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Abstract

Plat and environmentd factors thet affect pegture
legume establishment from oversowing were
exannad in a swies o eqaimats & Pokava
Resarch Sation ner Hadings A combingtion of
2 wing ssesons ad 2 <ol conditions gave cool/
dry, cool/wet, warm/dry and warm/wet. The
rainfall in the trial year (1992) was 933 mm
compared with the mean of 771 mm. Eleven
gedes (5 anud and 6 paenid legumes from
Lotus, Medicago ad Trifolium gonga wee usd
Establishment was poor, less than 10% of total
herbage yidd (6 and 8 months &ter oversowing
for the cod and wam ssesons rexpedtivdy) bang
contributed by any of the legume spedes The mgar
care o poor edddimat was poor gamingion.
Bdgty paoat of sown ssd fdled to produce a
sdding  Although gamirdion wes wore  under
cod (8°C) condtions paticualy for subteraneen
dove, the mgor caue of poor gamingion was
nat identified The ussfuiness of new legume ades
in dryland hil pegtures will degped on the gedes
being suited to establishment from oversowing
and a better definition of the factors that affect
e ovasowing
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Introduction

Thelegume gpecies used in drought-prone hill  country
of Wairarapa and Hawkes Bay have not changed in
recent yeas. White and subteranean clovers ae used
on hill country, and lucerne and red clover ae usd
on arable land (Booth & Gibbs 1969). A range of
new species and cultivars are now being evaluated
for ue as forage and fodder (D. Smith pers comm.;
Woodman et a. 1992). While key aspects of any
evaluation are the seasona productivity and
persistence of the legume species, the adoption of
new species by hill country farmers will probably

depend on the ese and cost of their introduction into
exiting  pastures.

This paper reports the results after one year of an
examination of the plant and environmental factors
that affect the successful establishment of legume
species oversown into dryland hill country pastures.

Materials and methods

The trid was conducted & the Poukawa Research Farm
(AgResearch) 12 km south of Haslings on a south east
agect, a dope of 21° and eevaion 55 m. The trid area
had moderate soil fertility (Olsen P 17 pgP/g oil) and
the soil was Crownthrope st loam (pH 5.7). The 30-
year anud ranfdl was 771 mm and for the trid year
(1992) was 933 mm.

The trid desgn was 11 legume species, sown on 4
occasions with different temperature and moisture
conditions with 4 replications on each occasion. A
factorid combination of 2 sowing seasons wam (il
temp 17°C ) and cool (soil temp 8°C); and 2 soil
condiions wet (average gravimetric soil water content
was 37.3% for wam and 463% for cool seesons) and
dy (average gravimetric <ol waer content was 29.4%
for wam and 406% for cool seasons), wes used. The
five annual legume species used were Trifolium
subterraneum (subterranean clover) cv. Karridale, T.
resupinatum (persian clover) cv. Kyambro, T.
vesiculosum (arrow leaf clover) cv. Yuchi, Medicago
murex (murex medic) cv. Zodiac and M., trunculata (bard
medic) cv. Paaggio. The sx perennid legumes were
Lotus comniculatus (birdsfoot trefoil) cv. Grasslands
Goldie L. pedunculatus (lotus) (Gresdands Maku), T.
ambiguum (caucasian clover) cv. Monaro, 7. hybridum
(dske clover), T. fragiferum (srawbery clover) ov.
Grasdands Onward and M. sativa (lucerne) ov. Grasdands
Oranga. Daa were andysed as a twofactor pooling of a
single-factor randomised complete block experiment
usng the random effect mode (Sedl & Tot-tie 1981; I.
L. Gordon pes. comm.). The andyss of vaiance of the
data was done with the Generd Liner Modd procedure
of the Statisticd Andyss System.

The 176 experimentd units of 1 m x 1 m were ech
sown with 500 viable seed by hand broadcasting
according to the following  schedule.
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Sowing  conditions Sowing date
Warm season and dry soil conditions: 21 Mach

1992
Warm season and wet soil conditions: 10 April 1992

Cool season and dry soil conditions:
Cool season and wet soil conditions:

12 June 1992
26 June 1992

To reduce the competition from existing vegetation
Roundup (35% glyphosate) was blanket sprayed a 12 1/
ha (Jagschitz 1978) about 22 days before each sowing.
Before sowing, dead materid was mown to ground level.
After sowing, the plots were trodden by sheep. Blitzem
antislug pellets were scattered around the plots.
Rhizobium appropriate to each legume species was
grayed on plots The trid aea was randomly grazed by
ewes 120 and 210 days dter sowing of seed to reduce
herbage cover to 1000 kg DM/ha,

All the seedlings in the plots were counted with the
hdp of a quadrat & each measurement time, and herbage
yield was estimated from 2 quadrat cuts (0.1 m?) from
ground  level.

Results

Climaticconditions

The trid year was abnormdly wet. Average gravimetric
il water content was 31.2% in April and subsequently
was 40-44% throughout the remaining trid period (up to
December  1992). The ranfdl patten was not typicd
and during July and October 1992 was 157 and 166 mm,
respectively.

Average ol temperature & 10 cm depth wes 119,
8.1, 85, 6.1, 7.2, 9.4, 12.6 and 16.5°C for respective
months April to November 1992. The average maximum
and minimum screen air temperature was 24.4°C  and
2.3°C in Mach and 14.7°C and 1.9°C in June,

respectively.

Plantdensity

dover and arow lesf clover had the grested seedling
densties in the cool season (Table 1). After about one
year, the hirdsfoot trefoil and Srawbery clover were the
only species persisting among the locd paturalised white
clover.

The maximum seedling number was recorded
between 20 and 60 DAS in the wam and 60 and 120
DAS in the cool season. The rate of seedling appearance
was greatest (3.23 seedling/m?/day) in warm and dry
conditions and was least (0.75 seedling/m?/day) in cool
and wet conditions.

Botanicalcomposition

The contribution of oversown legume species to the
total dry matter was significantly different for
different sowing seesons but not for soil  conditions
(P<0.05). Measurements were made after 8 and 6
months for the warm and cool seasons, respectively.
Pesan clover had the highest percentage (9.8%) of
total herbage yield under cool season and dry soil
conditions, whereas alsike clover and strawberry
clover had the highes percentage under cool and wet
conditions (Figure 2). Less than 2% of the total
herbage yidd was contributed by sown legumes under
warm and wet conditions but under warm and dry
conditions it was higher. The percentage of herbage
contributed by the three medic species was <1.6% of
total herbage yield. Barrel medic, murex medic and
subterreanean  clover magde no contribution to  herbage
yield under cool and wet conditions.

Discussion

Thee experiments have reveded a low levd of legume
edablishment  from oversowing into exidting pasture in

Figure 1 The aeae repone of seding number per unit aea of deven

legume species to different sowing seasons.

Initid average seedling density was much higher
for the warm season but by 120days after sowing
(DAS) there was no significant difference
between seasons (Figure 1). The dry and wet
soil  conditions were not Sgnificantly  different
(P>0.05).

The interactions of the individud species
with season or soil condition were  sSignificant
(P<0.05). Subterranean clover and bard  medic
hed the highest seedling density (>100/m?) a
30 and 120 DAS in the warm season but
sadlings faled to appear by 30 DAS in the
cool-wet condiion. At 120 DAS bard medic
and subteraneen clover produced the maximum
seedling densty in the warm  sesson,  wheress
birdsfoot trefail, strawberry clover, persian
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Table 1 Responses of seedling number per unit area (plantsim?) over time in cool and warm seasons and wet and dry SOil conditions.

Species - Cool-Ory «-eee -ssees COOI-Wet aeanen —— Warm-Dry — amnmen Warm-Wet
3 75 120 300 75 1200 30 75 120 00 75 120
Annual  legumes
Subterranean clover 0 23 23 0 1 | 152 75 54 106 53 46
Arrow leaf clover 2 45 43 2 12 12 0 0 0 27 34 27
Persian clover 0 35 34 0 18 17 217 36 27 33 22 15
Barrel medic 7 29 29 0 1 ! 149 86 64 112 76 53
Murex medic 3 22 21 0 2 2 84 63 44 91 54 42
Perennial legumes
Alsike clover 0 36 34 11 26 23 41 36 21 37 27 20
Birdsfoot trefoil 2 67 62 16 53 47 99 59 51 55 37 31
Caucasian clover 0 30 27 0 10 9 42 56 37 12 26 16
Lucerne 0 19 16 1 8 6 108 69 47 69 44 33
Maku lotus 0 17 16 0 271 24 55 49 29 29 19 10
Strawberry clover 2 43 41 0 15 15 49 44 26 55 31 25
SEM 7.7" 5.0" 4.17 7.7" 5.0" 4.1" 7.7" 5.0" 4.17 7.77 5.0" 4l.a
! Days after sowing
** Significantly different at 5% probability level
drought-prone hill country in the  Figure 2 The percentage contribution t0 herbage yield of eight oversown legume
Hawkes Bay. By 30 days after over- species Under different sowing seasons and soil conditions. Measurements
sowing, less than 15% of the sown seed were made after six and eight months for the cool and warm treatments
had produced a surviving seedling and respectively.
dter 120 days even the mogt productive ™
species  contributed  less than  10%  of | M
. (] Cool Dry
total pasture yield. One year after & Cool Wet
oversowing, only srawberry clover and & Warm Dry
hirdfoot trefoil were  evident in the 8 (SEM) W Vem Ve
pasture.  Poor success from - oversowing
legume species into  exising dryland =
hill pastures has previously been | g s 7
reported (Charlton & Brock 1980; g : ;
Lowther & Patrick 1992) and often 3
. [ i
contrasts with the per-formance of | g , : _
maure plants of the species established T
into a clean seedbed or by trangplanting :
{Woodman et a. 1992). , 8 5
The rate of germination was clearly
temperaure  dependent  (Figure 1) and : ::
some species such as subterranean I I : :
CI over were more sensl the tO COId 0= Alsike  Arrow feal  Birdsfoot Caucasian Maku-lotus  Persian-  Sirawberry Sub-clover
temperature than others (Table 1) ,
(Campbell et al. 1987). There was no Legume species

effect of soil moisture on seedling

density but it was possble that the high

frequency of ranfdl dfter oversowing was beneficid to
germination (Campbell et al. 1987). The soil was
generdly moig, even for the dry ol condition from
May to November 1992. Baker et al. (1983) andysed
oversowing  experiments and  found Grasdands Tahora
white clover (Trifolium repens) germination was
inengtive to ranfdl in the week before or the 3 weeks

ater sowing, but was dgnificantly increesed by high
ranfdl 1 or 2 weeks after sowing.

The poor edablishment from oversowing resulted
from the loss of plants or potentid plants, during both
the germination and establishment phasss. The greatest
loss of plants resulted from the non-appearance of
seedlings for approximately 80% of the seed sown.
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Lowther & Patrick (1992) reported similar poor
germination  from oversown legume Species.  Although
some of the poor germingion of the oversown legumes
sed was undoubtedly the result of the interaction between
the seed properties of the different species and
temperature, and possbly moisture, the cause of falure
of mog of the seed to germinge was not identified.
Fruitful  aress for further research would be to identify
seed properties that improve the germination of
oversown legume sed and to identify the ressons why
such alarge proportion of seed fails to germinate
successfully.

As would be expected, seedling vigour and
competition from the regrowth of the exising pasture
gecies influenced the longer-term  esteblishment  of  the
seedlings that emerged (Campbell et al. 1987). The
competiion was more severe for gpecies oversown under
warm conditions, largely negating the greater initial
emergence  of  seedlings

The low contribution of legume species to totd
herbage Yyi€ld, e.g., persian clover 9,8%, strawberry
clover 6.1%, subterranean clover 2.7%, emphasised
the importance of improving the establishment rate
from oversowing into dryland hill pastures if legume
gecies ae to make a usdful contribution to  pasture
productivity.

In concluson, the usefulness of new padure legumes
for dryland hill country will depend on their having
characteridics  enabling  etablishment by oversowing,
and dso on the devdopment of improved oversowing
techniques.
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