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Low cost revegetation of dips near Gisborne

Abstract

An experiment was conducted to identify plants
suitable for low cost revegetation of soil slip scars
after Cyclone Bola. Species of grasses (8), herbs
(3) and legumes (13) were oversown onto slips
without fertiliser, and evaluated for 3 years under
normal hill country sheep/beef grazing. Grasslands
Maku Lotus pedunculatus, Trifolium pratense and
Lotus corniculutus all increased total herbage
cover. L. pedunculatus provided 85% of the
production obtained from pasture on surrounding
uneroded land, and 6 times the production of
unsown plots on slips.

Keywords: Cyclone Bola, Lotus pedunculatus,
Lotus corniculatus, revegetation, slips, Trifolium
pratense

Introduction

Cyclone Bola in March 1988 resulted in approximately
18 000 ha of oil dip erosion in the Gisborne/East Cape
region. Recommendations for restoring dips (Suckling
1966; Lambrechtsen 1986) ae rddivdy  expensve
Research was initigted to identify a low cost revegetation
dtenaive which could be usd on an extensve sde
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The objective was to identify plants able to edtablish
and persist on slips without the need for ground
prepardtion, extra fetiliser or protecion from grazing.
Two experiments were conducted, with one experiment
sown in spring 1983, and the second experiment sown
in autumn 1989, Edablishment in the first experiment
was largdly unsuccessful, owing to heavy ranfal fter
sowing which washed seed from slips, followed by
summer/autumn - drought  which  further  reduced  plant
populations (Quilter & Korte 1990). This paper reports
the realts for the successful autumn sowing.

Materials and methods

Ful deals of the experimentd trestments and iayous
is given in Quilter & Korte (1990). The experiment was
conducted on a fam near Gisbome, using dips exposed
in Cyclone Bola The soil on dips was on steep dopes
(20-50°), of low fertility (pH 6.3, Olsen P 6, K 7,
sulphete S 3), and shdlow (58 cm desp exposed subsoil
overlaying  mudstone).

The experiment was a randomised block design,
with 10 blocks. To dlow for a range of dip Szes, each
block was soread over 1 to 4 smilar dip faces with
plots (2 m x 2 m) aranged horizontdly in a sngle line
aross exch dip. This desgn reduced possble seed
contamination befween plots due to seed beng washed

Table 1 Grass and herb trestments (trestment numbers shown in parenthesis), seed sowing rate, and point andysis results
(sown species and total grass cover). Square-root transformed vaues wed in andyss of variances and in testing of
cover differences. Cover vaues preented ae  back-transformed  means.

Grass or herb treatment Seed Total grass’ cover (%) Sown species cover (%)

(kg/ha) 1990 1991 1992 1990 1991 1992
1. Droughtmaster ryegrass 30 13 13 12 10 5a 5
2. Maru phalaris 10 16 13 11 3a 3a 5
3. Kara cocksfoot 8 1 14 20 7 6 12
3. Wana cocksfoot 8 15 14 17 9 7 7
4. Muster browntop 4 16 13 15 13 6 12
5. Massey Basyn Yorkshire fog 20 17 16 15 11 2a 4a
6. Crested dogstail 10 12 13 14 4a I a 4a
7. Tiki smooth brome 25 10 10 13 2a Oa [
6. Yarrow 4 14 15 10 4a 4a 2a
9. Puna chicory 6 11 12 4 ab I a I a I a
10. Sheep's  burnet 6 14 13 11 2a I a Oa
11. Standard fertilised mix 12 20 16 10 9 7
12. Unsown control 10 14 13

a  Significantly different from Standard treatment
Significantly different from Control
Sown species (grass or herb) plus volunteer Qrass
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Table 2

Legume treatments (treatmem'number shown in parenthesis), seed sowing rates, and point analysis results (percentage sown

species cover and total legume cover). Square-root transformed values were used in analysis of variances and in testing of
cover differences. Cover values presented are back-transformed means.

Legume treatments Seed Total legume cover (%) Sown species cover (%}
(kg/ha) 1990 1991 1992 1990 1991 1992
I. Tahora white clover 8 gb 4 4 9 2 3
1. Prop white clover 8 9b 8 9 8 7 5
2. Pawera red clover 10 8b 10 5 8 2 Oa
2. Enterprise red clover 10 12b 9 8 11 8 3
3. Maku lotus 8 9b 19 ab 13ab 9 18a 12a
4. G32 birdsfoot trefoil 10 8b 18 ab 18 ab 5a 8 13a
5. White clover ramets 5a 9 8 4a 5 |
8. Canary clover 20 2a 8 8 la 2 2
7. Yukon sweet clover 10 4a 7 7 la Oa 2
8. Palestine strawberry clover 8 8a 10 8 5a 12 4
9. Aokau sulla 30 2a 8 5 la Oa Oa
10. Tallarook subterranean clover 20 8 14 14 ab 8 1la 12a
10. Lotus tenuis 10 2a 8 10 Oa 2 7
11. Standard fertilised  mix 13b 8 6 12 5 8
12. Control 3 9 6 8
a  Significantly ~ different  from  Standard treatment

b Significantly ~ different  from  Control

down the dip. Each block had 12 treatments (Tables 1
and 2): an unsown/unfertilised control, a standard seed/
fertiliser treatment and 1{ oversowing treatments. A
standard treatment plot (30 kg/ha Droughtmaster
perennid  ryegrass (Lolium perenne), 8 kgha inoculated
and coated Grasslands Huia white clover (Trifolium
repens), plus fertiliser equivalent to 250 kg/ha
superphosphate) was located on each slip to allow
compaison of dips within a block. The oversowing
trestments were designed to dlow sepade andyss of
10 inoculated legume species (Teble 1) and 10 grassey
herb pecies (Table 2). Each oversowing plot had one
of the 100 posshle legume/grass mixtures, each legume
species and each grassherb  species  being  represented
once in each block, and each mixture combination being
repreented once in the whole experiment. White clover,
red clover (Trifolium pratense) and cocksfoot (Dactylis
glomerata) were represented by 2 cultivars, with half
the replicates sown with eaxch cultivar. Subterranean
clover (Trifolium subterraneum) and Lotus tenuis were
sown in 5 blocks. Seeds were oversown by hand directly
onto plots on 5 May 1989, without fertiliser or ground
preparation.

Sheep and catle grazed the experimentd  paddock
during the experiment. Plots were topdressed annually
in summer with the rest of the paddock (100 kg/ha
superphosphate).

Measurements included seedling counts a 6-8 weeks
dter sowing, point andyss (Raddiffe & Mountier 1964)
for totd and sown species ground cover exch winter,
and herbage production from sdlected trestments using
excluson cages from August 1990 to October 1991

For herbage production, herbage was trimmed to 25
mm udng an eectric shearing handpiece, a cage (0.504
m?) was placed, and pasiure wes harvested when herbage
on the best plots reeched 200 mm in length. Herbage
production was measured on five blocks and only for
Hected plots (control, dandard seed/fertiliser trestment,
and tretments with a high percentage ground cover).
Production was also measured on uneroded pasture
aess besde dips.

Messurements  on  non-legume  and  legume  pecies
liged in Table 1 and Table 2 were andysed separately
dter  trandormation to normdise  vaiance

Results

Establishment

Seedling counts & 68 weeks as reported by Quilter &
Korte (1990) indicated tha 20-40% of vidble legume
ad 15-46% of vidle grassheb seed had edtablished
(except Lotus corniculatus 85% and Sanguisorba minor
2%). Mean seedling populations (/m?) were 30480 for
legumes, 120-1020 for grasses, and 20-610 for herbs
Cover |

Totd grass cover on dips was not sgnificantly (P<0.05)
afected by oversowing of grasses (Table 1). Browntop
(Agrostis capillaris) and cocksfoot had the highest sown
grass cover in 1992, 12% and 10% respectively, double
the cover of ryegrass. Grasdands Tiki smooth brome
(Bromus inermis) had a dgnificantly lower sown grass
cover than peremnid ryegrass.  Application of  fertiliser
a swing had no congsent effect on the perennid
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ryegrass cover, there being no sgnificant (P<0.05) dfet
in 1990 and 1992

Oversowing of Grasdands Puna chicory (Cichorium
intybus) sgnificantly reduced totl cover in 1992 (Table
1). The result probably reflected suppression of
volunteer grasses by chicory in summer together with
winter dormancy of chicory. Sown gpecies cover was
low for the three herbs evauated.

Compared with the unsown control, totd legume
cover was significantly (P<0.05) increased by
oversowing Grasslands Maku lotus (Lotus pedun-
culatus), birdsfoot trefoil (Lotus corniculatus) and
abterranean clover (Table 2). The levd of sown legume
cover was generdly low. Based on these measurements,
and visual observationsin spring and summer, the
following species were considered to have been
unsuccessful: - white clover oversown as ramels canay
clover (Dorycnium hirsutum), Yukon yellow sweet
clover (Melilotus officinalis), Palestine strawberry
clover (Trifolium fragiferum), and Grasslands Aokau
sulla (Hedysarum coronarium).

During the course of the experiment slips were
colonised by volunteer plants. Colonising species
induded (in descending order of % cover in September
1991) white clover 12%, suckling clover (Trifolium
dubium) 5%, browntop 4%, flatweeds (Taraxacum
officinale, Plantago lanceolata) 4%, clustered clover
(Trifolium glomeratum) 4%, lotus (Lotus pedunculatus)
3%, chewings fescue (Festuca nigricans) 3%, winged
thistle (Carduus tenuiflorusy 2%, tyegrass (Lolium
perenne) 2%, sheep’s sorrel (Rumex acetosella) 1%,
sweet vernal grass (Anthoxanthum odoratum) 1%,
cocksfoot 1%, couch (Agropyron repens) 1%,
subterranean clover 0.4%, Yorkshire fog (Holcus
lanatus) 0.4%.

Herbage production

Amnua  herbage production from the unsown control
plots was approximately atenth of the production
messured from pasure on uneroded aess besde dips
(Table 3). Oversowing the standard ryegrass/clover
mixture with fertiliser did not significantly increase
amnual  herbage production compared with the unsown
control.  Of the grases oversown, Yorkshire fog wes
the only species to significantly incresse totd herbage
production. The effect was largedy due to associated
legumes on the plots measured, with annuad Yorkshire
fog production (470 kg DM/ha) being no different
{P<0.05) from tha of other grasses measured.

Both red clover and Maku lotus significantly
increased  totd  herbage production from dips relative
to the unsown control. Mixtures with Maku had herbage
production almost equal (85%) to production from
pasture on uneroded land beside dips, and 6 times

Table 3 Total dry matter (DM) yields of grass/legume mixtures
in comparison to unsown control plots, standard
ryegrass white clover plots, and pasture on uneroded

land  besde dips

Dry matter yields (kg/ha)
Spring ! Summer Autumn Winter Annual

Uneroded pasture 3950 600 1120 990 6160
Control 500 70 110 150 620
Standard 1020 230 370 300 1920
Grass maans ¢

Ryegrass 670 370 230 300 1770
Cockstoot 770 190 140 150 1250
Browntop 950 760 460 490 2670
Yorkshire fog 1510 b 1120 ab 1040 b 750 b 4426 b
LSD (P=0,05) 890 690 600 570 2720
legume means ¢

White clover 690 110 200 150 1160
Red clover 1460 b 1320 ab 950 ab 660 b 4420 ab
Maku lotus 2220 b 1300 ab 710 b 670 ab 5240 ab
Birdstoot refoil 1100 1220 b 330 540 3700
LSD (P=0.05)* 1120 640 530 460 2660

! Spring=Sep, Oct. Nov; Summer=Dec, Jan, Feb; etc.

2 Total DM yields averaged across all companion legume combinations.

3 Total DM yields averaged across all companion grass combinations

4 1SD for legume means calculated using harmonic mean of plot numbers.
a Significantly different from Standard treatment at P=0.05

b Significantly different from Control at P=0.05

grester than production from unsown control plots.  Of
the annua yidd from lotus plots, 81% was contributed
by lotus. For plots with red clover, 87% of annual
herbage production was contributed by red clover. In
summer the contribution of lotus and red clover wes
gredter: 93% and 91% respectively. Legumes were the
main component of herbage production (57%) for plots
oversown With the standard mix.

Discusson

The establishment achieved in this experiment was
consderably less than achieved in  experiments with
high seed raes high fetilisr rates and excluson of
grazing from dips. For example, Lambrechtsen (1986)
indicated that a plant cover of 86% should be achieved
6 months after oversowing slips with 50-150 kg/ha
sed, together  with  frequent  application  of  generous
amounts of fertilisr containing nitrogen and  exdusion
of grazing animas In this experiment, 6 months after
oversowing, cover was 33% for the standard mix
treatment (Quilter & Korte 1990), and 17% 3 years
dter oversowing. High input revegetetion of dips &
discussed by Lambrechtsen (1986). although more
effective than low cost methods evaluated in this
experiment, is consdered uneconomic  for large scde
eroson events like Cyclone Bola




190

Maku lotus, red clover and possibly hirdsfoot trefoil
were the plant gpecies identified in this research as
offering most potential for low cost revegetation of
slips. None of the oversown grasses significantly
incressed  herbage production or plant cover over wha
was achieved naurdly in the unsown control plots.
Oversowing  white clover and peremnid  ryegrass,  the
species normally oversown by farmers, did not
significantly improve herbage production or plant cover
compared with the unsown control.

It is of interest to Speculate as to the reasons for the
success of lotus and red clover. Nitrogen fixation,
successful  esteblishment, and  perhgps  rooting  pattern
were important.  The predominance of legumes in dl
mixtures indicated that nitrogen and nitrogen  fixation
was the predominent factor affecting plant  performance
and pessence Soil on recently eroded dips has low
carbon and nitrogen levels (Lambert €t al. 1984).
Egablishment of lotus and red clover was successiul,
plant populations being Lotus corniculatus 480/m?,
Maku lotus 290/m? and red clover 90/m?. The success
of Maku lotus could be expected, the gpecies being
well adapted to low soil fertility (Levy 1970) and being
naurdised in the pasture surrounding the dips. The
ressons for success of red dover and hirdsoot trefoil
probably relate to the ability of the root system to
obtain moisture and nutrients. Perhaps the tap-root  of
red clover and birdfoot trefoll was ale to penerate
cracks in the mudgone, wheress white clover roots
were redfricted to the thin layer of soil on dips.

Red clover is usudly a short-lived species, and is
unlikdy to be sutable for longer-term  revegetation of
dips. Lambert et al. (1993) reported that red clover was
fast establishing on slips in the Wairarapa, but
subssquently  declined to be a minor sward component
dter 2 yeas Thee was a drong trend for red dlover
cover to decline during this experiment (Table 2). The
herbage production ranking of red clover would
undoubtedly have declined if herbage production
measurement  had  continued  after  October 1991

The role of subteraneen clover for oversowing dips
was not fully evaluated in this experiment. Cover
measurements  indicated that the species could increase
legume cover, but this may just have been a reflection
of the winter growth of the gpedes Measurements of
herbage production were made on two replicates, and
the annua legume yidd was similar to plots sown with
white clover, 810 + 900 kgDM/ha and 210 + 190 kg
DM/ha respectively. Based on experiments and
observations Suckling (1966) recommended that
subterranean clover be included in oversowing seed
mixtures for dips, and the species was the main legume
to colonise dips in the Warargpa (Lambert et al. 1984).
By contragt, in subsequent oversowing trids on dips in

the Wairarapa (Lambert et al. 1993), oversown Mt
Baker subteranean clover did not meke a Sgnificant
contribution  to  revegetation.

The levels of herbage production measured in this
experiment should not be taken as the absolute levels
which could be obtaned under grazing. The measure-
ment system with infrequent cuts could be expected to
favour the legumes which had high production. The
results do, however, indicate the potentid for herbage
production from dips, if plants like Maku lotus can be
encouraged by approprite  grazing  management.

Although white clover showed no significant
response to phosphate and sulphur application &  sowing,
red cover and lotus would be expected to respond.
Further research is required to evdudte oversowing of
these legumes with fertilisers.

This experiment considered oversowing of the dip
face and ignored the debris accumulation zone beow
the dip. When famers oversow usng arcraft the seed
mixture would normaly be formulated for oversowing
both arees We obsaved that the accumulation zone
normaly revegetated within 6-12 months of depogition,
from tuf fragments and naurd reseding.  However,
some famers wish to obtan a more rapid cover, and
oversowing perennial ryegrass and white clover is
suiteble for this purpose.

It has normaly been recommended that dips should
be oversown & soon & praticable dter they oocur
(Suckling 1966). However, sowings on the East Coest
have given vaidle esablishment (King & Blakemore
1978; Quilter & Korte 1990), manly due to heavy ran
washing seed from dips and drought killing seedlings.
Further research is required on this agpect, especidly if
lotus is used as the main legume for revegetation.

Conclusions

The man concluson from this research was that farmers
should oversow Maku lotus and red clover on dips for
revegetation under grazing. The red clover would not
be expected to persist, but was shown in this and other
research (Lambert ez a. 1993) to be a useful early
coloniser of dips Incluson of ryegrass and white clover
in the oversowing mixture can be expected to have
little benefit in revegetation of the dip shear plane, but
will often assist in the revegetation of the debris
accumulation zone below the dip.
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