Plant solutions for drought-prone saline soils in Marlborough
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Drought-prone sodic soils; an overview

A primary objective of the Starborough Flaxbourne Soil Conservation Project (SFSCP) was to determine how best
to rejuvenate badly eroded and depleted sunny slopes in an increasingly drought-prone environment.

Low and inconsistent rainfall, high summer temperatures and high wind-run all conspire to place traditional pastoral
plants under considerable stress on dryland sites, especially on sunny aspect hill slopes. Soils in the area are often
sodic (containing salt), due in part to their sub-oceanic origin. Dry conditions exacerbate the upward movement of
these salts through the soil, killing vegetation so allowing surface erosion. But the main damage occurs when it
rains, and water penetrates the soil profile along openings left by dead roots, animal and insect holes and the like.

Sodium’s absorption - a form of ionic attraction - to clay is significantly reduced. Once the sodium is mobilised, clay
particles no longer cling together and the soil starts to slake away. Deep penetration starts with rills and subsurface
holes until tunnels eventually occur, usually starting near the bottom of slopes and working underground back up
the hill until eventually they collapse.

Overgrazing by sheep has also contributed to extensive areas of erosion that have recent developed on many
farms in the Starborough Flaxbourne district.

For more information on the soils of the Starborough-Flaxbourne district, see Chapter 2 (Hunter and Collins).

Above; Wind, rain, grazing by
sheep and drought have placed
this north facing slope
at Bonavaree under
considerable pressure, baring
off soils and increasing their
vulnerability to sheet and
eventually rill and gully erosion.

Left; The Starborough
Flaxbourne Soil Conservation
Group made a July 2005 visit to
Bonavaree, post ripping of a
hillside site where saltbush and
tagasaste would later be
planted.
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Project seeks solutions

Management options for badly eroded soils in the Starborough Flaxbourne area are limited. Bulk amelioration by
expensive chemical means (e.g. the application of gypsum, only possible on flat, high producing sites) is one
approach. Another option is to try to grow plants that tolerate the site conditions, with drought, salinity, steep aspect
and lack of organic content being the main constraints.

The SFSCP took the latter approach. Trials with saltbush and tagasaste conducted near Seddon in the 1980's
indicated both plants had the potential to assist with revegetation. The aim was to extend this work to larger blocks
and integrate these plants into a successful farm management system.

A first step must be to obtain a good interpretation of soil types and location on their property. Tunnel-gullied sites
will invariably consist of sodic soils and therefore benefit most from the use of halophytic (salt-loving) plants like
saltbush (Atriplex spp) and bluebush (Kochia spp). Other hill sites may be better suited to plants with slightly lower
sodium tolerance like tagasaste (Chamaecytisus), dorycnium (Dorycnium), wheatgrass (Thinopyron), sheep’s
burnet (Sanguisorba) chicory (Cichorium) or plantain (Plantago), and possibly some native species (e.g. silver
tussock).

Isolating affected sites via fencing is a primary and important management step to ensure livestock control thus
good plant establishment. Ideally, the cost of fencing should be offset by increased farm production profits, as was
the case at Bonavaree.

Soil conservation species

Saltbush, particularly A. halimus (Mediterranean saltbush) was recommended from the outset of the project in
preference to the less palatable A. nummularia (old man saltbush), based on earlier trial and on-farm experience.
This species;

is very salt and drought tolerant

grows reasonably fast

provides good ground cover and can be browsed hard so is both a production and conservation plant

grows well under good fertility regimes, but also survives where nutrients are low

will self-propagate, albeit slowly, but is not weedy.

On suitable soil types, saltbush can provide excellent standing stock forage and help re-vegetate severely
depleted saline areas. Mediterranean saltbush is very drought tolerant and, providing it retains plenty of foliage
prior to winter, can tolerate frosting to -10°C.

A. nummularia is drought tolerant, but can survive light frosting only and is less palatable than A. halimus. Both
species grow best in saline or calcareous soils (pH 7.0 to 8.5). Areas best suited to saltbush are found in Central
Otago, North Otago, South Canterbury, North Canterbury and Marlborough.

Saltbush requires moderate fertility, and applying low rates of lime and/or nitrogen at establishment may be
advantageous. Mediterranean saltbush plants develop as rounded or broadly ovate shrubs with moderate to good
canopy density, depending on site. Being highly palatable, plants should be Ieft to develop a substantlal woody

stem structure (>2cm diameter near ground level) before hard or‘
prolonged browsing is allowed.

Atriplex halimus (Mediterranean saltbush) at Bonavaree. Note the
browsing on the plant above.
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Mediterranean saltbush has similar nutritive values to lucerne and excellent palatability. Grazing by cattle is
recommended only when plants become too large for sheep to access the foliage, and should be used with care to
reduce shrubs to a manageable size.

An establishment period of about 12-18 months is recommended to ensure plants reach reasonable maturity
before grazing. Subsequent management should ensure that shrubs are allowed two to three months to recover,
between grazing and the onset of winter frosts although this is not a major issue in the Starborough Flaxbourne
area with its maritime climate. With several two to five hectare 'shrub forage banks' per property, biomass can be
accumulated during summer and carried through winter, to provide good stock forage and shelter in spring or late
summer.

Other dryland pasture plants may be introduced into forage banks to increase productivity and nutritional diversity.
Annual dry matter yields from saltbush range from 3000-4000kg/ha on good sites, with additional nourishment
provided by the pasture beneath. Five hectares of saltbush may supply 12-14 days grazing for up to 1000 sheep
and can also be used as a run-off if ewes are shorn in early summer.

Atriplex nummularia (old man
saltbush) at Bonavaree.

This species is less
palatable than A. halimus and
less resilient to frost.

Bluebush (Kochia prostrata) is a halophyte widely used on rangelands in the USSR and successfully evaluated in
the USA. The species was included in the SFSCP seed-mix but was slow to establish.

Closely related to saltbush, bluebush has performed well on solonetzic and dryland soils in Central Otago, North
Canterbury and Marlborough. The plant is quite palatable to sheep and rabbits, and under a winter spelled regime
in Central Otago has spread extensively from original parent plants on a bare, exposed, north west face at one field
trial. Survival of seedlings is good despite constant rabbit browsing, with plants cropped close to the ground but
re-growing rapidly when the pest is removed.

In the same Chenopod plant family as saltbush but much smaller in size, bluebush plants set seed in late autumn
which, providing it is freshly collected, has good viability. The species is very frost and drought tolerant and grows
well even on inhospitable, low fertility sites. No disease or insect problems have been noted.

Like saltbush, bluebush does not perform well under conditions of excessive grass or weed competition (especially
from dense, mat-forming species like Poa pratensis). Its greatest potential is probably as a component of shrub
forage banks or for soil conservation/revegetation on exposed, depleted, sunny faces in dryland areas.

Tagasaste (Chamaecytisus palmensis) is a perennial, evergreen, nitrogen-fixing
shrub that grows to about three metres tall. It produces many distinctive white ¥
flowers in early spring that mature into seed-filled pods over summer. There are no
named varieties but some selection work was carried out by AgResearch in the
North Island. Tagasaste is suitable for standing stock forage and for revegetating
some depleted dryland areas. It grows well in milder coastal climates where it may ¢
be used as shelter, forage or firewood. Plants are quite drought tolerant but will not
tolerate heavy frosts.

Tagasaste can grow in a broad range of soil types (pH 5.0 to 7.0) but prefers |
free-draining, moderate to fine textured silt, sand or loams. While plants can
establish without fertiliser, application of sulphur super at standard rates would be |
advantageous. Seed is available in limited quantities and can be established by
drilling or from planted seedlings. A specific inoculant (CC1502) is recommended
to ensure proper root nodulation.

Tagasaste on the Afghanistan
bock at Bonavaree.
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Considerable forage work has been conducted with tagasaste in Australia, mainly on planted seedlings.
Productivity of 15-25 tonnes of dry matter per hectare, per year (t DM/halyr) has been quoted in various published
reports, but this depends on planting method which varies greatly. For drought-prone areas in New Zealand,
seedlings spaced at two to three metres with rows 5-10m apart (ie 300-1000 stems/ha) would provide a suitable
plant density but this may be increased under higher rainfall coastal conditions.

Open pasture areas within forage blocks can be under-sown with drought-tolerant pasture species like wheatgrass,
cocksfoot or sheep's burnet. Once established, shrubs should be managed to maximise forage production, either
for direct browsing or 'cut-and-carry'. To achieve this, shrub height should be kept within stock browsing range, i.e.
1-1.5m, either by mechanical trimming or careful use of cattle.

Palatability to stock is high. Damage to the bark should be avoided or shrubs may die. Nutritional value is good with
crude protein levels of 20-25% dry matter (DM), carbohydrate levels of 40-50% DM, and crude fibre levels of 15-
20% DM. DM digestibility of leaf material (0.75-0.8) compares favorably with lucerne forage. In frost-free sites,
tagasaste can over-winter green foliage, becoming an ideal foliage source in early spring. The plant is also an early
pollen source for bees.

Although saltbush and tagasaste provide the main plantings on Bonavaree, several other species were included in
plantings; some shrubby, like red-stem wattle on the ‘Afghanistan’ block and others herbaceous like dorycnium,
wheatgrass, sulla, birdsfoot trefoil and sheeps burnet. Some of these have established well from oversown or
drilled seed and show good growth potential as shrub undercover, further protecting erosion-prone soil surfaces. A
plant related to saltbush, Rhagodia spp, an Australian native used there as a forage shrub, is also being
investigated.

Sustainable land use options

As a sustainable land use, shrub forage blocks are an excellent method for protecting otherwise fragile soils and
steeper slopes. The most difficult task is to establish the plants but once that is achieved, the life-span for most
shrubby species is measured in decades. Many existing saltbush blocks are already 20 years old and some
surviving trial plantings date back to the early 1970s. With well-managed, intermittent grazing, pasture vegetation
will quickly re-seed and re-establish, further protecting fragile soil surfaces.

Although costly, to control grazing it is essential to fence these areas off. The most economic option is to fence
larger areas as soil/forage conservation banks although this may sacrifice some better land. Utilising existing
fences and placing new fences along natural contours/ridges will help keep costs down and better integrate the site
into the surrounding landscape. Larger blocks can be further subdivided by electric fencing, if required.

Planting sites were contour-ripped by 4WD tractor where accessible, or planted by grubber on steeper slopes.
Establishment costs primarily occur in the first year, with total outlay for a medium cost strategy about $3400/
hectare. This covers raising seedlings/cuttings, ripping, fencing and planting. An economic farm evaluation
showed all establishment scenarios for saltbush compared favorably with the cost of purchased feed by year three,
with the exception of a high fencing cost/low yield scenario. Early yields at Bonavaree were better than at the
Hakataramea Valley site (North Otago) that this evaluation was based on. Given the longevity of forage shrub
blocks, with good management long-term returns should be favourable.

The year two cost of establishing saltbush calculates out at 0.53 cents per kilogram of dry matter produced for a
medium cost/medium yield planting, 0.35 cents in year three and 0.30 cents in years four and five. The latest
saltbush site to be developed at Bonavaree used locally collected, hand-spread seed. Costs are minimal, but
establishment takes longer.

Cost of establishing saltbush per hectare, 1000 stems/ha (Doug Avery)
Ripping $ 100 Tractor@$100/hour
Spot spraying $ 60 Including chemical
Fertiliser - long-life $ 20
Plants $1000 1000/ha@$1/plant
Planting $ 500 20 hours @ $25/hour
Fencing* Will vary from site to site Doug paid $9/metre*
Total $1680,

excluding fencing*
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Integrated farm management

In any farm system, animal performance is ultimately driven by plant production, therefore grazing management
systems should be aligned as closely as possible with regional plant growth curves. Maximum plant growth should
ideally coincide with the finishing of sale stock and preparation of capital stock for the feed shortages that may
ensue as the dry season progresses. Irrigated farms have the ability to extend this growth period, but dryland
farms have little option but to go with the season.

Lucerne can play a key role on dryland farms like Bonavaree, where it is directly utilised by stock rather than
being cut and stored. Extending lucerne and other pastoral species onto adjacent areas of flatland and low hilly
country has provided Bonavaree with an exceptional source of standing stock fodder. Modifying stock classes and
management to maximise lucerne’s grazing potential has resulted in excellent economic and environmental returns.
See Chapter 3 (Moot and Avery).

A side-benefit has been the ability to set aside steeper, unproductive and erosion-prone land, and to finance
fencing and planting of these sites with forage shrubs. In turn, this has further advantaged farm management as
the availability of over-wintered standing forage to fill potential feed shortages in early spring, results in less
supplemental feed. In an emergency like prolonged drought, that forage can also be utilised later in the season.

Nutritionally, shrub forage provides high levels of fibre and a great diversity of nutrients, as roots tap deeper soil
reserves than shallower-rooting species. It also ensures ‘head-up’ grazing, helping reduce parasite uptake from
affected pasture. The intermittent grazing management recommended for shrub blocks should further reduce the
parasite loading of pasture.

Dryland farming takes the next step at Bonavaree

At Bonavaree, saltbush (and tagasaste) established very quickly and a first graze was carried out in May 2006, only
nine months after planting (August 2005). The blocks have been grazed on two further occasions (February and
August 2007).

In late June 2008, 650 hoggets spent a week on the Vietnam block, removing most of the leaf and some stalk plus
better grass. The hoggets were followed by 135 cows, which cleaned up old, dry grass and more stalk with A.
halimus proving the most palatable saltbush species. By mid July, recovery of plants and the block was well
underway. A. nummularia was poorly grazed and the cows smashed a considerable amount down.

Plants are now approximately two metres high, perhaps necessitating occasional grazing down by cattle to a level
that sheep can access easily, and to force plants to spread thereby protect a greater soil surface area.

Current estimates put individual saltbush plant production on Bonavaree at about 3-4kg DM/year; equating to
2700-3600kg DM/halyr @ 900 stems/ha or 3300-4400kg DM/ha/yr @ 1100 stems/ha. Underlying pasture may add
to this. The upper limit for plant spacing is probably 1200 stems/ha (a bit less than 3.0 x 3.0m apart), as some of
these shrubs can spread to more than two metres diameter. This effectively closes the canopy, making stock
access difficult plus increasing the risk of wool-pull.

Ground cover on the fragile sunny aspects has also improved significantly. Once established, shrubs are quite
resilient and blocks are best rotationally grazed for short (three to five day) periods. However, this will depend on
species. Tagasaste, for example, is prone to bark damage, so must be treated with care. Set stocking is not
recommended. Choosing suitable grazing times will depend on many factors such as weather, farm management,
pastoral production and stock type. In general terms, it is best to utlise shrub forage in lieu of
supplemental fodder when other sources of feed are scarce, e.g. late winter/early spring.

As pasture/crop production peaks in spring/summer, shrub blocks should be progressively rested. This has the
bonus of allowing foliage to recover prior to winter. Plants may re-seed during this period, providing some
recruitment of new seedlings. Hard grazing just prior to winter is not recommended for areas that have a severe,
frosty winter like Central Otago. Plants should go into winter with good leaf coverage, most of which should be
retained for subsequent spring browse.

A significant challenge remains in moving these proven —
project outputs into the general farming arena and gaining -
wider acceptance for altered land management methods. g

However, the successful integration of shrubby land
conservation/production blocks with traditional crops like

lucerne on Bonavaree proves dryland farming can
effectively and economically take that next step.

Barrie Wills (PhD)

Central Environmental Services, Alexandra
03 448 8215, 021 138 1988
Ces.alex1@slingshot.co.nz
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