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Abstract
In wheat (cv. Otane) plots sown at the same site in July, September and October 1991, the effects of four
understorey treatments - undersown white clover, undersown red clover, chemical herbicide and an unweeded control
(volunteer clovers and weeds) - on wheat yield, grain nitrogen and weed incidence were assessed. Grain yield was
significantly reduced in the October sowing, but understorey cover did not affect grain yield at any sowing date.
Grain nitrogen was 10% higher (P < 0.05) in the October sowing but did not differ among understorey treatment at
this sowing date. However for the July sowing, grain nitrogen for the herbicide treatment was 8% greater (P < 0.05)
than for the other three understories. Red clover was the most productive understorey. Understorey weed mass was
lowest for the October sowing and significantly reduced by the herbicide treatment Undersowing red or white clover
did not reduce weed mass at any of the three sowing dates. Weed species incidence varied with sowing date, but
fathen (Chenopodium album L) was the most dominant weed species at all sowing dates. Undersowing clover gives
no advantage in terms of weed control, grain nitrogen or grain yield but could provide a source of high quality forage
for finishing stock.
Additional keywords: undersown legumes, quality feed, Chenopodium album L, Solanum nigrum L, weed mass.
inN, clover furnished the cover crop with N, but where
the supply of N was ample, clover acted as a competitive
crop (Mann and Barnes, 1952).
Strategies to reduce weed competition in crops
without herbicides include planting early so that the
cereal crop can get a head start on weeds, and planting
late to allow time for one or more cycles of weed
germination and cultivation before planting the crop
(Patriquin, 1988).
The aims of the study were to investigate:

Introduction
Consumer, environmental, and financial concerns
have increased farmer interest in techniques that allow
farmers to reduce the level of external inputs in crop
production (Lampkin, 1990). Preliminary studies at
Winchmore Research Station indicated that undersown
legumes may be an effective means of reducing weed
infestations in cereal crops grown without herbicides
(Moss, 1991, pers. comm.). Legumes are generally
undersown to provide a seed, fodder or green manure
crop (Scott, 1973; Hassan et al., 1985). Legumes such
as lupins, field beans and clovers can be established
under cereals and have been sown to provide a net
nitrogen (N) benefit to the cover crop (Bulson and
Snaydon, 1990; Bardarudin and Meyer, 1989). In
Australia, undersowing winter wheat with red and white
clover reduced weed biomass and had a slight but
positive influence on wheat yield (Hartl, 1989).
However, undersown legumes may compete with the
cover crop causing losses in yield. Mann and Barnes
(1952) for example found that cereal yields were reduced
when undersown with clover. Where soils were deficient
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1. The effectiveness of undersown clover species in
weed suppression and the extent to which clover and
volunteer species interact with the main crop;
2. The effect of different sowing dates on weed
incidence, clover establishment, crop yield and grain
quality.

Materials and Methods
This study was conducted on Lismore stony silt loam
at the Winchmore Research Station in Canterbury. The
trial site was chosen because it historically had a high
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weed potential. The site had been under pasture for two
years following oilseed rape, lentil and barley crops. The
experiment was laid out in a split-plot design with
sowing date as the main treatment and understorey as the
sub-plot treatment. Wheat (cv. Otane) was sown at 150
kg/ha in July, September and October. The understorey
treatments were: undersown white clover (Trifolium
repens L. cv. Huia); undersown red clover (Trifolium
pratense L. cv. Pawera); volunteer clovers without weed
control; and a herbicide-treated control. There were five
replicates of each treatment. Plots measured 9.0 x 12.5
m. Each main treatment area was cultivated about a
month before sowing and 275 kg/ha of rock phosphate
and 40 kg/ha of elemental sulphur were applied. Wheat
(cv. Otane) was sown at 150 kg/ha in July, September
and October.
The understories were established when the wheat
reached GS 11 - 12 (Zadocks et al., 1974). White clover
and red clover were broadcast at 8 and 11 kg/ha
respectively and cultivated into the soil by a tine weeder.
Herbicide treated plots were sprayed with Glean at a rate
of 20 glha after crop emergence. All plots were tine
weeded.

The composition of weeds within plots were
evaluated using the visual ranking technique of Scott
(1989). Six 0.1m2 quadrats per plot were sampled at
wheat inflorescence. At crop maturity six quadrats were
hand cut from each plot to determine total crop mass,
grain yield, grain weight, grain moisture content,
numbers and dry weights of each weed species. Header
samples were taken from the centre of each plot (12.5m2)
to assess grain yield. The N content of the grain was
also measured using the Kjeldahl method.

Results
Wheat yields for July and September sowings were
significantly (P < 0.05) higher than the October sowing
(Table 1). The understorey treatments had no significant
effect on grain yield except in crops sown in July when
those undersown with white clover produced more wheat
than those with volunteer clover understorey (P < 0.05).
Delayed wheat sowing resulted in reduced grain
weight. The October sowing showed a significant
reduction (P < 0.05) in grain weight compared to
September and July sowings (Table 2). In September-

Table 1. Effect of sowing date and understorey on wheat yield (kg/ha).

Sowing date

White
clover

Red
clover

Understorey Treatment
Volunteer
control

Herbicide
control

Mean

July
September
October
Mean

5680
5010
3320
4670

4880
5040
3280
4400

4660
5250
3680
4530

5460
5470
3700
4870

5170
5190
3490
4620

Understorey Treatment
Volunteer
control

Herbicide
control

Mean

45.2
41.0
34.4
40.2

45.2
44.2
35.7
41.7

44.4
42.3
34.4
40.4

For comparisons within sowing date LSD0_05 = 810
For all other comparisons LSD0.05 = 850

Table 2. Effect of sowing date and understorey on grain weight (mg).

Sowing date
July
September
October
Mean

White
clover

Red
clover

43.5
41.8
34.8

43.6
42.2
32.7

40.0

39.5

For comparisons within sowing date LSD 0_05
For all other comparisons LSD0 .05 = 2.2

= 2.3
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There was less weed mass (P < 0.05) in October sown
crops compared with those sown in July (Table 5). The
weed mass at harvest was significantly lower (P < 0.05)
in herbicide treated plots than the other understorey
treatments (Table 5). There was no difference in weed
mass between plots with undersown legumes and those
with no weed control.
Chenopodium album L. (fathen) was the dominant
weed for all sowing dates (Table 6). Solanum nigram L.
(black night shade) was only present in the October sown
treatments (Table 6).

sown crops, wheat from herbicide treated plots had
significantly higher grain weight than either the white
clover or volunteer clover species plots. In October
sown crops grain weight was reduced in red clover plots,
compared to herbicide treated plots (P < 0.05).
Late sowing of wheat gave a significant increase in
grain nitrogen, with October higher (P < 0.05) than both
September and July sowings (Table 3). The herbicide
treatment had a significantly higher (P < 0.05) grain
nitrogen than all other treatments at the July sowing. For
the September sowing, wheat undersown with red clover
and the herbicide treatment had higher grain nitrogen
(P < 0.05) than the volunteer clover and white clover
treatments. There was no difference between the understorey treatments at the October sowing.
Overall a decrease in weed mass was associated with
an increase in grain nitrogen (linear correlation
-0.85**).
The ·red clover understorey produced the greatest
herbage mass (Table 4). Sowing date did not influence
clover production in crops undersown with red or white
clover but in the volunteer treatment there was a
significant reduction (P < 0.05) in clover mass at the
October sowing.

Discussion
This work has shown that October sowing of wheat
reduces yield and grain weight regardless of understorey
treatments. This is similar to the findings of Janovec
(1984), Marko (1990), and Piech (1990) who reported a
reduction in yield of wheat at later sowings. Kolbe
(1984) found that sowing at the local customary date
generally gave the highest grain yields and early sowing
encouraged weed growth. In this experiment too the
earliest sowing date gave the highest weed mass at
harvest.

=·

Table 3. Effect of sowing date and understorey on grain nitrogen(%).

Sowing date

White
clover.

July
September
October
Mean

1.95
1.92
2.21
2.03

clover

Understorey Treatment
Volunteer
control

Herbicide
control

Mean

1.92
2.03
2.21
2.05

2..01
1..92
2.17
2.03

2.12
2.04
2.23
2.13

2.00
1.98
2.20
2.06

Red

For comparisons within sowing date LSD0.os = 0.10
For all other comparisons LSDo.os = 0.13

Table 4. Effect of sowing date and understorey on legume mass (Log10 of kg/ha). Note: kg/ha in brackets.

Sowing date

White
clover

July
September
October
Mean

1.93(130)
1.10(30)
1.72(80)
1.58(80)

For comparisons within sowing date LSDo.os
For all other comparisons LSD0.os = 0.84

Understorey Treatment
Volunteer
clover
control
Red

2.69(400)
2.02(110)
2.05(120)
2.25(210)

1.82(150)
0.58(10)
0.26(5)
0.71(50)

Mean
2.15(230)
1.23(50)
1.17(70)
1.52(110)

= 0.79
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Table 5. Effect of sowing date and understorey on weed mass at harvest (Log10 of kg/ha).

Sowing date

White
clover

Red
clover

Understorey Treatment
Volunteer
control

Herbicide
control

Mean

July
September
October

2.82
2.80
2.35

2.73
2.54
2.44

2.81
2.59
2.36

2.10
1.71
1.31

2.62
2.41
2.12

Mean

2.66

2.57

2.59

1.71

2.38

For comparisons within sowing date LSD0.05
For all other comparisons LSD0.05 = 0.33

= 0.32

nitrogen or less weeds. However this technique could be
used to produce high quality parasite free feed (Farnilton,
1983) between crops for finishing stock. Red clover
proved to be the best producing legume especially at the
July sowing.

Table 6. Effect of sowing date on weed species
present(% incidence).
Californian thistle
Fathen
Dandelion
Nightshade
Shepherd's purse

July

September

October

55

60
85
70
0
50

25
95
30
35
60

85
45
0
50
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