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Summary 
Glyphosale [N-(Phosphonomelhyl) gly­
cine} was applied to awnless barnyard 
grass (EcllinoclJloa colona (L.) Link), 
liverseed grass (UroclJloa panicoides 
Beauv.), and volunteer wheat (Triticum 
aestiv um L.) during a no-till fallow after 
wheat harvest. The weeds, which were 
drought stressed, were watered (80 mm) 
at various days before or after spraying 
glyphosate 10 delermine how rain jusl 
prior to, or after spraying, influences 
control. Rain-free periods on the day of 
spraying glyphosale, with 3 mm of 
simulated rainfall, were also evaluated 
for volunteer wheat and awnless barn­
yard grass. 

Control of volunteer wheat with 
225 g ha·' was besl when walered 6 days 
before applying glyphosale or 1 and 4 
days after spraying_ A similar trend 
occurred with awnless barnyard grass. 
Smallliverseed grass (S-10 em) required 
900 g ha·' of glyphosale for only 70% 
control which diminished rapidly with 
larger plants and where watering was 
delayed unlil 6 days after spraying. 
Larger barnya.rd grass also required 
higher rales of glyphosale and conlrol 
was better when stress was reduced be­
fore rather than after spraying. 

Glyphosate at 225 g hao1 required more 
than 22 hours of rain-free period for con­
trol of volunteer wheat and small awnless 
barnyard grass. Six hours were required 
to control small awnless barnyard grass 
when g1yphosate rate was 675 g haot

, but 
even 900 ghaot did not control the awnless 
barnyard grass larger than 10 em. 

Introduction 
The use of herbicides to control weeds 
during the fallow period rather than cul­
tivating is important for wheat produc­
tion in the semi-arid areas of the World. 
Clyphosate is widely used in reduced till­
age systems during fallow management 
but with varying success. 

Weeds of different sizes are often a 
problem in broadcast spraying operations 
since the normal herbicide dosage for the 
paddock is selected on an economic basis. 
Farmers tend to allow weeds to become 
too large for efficienl control. In many 
wheat producing areas of Australia sheep 
are used 10 graze weeds in the paddock. 
Depending upon rainfall, time of harvest, 
com petitiveness of the wheat and man­
agement of sheep, weeds could be at 
various size and age when sprayed. with 
glyphosale. There is less glyphosale 
translocation in older plants, especially 
under droughlstress (Ahmadi et aI.1980) . 
Also there are species of weeds thai are 
more susceplible than others to gly­
phosateo When a few scattered weeds are 
left in the paddock these are not sprayed 
until sufficient new weeds have emerged. 
The larger weeds will require a higher 
dosage of glyphosate lhan the smaller 
plants. This may nol be the best alterna­
tive in saving soil water and reducing 
weed populations. 

Barnyard grass (Echinochloa crus-galli 
(L.) Bea uv.) and liverseed grass 
(Urochloa panicoides Beauv .) require 
540 g ha·' of glyphosale to control 90% or 
more of the population (Wallens 1984). 
Wallens (1984) reporled Ihat liverseed 
grass and awnless barnyard grass control 
is particularly sensitive to water stress. 
More mature weeds are difficult to con­
trol and may require higher glyphosate 
rates. Barnyard grass and Iiverseed grass 
should be sprayed with 360 10 540gha·'of 
glyphosate while volunteer wheat re­
quires 180 10 540 g ha·' of glyphosate for 
control (Cammie and Dellow 1989). 

Rainfall within 6 hours after glyphosate 
applicalion reduces conlrol (Anon 1988). 
However, Fraser (1985) reporled rainfall 
after 20 hours reduced control of barn­
yard grass with 500 g ha" of glyphosale. 
In Nebraska weed control fr om a 
combination of g lyphosate plus 2,4-D 

(2,4-dichlorophenoxyacetic acid) was 
negatively correlated with rainfall on the 
day of applicalion (Wicks et al. 1988). 
Rainfall 3 days before and after spraying 
improved weed conlrol, but rainfall 6 and 
9 days after had a detrimental effect. 
When examining 12 species of weeds 
across aU post-harvest herbicides in rela­
tionship to rainfall events, weed control 
varied depending on Ihe length of time 
belween rainfall and spraying. 

Field bindweed (Convolvulus aroensis 
L.) plants that were grown from seed and 
placed under drought stress were more 
resistant to glyphosate action than those 
thai had adequale waler (Dall'Armellina 
and Zimdahl 1989). When using flua zifop 
((±)-2-[ 4-[ [5-( trifl uoromethy 1)-2-pyri­
dinyl]oxy]phenoxy]propanoic acid] 10 
control quackgrass (Agropyron repens L. 
Beauv.), withholding waler for 8 days in­
creased herbicide tolerance compared to 
withholding waler for 4 days before treal­
menl (Chandrasena and Sagar 1986). 

Faclors affecting the rate of penetration 
of glyphosate and thus the minimum du­
ration of this rain-free period include the 
dose, concentration and formulation of 
active ingredient, and physiological con­
dition and size of species (Caseley and 
Coupland 1985). The relationship be­
tween time of rainfall and spraying event 
needs to be explored more Ihoroughly 
with glyphosate on specific weeds. 

The objective of this research was to de­
termine if simulated rainfall events before 
or afler weeds have been spra yed with 
gl yphosa Ie, w ill influence control of 
stressed summer annual weeds of differ­
enl stages of growth. 

Materials and methods 
Two wheal stubble paddocks, planled to 
Kile in May 1989, were selecled al 
Tamworth, NSW for water stress studies 
on summer annual grass weeds. In one 
paddock the major summer annual 
grasses were awnless barnyard grass and 
volunleer wheat (Experimenll), while in 
the other it was Iiverseed grass (Experi­
ment 2). The soil was a red clay, Vf 4.41, 
152, (Northcole 1979). 

The whea t paddock in experiment 1 
was harvested for grain on 30 November 
1989 and sheep were used 10 graze the 
weeds on I, 2 and 3 December. The weeds 
were allowed to recover before spraying 
glyphosale at 0, 225, 450, 675 and 900 g ha" 
between 0930 10 1015 hours on 11 January 
1990. Picloram (4-amino-3, 5, 6-trichloro· 
2·pyridine carboxyliC acid) plus 2,4-D 
amine al25 plus 100 g ha·t were added 10 
the glyphosate 10 aid in controlling a scal­
lered population of broad leaf weeds, pri­
marily wireweed (Polygonum aviculare L). 
The spray volume used was 84 L ha·'. 

Experiment 1 was divided into two 
parts: la) effect of simulaled rainfall on 
the day of spraying glyphosate on volun-



Table 1. Rainfall events at Tamworth Agricultural Research Centre, N.S.W. 

December 1989 january 1990 February 1990 
Date Rainfall Date Rainfall Date Rainfall 

(mm) (mm) (mm) 

3 1.0 2 0.5 2 8.4 
4 19.8 8 28.0 3 0.2 
6 23.5 9 0.5 4 52.8 
8 0.8 15 2.0 6 0.2 

11 8.8 16 29.8 8 0.2 
12 4.3 22 8.0 9 3.2 
13 1~ 10 SA 
14 5.3 11 0.8 
15 2.3 14 16.4 
21 1.5 18 4~ 
25 26.5 19 0.2 

Total, rom 
Rain days 

94.8 
11 

68.8 
6 

22 12.0 
24 1.4 
25 0.8 

106.8 
14 

Table 2. Minimum and maximum air temperatures in January 1990 at 
Tamworth, N.S.W. 

Day Min Max Day Min 
(C') (C') 

1 19.2 35.8 11 14.7 
2 19.3 37.5 12 19.3 
3 20A 39.2 13 19.3 
4 18.6 39.5 14 16.9 
5 19.1 41.9 IS 20.5 
6 21.6 35.7 16 16.8 
7 22.8 32.7 17 13.5 
8 18.4 38.8 18 17.4 
9 21.4 31.8 19 18.0 

10 20.3 32.8 20 18.7 

teer wheat and awnJess barnyard grass; 
and Ib) effect of rainfall events that oc­
curred days before or after spraying 
glyphosate on volunteer wheat and awn­
less barnyard grass. 

Five herbicide treatments, each 18 by 
6 m, were arranged in a four randomized 
complete blocks. Within each plot, 480.5 
m2 circular subplots were randomly dis­
tributed. These consisted of three sets of 
the nine simulated. rain-free events in ex­
periment la, and the seven watering treat­
ments in lb. 

The rainfall amount from wheat harvest 
(30 November) to spraying time (13 janu­
ary) was 124 mm (Table 1). The weeds 
were under stress at various times as rain­
fall was insufficient to maintain active 
growth (Table I ). High air temperatures 
during January aided in maintaining 
stress (Table 2). The 28 mm of rain on 8 
January temporarily revived the drought 
stressed volunteer wheat and awnless 
barnyard grass plants but by 12 january, 
one day after spraying in experiment 1, 
stress was reappearing on all plants that 

Max Day Min Max 
(C') 

28.6 21 18.0 34.4 
32.6 22 19.0 32.4 
33.1 23 16.1 29.8 
30.5 24 13.7 29.0 
32.9 25 15.4 32.5 
25.9 26 17.4 29.8 
27.7 27 16.2 29.9 
30.1 28 20.4 39.2 
31.4 29 24.2 40.5 
34.4 30 17.1 31.9 

31 15.6 31.5 

had not received supplementa ry water­
ing. 

On 12 january the awnless barnyard 
grass plants in the cylinder area were cat­
egorized as follows: 
• Stage I - plants with less than 6 tillers 

and no seed heads. 
• Stage 2 - plants with 6 to 15 tillers and 0 

to 2 seed heads. 
• Stage 3 - plants with 15 or more tillers 

and 3 or more seed heads. 
The average height of 10 plants was: 
• Stage I - 8.2 cm (range 5 to 11 em) 
• Stage 2 -18.8 cm (range 10 to 22 cm) 
• Stage 3 - 34 cm (range 10 to 43 cm) 

The height and development stage of 
volunteer wheat were also recorded. Most 
of the wheat plants were 20 to 30 cm tall, 
in the boot stage and had no tillers. The 
awnless barnyard grass in stage 1 and 2 
were under some stress but the leaves on 
plants in stage 3 were drooped and rolled. 
The volunteer wheat was bluish green 
and the leaves were rolled. 
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Experiment la. Effect of rainfall on the 
day of spraying g[yphosate 
Awnless barnyard grass and wheat plants 
within a 0.5 m2circular area were sprinkled 
with 3 mm of water from a sprinkler hose 
at I hour before, and I, 2, 4, 6, 8, 10 and 22 
hours after application of glyphosate. The 
hose with a shut-off valve was attached to a 
water container mounted on a vehicle. A 
pum p was used to supply water pressure 
through a cone nozzle. A stop watch was 
used to determine the time it took to deliver 
the equivalent of 3 mm of rain to each 0.5 
m' subplot. The water droplets tended to 
collect on the leaves and combined into 
large droplets. It took 38 minutes to water 
the subplots per watering time. The 
replications were watered in the same 
sequence. 

Experiment lb. Effect of rainfall on days 
before or after spraying glyphosate 
A wnless barnyard grass and volunteer 
wheat plants were watered (80 mm) 6, 3, 
and 1 days before spraying glyphosate 
and at I, 4, 7 and 11 days after spraying 
glyphosate. Three 0.5 m' metal cylinders 
(18 gauge) were hammered into the soil in 
each plot for each date over the desig­
nated plants to be watered. The cylinders 
were moved from one watering site to the 
next after the water had soaked into the 
soil. The control was the unwatered area 
in each plot. 

Data from experiments 1a and 1 b were 
collected from 10 days after spraying, 
when stage 1 weeds and wheat were dy­
ing, to 35 days after spraying when the fi­
nal evaluations were made. A visual rat­
ing scheme was used. fo r awnless barn­
yard grass control but these data are not 
presented. The number of living and dead 
plants were counted and recorded at 21 
days for whea t and 32 to 35 days after 
spraying for awnless barnyard grass. 
These data better reflect actual control. 

Experimellt 2 
A second wheat stubble field, sown to Kite 
in 1989, that was infested with liverseed 
grass, was sprayed with glyphosate on 13 
and 14 january 1990. Liverseed grass was 
severely stressed and was grouped into 
the same stages as given for awnless barn­
yard grass in experiment 1. 

The experimental design was three rep­
lications in a randomized. complete block 
of 12 treatments which were the factoria l 
combinations of four application times by 
three rates of glyphosate. In each plot 
which was 12 by 6 m, three 0.5 m' circular 
areas were selected and 40 mm o f water 
applied to each subplot 3, 6, 10 and 13 
days after the first plot was sprayed. The 
watering amount, compared to experi­
ment 1, was halved because of a slower 
infiltration rate in this paddock. 

Glyphosate at 450, 675 and 900 g ha" 
was applied at 0700, lIOOand 1500 ho urs 



4 Plant Protection Quarterly VoI.8(1) 1993 

on 13 january. The fourth spraying was 
delayed until 1500 hours on 14 january 
because of rain. In four showers between 
1615 and 1830 hours on 13 january, 3 mm 
of rain was recorded at the site (inde­
pendent of data in Table 1). The Iiverseed 
grass plants were showing drought stress 
by 1100 on 14 january. The temperature 
reached 30 to 32 ' C by 1500 on both days 
(Table 2). The number of living and dead 
plants in the three 0.5 m' subplots were 
recorded 40 to 45 days after spraying. 

Weed control ratings were analysed us­
ing a generalized linear model (g.l.m.) 
with a gamma error distribution and 
an inverse link function. A g.l.m. with 
binomial errors and a logit link was used 
to analyse the percentage of weeds 
controlled which were calculated by 
the form u la : 

% control 
no. of dead plants -=.:::...,.===:....--. x 100 

no. of dead + living plallts 

Rates of application, growth stage, rain­
free period and their interactions were in­
cluded in the model and non-significant 
terms were deleted by backwards elimi­
nation. 

Results and discussion 

Experimwt la. Effect of raillfall 011 the 
day of sprayillg glyphosate 
Control of volunteer wheat - Rates of 
glyphosate application and length of the 
rain-free period had significant effects 
(P < 0.001 and P < O.OJ respectively) on 
the control of volunteer wheat. 

Volunteer wheat is highly susceptible to 
glyphosate and rates necessary fo r control 
are less than those required for awnless 
barnyard grass (Cammie and Dellow 
1989). Rates of 675 and 900 g ha·' provided 
near 100% control in the rain-free study. 
Control with 225 g ha-1 was decreased 
when s imulated rain occurred following 
applica tion, as more than 22 hours were 
required fo r control to reach 70% 
(Table 3) . When the glyphosate rate was 
increased to 450 g ha·1, the degree of con­
trol fluctuated over the various watering 
times (Table3). Droughtcaused by lack of 
rainfall (Table 1) and high temperatures 
(Table 2) is suspected o f contributing to 
reduced contro l. 
Control of awnless barnyard grass - Percent 
control after 35 days (Table 4) was signifi­
ca ntly affected by ra tes of glyphosa te, 
rain-free period, growth stage, and the 
interaction of rate with stage (P < 0.001). 
Applying 3 mm of water at 1, 2, 4, 6, 8, 10 
and 22 hou rs after glyphosa te, applied at 
225 g ha -!, reduced contro l of awnless 
barnyard grass plants in stage 1 (Table 4). 
lncreasing the amount of glyphosa te re­
duced the rain-free period needed after 
application. Using 900 g ha ' reduced the 
rain-free period to 6 hours when spraying 
stage 1 plants (Table 4), but at leas t 22 

Table 3. Effect of rainfree period on the control of volunteer wheat. 

Hours' 

-1 
1 
2 
4 
6 
8 
10 
22 

Control' 

Glyphosate rate, g aj. ha-' 
225 450 

% Control s.e. % Control 

32.0 
14.4 
11.4 
49.5 
59.3 
15.9 
47.5 
39.0 
69.8 

2.3 
2.2 
1.6 
2.5 
2.4 
1.8 
2.5 
2.4 
2.3 

98.7 
93.2 
88.2 
91.0 
95.5 
97.0 
88.7 
98.2 

100.0 

All plots received 3 mm of rainfall 45 hrs after spraying. 

s.e. 

0.6 
1.3 
1.9 
1.7 
1.0 
0.9 
1.6 
0.7 
0.0 

Table 4. The effect of simulated rainfall (3 mm) on glyphosate performance 
on three growth stages of awnless barnyard grass. Percent kill 35 days a£ter 
spraying. 

Stage 1 
% Control s.e. 

Glyphosa te at 225 g ha·' 

-1 51.2 2.5 
1 0.0 0.0 
2 0.0 0.0 
4 10.6 1.7 
6 19.1 2.3 
8 0.0 0.0 

10 3.3 1.2 
22 34.6 2.6 
45' 73.3 2.2 

Glyphosate at 450 g ha·' 

·1 73.6 1.8 
1 23.1 1.8 
2 14.8 1.7 
4 50.3 2.3 
6 60.2 2.1 
8 35.2 2.1 

10 77.0 1.8 
22 74.5 2.2 
45 97.7 0.5 

Glyphosate at 675 g ha·' 

-1 97.6 0.3 
1 19.0 2.2 
2 46.9 2.4 
4 77.0 1.7 
6 95.9 0.6 
8 92.5 0.9 

10 95.3 0.7 
22 93.9 0.8 
45 99.6 0.1 

Glyphosate at 900 g ha ·' 

-1 92.1 0.9 
1 63.8 2.1 
2 70.6 1.9 
4 83.5 1.6 
6 972 ~4 

8 90.3 1.1 
10 94.4 0.7 
22 97.8 0.3 
45 99.5 0.1 

Stage 2 
% Control s.e. 

16.8 
0.0 
0.0 
2.4 
1.4 
0.0 
0.2 
2.6 
4.5 

47.8 
8.1 
7.4 

28.7 
16.0 
9.0 

25.8 
22.3 
53.2 

81.6 
2.3 

13.7 
33.8 
50.3 
46.1 
42.0 
34.8 
66.7 

60.6 
19.0 
33.5 
46.0 
62.0 
42.6 
40.6 
61.2 
64.8 

1.6 
0.0 
0.0 
0.5 
0.3 
0.0 
0.1 
0.5 
0.8 

2.0 
1.0 
1.0 
1.8 
1.5 
1.1 
1.8 
1.7 
2.1 

1.5 
0.4 
J.3 
1.9 
2.1 
2.1 
2.0 
2.0 
1.9 

1.7 
1.7 
2.0 
2.2 
2.1 
2.0 
2.0 
2.0 
1.9 

Stage 3 
% Control s.e. 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.9 
0.0 
0.3 
4.2 
0.3 
0.6 
2.2 
3.2 

19.8 

44.7 
0.0 
1.7 

13.0 
5.3 

13.1 
11.8 
14.5 
51.9 

39.4 
0.0 

12.3 
37.2 
18.4 
23.4 
23.0 
54.1 
69.3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.8 
0.0 
0.1 
0.6 
0.1 
0.1 
0.4 
0.5 
1.6 

2.0 
0.0 
0.3 
1.3 
0.8 
J.3 
1.2 
1.6 
2.1 

1.8 
0.0 
1.5 
2.2 
1.7 
1.8 
1.7 
2.1 
1.9 

• Hrs before or after spraying glyphosate that 3 mm of simulated rain was applied. 
b These control areas only received natural rainfall . Rainfall occurred 45 hours after 
spraying. 



hours were required when plants reached 
stage 2. Awnless barnyard grass p lants in 
stages 2 and 3 were too large when 
sprayed and control was generally poor 
because of the stressed conditions. 

Experiment 1 b. Effect of rainfall before 
or after spraying glyphosate 
Control of volunteer wheat - The rate of 
application of glyphosate and time of 
rainfall had significant effects on the con­
trol of volunteer wheat. (P < 0.001 and 
P < 0.01 respectively). When the rate of 
application was 450 g ha" or greater, 100% 
control was achieved. 

Table 5. Influence o f watering (SO 
mm) several d ays b efore and a fter 
sp rayin g glyph osate a t 225 g a.i. h a" 
for the control of volunteer wheat at 
Tamworth, N.S.W. 

Days % Control S.e. 

-6 SO 2 
-3 57 2 
-1 60 2 
1 75 2 
4 76 2 
7 31 2 
11 47 2 

Not watered 70 2 
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Figure 1. The influ en ce of p ost-sprayin g watering and application tim e of 
glyph osate on the control of liverseed grass 

Control varied with 225 gha" from 31% 
to 80% depending on watering time 
(Table 5). When wheat received 80 mm of 
water 6 days before and I and 4 days after 
spraying the best control was achieved. 
Poorest control occurred when wheat was 

watered 7 and II days after g lyphosate 
was applied. 

Control of awnless barnyard grass 

Table 6. Effect of gIyph osate, 32 to 35 days after application to three 
growth s tages of awnless b arnyard grass th at received sup p lem en tary 
w a terin g p rior to, and after, h erbicid e application. 

The effects of rate of glyphosate, days of 
watering and growth stage on the control 
of awnless barnyard grass were highly 
significant (P < 0.(01). Weed control im­
proved as the rate of glyphosate increased 
(Table 6). Glyphosate was more effective 
when applied to plants in stage 1 than 
stages 2 or 3. Control was greater when 
plants were watered 6 and 3 day before 
spraying, than when watering occurred 4 
or more days after. Ahmadi e/ al. (1980) 
reported that glyphosate was less effec­
tive on barnyard grass when soil water 
was below field capacity. 

Rate 
gha" 

225 

450 

675 

900 

Day 

-6 
-3 
-I 
I 
4 
7 

II 

-6 
-3 
·1 
I 
4 
7 

11 

-6 
-3 
-I 
I 
4 
7 

11 

-6 
·3 
-I 
1 
4 
7 

11 

Stage 1 
% Control S.e. 

76.9 2.0 
87.7 1.8 
62.5 2.4 
63.6 2.7 
75.4 2.4 
69.8 2.0 
77.2 1.8 

86.7 1.4 
97.3 0.5 
84.7 1.5 

100.0 0.0 
94.8 0.8 
76.0 1.8 
89.7 1.2 

95.8 0.7 
99.3 0.2 
95.9 0.7 

100.0 0.0 
99.2 0.2 
91.4 1.2 
95.9 0.7 

100.0 0.0 
100.0 0.0 
100.0 0.0 
100.0 0.0 
100.0 0.0 
100.0 0.0 
100.0 0.0 

Stage 2 
% Control s.e. 

55.8 2.2 
23.3 2.0 
22.0 1.8 
0.0 0.0 

19.2 1.8 
23.6 1.8 
17.2 1.6 

851 1.4 
77.3 1.7 
68.8 1.9 
80.7 1.8 
76.3 1.7 
50.0 2.1 
55.5 2.0 

91.2 1.1 
87.4 1.3 
82.7 1.5 
87.3 1.3 
91.7 1.0 
63.8 2.0 
63.6 2.0 

100.0 0.0 
89.5 1.2 
92.2 1.0 
91.5 1.1 
94.1 0.8 
90.5 1.1 
82.5 1.5 

Stage 3 
% Control S.e . 

2.9 0.7 
0.4 01 
0.3 0.1 
0.0 0.0 
01 0.0 
0.2 01 
0.2 01 

71.0 2.0 
48.5 2.2 
35.6 2.0 
42.5 2.2 
21.6 1.7 
11.3 1.2 
20.2 1.6 

86.8 1.4 
73.8 1.9 
64.0 2.0 
64.1 2.1 
58.1 2.2 
25.6 1.8 
34.9 2.0 

100.0 0.0 
80.6 1.7 
83 .9 1.6 
77.0 2.1 
70.5 2.1 
68.8 2.0 
63.4 2.1 

The 225 g ha ·1 treatment was ineffective 
regardless o f stage (Table 6), whi le con­
trol with glyphosate at 450 g ha" on stage 
] plants was only reduced when watering 
occu rred] day before or was delayed un~ 
til 4 or more days after spraying. Increas~ 
ing glyphosate rate to 675 or 900 resulted 
in more effective control of stage 1 plants 
thro ugh the 18·day watering schedule. 
Awnless barnyard grass was more diffi ~ 

cult to control as the plants became larger. 
Increasing glyphosate rate improved con· 
trol of stage 2 plants when they were wa· 
tered 3 to 6 days before and I day after 
spraying. Stage 3 plants needed to have 
water applied 3 o r 6 days before 
glyphosate applica tion for effective con­
tro l to be obtained, even at 900 g ha·' . The 
effectiveness of glyphosate is improved if 
rainfall occurs 3 to 6 days before applica­
tion during a period of drought stress. If 
rain occurs after 4 days following applica· 
tion, control diminishes. 

Awnless barnyard grass seeds germi­
nate and seedlings emerge over a wide 
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calendar range. Whea t density influences Acknowledgements 
the development of weed g rowth. Under We thank Mr Gary Brown and Mr 
dense populations of wheat, awnless Graham Starr for their technical assistance 
barnyard grass tiller forma tion is less in watering the plants and for Mr Brown's 
than with thin wheat stands. Although and Mr Gary Mahnken's computer skills 
sheep were used to graze weeds, there in compiling the data . Professor Wicks' 
were still differences in growth stages of visit to Australia to work at Tamworth 
plants. was supported by the Wheat Research 

Experiment 2 
Contro l o f liverseed. g rass was signifi­
cantly influenced by rate o f glyphosate 
(P < 0.(01), day of watering (P < 0.(01), 
growth stage (P < 0.01), and time of 
spraying (P < 0.(01). There were also sig­
nificant interactions of rate with day of 
watering (P < 0.05) and rate with time of 
spraying (P < 0.(01). Liverseed grass con­
trol followed similar trends to awnless 
barnyard grass in that watering 3 days af­
ter glyphosate was applied, resulted in 
better control than when watered 6, 10 or 
13 days after spraying (Figure 1) . Dall ' 
Armellina and Zimdahl (1989) found that 
drought effects could be overcome by in­
creasing glyphosa te rates to control fi eld 
bindweed. In the liverseed grass experi­
ment, 900 g ha·\ of g lyphosate provided 
only 70% control (mean of a ll growth 
stages) w hen watered 3 days after spray­
ing. Control was affected by 3 mm rain­
fall, since plants sprayed on 14 January 
after rain the previous aft ernoon, were 
controlled better than those sprayed at 
0700, 1100 and 1500 hours on 13 January. 
There was no difference in control 
between the three spraying times on the 
13 January and the data in Figure 1 for 
the 13 January is the means of the 0700, 
1100 and 1500 hours times of spraying. 
Dust may have been washed off 
unsprayed plants or g lyphosa te reguired 
a longer rainfast period . 

[n both experiments, the awnless barn­
yard grass and liverseed grass were re­
growing from the base of the plan ts. New 
growth was occurring after 28 days from 
nodes at the base of the plants. If rainfall 
had occurred earlier, the regrowth would 
ha ve been la rger. 

Committee of New South Wales. 
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