: 60: 181-186. https://doi.
org/10.33584/jnzg.1998.60.2299

Douglas G, Barry T, Faulknor N, Kemp P, Foote A,
Cameron P, Pitta D. 2003. Willow coppice and
browse blocks: establishment and management.
Using Trees on Farms: Grassland Research and
Practice Series 10: 41-51. https://doi.org/10.33584/
rps.10.2003.2984

Douglas GB, Foote AG. 1994. Establishment of perennial
species useful for soil conservation and as forages.
New Zealand Journal of Agricultural Research 37:1-9.



54

Journal of New Zealand Grasslands 87: 51-60 (2025)

https://doi.org/10.1080/00288233.1994.9513035

Douglas GB, Bulloch BT, Foote AG. 1996. Cutting
management of willows (Salix spp.) and leguminous
shrubs for forage during summer. New Zealand
Journal of Agricultural Research 39: 175-184.
https://doi.org/10.1080/00288233.1996.9513176

Gabriel. 2018. Black Locust: A Tree with Many Uses.
Retrieved 3 August 2025 https://smallfarms.cornell.
edu/2018/01/black-locust/.

Gonzalez-Andrés F, Ceresuela JL. 1998. Chemical
composition of some Iberian Mediterranean
leguminous shrubs potentially useful for forage
in seasonally dry areas. New Zealand Journal of
Agricultural Research 41: 139-147. https://doi.org/1
0.1080/00288233.1998.9513297

Halasz A, Bajnok M, Siili A, Miko E, Schieszl T. 2021.
Importance of Black locust (Robinia pseudoacacia)
foliage in the extension of grazing season and in the
reduction of damages caused by climate change (a
review). Journal of Rangeland Science 11: 119-124.

Hawke MF, Dodd MB. 2003. Livestock shelter from
trees — a review. Using Trees on farms. Grassland
Research and Practice Series 10: 65-72. https://doi.
org/10.33584/rps.10.2003.2985

Heuzé V, Tran G, Sauvant D, Lebas F. 2018. Honey
locust  (Gleditsia triacanthos). Feedipedia, a
programme by INRAE, CIRAD, AFZ and FAO.
Accessed 18 August 2025 https:/feedipedia.org/
node/295

Heuzé V, Tran G, Hassoun P, Lebas F. 2019. Saltbush
(Atriplex halimus). Feedipedia, a programme by
INRAE, CIRAD, AFZ and FAO. Accessed 18 August
2025 https://feedipedia.org/node/24708.

Honeysett BM, Milthorpe, P.L., Wynne, M.J. 2004.
Getting the best from old man saltbush. Agfact
P2.5.43, First edition. 16.

Johnston TH. 1996. An evaluation of acacia saligna
as a maintenance forage for sheep. Presented at:
Agronomy - Science with its sleeves rolled up.
Proceedings of the &8th Australian Agronomy
Conference, 30 January - 2 February 1996. The
University of Southern Queensland, Toowoomba,
Queensland. Pp. 673.

Kemp P, Mackay A, Matheson L, Timmins M. 2001.
The forage value of poplars and willows. Proceedings
of the New Zealand Grassland Association 63: 115-
119. https://doi.org/10.33584/jnzg.2001.63.2444

Lambert MG, Jung GA, Costall DA. 1989. Forage
shrubs in North Island hill country 1. Forage
production. New Zealand Journal of Agricultural
Research 32: 477-483. https://doi.org/10.1080/0028
8233.1989.10417920

Mastrorilli ML, Losavio N. 1993. First results on
Medicago arborea (L.) submitted to simulated

browsing in Apulian Murgia. Rivista di Agronomia
26: 443-446.

McGowan A, Mathews G. 1994. Effect of inter-row
spacing on the production of tagasaste and associated
pastures. Australian Journal of Experimental
Agriculture 34: 487-490. https://doi.org/10.1071/
EA9940487

Moreno GMB, Borba H, Aratjo GGL, Safiudo C,
Sobrinho AGS, Buzanskas ME, Janior DML, de
Almeida VVS, Neto OB. 2015. Meat quality of lambs
fed different saltbush hay (Atriplex nummularia)
levels. Italian Journal of Animal Science 14: 3302.
http://dx.doi.org/10.4081/ijas.2015.3302

Papanastasis VP, Yiakoulaki MD, Decandia M,
Dini-Papanastasi O. 2008. Integrating woody
species into livestock feeding in the Mediterranean
arecas of Europe. Animal Feed Science and
Technology 140: 1-17. https://doi.org/10.1016/].
anifeedsci.2007.03.012

Paynter Q, Csurhes S, Heard T, Ireson J, Julien M,
Lloyd J, Lonsdale W, Palmer W, Sheppard A, Van
Klinken R. 2003. Worth the risk? Introduction
of legumes can cause more harm than good: an
Australian perspective. Australian Systematic Botany
16: 81-88. https://doi.org/10.1071/SB01025

Pollock KM. 1986. Plant materials handbook for soil
conservation. Volume 3, Native plants. Water and
Soil Miscellaneous Publication No. 95. Wellington,
New Zealand: Water and Soil Directorate, Ministry
of Works and Development.

Sharma P, Kaur A, Batish DR, Kaur S, Chauhan BS.
2022. Critical insights into the ecological and
invasive attributes of Leucaena leucocephala,
a tropical agroforestry species. Frontiers in
Agronomy 4: 890992 1-15. https://doi.org/10.3389/
fagro.2022.890992

Shelton MD, Dalzell S, Tomkins S, Buck N. 2021.
Leucaena. The productive and sustainable forage
legume. Second edition. Meat & Livestock Australia.
93 pp.

Stace C. 2003. Uses and management of tagasaste
(Chamaecytisus palmensis). 2. BoPRC Factsheet www.
boprc.govt.nz/media/29167/LandManagement-
090526-Factsheet19.pdf accessed 20 August 2025.

Swaffield S, McWilliam W. 2013. Landscape aesthetic
experience and ecosystem services. In: Dymond JR
Ed. Ecosystem Services in New Zealand - Conditions
and Trends, pp. 349-362. Lincoln, New Zealand:
Manaaki Whenua Press.

Townsend R, Radcliffe J. 1987. Establishment and
management of tagasaste. Proceedings of the New
Zealand Grassland Association 48: 109-113. https://
doi.org/10.33584/jnzg.1987.48.1794

Townsend R, Radcliffe J. 1990. Tagasaste forage


https://smallfarms.cornell.edu/2018/01/black-locust/
https://smallfarms.cornell.edu/2018/01/black-locust/
https://doi.org/10.3389/fagro.2022.890992
https://doi.org/10.3389/fagro.2022.890992

Tozer et al. Potential woody forages for Northland

55

production systems. New Zealand Journal of
Agricultural Research 33: 627-634. https://doi.org/1
0.1080/00288233.1990.10428467

Tozer K, Douglas G, Dodd M, Miiller K. 2021a.
Vegetation options for increasing resilience in
pastoral hill country. Frontiers in Sustainable
Food Systems 5: 550334. https://doi.org/10.3389/
fsufs.2021.550334

Tozer K, Douglas G, Dawbin C, Greenfield R, Cameron
C. 2022. Establishing tagasaste from seed in Waikato
hill country. Journal of New Zealand Grasslands 84:
41-48. https://doi.org/10.33584/jnzg.2022.84.3562

Tozer K, Noakes E, Douglas G, Greenfield R, Cameron
C. 2023a. Tagasaste silvopastures in steep-hill
country. 2. Effect of increasing proximity to tagasaste
on growth and survival of companion pasture species.
Crop and Pasture Science 74: 1287-1306. https://doi.
org/10.1071/CP22224

Tozer K, Douglas G, Noakes E, Greenfield R, Cameron
C. 2023b. Tagasaste silvopastures in steep-hill
country. 1. Tagasaste edible dry-matter production
and nutritive value. Crop and Pasture Science 74:
871-887. https://doi.org/10.1071/CP22221

Tozer KN, Douglas GB, Manson P. 2021b. Growing
tagastaste in New Zealand. Hamilton, New Zealand:
AgResearch Ltd, 38 p. www.agresearch.co.nz/assets/
Uploads/Tagasaste-Handbook.pdf

Watts M, Mpanda M, Hemp A, Peh KSH. 2023.
The potential impact of future climate change on
the production of a major food and cash crop in

tropical (sub)montane homegardens, Science of The
Total Environment §865: https://doi.org/10.1016/].
scitotenv.2022.161263

Walton C. 2003. The biology of Australian weeds.
42. Leucaena leucocephala (Lamark) de Wit. Plant
Protection Quarterly 18: 90-98.

Wangui JC, Pain SJ, Kenyon PR, Tozer PR, Georgia
S, Millner JP. 2024. Nutritional composition of New
Zealand native shrubs edible portions with fodder
potential for ruminants. New Zealand Journal of
Agricultural Research: 1-17. https://doi.org/10.1080/
00288233.2024.2419465

Wills B, Begg J, Foote A. 1989. Dorycnium species-
two new legumes with potential for dryland pasture
rejuvenation and resource conservation in New
Zealand. Proceedings of the New Zealand Grassland
Association 5: 169-174. https://doi.org/10.33584/
jnzg.1989.50.1878

Wills B, Begg J, Brosnan M. 1990. Forage shrubs for
the South Island dry hill country: 1. Atriplex halimus
L. (Mediterranean saltbush). Proceedings of the New
Zealand Grassland Association 52: 161-165. https://
doi.org/10.33584/jnzg.1990.52.1975

Wills B, Begg J. 1992. Forage shrubs for the South
Island dry hill country: 2. Salt/lime amendments
have potential to improve the versatility of saltbush
(L.). Proceedings of the New Zealand Grassland
Association 54: 121-125. https://doi.org/10.33584/
jnzg.1992.54.2053



(2025)

51-60

Journal of New Zealand Grasslands 87:

56

uns ui 1saq
sM04B Inq Juels|0] BpeyS
Aejo 0} pues wouy sadhy
J10S Jo 8bues B U0 SMOIL)
JueRIS|0} }SO.H

JueI8|0} JybNnOoIQ

(8002
‘e 10 ulwayoneaq ‘9661
uolsuyor ‘Ge6 | ‘e 18 uabaq)

.

(e1sesebe) Jo} se) papass

-prey ate Aay) se Buimos

181p paxiw e jo ued al0joq spass Ajlieds

se asmolq / ozelb joaug . Poss uelesnsny Hodwi 0} Jo
paoiddoo aq uey . -ubis |dIA urelqo Ajisea uen

daays jo yoeal jo 1no

pue |e} buimosb 11 yuanaid
0] pabeuew aq 0} SpeaN
oxelul pue Ayjige|iene
uiejoud ‘Ayjiqusebip eonpal
SUOI}eJjuUadU0d uluue} ybiH

N sexi4 -
SujUUB} PaSUBPUOD
0] anp uononpoud aueylow
. 20npal 0} [enuajod -
ureb brom
urejurew pue syybnoip
. Buunp asmoiq apiroid uey .

(eubijes ejoeoy) ajem uapjon

(Bx/Bw g<

S ‘By/Bw og< d uss|O) s|ios
|1u8y ul yimolb jewndo
S|I0S pauleIp [[9M

SWIals ||y Ued 1s04) Aneay
pue |[e} jea| 8sneo ued

1S9q S| 991)-1S0.14
wels|o} ybnoiqg

-leoe
‘e 19 UOYBYS €002 UOHEM)

oouablowa

Ja)je sasselb pue

Spaam Jes|peo.q |0u0)
uawysljqelse

Buunp Buizeib wouy

109104d 0} @oUB4

ysiiqeise

0] sieak may} e saye|

Mol

Jo aajpwysjueld 0L-G 0} Uy L
w g -9 sbuioeds moy

SMol

9|qnop 10} MOJ|e 0} apIMm

w § 1ses| e sduis ul mog
ey/poss by g

1siow a.e s|I0s

pue 9,81 < sainjeladwa)
|I0s uaym jue|d

uonejaban

JuapIsal anoway

(mojaq paquosap se) doio e
1o} se pagpaas ay} asedaid
paas uejelisny podw 0} Jjo
-ubis |dIN urelqo Ajises uen

/19U'BUSBONS MMM//:iSARY  «

|le1 0ol Buimosb

) dojs 0} pue sayouelq
aldinw yum Ayes) y doay
0] Buizeib asusjul dIpoLad
Buizeib snonuiuod

plone ‘azelb Ajeuoieiol
‘paysiigeise 8ouQ -

(1uswuouaus eoidoly e
1o} pauns jsaq st jueld siys
Se) euaeona| 1o} a|qelns
Areuibrew Ajuo si 11 asaym
‘MoiB ueo ) aleym uoibai
Ajuo Ajjuaiind si puejyuoN
ZN Ul Apaam

8q o} Ajasyijun sty ‘yimoud
pue juswysi|ge;ss 1o}
sjuawalinbal ainjeladway
uaAlD) ‘sAemiarem Jeau
jue|d L,uop {sauunod
awos ul Apeam uaaq seH
1depe

Aoy} os Ajlenpelb abeloy
0} %00}S 9ONPOIIU| {SSO|
Jrey pue ssoj Jyblom asned
ued BUSEINS| Ul SUISOWIN

N soxi4 -
suoISsIWe
QUBYIOW 9oNpal UBD
pue|susanp ui ‘Ajuo
. sselb uey) sainised sseib
-BUSBONA| UO P|o}-G'g AgQ
paseaJoul uononpold jeag -
SOpedap I0j Al URD .
9|13e0 10} awnba)
. |eoidosy uigjoud ybiH -

(ejeydaosoons| euseona) euaeona

Buipeas Jayung

suolpuod buimoltn

uawabeuep

awysiqels3

sanss|

|enuajod uononpoid

‘puUBIYLION 10} 8|gelns Ajfenualod sabelo) Apoom Jo abuel e 10} suonipuod Buimolb pue sdi} Juswabeuew pue jJuswysiigelss ‘senssi ‘sebejueape uoioNpPoId

1L @lqeL



57

Tozer et al. Potential woody forages for Northland

(8002 'le 10
1129 ‘8002 ‘[e 18 ulwayoneag
‘5002 ‘[e 1@ |1eg ‘¥66 ) 81004
% se|bnoq ‘686 “[e 18 SIlIM)

JueIs|O} I[BS
J10s Ayjiua)-mo| ur moib ue)
S|I0S pauleIp-|l3M

JueI9|0} 1014

JueI9|0} ybNnoIQ

.

.

(pajoa|bau j swals

Apoom sdojonap) Ajes)
pue uaalb y desy 0} Wi
‘BuizeiBiano pione
‘sbuizelb6 usamiaq pouad
K1on0231 ooM-8 "D SpasN
1o Jo azelb Ajjeuoieioy
(yBnoup e ur ‘“lewwns
Buunp ‘Bunds Aues

“68) moj si A|ddns ainjsed
UM 9SMO.Q SOPIN0IH

spaam abeuep
uoniadwod

0} 9|qndaosns sBulpeesg
sue|dsuely Buipass asn
ww Q1 jo yidep

B JB SMOJ Ol [|Up 108110
(%0€> “6°8) payess

10U Ji Jood eousbiawg
uoneolIIeds salinbal peeg
Aeg soymeH ‘wieq
BajR)IyRY WOy Ssauenb
|lews ui a|qe|ieAe pass

ulesls
wniqoziyJl oy1oads spasN
juawysiigelse buunp
uonedwod 0} 9|qndaosng
alels anijelaban

© Ul urejurew o} ynouia
(%09

“6°9) Aujiqusabip peonpai
0} SpE?d)| {JUBWIUOIIAUS

uo Buipuadep (NQ

19| JO %61 “68) suluuey
pasuapuod ybiy Ajienusiod

SujUUB} PaSUBPUOD
0] anp uononpoud aueylow

. 80Nnpai 0} [BlUSI0d

N soxi4

. Aujiqusebip

J00d Inq %o0}1sonI|

. 0} 9|qeieled Aja1elapoy

UHON uojsiawied

1e [eu} e ul ‘ymmolb jo eak
puo2as 8y} Ul BY/NQ 100YS
2|qIpa 1 9°G 0} dn paonpold
BunNo Ja)e UMOIO 8y} WO}

. mouBal ‘ybiy w z oy dn

.

(wmnsaiy wnuafioqg) 1anojd Ateued AlieH

(e€20g "[e 10 1oZ0] ‘qE202

‘[e 18 18z0] 12202 ‘|e e 19zo|
'q1202 ‘[e 18 1820] ‘€002
90B]S ‘€002 Jewwi] R uueq
‘8661 '|e 10 se|bnoq ‘966 ‘1B
10 se|bnoq ‘¥661 Smayre|\

'® UBMODON (066 + o4i[opeY
8 pussumol ‘066 lddod B
sualog ‘6861 ‘|e 1o HequeT
186} 9Hi|opeY '8 PUSSUMO] )

S|I0S }9M UO PaAI|-HOYS
U0J |B}SEOD SB}eIB|0]
uns ||nj — yed

S|I0S pauleip-||daM
paysiiqeise

90U0 S)s014} JyBi| Jo JueIB|0}
‘Juswysiqelse Buipass 1oy
paJinbai eale 89115014
els|o} ybnoiqg

Suo

uondo

pauajaid e s| Aueo-pue-inn
sqnays Ja|[e}
pawwsals-a|buls asmoig
$9sS0| 991} Ul Buiynsal
s9al} 9zelb-1an0 pue yieq
-6un ueo spoyad bBuoj Joy
ainssaid Bupools AnesH
Buizelb jo spouad uoys
Yum ajjeo Jo deays yum
Jeak Jad saw G- sqniys
pawwa)s-inw azelb 10811q

suqqel

pue saley ‘uonnadwod
paam woij 108)0id

Bureq

-Buls Jo ¥s1 8onpai 0] gniys
pawwals-i}inW e Wwioy

0} Jueld BunoA ayy wii
uawysljqelse

Buunp pue ease bunue|d

ul Speam |04ju0)
(snyeinojuioo snjo7 1oy pasn
se awes) elqoziyihpeig
yum aje|noou|

|le} W Gg< uaym
wejdsuel; pue sjod ur MoiL)
paiinbai ji jleaday
"JyBluIano aAes| pue |00
0] Moj|e uay} ‘(enuiw | o}
dn) spaas ppe ‘ayem |log
paas ysaij 109|100

YUON

uojsiawled wouj sjunowe
|lews ul a|ge|ieAe S| JeAlnd
a)sesebe)] Buideam ay |
salasInu ZN

JO Jaquinu e wouj d|qe|leny

(steak 0g

-G1>) pan|| Hoys Ajeniejey
S|10S paurelp

Apood ui pajue|d uaym
aseasip 0} 9|qideosng

Jaioq
991} uowsa| 0} 8|qndaosng
Aujiqejiene

uiajold aonpal Aew sujuue|
ainssaud

Buizeib ou s| 818y} aleym
$908} ||Iy AIp pue spag-JaAll
a|bulys uo Apaam aq uen

N sexi4

. BY/NA I VL-8

$99( 10} POO} SOPINOIH

. SUIUUEB)} PASUBPUOD

0} anp uononpo.d aueypw
20npal 0} [eluslod
pas} 1ybnoip uwnine

. Aee-lowwns aje| ajgenfep

(snuayijoad snsnho) aysesebe]




(2025)

51-60

Journal of New Zealand Grasslands 87:

58

S)S0J} SPIOAR
0s Jajuim Buunp uewloq
1ue.s|0} PuIM

s|10S 1om AJaA sejels|ol

(£002 uowseYD ‘€002 (smojiim Jayio Auew

‘e 10 se|Bno( ‘€002 UOYJBYD) O} 9AIe|a.) Juela|o} Jybnoig

uonelaban Buipunolins
103u09 0} Bunds Apea
/i8)uim Buunp deays yum
azelb pue ‘yblay palisep
ay} 0] doj Alenuew ‘ybiay
wajs 9onpal 0} uwnine aje|
ul 9|1Hed yum moj|o} ‘deays
UM uwnine AjJes/lawiwins
ale| ul Buizelb 108.11p §
azelb 10011Q

wbnoip

Buunp yo01saAl| Buipaay
1o} sayouelq Ayes| Aled
-pue-1no Jo dolp-pue-iny

juawysiigelse buunp
wbnoup 0} 8|qelaunp
(Buizeib

/ sepioigiay) uonnedwod
20npal 0} uonejeban
Buipunouns jou0D
By ur w G'0< 8q pinoys
uoipod punolB-anoqy
ybuay

[€10} JO %0¢€ 0} dn punoif
ay1 ul Aing pue (mojjim

jo syibusj w g'L-| “B°9)
sbumno yue|d Ajjeaiuap
ZN ul s|gejieae Ajipeay

snonpioaQg
Buihip-ays ybnoayy
uonsodwod ainised
Aai0)s1opun aoueyus ue)
sijousq

Jeuonuinu aAey Aew yoiym
abeljo} 8|qIpe Ul sujuue}
pasuapuod sureyuo)

skemiaiem wbnoip Buunp
%00|q puB UMOp Yeaiq ue) . ainised Jo Jeyl uey) Jaybiy
Buizeib Alrensn anjea aanuInN

10811 J1 Y00ISaA]| JO Yoeal
uiyum ymmolb aniejaban
doay| 0} Wy} 0} pedN -
Aimois apeibap 0}
Spu®} slgap ‘ainjonJseljul
wJe} abewep ueo |ey qui] .

9|qipa

%0S-0€ YOIyMm JO ey/swels
0069-0001 JO senisusp

e Jhreynaiez - 1o
ybnoJp uwnne/Jawwns
1o} pes} Arejuswe|ddng

.olobue], auo|d (eqje x euepnsjew xijes) mojjim puqAq

(LLOZ 0181100

{8002 ‘e 1o siseiseueded
‘¥00g '[e 1o Olewy 866+
BloNsala) % saipuy
-Z9[ezuUoy ‘661 Il|L0AISEIN)

uns |4
S|10S pauelp-[lam
JUBIS|O} 1S0I
JuRI8I0} JyBNOIQ

palinbai 6uiddoy ou os
¥o0)san|| Buizelb jo yoeal
puoAaqg moub jou seoq
Buizelb jeuoneios

0} payns jseq A|qeqoid
asmolg

ybiy wo Qg 8ouo

yoopped ayy ojul Jueidsuel |

|[e} wo G 80uo
sjod 7 | ojul ue|dsuel]
sjod

|lews ojul paas pajeujwiab
Jajsuel) pue shely paj|i-|los
ul sBuypess ajeulwlan
(e1sesebey

10} Se) Juswieal} Jajem
Buijioq Buisn pass Ajieds
Buuds

Alrea 1o uwnine Ajeg
BOJIB\\ JBBU SUBpPIEL)
ebueoy wouj sauenb
|lews ui a|qejieAe paag

N saxi4

(%8 1< urejoid apnio)

anfeA abelo} ajelapoy

ubly w p-g

JUsWIUOJIAUS
ueaueLIB)Pa B Ul Jawwns
Alrea ul Jeak yoes aouo

N0 Uaym sseak aalyy

J8A0 N 8Iq!p® JO BU/L 6

uress
wniqoziyd oj1oads spesN
(eesue|eg 1e sieak om}
UIyim paip %05) Aunoo
11ly 1@m ui uononpoud Jood
pue [eainns Jood Ajpaneley .
paAll Woys -

(ea10qJe obBeaipayy) }o1paw 931




59

Tozer et al. Potential woody forages for Northland

(6102

9znaH {GL0Z [e 18 oualop
‘¥00z WesheuoH ‘g6 BBeg
2 SIIIM 0661 ‘€ 19 SIIIM)

SUOIIPUOD APUIM JO JUBIBIOL
S|I0S [elAn|je
uo Apood ng wnojes
pue wnipos Jo sjaad) ybiy
U}M S|IOS Ul [[BM SMOIE)  «
uns N4 -
S|I0S pauleIp-||dM  «
Juels|0} 1s0i4 -
els|0} ybnoig -

ainised

yim uonedwod anowal

0} sapIdIgIay 10 ¥00}S asn

SMOJ

U99M}a] JUBIBAOW XI0}S

1o} aoeds Buines| smol

ulyum Aj@solo jueld uen

I1e} alejoay Jad

oo} Bumab wouly syueld dois (Buroeds w X W G'L) 00S |
pue Ajes| deay 0} ozeln) . 0} (Buoeds w G X W G) 00S
Jeak Jad xo0|q JO sanisuap Je eldsuel|

Jad sbuizesb omy Jo BUQ - uonnedwod
(ap1oiglay JO JUBIB|O}UI {PBBS WO}

/ BuizeiBb) speem abeuely . USIgeISS 0} JNOIIP 89 ueD
azelb Ajleuoneloy . pass uelesisny Hodwy 0} o
SY00|q Ul Jjo doua4 . -UBIS |dIA urelqo Ajises ued

1eaw deays
uo sjoedwi anijebau oN .
deays
UO PasN0) SBM YIOM |S
(Na BY/PIN 11-8)
S8IpN}S Uelessny Ul J1BMO|
‘sfeu (IS) puels| yinos ul
NG BY/PIN ¥2L-6" kL JO TN -
MO[IM IO
2UJ90N| Uy} SJUBJUOD BIql
Jaybiy pue uigjoid Jomo .
obeyQ [esua) ul (eyssuerd
0002) BY/NQ B 0001 -
D0GE-0€ $IN220 Yimouh
wnuwndo pue D.gL Mojaq
doup sainjesadws} uaym
Jajuim Buunp ymolb s -
sybnoup Jawwns ‘Bunds
Apes 1oy Alddns abeloq .
opM W X [elw g -

ainjsed Yim UOeUIqUIOD Ul

9SMOI(Q 10} 8SN - pIoe dl[exo

pue S[esauIW Y10 ‘WNIPos
‘aulIo|yo JO S|eAd| YbIH -

(snwyey xaydray) ysnayes

(2002 uoeyD
‘€002 ‘[e Jo se|bnoq ‘€002
uolIBYD ‘1002 ‘[e 1o dway)

MOJ|IM UBY} SUOIIPUOD
|I0S pajelnies 4o Juels|o}
$s9| 89 JyBiW SBUO|0 BWOS -

‘Moj|Im oloBue] Joj se
‘uoneoldde uo Buipuadep
‘so|od Jo saye}s ‘sbumno
Buisn paysijgeise aq uen
ZN Ul 8|qejiene Ajipesy

suondo Aureo-pue-no 1o
‘doip-pue-no asn 0y Ajay|
I0W NG ‘MOJ|IM 10} SY  «

snonpioaq -
uwnine
pue Jawuwns uj ainjsed jo
Jey} o} Jejiwis Ayrenb yea .
sjuswod
aoeJ} Ul Yol pue o|qeleled
SayoueIq [[BWS pUE SOABDT
Ainnonpoud pue
S8UO0 Jualaylp Jo abuey .
sBuioeds apim e mojjim o}

MO||IM 10y SY - [enusjod uoponpoud Jejuig .

(e4b1u x sapiojjap snindod) rejdod




(2025)

51-60

Journal of New Zealand Grasslands 87:

60

sols
pasodxe uo 9|juqg 8q ue)

s|10S pajoedwod

pue Buibbol-1eyem

enbauy Jo ue.s|0} J0N

Aupiwny 4o yuessjop

s|l0s

pautelp-jjem ‘you-jusuinu

‘deap uo 1s8g smoin

(1202 slios Jood-jusuinu seyels|ol

‘[e 10 zse[eH :810¢ |aHqen (puejynoN
£800¢ ‘[e 1o sisejseueded ‘}I'M) JUBIS|0} }S0I4
{5002 ‘[e 1@ Jauing) ueI8|0} ybnoIQg

Buioiddoo jo sajoho G-¢ Jeye
ysl|geise-a.1 0} peau Aepy
uswysljqelsa

Burinp Buiousy 1o

spsenBb 981 yum 109014
SMOJ Usamiaq W ¢ —

G2 Yum ‘smou ui juejd uep
Alises sioxong

991} Juaied

8y} 0} 9S00 aslads|p spaag
1sno0| Asuoy ueyy

Buizesb deays jo aouels|o}
pue JuswWysl|qe)se Japeg
sBumno joo. Aq eyebedold
wbiay ur wo

J1a)ays / apeys
/ daquiny 10} moib 0} swos
Mmoj[e pue (yyblay asmoiq
anoqge Bumno) Buip.ejjod
‘(punoiB ayy o} Bumno)
Buroiddoo :eyeibajul ueo
‘woishs san-ainjsed e u| .

uoiejol 002 — 0G uaym juejdsues

e jo ped se azeib yoaig - uswysl|qeise
doup Buunp saioads Jayjo

-pue-no / Aued-pue-iny . woJj uonedwod [01u0)
wo g ueyy pajue|dsue) Ajiseq

wo 00} 10 0§ 1e pap.ejod
uaym Joyealb plaip -

plaIA sanoidwi
uoneoldde Jasijiuey) 4

moj ale sabejuaolad
uofjeulwab asimiaylo
uolneolleos alinbal spassg
« S8UasINU ZN Wolj a|ge|leny

ZN Ul Bluigos jo abewep
1910q UO 9|ge|leAE ale ejep
ou {ySN 8y} ul saoads
Jaloq o} 9|qndeosng
9sSMo.q 10} a[ed

pue deays 10} YO {sesioy
1o} A|[eroadsae pue seuenb
ablJe| Ul pawNsuo9 Ji 9IX01
sayoueiq snlg

o010l Aq

pazeib ase yolym siexons
Aq AisnoloBia speaids
Auioy

BY/NA1 '9-9'S

sieak 0G-0f oAl ue)
sapedap

€ ulypm ybiy w og 03 dn
auJaon| 0} JejwIsS

SOAB9| JO BN[eA [BUORLINN
%99-€G Auliqusebig
Bunds Buunp uieoid %0z
wbnolp Buunp

uondo asmolq e sapinoid
sjuawalinbai
90UBUSJUIBW YO0}SAAI|
SPaa9Xa / 10} JUBIOIYNS INq
ainised uey} Ayenb Jaioog
Jawwins

JO pua 8y} 1e pas} ybnoip
opinoid ued pue }snoo|
Aauoy ueyy BuipjalA 1aybiH
eyl pue Ajjiqnsabip
20NpaJ Ued YdIym sujuue}
pasuapuoo Jo s|and| ybiH
snonpioaqg

N saxi4

(eroeaeopnasd eiuiqoy) eluiqoy

SJUBIUOIIAUD
uesue.LIB)PaIN pue
[eaidoJ) ur smoln
SYeaiq-puim ul pasn
S111Inq spuim Buosns ym
1noo0 Aew doup youelg
wnipos

JO s|oAd| ybly seyels|ol
(Ilom apeys

9]e19]0} JOU SB0P) UNS ||N4
SUOI}IPUOD

[e1Se09 10} PaYNS-|[dM JON
paysiiqeise

90UO SUOIHPUOD [0S JO
abues apim € s8}eIs|o)
Juels|0} 1014

els|0} ybnoiq

(8102
9znaH G002 '[e 18 Jouing)

(uby w
02< moJb uen) uonejaban
Ayes)| urejurew 0} 821ddoy .

asmoiq 0aiq -
Aureo-pue-iny

JUBWIYSI|qEIS® MO|S
pajue|dsuel) Ajiseq
. S8UBSINU ZN WOJ} d|ge|leAy

daays Joj ajgelns ale spod
ajoym Inq aieo Aq peisebip
Ajisea jou ale spod
sayouelq apg

Aauen Auloyy ayy 0} Yanal
Aew abejusolad |jews vy
Apaam awoosq ued

pue »00}saAl| Aq paplore

SI yoIym saloads siyj jo
Aauen Auloy) ayy ploay

sujuuB)} PasUsPUOD Ul Yoy
NG B3N M 6°6 01 8'8
Japum

Bunnp asmolq apiroid spod
(e1qyy uebialep poe %Ge
-2z pue ugjold %gL-91)
s|ana| uiubl moj| pue uiejoid
ybiy sey ymoibal eo1ddo)
BY/NG

} /2 @onpoud ueo sbulpassg
BIUIGO] UBY) PIBIA NQ JomoT]
sleak

8 ulyum sauyspod 6y G/-02
a|qIpe ase ymoibai ao1ddoo
pue sbujpass BunoA ‘spoq
S)00J Jamo||eys
awnbaj/sselb yum ayedwod
10U saop j00.-de} deaq
snonploaQg

w og 03 dn moub uen

paas a|qipa sey pue N saxi4

(s1wusul “Jen soyjueoell) eisppaln) 1snooj Asuoy ssajuioyl




