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A Novel Technique for the Control of Volunteer Seedlings 
in White Clover Seed Crops1 

P.C.D. Newton, A.I. Papay, A. Ingle*, R.M. Kerr* and E.M. Glasgovr 

ABSTRACT 

A new approach to the control of volunteer white clover 
(Trifolium repens L.) seedlings in white clover crops is de
scribed. The technique involves sowing of the white clover 
crop by vegetative propagules (ramets) rather than seeds, and 
using herbicide selectivity between ramets and seeds to sup
press the growth of volunteers. Pre- and post-emergence her
bicides were tested in a glasshouse screening trial and oxadia
zon, oxyfluorfen, prometryn, and simazine were identified for 
further investigation in the field. Ramets had a high rate of 
establishment when sown into field plots (83.6%). Oxadiazon 
at 2.0 kg a.i. ha"1 gave the best combination of ramet estab
lishment (75%) and seedling control (over 99%). 

Additional index words: ramets, vegetative propagation 
Trifolium repens. ' 

INTRODUCTION 

Genetic contamination of white clover cultivars has 
been described as a world-wide problem, with the 
prospect of increasing contamination as buried seed 
loads increase and cultivar numbers proliferate 
(Lancashire et al., 1985)). In many New Zealand soils 
particularly in areas producing white clover seed larg~ 
seed banks of white clover have accumulated (Hyde and 
Suckling, 1953; Suckling and Charlton, 1978). The seed 
bank, through volunteer seedlings, is a potential source 
of either inter-varietal (between cultivars) or intra-vari
etal (between classes, e.g. breeders and 1st generation) 
contamination. Varietal contamination of seed crops is 
difficult both to identify and prevent (Rolston et al. 
1979). , ' 

Detailed examination of the buried seed problem has 
. been carried out in New Zealand (e.g. Hyde and Suck

ling, 1953; Shillito, 1974; Suckling and Charlton 1978· 
Clifford et al., 1985; Lancashire et al., 1985) and' buried 
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seed constitutes a problem in most white clover seed
growing areas. A survey of New Zealand North Island 
soils, which had grown clover seed crops at some time 
during the previous five years, showed buried white 
~lover seed loads of 20 to 138 kg ha"1 (Hyde and Suck
ling, 1953). In the major seed-growing area of the South 
Island, values between 0 and 128 kg ha-l have been 
recorded (Lancashire et al., 1985). Clifford and Mc
Martin (1985) made the point that if only 1% of the 20 to 
138 kg ha"1 found by Hyde and Suckling were to establish 
with the crop, this would constitute a serious level of 
contamination. 

Seed-certifying agencies have attempted to deal with 
the problem of buried seed by setting field-history stan
dards. If the sowing is of a new cultivar or for nucleus 
breeders, or basic seed, then the area must not hav~ 
grown a white clover seed crop during the previous three 
years under OECD rules, or five years under New 
Ze~land rules. Regulations such as these may reduce the 
buned seed load but they must be assessed in the knowl
edge that hard seed may remain viable for twenty or 
more years (Goss, 1944). 

The effectiveness of current solutions to the problem 
may ~e described by reference to an experiment reported 
b~ Chfford ~t al. (1985).

2 
In this experiment, a paddock 

Wlth 845 buned seeds m· (approximately the mean value 
found in paddocks put forward as sites for breeders seed 
(Lancashire et al., 1985)) was sown for seed at different 
row spacings and the level of contamination recorded. 
Increasing row spacing allows for a greater inter-row 
~rea from which volunteers can be removed by cultiva
tion. The results showed that even at a row width of 60 
em (twice that recommended), roguing would be re
quired to bring the crop to a suitable level of purity for 
2nd generation seed. The authors concluded that 
changing cultivars using currently available technology 
would be very difficult. Certainly, the lack of appropriate 
methods to allow a change of cultivars is seen by growers 
as. the most important restraint on profitability, and a 
pnme area for research (Freeman, 1985). 

One chemical solution that has been investigated in
volves the safening of the sown crop with activated car
bon, allowing removal of volunteers by non-selective 
herbicides (Rolston et al., 1979). This technique is used 
widely in graminaceous seed crops and may give good 
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control of volunteers (Rolston et al., 1979). However, 
there is a risk of substantial crop damage in clover, par
ticularly if the treatment is followed by heavy rain 
(Clifford et al., 1985) and consequently the technique is 
not used commercially in New Zealand. Current practice 
for the production of seed of overseas cultivars in New 
Zealand involves the control of inter-row volunteers with 
dicamba. However, this method does not allow removal 
of contaminants from within the crop row. 

This paper describes a novel technique for controlling 
volunteers with herbicides. We investigated an alterna
tive method of establishing the crop in which sections of 
stolon (ramets) were planted instead of seed. The hy
pothesis was that herbicides could be found that were 
selective between ramets and seedlings, thus allowing 
volunteers to be chemically removed from within the 
crop. The results from a preliminary screening trial and 
a field experiment are presented. 

MATERIALS AND METHODS 

Glasshouse screening 

All pot experiments were conducted in a heated 
glasshouse with a temperature range of 15-28°C. The 
soil used was a 3:2 mixture of loam and sand with a pH 
of 5.6. Two ramets ( cv. Huia) were planted in the centre 
of a 7-cm polystyrene pot and encircled by a ring of ten 
clover seeds ( cv. Huia) sown at a depth of 5 mm. Herbi
cides were tested for selectivity between ramets and 
seedlings as shown in Table 1. 

The ramets were taken from a two-year-old field of 
clover growing on a Karopoti sandy loam soil on the 
MAFI'ech Research Farm, Flock House, near Palmer
stan North. Turfs of 3 em depth were lifted, the soil was 
removed by washing, and the plant material was stored 
overnight in a cool room (5°C). The following day, the 
ramets were prepared and held in a beaker of water until 
being planted vertically to half their length. A ramet 

consisted of a stolon tip trimmed to 10-12 m~ length 
with the expanding leaf and any root retained. Each pot 
was placed on a tinfoil saucer and sub-irrigated with 70 
cm3 of tap water prior to planting. Subsequent watering 
was applied as necessary by adding 30 cm3 of water to 
each saucer. The clover seedlings for the post-emer
gence treatments were thinned to leave five plants and 
weed seedlings were removed as they appeared. Because 
the house was unshaded, pots were covered with news
paper during sunny periods for the first three days after 
sowing. 

Herbicides and rates used are shown in Figures 1 and 
2. The herbicides were selected for screening on the ba
sis of possible selectivity between clover seedlings and es
tablished plants. Chemicals were applied with a labora
tory sprayer operating at 138 KPa with a Teejet (730231) 
delivering 420 litres of water ha·1. Granular herbicides 
were distributed evenly over the pot surface by hand. 

Seedling control was recorded by counting the number 
of live plants at approximately three day intervals. Only 
one assessment is presented in the figures. Ramet dam
age was estimated by visual comparison with unsprayed 
plants. A scoring system was employed in which dead 
plants scored 0 and fully vigorous plants 10. The system 
was applied to both ramet death and injury, thus 5 could 
equate to either two ramets considered to be 50% dam
aged in relation to the untreated plants or one ramet in 
the same condition. Untreated plants also were scored 
in relation to the most vigorous unsprayed ramets. 
Ramet damage was estimated by [(untreated score -
ramet score)/untreated score] x 100. The experimental 
design was a randomized block with two replicates. 

Field trial 

From the results of the screening trials, four herbi
cides were selected for field evaluation. The chemicals 
were oxadiazon (1.0, 1.5, 2.0 kg a.i. ha-1

), simazine (0.2, 
0.35, 0.5 kg a.i. ha-1

), oxyfluorfen (0.25, 0.5, 0.75 kg a.i. 

Table 1. Treatments and dates of herbicide applications for the glasshouse trials 1987. 

Date 
Treatment description Seeds Ramets 

sown planted Sprayed 

Pre-emergence to seeds post-plant to ramets 18Aug. 19Aug. 19Aug. 
Pre-emergence to seeds pre-plant to ramets 18Aug. 18Aug. 18Aug. 
Post-emergence at unifoliate seedling stage 18Aug. 18Aug. 11 Sept. 
Post-emergence at trifoliate seedling stage 18Aug. 18Aug. 22 Sept. 
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% damage to ramets 

kg a.i. ha·1 0 20 40 60 80 100 

0.75 

E-~. oxadiazon 1.5 
2.25 

0.75 • E· alachlor 1.5 
2.25 • 
3.0 • 

dichlobenil post- 6.0 • 
9.0 

0.5 • 
simazine 1.0 • 

1.5 • 
0.5 • 

prometryn 1.0 • 
1.5 • 

terbumeton/ 0. 75 • 
terbuthylazine .1.5 • 

2.25 • 
0.5 • 

linuron 1.0 • 
1.5 • 
3.0 • 

dichlobenil pre- 6.0 • 
9.0 • 
0.50 • 

cyanazine 1.0 • 
1.5 • 
0.5 • Fig.l • 

diuron 1.0 • The percent damage to ramets [(untreated 
score-ramet score)/untreated score] x 100, by 

1.5 • selected pre-emergence herbicides 22 days af-
ter application. Chemicals were applied pre-

0.5 • and post-planting of the ramets. Values are 

atrazine 1.0 • means of both treatments with the exception 

1.5 
of dichlobenil. • 
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Fig. 2. Mean values for% control of seedlings and% damage to ramets [(untreated score-treated score)/untreated 
score) x 100, when herbicides were applied at (a) unifoliate or (b) trifoliate seedling stage. Scores recorded 
19 days (a) and 14 days (b) after the treatments were applied. 
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ha- 1) and prometryn (0.2, 0.35, 0.5 kg a.i. ha-1
). The site 

was a grass and clover sward at Levin Horticultural Re
·search Station. The existing vegetation was removed by 
rotary cultivation on 9 October 1987 and clover regrowth 
was controlled by glufosinate ammonium at 1.5 kg a.i. 
ha- 1 applied on 10 November and glyphosate at 2.0 kg a.i. 
ha-1 on 13 November. The trial was a randomized block 
with four replicates and included an unsprayed control. 
Plot size was 1m x 1m. 

An area 4 m2 was lifted from the clover sward at Flock 
House on 23 November 1987. The following day the 
turfs were roughly trimmed to leave approximately 3 em 
above and 3 em below the soil surface. The turfs were 
then washed and stored overnight in damp hessian bags 
in a cool room (5°C). For sowing (25 November), the 
ramets were chopped into 3 to 5 em lengths with scissors. 
Approximately 27% of the resulting ramets did not con
tain a visible growing point. The ramets were broadcast 
at a rate of approximately 34 pieces plof1

• Seed (cv. 
Huia) at 10 kg ha-1 (1333 seeds m-2

) was sown at the 
same time as the ramets to give a volunteer population. 
The whole area was rolled with a Cambridge roller and 

. then by tractor tyre. Irrigation was applied for one hour. 
Herbicides then were applied with a Maesto B sprayer in 
611litres of water ha-1 at 138 KPa using a single 730231 
Teejet. The following day a further two hours of irriga
tion was applied. 

Ramets and seedlings were counted in each plot in the 
chemical treatments. In unsprayed plots, seedlings were 
assessed by a restricted random sampling technique in
volving four 20 x 20 em quadrats per plot. The data for 
both ramet and seedling counts were subjected to a 
square root [(/x+ o.sr2J transformation before analysis 
in order to homogenize the variance. 

RESULTS 

Glasshouse screening 

With one exception (alachlor), the herbicides tested 
for pre-emergence activity in the glasshouse gave com
plete control of seedling growth. Consequently, only 
data relating to ramet growth are presented (Figure 1). 
The time of ramet planting did not affect the r~sults, ex
cept that dichlobenil applied pre-planting was more 
damaging to ramets, so both pre- and post-planting re
sults are combined in Figure 1. Oxadiazon damaged 
ramet growth least (Figure 1). Even at the highest rate, 
it caused less damage than the lowest rate of any other 
herbicide capable of complete seedling control. No 
seedlings emerged in the dichlobenil-treated pots. In all 
other treatments, except alachlor, at least 50% of the 
seedlings actually emerged but died within 13 days of 
spraying with oxadiazon and 22 days with all other 
herbicides. 

In the post-seedling emergence treatments, both 
seedling control and ramet damage declined with plant 
age (Figures 2a, b). Oxyfluorfen controlled unifoliate 
seedlings with less than 50% damage to the ramets. 

Field trial 

The mean number of seedlings in the unsprayed plots 
was 705m-2 with a range from 256m-2 to 1325 m-2

• The 
mean value was equivalent to an establishment figure of 
approximately 50% of the seed sown. Even' 'this appar
ently low rate of establishment may have been an over
estimate as seed previously buried was probably present 
in the germination zone. The results of the trial are 
summarized in Figure 3. The most effective control of 
seedlings was achieved with the highest rate of simazine 
but this treatment reduced ramet survival to less than 
50%. Oxadiazon at 2.0 kg a.i. ha-1 gave the best combi
nation of seedling control and ramet survival. The mean 
seedling population in this treatment was 3.5 m-2

, a con
trol level of 98.6 to 99.7% compared to seedling numbers 
in untreated plots. Prometryn controlled seedlings ade
quately only at the highest rate and data for this treat
ment only are given in Figure 3. 

Of the ramets planted, 83.6% established successfully 
in untreated plots. The chemicals reduced ramet sur
vival, with most giving 50-70% establishment. Simazine 
was the only chemical to give increased ramet damage 
with increased dose. 

DISCUSSION 

These preliminary experiments showed that white 
clover could be established vegetatively and that volun
teer seedlings could be selectively removed by herbicides. 
Oxadiazon was consistently the most effective chemical 
and controlled seedlings in the field at 2.0 kg a.i. ha-1

. 

The mean level of contamination in untreated plots 
was 705 established seedlings m-2

, which constituted a 
very large volunteer population. As a comparison, three 
months after sowing, and having reduced contamination 
by cultivation, Clifford et al. (1985) found 60 established 
plants m-2 from an initial buried seed load of 845 seeds 
m-2

• After a further four months, the number was re
duced to 19m-2

• Given the size of the problem and the 
lack of associated control methods (e.g. cultivation), over 
99% control was considered to be very satisfactory. 
Product information for oxadiazon suggests that volun
teer emergence could be controlled for up to three 
months from application. A particular advantage of the 
ramet technique is that volunteers can be controlled 
among the ramets so that there is no untreatable area. 
With present techniques, a zone 7.5 em on either side of 
a row cannot be treated because of the possibility of 
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Fig.3. The numbers of clover seedlings and ramets m·2 43 days after sowing and spraying with simazine (e); 
oxadlazon (O); prometryn (C.) or oxyfluorfen (..t..) at low (1), medium (2) or high (3) rates. Herbicide rates 
and the basis of control and damage levels are given in the text. Only the high rate of prometryn is shown. 
Bars show Waller and Duncan Bayes LSD (k=100). 

damage to the sown crop (Clifford et al., 1985), so that 
50% of the land area in crops sown at the recommended 
30 ern centers is a safe site for volunteer establishment. 

The use of vegetative propagules is unusual in tem
perate grassland management but not unique. A number 
of turfgrasses (e.g. Zoysia sp., Cynodon dactylon Pers., 
Poa pratensis L.) are propagated by plugs or sprigs as are 
some dicotyledonous turf species (e.g. Dichondra repens 
Forst., Cotula dioica Hook.f.). Cynodon dactylon ir;; ex
tensively grown in North America and both the harvest
ing and planting operations are fully mechanized. We 
have been unable to find any reports of field scale vege
tative propagation of white clover although this is a 
common experimental technique. Saxby (1944) does 
mention that Trifolium fragiferum L. which has a similar 
growth form toT. repens, may be successfully established 
from seed, cuttings, or turfs. 

The harvesting and preparation of the ramets for the 
field trial were intended to simulate the possible rough 
handling that might be encountered in a mechanized 
process. The establishment of 83.6% in untreated plots 
indicates the robust nature of the material and its high 
rooting and shooting potential. It may be that even 
higher establishment could be achieved if more attention 
were to be paid to pre-treatment of the mother plants, 
preparation of the ramets, and the method of sowing. 
We are currently investigating these aspects as well as 
evaluating the system in terms of crop purity and yield. 
We also hope to exploit the greater establishment of 
ramets in competitive situations (Newton in preparation) 
for introducing clover into existing swards. 
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