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Abstract   Six ground cover species were grown un-
der established apple trees for four years to determine
their suitability for replacing the herbicide strip nor-
mally used in orchards.  Of the species evaluated,
Dichondra micrantha Urban was the most suitable
ground cover, as it was present over 94% of the or-
chard floor at the end of the trial.  In addition, it caused
no reduction in fruit yield compared with trees grow-
ing in bare soil, and no differences in soil carbon, ni-
trogen or pH were detected. Subsequent pot trials in-
vestigating how best to establish D. micrantha showed
that post-emergence applications of clopyralid,
tribenuron or oryzalin were tolerated best by seedlings.
When establishing from stolon fragments, D.
micrantha also tolerated linuron, pendimethalin and
methabenzthiazuron.  A second field trial demonstrated
that D. micrantha formed dense swards more rapidly
when started from seeds compared to stolon fragments.

INTRODUCTION

Weed control in most New Zealand apple orchards
involves maintenance of bare soil within the tree row
using a combination of knockdown and residual her-
bicides, and the region between tree rows has a mown
grass sward (Harrington et al. 1992). Maintaining bare
soil requires several herbicide applications during the
growing season, risking contamination of fruit.  Bare
soil also often suffers problems from surface
compaction, nutrient leaching, erosion and reduced
organic matter content (White and Atkinson 1984).

An alternative approach to vegetation management
in orchards is to replace the bare soil with a low-
growing perennial ground cover that is shallow-
rooting to reduce its competitiveness with the trees.
The ground cover would prevent most weed seeds from
germinating, and could be sprayed with selective her-
bicides each winter to remove any weeds that do de-
velop.

Tolerance of potential ground cover species to herbi-
cides has been assessed in a series of pot trials
(Harrington and Rahman 1998).  Species that toler-
ated a range of herbicides, thus potentially making

winter weed clearance easier, were planted into an es-
tablished apple orchard in 1993 to evaluate them fur-
ther (Harrington 1995).  This paper outlines the per-
formance of the most promising of these ground cover
species, Dichondra micrantha.

Although the D. micrantha in Trial 1 was established
by transplanting plugs of established plants at 45 cm
spacings, such labour intensive planting systems would
probably be unacceptable to most orchardists.  Seeds
of this species are available, but expensive.  Leptinella
dioica Hook.f. is a stoloniferous perennial species used
in New Zealand bowling greens, and is established by
planting stolon fragments.  We investigated use of a
similar system for establishing D. micrantha more
cheaply than using seeds. Results are also reported on
assessment of selective herbicides for use on D.
micrantha establishing from seeds and stolon frag-
ments.

MATERIALS AND METHODS

Trial 1     The trial was established under 5-year-old
Braeburn and Royal Gala apple trees in 1993 at
Palmerston North on a Manawatu silt loam soil.  Prior
to establishment, plots were cleared of all vegetation
using glyphosate.  Six ground cover species were es-
tablished in plots 6 m × 5 m, with a tree in the middle
of each plot.  All species were planted right to the base
of trees as a randomised complete block design with
three replications, and a seventh treatment kept the
ground bare all year using herbicides.  Festuca
longifolia Thuill. and Trifolium repens L. plots were
established using seeds, while the other four species
(Hydrocotyle heteromeria A.Rich, Leptinella dioica,
Ajuga reptans L. and Sagina procumbens L.) were es-
tablished using plugs of stolon material.  Plots were
mown regularly and had appropriate selective herbi-
cides applied to assist with their maintenance
(Harrington 1995).

One year later, A. reptans plants were replaced by D.
micrantha as the former species had established poorly
and the latter species had performed very well in re-
cently completed herbicide tolerance trials.
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In 1996 and 1997, point analysis determined the per-
centage of plot area still covered by the established
species on three separate occasions.  S. procumbens
plots were abandoned after the first assessment as the
species density was very low.  For the best two species
(D. micrantha and F. longifolia), production of fruit
from the trees was recorded for the 1995/6 and 1996/7
seasons and compared with trees in bare plots.  Soil
analyses for these three treatments in May 1997 meas-
ured differences in carbon, nitrogen and pH.

Trial 2    Seeds of D. micrantha were sown into 600
mL planter bags (15 per bag) of Kiwitea loam soil (pH
5.0, organic carbon 4.5%), while lengths of D
micrantha stolons were buried 5 mm deep in other
planter bags.  Some of these bags were treated with
pre-emergence herbicides immediately after seed sow-
ing or stolon burial on 4 July 1996.  Several post-
emergence treatments were applied to other bags on 6
September 1996, by which time most seedlings were
at the 2-4 leaf stage and stolons had produced on aver-
age 11.8 leaves per pot.  Plants were kept in a glass-
house heated to 20°C and sub-irrigated.  Each treat-
ment was replicated four times, except for post-
emergence treatments to stolon regrowth for which
there were five replicates.  A randomised block design
was used, and all plants were cut off at ground level
15 weeks after treatment and the fresh weight of foli-
age was recorded.

Trial 3    Seed-beds were prepared using glyphosate
and cultivation at two Massey University sites in Oc-
tober 1996.  At each site, plots 3 × 1.5 m were sown
with D. micrantha seeds at 1 and 10 g m-2, and planted
with stolon fragments at rates of 220 mL and 670 mL
m-2.  The stolon fragments were obtained by raking an
established sward of D. micrantha, which resulted in
1.3 L of fragments being collected from each square
metre of sward, and there were approximately 490
rooted nodes per litre.  Seeds and fragments were bur-
ied shallowly in the seed-beds by raking, then plots
were rolled.  Treatments were replicated four times at
each site within a randomised block design at Site 1
and a completely randomised design at Site 2.

At Site 1, the soil type was a Karapoti brown sandy
loam and plots were irrigated throughout the first sum-
mer whenever soil became dry.  Site 2 was a Manawatu
fine sandy loam located 2.3 km from Site 1 and plots
were not irrigated.  Rainfall over the two weeks prior
to planting and two months after planting was 39 mm
and 95 mm, respectively.

Plots were mown monthly to 2 cm.  Oryzalin was ap-
plied to all plots at 1.5 kg a.i. ha-1 five weeks after
planting, then 0.66 kg ha-1 clopyralid was applied after
three months, 0.4 kg ha-1 haloxyfop after five months
and 30 g ha-1 tribenuron after 6 months (April 1997).

Point analysis of all plots (100 points per plot) was
conducted five and 13 months after planting to quan-
tify the establishment of the D. micrantha.

RESULTS AND DISCUSSION

Trial 1    Four years after establishing the orchard trial,
the area covered by each of the ground cover species
was quite variable, but D. micrantha was the species
which consistently gave the best coverage (Table 1).
Although this species was planted a year later than the
rest, the superior performance by D. micrantha is bet-
ter explained by other factors.  The wide range of se-
lective herbicides available for this species (Harrington
and Rahman 1998) meant that keeping the plots free
of weeds was easier than with the other dicotyledonous
ground cover species, namely S. procumbens, L. dioica,
T. repens  and H. heteromeria.  Clopyralid, tribenuron
and haloxyfop were the main herbicides used in D.
micrantha plots, though they were only applied dur-
ing winter. Weeds were also easily cleared from F.
longifolia plots with herbicides such as MCPA,
clopyralid and haloxyfop, but these plants were often
damaged in autumn by tree leaves accumulating on
the sward.  F. longifolia was also the least tolerant of
incorrect mowing regimes, especially if mown too hard.
D. micrantha formed a dense, low-growing sward
throughout the year, which seldom allowed bare soil
to be exposed even when mown very low.  The C

4

physiology of D. micrantha also made it less suscepti-
ble to dry weather in summer.

Table 1.  The average coverage of plot areas within an
orchard by six ground cover species in April and No-
vember 1996 and March 1997.

Species % cover
Apr Nov Mar
1996 1996 1997

Dichondra micrantha 92.3 96.7 96.0
Festuca longifolia 88.6 66.9 80.7
Hydrocotyle heteromeria 96.7 83.8 69.7
Leptinella dioica 80.8 70.6 63.7
Sagina procumbens 67.3 - -
Trifolium repens 79.7 63.8 45.0

LSD
0.05

13.9 22.4 33.7
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Although this trial allowed a good comparison of the
ground cover species to be made under orchard condi-
tions, the effects of ground covers on fruit yields were
more difficult to determine.  Differences in yield were
detected in the two seasons this was assessed, but most
differences were not significant statistically because
of the variability in the data (Table 2).  The variability
was caused by the small number of trees used, the low
level of replication and the normal variability in pro-
duction that occurs with fruit trees.  An added diffi-
culty was that half the trees in the trial were Braeburn
and the other half were Royal Gala.  As production
levels of the two cultivars were different, results for
each tree have been   expressed   as   a   percentage   of
production achieved by other trees of the same cultivar
in the same row, being 11 trees for Royal Gala and 10
trees for Braeburn.

However, the results did suggest that the ground cover
species were not having any detrimental impact on fruit
yields.  Particularly in the case of D. micrantha, fruit
weight and number were higher in both seasons from
these trees than those in bare plots.  Although differ-
ences are not significant, the results indicate that if D.
micrantha is having any effect on the trees at all, the
effect may be beneficial.  As D. micrantha plants were
seldom more than a few centimetres high, and as their
root systems are quite shallow, large adverse effects
on yields from well established apple trees would not
be expected, even if plants are growing right to the
base of the trees.  However, due to the variability in
results, the trial needs repeating with greater numbers

of trees to further investigate interactions between D.
micrantha and fruit tree yields.

No significant differences were detected in soil organic
carbon or nitrogen levels between plots that had been
bare for four years and those covered in F. longifolia
or D. micrantha (Table 2).  Likewise, differences in
pH were only slight.  Past research has shown that bare
soil in orchards can have lower pH, less organic mat-
ter and higher nitrate levels than soil under mown grass
(White and Atkinson 1984).  The length of time for
which soil had been bare in our trial was probably in-
sufficient for these effects to become measurable.  Also
weeds occasionally got established in bare plots, and
clippings were initially removed from ground cover
plots to aid their establishment, which may have af-
fected soil results.

Trial 2   All of the pre-emergence treatments were
damaging to D. micrantha establishing from seed (Ta-
ble 3).  However, plants establishing from stolon frag-
ments were more tolerant of the pre-emergence treat-
ments, with linuron and methabenzthiazuron both ap-
pearing safe for this use.  Most of the residual herbi-
cides tested caused minimal damage to stolon regrowth
when applied two months after planting.  As most of
them have some contact activity on weed seedlings,
delaying application until this time will allow reason-
able weed control to be obtained.  However, D.
micrantha seedlings were still severely damaged by
many of these chemicals even when they were applied
two months after sowing, though oryzalin was safe.

Table 2. The effect of three orchard floor management systems on apple production (expressed as percentage of
mean apple production, with means given in parentheses) in the 1995/6 and 1996/7 seasons, and on soil charac-
teristics in May 1997.  (NS = no significant difference at p=0.05).

D. micrantha F. longifolia Bare soil LSD
0.05

Fruit weight (% of mean): - 1995/6 (88.9 kg tree-1) 112.7 87.0 96.1 NS
- 1996/7 (49.2 kg tree-1) 118.6 107.0 75.7 NS

Fruit number (% of mean): - 1995/6 (507 tree-1) 107.9 84.5 98.2 19.0
- 1996/7 (276 tree-1) 115.9 107.1 73.6 NS

Fruit size (% of mean): - 1995/6 (174 g fruit-1) 104.5 103.0 98.1 NS
- 1996/7 (176 g fruit-1) 101.5 100.1 105.6 NS

Soil characteristics: - % carbon 2.67 2.39 2.59 NS
- % nitrogen 0.22 0.19 0.21 NS
- pH 6.2 6.4 6.3 0.2
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Of the herbicides tested (Table 3), clopyralid and
tribenuron probably have the best knock-down effect
on weed seedlings, and their safety on established D.
micrantha plants have been shown in past trials
(Harrington and Rahman 1998).  However, this present
trial showed they also can be used on both seedlings
and stolon regrowth only two months after planting.
Thus application of clopyralid or tribenuron would
appear to be the most useful way of selectively remov-
ing broad-leaved weed species from establishing D.
micrantha swards.

Trial 3    Seeding of D. micrantha allowed more rapid
establishment of swards than stolon fragments at the
planting rates used for Trial 3 (Table 4).  However, use
of the selective herbicides identified in Trial 1 plus

haloxyfop for grass control allowed useful swards to
be established within 13 months from the higher stolon
fragment planting treatment.

Although there was a 10-fold difference in sowing rate
for the seeds, the ground cover obtained after a year
was similar for the two rates, once again helped by
selective herbicides. When establishing lawn from D.
micrantha, Arthurs (1979) suggested that sowing rates
of 98 kg ha-1 and 3 kg ha-1 would give acceptable lawns
after 5 weeks and several years, respectively.  The low
sowing rate used in our trial would cost about $AU600
ha-1 for seed.

Establishment of all treatments was poorer at the irri-
gated site compared with the non-irrigated site.  Until

Table 3. The effect of pre- and post-emergence herbicide treatments on the fresh weight of Dichondra micrantha
foliage harvested 15 weeks after application to plants establishing from seeds and stolon regrowth.  Post-
emergence treatments occurred 2 months after planting.

Treatment Rate Seedlings (g pot-1) Stolon regrowth (g pot-1)
(kg a.i. ha-1) Pre-emergence Post-emergence Pre-emergence Post-emergence

chlorpropham 2.4 0.00 5.30 0.57 5.06
clopyralid 0.15 - 8.04 - 6.28
clopyralid 0.3 - 6.86 - 5.67
linuron 1.0 0.03 3.07 3.80 4.45
methabenzthiazuron 1.1 0.30 3.40 3.16 6.37
oryzalin 1.5 0.66 7.01 1.47 7.05
oxadiazon 1.6 0.24 4.70 0.39 4.59
pendimethalin 1.0 0.17 5.34 1.54 5.28
tribenuron 0.011 - 6.56 - 6.41
tribenuron 0.022 - 7.69 - 4.80
untreated 1.97 8.53 3.51 6.46

LSD
0.05

1.21 3.31 2.07 2.03

Table 4. The percentage of ground covered by Dichondra micrantha 5 months and 13 months after establishing
plants either by sowing seed or planting stolon fragments in irrigated (Site 1) and unirrigated (Site 2) plots.

Treatment After 5 months After 13 months
Site 1 Site 2 Site 1 Site 2

Seeds: 1 g m-2 26.5 72.4 81.8 91.0
10 g m-2 75.7 93.9 93.0 94.3

Stolons: 220 mL m-2 5.1 15.0 30.5 24.8
670 mL m-2 36.3 30.3 89.0 52.5

LSD
0.05

11.7 18.1 15.0 25.7
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the herbicides were applied, only mowing was used to
check weed growth, and weeds grew more vigorously
under irrigation.  The C

4
 physiology of D. micrantha

may have assisted it with competition against mainly
C

3
 weed species at the non-irrigated site.  In future

plantings, applying clopyralid or tribenuron much ear-
lier than in this trial should allow faster establishment
rates than shown in Table 4, especially for irrigated
sites.
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