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Summary   Herbicide application was made to 
emerged seed heads of Chilean needle grass (Nas-
sella neesiana (Trin. & Rupr.) Barkworth) in two pot 
experiments. Panicle seed was harvested 16–29 days 
after application and, in one experiment, cleistogenes 
(seed formed under the leaf sheath at each node and at 
the base of the stem) were recovered from stems 4–5 
months after application.

In the fi rst experiment glyphosate (as Roundup® 
Biactive™) at 180, 270, 360 and 720 g ha-1 reduced 
germinable panicle seed from 45.4% in the untreated 
control to 17.4, 13.7, 1.0 and 0.5 % respectively. 
Glyphosate (as Roundup Max™) gave equivalent 
results. The addition of adjuvants to glyphosate (as 
Roundup Biactive) at 180 g ha-1 did not signifi cantly 
increase the effect of the herbicide. Paraquat at 50, 100 
and 200 g ha-1 reduced germinable seed to 4.1, 1.8 and 
0 % respectively. The adjuvant BS1000 did not improve 
the result with paraquat at 50 g ha-1.

The second experiment compared the effects of 
glyphosate (as Roundup Max) and clethodim at two 
spray volumes (100 and 300 L ha-1) and two application 
times (early head emergence and 17 days later). The 
percent germinable panicle seed was not affected by 
spray volume or time of application. Mean germinable 
panicle seed decreased from 65.5% for untreated plants 
to 30.7, 17.5 and 1.2% with glyphosate at 128, 255 and 
510 g ha-1 respectively and to 0.2% with clethodim at 
60 g ha-1. Germinable cleistogene production was not 
affected by spray volume or by time of application. 
The mean number of germinable cleistogenes per 
25 stems decreased from 165.4 on untreated plants 
to 1.7 with clethodim at 60 g ha-1 and 32.8, 9.2 and 
0 for glyphosate at rates of 128, 255 and 510 g ha-1 
respectively.
Keywords    Cleistogenes,  seed,  germinable,  viable, 
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INTRODUCTION
Chilean needle grass, Nassella neesiana is a tus-
sock-forming perennial grass that has invaded both 
pasture and native grassland in south-eastern Australia. 
It produces two seed types – panicle seed and cleis-
togenes. The cleistogenes are located beneath the leaf 
sheaths at each node and at the base of the fl owering 

tiller. Gardener et al. (2003a) found that cleistogenes 
matured on average four weeks after panicle seed 
and constituted about 21% of the total potential seed 
production. Fresh panicle seed appeared to have an 
after-ripening requirement of between three months 
and one year (Gardener et al. 2003b), although Bourdôt 
and Hurrell (1992) obtained up to 60% germination 
of one to two months-old seed.

For any control program to be successful it will be 
necessary to eliminate or minimise the production of 
both types of seed. Herbicide application to grasses at 
or prior to fl owering is an established practice to mini-
mise their seed production. The two pot experiments 
reported here were aimed at determining the effect of 
application to emerged seed heads on the formation 
of viable panicle seeds and cleistogenes.

MATERIALS AND METHODS
Single plants of Chilean needle grass were grown from 
panicle seed in 15 cm diameter pots for 8½ months 
(Experiment 1) and 18 months (Experiment 2). Except 
for an initial period in a glasshouse the plants were 
outside on benches. Herbicide application was made 
at a spray pressure of 260 kPa with a mechanical track 
sprayer in a spray cabinet. The moving boom had two 
fl at fan SS 110015XR spray tips set approximately 28 
cm above the top of the highest panicles. There were 
four single plant replicates in Experiment 1 and fi ve 
in Experiment 2. After application the plants were set 
out in randomised blocks in a glasshouse and were not 
watered for 24 hours after application. Panicle seed 
was harvested when the fi rst seed began to be shed.

The proportion of ‘sound’ seed, i.e. seed that was 
fi rm when squeezed with tweezers, was determined by 
assessing at least 100 seeds from each plant. When 
the proportion of sound seed was low, 200 or more, 
seed were assessed. Only seed assessed as sound was 
tested for germination. In both experiments panicle 
seed was stored in paper bags at room temperature for 
nine months until tested. Fifty panicle seeds (with their 
awns removed) from each plant were placed on moist 
germination paper in a covered 9 cm glass Petri dish at 
25/15°C (12 hour light/12 hour dark). The per cent ger-
minable seed from each plant was determined as per cent 
sound seed × per cent germination of sound seed.
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Experiment 1   Application was at a spray volume 
of 100 L ha-1. The emerged seed heads were on 
panicles 60–90 cm high, the glumes were purple and 
the awns still green. The herbicides used were glypho-
sate isopropylamine salt (Roundup Biactive, 360 g a.i. 
L-1), glyphosate monoethanolamine salt (Roundup 
Max, 510 mg a.i. L-1), and paraquat (Gramoxone® 
250, 250 g a.i. L-1). The treatments are given in Table 
1. Panicle seed was harvested 21 days after application. 
The germination test continued for 56 days.

Experiment 2   The factorial design had four herbi-
cide treatments × two application times (25 October, 11 

November) × two application volumes (100, 300 L ha-1) 
with two untreated controls. Glyphosate was applied as 
Roundup Max and clethodim as Select® (240 g L-1). At 
the fi rst application time, the seed heads were emerged 
from the sheath, but not fully expanded. At the second 
application time, 17 days later, seed heads were mostly 
fully emerged, anthers were withered and some seed was 
at the milky dough stage. Panicle seed was harvested 29 
days after application to the earlier-treated plants and 
16–17 days after application to the later-treated plants. 
The germination test continued for 49 days.

Cleistogenes were removed from 25 stems per 
plant 4–5 months after application. By this time the 

Table 1.   Percent sound seed, germination and germinability of Chilean needle grass panicle seed after herbicide 
application to emerged seed heads in Experiment 1.

Herbicide
Rate

(g ha-1) Product

Adjuvant
and concentration

(mL L-1)
Sound seed

(%)

Germination
of sound seed 

(%)

GerminableA

seed 
(%)

Glyphosate 180 Roundup Biactive – 34.7 abcdB 53.2 abcB 17.4 bcB

Glyphosate 270 Roundup Biactive – 49.1 abc 26.2 bcde 13.7 bcde

Glyphosate 360 Roundup Biactive – 2.7 f 32.2 bcde 1.0 def

Glyphosate 720 Roundup Biactive – 13.2 def 17.2 de 0.5 ef

Glyphosate 180 Roundup Max – 39.8 abcd 52.2 abc 18.5 ab

Glyphosate 270 Roundup Max – 22.5 cdef 37.0 abcd 9.2 bcdef

Glyphosate 180 Roundup Biactive Wetter TXC  2.0 32.5 bcde 28.1 cde 16.5 bcde

Glyphosate 180 Roundup Biactive PulseD  2.0 31.3 abcd 37.7 abcd 11.3 bcde

Glyphosate 180 Roundup Biactive D-C-TrateE 20.0 30.9 abcde 46.8 abc 17.0 bcde

Glyphosate 180 Roundup Biactive MeteorF  10.0 13.0 def 30.1 bcde 5.5 bcdef

Glyphosate 180 Roundup Biactive HastenG  10.0 23.8 cdef 47.4 abc 15.9 bcde

Glyphosate 180 Roundup Biactive LI-700H  1.0 39.2 abcd 58.8 ab 21.7 ab

Glyphosate 180 Roundup Biactive SSE370I  2.0 32.2 abcd 43.4 abc 14.5 bcd

Glyphosate 180 Roundup Biactive SSE253I  2.0 23.1 cdef 29.5 bcde 11.3 bcdef

Paraquat 50 Gramoxone 250 – 56.6 ab 5.6 ef 4.1 bcdef

Paraquat 50 Gramoxone 250 BS1000J  1.0 32.7 abcd 16.8 de 5.4 bcdef

Paraquat 100 Gramoxone 250 – 37.6 abcd 6.8 ef 1.8 cdef

Paraquat 200 Gramoxone 250 – 5.8 ef 0.0 f 0.0 f

Untreated – – – 63.5 a 72.5 a 45.4 a

A % germinable = % sound seed × % germination of sound seed.
B Within columns means with a common letter are not signifi cantly different (P =0.05) according to Fisher’s protected LSD 
test. For analysis, % sound data transformed to arcsin values and % germination and % germinable to √x.
C 1040 g L-1 octyl phenyl ethoxylate.
D 1000 g L-1 modifi ed polydimethylsiloxane.
E paraffi nic oil plus polyglycol and sorbitan fatty acid esters.
F 800 g L-1 ethoxylated tallow amine.
G ethylated canola oil plus non-ionic surfactants.
H 750 g L-1 soyal phosholipids.
I proprietary mixtures of non ionic and amphoteric surfactants.
J 1000 g L-1 alcohol alkoxylate.
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plants had senesced and cleistogenes present were fi rm 
and mature. Almost all cleistogenes found were on 
stem nodes. Cleistogenes were stored in sealed plastic 
containers at room temperature until tested for ger-
mination 1–2 months after collection. One hundred 
cleistogenes from each plant (or the total number found 
if less than 100) were tested for germination over 64 
days, under the same conditions as panicle seed.

RESULTS
Experiment 1   Untreated plants had a mean of 63.5% 
of harvested seed that under close inspection appeared 
‘sound’. Most treatments decreased this proportion al-
though the effect was only signifi cant with eight of the 
treatments (Table 1), because of large within-treatment 
variation. The proportion of sound seed was reduced 
most with glyphosate at 360 g ha-1 (2.7% sound) and 
paraquat at 200 g ha-1 (5.8% sound).

All seed remaining after 56 days incubation was 
either rotted or soft; no dormant seeds remained. Ten 
of the 18 treatments signifi cantly reduced percent 
germination relative to the 72.5% germination of the 
untreated seed (Table 1). Germination was 0% with 
paraquat at 200 g ha-1. The least germination with 
glyphosate was 17.2% at 720 g ha-1, but germination 
with lower rates was not signifi cantly different to this. 
The effect of both herbicides on germination was not 

signifi cantly improved by the adjuvants tested. At equal 
rates of active ingredient, Roundup Max and Roundup 
Biactive resulted in comparable germination.

For untreated seed the percent germinable (i.e. % 
sound seed × % germination of sound seed) was 45.4% 
(Table 1). Germinable seed was 4.1, 1.8 and 0% with 
paraquat at 50, 100 and 200 g ha-1 respectively. With 
glyphosate (as Roundup Biactive) 17.4% of seed was 
germinable at 180 g ha-1, declining to 0.5% at 720 g 
ha-1. At equal rates of active ingredient the two glypho-
sate formulations gave comparable results. Germinable 
seed was not signifi cantly reduced further by BS1000 
added to paraquat or by any adjuvant added to glypho-
sate, although the reduction with Meteor approached 
signifi cance. Large within-treatment variation masked 
the detection of signifi cant differences.

Experiment 2   
Panicle seed   After 49 days almost all remaining seed 
was rotted or soft with only 6.3% of ungerminated seed 
(3.7% of the total tested) being imbibed and seemingly 
still capable of germination; none was hard.

Untreated seed was 74.4% sound (i.e. fully formed, 
fi rm) and mean germination of sound untreated seed 
was 87.0%. The mean germinability of untreated 
seed was 65.5% (Table 2). All herbicide treatments 
signifi cantly reduced germinable seed, but there was 

Table 2.   Chilean needle grass panicle seed: percent sound, percent germination of sound seed and percent 
germinable seedA as affected by herbicides, spray volume and time of application to emerged seed heads in 
Experiment 2.

Herbicide
Rate

(g ha-1)

Sound seed (%)B Germination (%)C Germinable seedD (%)

Applied
25 Oct.E

Applied
11 Nov. F

Applied
25 Oct.E

Applied
11 Nov. F

Overall
Mean

Glyphosate 128 55.3 abG 54.8 b 56.2 bG 35.8 cd 30.7 bG

Glyphosate 255 28.0 cd 52.1 bc 51.2 bc 29.3 cd 17.5 b

Glyphosate 510 1.1 e 25.7 d 8.1 ef 19.0 e 1.2 c

Clethodim 60 0.9 e 25.2 d 2.0 f 1.8 f 0.2 c

Untreated – 83.0 a 65.8 ab 86.4 a 87.6 a 65.5 a

Spray volume overall means for % germination: 100 L ha-1

300 L ha-1

33.5 b
42.0 a

A Percent germinable seed = % sound seed × % germination of sound seed.
B For % sound seed, the F value for the interaction between herbicides and application time was signifi cant (P = 0.002).
C For % germination, the F values spray volume (P = 0.02) and for the interaction between herbicide and time of application 
(P = 0.03) were signifi cant.
D For % germinable seed, only the F value for herbicide effects was signifi cant (P <0.0001), so only the overall means for 
herbicide treatments are presented.
E Seed heads newly emerged.
F Seed heads fully expanded.
G Within the 3 groupings (% sound seed, % germination and % viability), and for the effect of spray volume on % 
germination, means with a letter in common are not signifi cantly different (P = 0.05) according to Fisher’s protected LSD 
test. For analysis, % sound and % germination data √x-transformed and % germinable data log10-transformed.
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no signifi cant effect of application time or of spray 
volume, and no interaction between any of these fac-
tors. Glyphosate at 510 g ha-1 and clethodim at 60 g 
ha-1 (averaged for the two application times and two 
spray volumes) resulted in 1.2 and 0.2% germinable 
seed respectively (Table 2). For the two lower rates 
of glyphosate there was a tendency (not signifi cant) 
towards a greater effect from the lower application 
volume (not shown).

The percentage of sound seed and percent ger-
mination of sound seed was signifi cantly affected by 
the herbicide treatments. For sound seed there was a 
signifi cant herbicide × application time interaction. 
The earlier application of glyphosate at 510 g ha-1 
(1.1% sound) and clethodim at 60 g ha-1 (0.9%) had 
a greater effect than the later application (25.7 and 
25.2% respectively), while there was no such effect of 
application time with the two lower rates of glypho-
sate (Table 2). For glyphosate at 128 g ha-1 applied at 
either time, per cent sound seed was not signifi cantly 
different from the untreated control, while at 255 g 
ha-1 only the earlier application was signifi cantly less 
than the control.

Clethodim at 60 g ha-1 had the greatest effect on 
germination followed by glyphosate at 510 g ha-1 and 
then the two lower rates of glyphosate (Table 2). Ap-
plication time only had a signifi cant effect on per cent 
germination with the lowest rate of glyphosate, when 
the later application resulted in a lower germination 
(35.8 compared with 56.2%).

Cleistogenes   After 64 days almost all the ungermi-
nated cleistogenes were rotted or soft. Of the total 
number tested, only 0.2% were still hard and un-
germinated, and therefore potentially viable. The 10 
untreated plants produced a mean of 172.7 (SE 34.3) 
cleistogenes per 25 stems (6.9 cleistogenes per stem) 
with a mean germination of 94.4%.

All herbicide treatments signifi cantly reduced 
the number of germinable cleistogenes, but time of 
application and spray volume were not signifi cant fac-
tors (Table 3). No cleistogenes were found in plants 
treated with glyphosate at 510 g ha-1 and there was a 
mean of only 2.3 cleistogenes per 25 stems in plants 
treated with clethodim at 60 g ha-1, of which 1.7 per 25 
stems were germinable. For both total and germinable 
cleistogenes there was a tendency with the two lower 
rates of glyphosate for a greater effect from the lower 
application volume and the earlier application time, 
but these effects were not signifi cant.

DISCUSSION
For panicle seed in Experiment 1 and cleistogenes in 
Experiment 2 dormant seed was negligible or nil, so 

germinable seed was the same as viable seed. This 
was also almost the case for panicle seed in Experi-
ment 2.

Spray application of glyphosate, paraquat or 
clethodim to emerged seed heads of Chilean needle 
grass signifi cantly decreased the viability of panicle 
seed. The effect was to reduce both the proportion of 
physically sound seed formed and the per cent ger-
mination of this sound seed. Viable cleistogenes were 
also signifi cantly decreased, due mostly to a reduction 
in the number of cleistogenes formed; reduction in 
germination of formed cleistogenes was relatively 
minor (Table 3).

Germinable panicle seed was reduced to 1% by 
glyphosate at 360 g ha-1 in Experiment 1 and 510 g 
ha-1 in Experiment 2. Clethodim at 60 g ha-1 reduced 
germinable panicle seed to 0.2%. Paraquat resulted in 
no germinable panicle seed at 200 g ha-1 and less than 
2% at 100 g ha-1. Viable cleistogenes were reduced to 
zero by glyphosate at 510 g ha-1 and by 99% to 1.7 per 
25 stems with clethodim at 60 g ha-1.

These rates for glyphosate are at or above the 
range of 173–367 g ha-1 used for spray-topping an-
nual grasses (although rates registered for serrated 
tussock are 246–489 g ha-1) and would damage other 
pasture species. If lower rates are to be effective they 
may need to be applied at an earlier growth stage than 
in these experiments. Paraquat has a label rate for 
spray-topping of 100 g ha-1. Paraquat’s effect on 

Table 3.   Effect of herbicide application on total sound 
and germinableA Chilean needle grass cleistogenes in 
Experiment 2.

Herbicide
Rate

(g ha-1)

Cleistogenes
(No. 25 stems-1)

TotalB GerminableB

Glyphosate 128 37.0 bD 32.8 bC

Glyphosate 255 10.9 c 9.2 c

Glyphosate 510 0 d 0 d

Clethodim 60 2.3 d 1.7 d

Untreated – 172.7 a 165.4 a

A No. germinable = no. sound × % germination of sound 
cleistogenes.
B For both total and germinable cleistogenes, only the F 
value for herbicide treatments was signifi cant (P <0.05), so 
only the overall means (incorporating the two application 
times and two spray volumes) for herbicide treatments are 
presented.
C Within columns, means with a letter in common are 
not signifi cantly different (P = 0.05) according to Fisher’s 
protected LSD test. Analysis performed on log10-trans-
formed data. 
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cleistogenes was not assessed, but since it has limited 
translocation it may be less effective than glyphosate. 
Clethodim and other ‘dim’ and ‘fop’ herbicides are 
worthy of further evaluation, although their use may be 
confi ned to pure stands of Chilean needle grass.

Adjuvants evaluated with glyphosate (as Roundup 
Biactive) did not signifi cantly increase the effect of 
the herbicide and the effi cacy of paraquat was not 
improved by BS1000.

In Experiment 2, the earlier application did 
not reduce germinable panicle seed or cleistogenes 
signifi cantly more than application 17 days later, 
although for cleistogenes there was a tendency (not 
signifi cant) for earlier application to have more effect. 
Spray volume had no signifi cant effect on per cent 
sound or per cent germinable panicle seed, although 
per cent germination was signifi cantly less with the 
lower spray volume. Spray volume had no signifi cant 
effect on the formation of germinable cleistogenes, 
although there was a trend towards reduced numbers 
at the lower volume.
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