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Ahstract

Ezpenments were conducted to contrel spiny amaranth (Amaranthus spinosus L) and velvetleaf’
(Abutilon theophrast Medic) in afield of forage corn sown in early, mid-and late spring by using an
Ttalian ryegrass (Lofium pudtiflorum Lam ) living mulch, and to control swinecress (Coronapus didy-
mus (LT E Smith)in an Ttalian ryegrass sward by dense sowing at the Eyushu Mational A gricul-
tural Experiment Station, Mishigoshi, Kumamoto. Growth spiny amaranth in the corn field depended
on weed control treatments. The living mulch adequately controlled the weed in the field of corn
sowt in eatly spring, but the weed-controlling effect was reduced with the delay in the sewing date,
and the living mulch did not control the weed in the late spring sowing plot. Although the living
mulch substantially reduced the fodder yvield of corn in the early spring sowing plot, it only slightly
reduced the com yield in the mid-spring sowing plot. Pre-emergence application of atrazine +
alachlor adequately controlled the weed irrespective of the sowing dates. Meither living mulch nor
pre-emergence herbicide mixture adequately controlled velvetleaf, but the growth of velvetleaf in the
field of forage corn depended on the sowing date of corn. At the time of corn harvest, growth in the
late spring sowing plot was more reduced than that in the plot sown in mid-spring, which indicates
that a shift of the corn sowing date to late spring could be effective for avoiding damage by vel-
vetleal. Sowing of Ttalian ryegrass at twice as much as the standard density adequately suppressed
the growth of existing swinecress in the ryegrass sward, and dense sowing markedly reduced the
amount of the weed both in the first and second croppings of ryegrass without reduction of the crop
yield Cropping systems of forage crops that could effectively avoid the damage caused by vel-
vetleaf, spiny amaranth and swinecress were examined based on the expernimental results.

Discipline: Weed control
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Introduction

In recent decades, various alien weeds have been
detected in forage crop fields throughout Japan. It is con-
sidered that these species were introduced through
imported concentrates'”, and some of them are recalci-
trant. Our previous questionnaire revealed that the most

serious naturalized weeds in the Kyushu district were

spiny amaranth (Amaranthus spinosus L.) and velvetleaf

(Abutilon theophrasti Medic.) in forage corn fields and
swinecress (Coronopus didvimus (L) J. E. Smith) in Ital-
ian ryegrass swards”.

Present address:

Spiny amaranth and velvetleaf compete with corn
during the growing season, and their mature lignified
plants, which reach 2 m or more in height, mechanically
disturb the harvest. Spiny amaranth often occurs in fields
treated with the conventional pre-emergence herbicides,
i.e., atrazine, alachlor and their combination, and vel-
vetleaf is considered to be resistant to the pre-emergence
herbicides™®'”". Although swinecress reaches a height of
only 20 to 30 cm and has no adverse effect on Italian
ryegrass growth, cows tend to produce milk with a strong
odor of swinecress when the weed contaminated their
feed”. Swinecress plants are often overlooked because
they slip into the ryegrass sward, and thus, chemical con-
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trol of this weed is frequently unsuceessful.

For these reasons, it is important to develop cultural
methods to replace chemical applications for the control
of spiny amaranth, velvetleaf and swinecress.

Living mulch (cover crop) is considered to be a suit-
able cultural method to control weeds in row crops in the
United States™ and Sato et al.” reported that the growth
of swinecress observed in Italian ryegrass swards was
affected by the sowing density of rycgrass.

The objectives of this study were 1) to implement
the cultural control of spiny amaranth and velvetleafl in
forage corn fields by the use of an Italian ryegrass living
mulch, 2) to control swinecress in ltalian ryegrass swards
by dense sowing, and 3) to analyze the cultural systems
applied to control these weed species in forage crop
fields,

Materials and methods

All the experiments were conducted at the Kyushu
National Agricultural Experiment Station in Nishigoshi,
Kumamoto. The soil type was a thick high humic Ando-
sol (Melanudands). Plots were arranged in a randomized
complete block design with 2 or 3 replications, and data
were subject to an analysis of variance (P < 0.05).
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1) Contral of spiny amaranth and velvetleaf in forage
corn field

Experiments were conducted to control spiny ama-
ranth and velvetleaf'in a forage corn yield using a cultural
method in 1995 and 1996. The experimental design is
shown in Table |. Comn (Zea mays L. cv. Pioneer 3352)
was sown 20 cm apart in rows 0.75 m apart in 3 m long
plots. Velvetleaf seeds were treated with water at 70°C
for 15 min to promote their germination”. After sowing
of spiny amaranth or velvetleaf seeds, plots were treated
with either a living mulch or a pre-emergence herbicide
mixture to control the weeds. [talian ryegrass (Lofium
ardttflorem Lam. cv, Tachiwase) was sown at a density
of 0.3 and/or 0.6 kg/a in the living mulch plots, and pre-
emergence application of atrazine + alachlor at a rate of
10.0 + 10.8 gfa was performed in the herbicide-treated
plots. For each weed, a single plot was left untreated as a
check plot. In all the experiments, both the sowing of the
weeds and the weed control treatments were carried out
on the same day as the sowing of corn.

To monitor the growth of weeds and comn, vegeta-
tion from eithera 0.4 x 0.75 or a 0.6 * (.75 m arca with 2
or 3 corn plants in the center was cul periodically, and
leal area and dry weight of weeds and corn were deter-
mined. At harvest time, 5 corn plants from a | m section
of a central row in each plot, and vegetation ina 1 m sec-

Table 1. Experimental design of spiny amaranth and velvetleaf control

Cultural details

Early spring

Date of corn sowing

April 5, 1995

Corn sowing time
Mid-spring Late spring

April 28, 1996 May 24, 1996

Amount of fertilizer applied 3.0-3.0-3.0 2.5-2.5-25 2.5-25-25
{N-P:0sK,0)(kg/a)
Sowing rate (g/a) and 17.8 26.7 26.7
sowing depth of spiny amaranth sceds (¢cm) 0 0-8 0-8
Sowing rate (g/a) and 46.0 46.0 46.0
sowing depth of velvetleal seeds (cm) 0 0-10 0-10
Plot size of one treatment (m) and 3.0 =06.75 3.0 =60 3.0= 60
no. of rows in a plot (rows/plot) 9 8 8
Weed control method” L3, L6, HB L3, HB L3, HB
Date of sampling to determine growth 7.9, 11 5.5,6.5,7.5,8.5 5.5.6.5, 7.8
parameters in spiny amaranth control
experiment (weeks after sowing)
Date of sampling to determine growth 6,8 10 56,78 5.0:7

parameters in velvetleal control
experiment (weeks after sowing)
Harvest date

July 19, 1995

luly 29, 1996 August 13, 1996

a): Each experiment was carried out in different fields.

b): L3 and L6: Italian ryegrass living mulch treatment sown at a density of 0.3 and 0.6 kg/a, respectively.
HB: Pre-emergence application of atrazine -+ alachlor at a rate of 10,0 + 0.8 a. 1. g/a,
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Fig. 1. Changes in dry weight of spiny amaranth during corn growth

UN ([ 1): Untreated.

L3 (12) and Lo (&4): Malian ryegrass living mulch treatement sown at a density of 0.3 and 0.6kg/a, respectively,
HB () : Pre-emergence application of atrazine + alachlor at a rate of 10,0 + 10.8 a, i. g/a.

Vertical lines indicate LSD (P<0.05).

tion of interrow adjacent to the central row were cut to
determine the dry weight.

2) Control of swinecress in ftalian rvegrass swed

On October 18, 1995, Halian ryegrass was sown in
three 3 = 6 m plots infested with swinecress seeds previ-
ously sown at a density of 50 g/a. In one of the plots,
ryegrass was sown al a density of 250 g/a with post-emer-
genee application of thifensulfron-methyl (Harmony) at a
rate of 0.375 g/a 6 weeks after sowing (herbicide-treated
plot). In the 2 remaining plots, ryegrass was sown at the
density of 250 gfa (check plot) and 500 g/a (dense-sow-
ing plot) without herbicide application. Samples of crops
from the first and second croppings (hereafter referred to
as “first and second crops™) from two 0.5 x 0.5 m quad-
rates in each plot were harvested on April 15 and May 2,
1996, respectively.  All the samples were assorted into
the ryegrass and swinecress (no other species were
found), and the growth of the weed and yield of ryegrass
were determined. Prior to the sowing, swinecress seeds
were treated by the method of Kobayashi” to promote
their germination. Plots were fertilized at a rate of 0.5~
0.5-0.5 kg/a with a 16-16-16 N-P.0+—K-0 compound
fertilizer before sowing,

Results and discussion

1) Control of spiny amaranth and velvetleal in forage
corn fiekd
(1) Spiny amaranth control
Changes in the weight of spiny amaranth during

corn growth are shown in Fig. 1. [talian ryegrass living
mulch completely controlled spiny amaranth during the
growing season of corn in the carly spring sowing plot.
Adequate weed control was achieved because [talian
ryegrass grew vigorously enough to compete with the
weed under cool temperatures during the growing season.
The effect of the living mulch on weed control was less
pronounced with the delay in corn sowing, and the mulch
of the late spring sowing plot failed to control the weed
because the ryegrass seedlings withered at high tempera-
tures after emergence. The effect of the mulch on the
control of spiny amaranth in the mid-spring sowing plot
was intermediate between that of the early and late spring
sowing plots.

Pre-emergence application of atrazine + alachlor
adequately controlled spiny amaranth in every sowing.
Weed sceds were present in the surface soil in the carly
spring sowing plot, and in soils at a depth of 0-8 em in
the mid- and late spring sowing plots. The herbicide
mixture completely controlled the weed when the weed
seeds were in and under the herbicide-treated layer.
Since spiny amaranth is sensitive lo atrazine + alachlor,
these herbicides may be absorbed both through the roots
and the hypocotyls exposed to the treated soil',

Changes in the dry weight and leaf area of corn and
spiny amaranth during corn growth are shown in Table 2
and Fig. 2, respectively. In the early spring sowing plot,
the living muleh suppressed the growth of corn. The dry
weight and LAIL (leaf area index) of corn in the living
mulch plots were found to be significantly smaller than
those in the untreated and herbicide-treated plots during
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Table 2. Changes in dry weight of corn during growth in the spiny amaranth control experinent”

B (g/m’)
S_nw;tg liTnc o Early spring o Mid~_513ring R Late sp;ing
Weeks after sowing 7 9 T 55 65 15 85 55 65 15
Untreated check 368A 191.6A 451.5A  S53.0A I121.7A I82.5A 329.5A  75.5A 221.0A 498.2A
Living mulch plot (L3)" 1448 47.7B 199.7B 56.9A  90.I1B 201.5A 336.5A 79.6A  188.7A 560.9A

127.8C
586.2D

69.7C
158.0D

Living mulch plot (L6)" 16.413
Pre-emergence application® 38.8A

62.1A 113.4A 2534A 4224A

T3.8A 2066.8A 574.5A

a): Values followed by the same leters within the same columns are not significantly different (P<0.05),
b): Living mulch plots were treated with Italian ryegrass sown at a density of 0.3 or 0.6 kg/a.
¢): Mixture of atrazine-+alachlor was applied at a rate of 10,0+ 10.8 a.i. g/a before corn seedling emergence.

growth in the early spring sowing plot. In the mid-spring
sowing plot, although the dry weight of corn in the living
mulch plot was smaller than that in the untreated and her-
bicide-treated plots 6.5 weeks afler sowing, and although
the LAl of corn in the living mulch plot was smaller than
that in the herbicide-treated plot 7.5 weceks after sowing,
the living mulch suppressed the growth of corn less in the
mid-spring sowing plot than in the early spring sowing
plot. In the late spring sowing plot, the living muleh did
not suppress the corn growth, and there was no difference
in the growth parameters among the weed control treat-
ments.

Dry weight of spiny amaranth at the corn harvest
time and corn yield are shown in Fig. 3. Spiny amaranth
plants were not detected in the living muleh plots sown in

early spring. In the mid-spring sowing plot, the dry
weight of the weeds in the living mulch plots was smaller
than that in the untreated plots, while in the late spring
sowing plot, the dry weight of the weeds was similar. In
the herbicide-treated plots, few spiny amaranth plants
were observed, and the dry weight of the weeds was sig-
nificantly smaller than that in the untreated plots in every
sowing. In the early spring sowing plot, corn fodder
yield in the living muleh plots was reduced to 60-66% of
that in the untreated plot. In the mid-spring sowing plot,
a slightly lower com yield was observed in the living
mulch plot. No significant difference was observed in
the yield between the living mulch and the untreated plots
in the late spring sowing plot. Corn fodder yield in the
herbicide-treated plots was approximately similar to that

7 Early spring Mid-spring Late spring
6 sowing ,':' 6 S0WIng 6 sowing
corn Y NS
5 =eaa SpiNY amaram';, 5 B
— 4 4 4 NS
=
W 3 3
NS,
2 2 2 -
1 1|8 1 - @::: "()
0 0 0 ﬁl i (m] O
7 9 11 55 65 7.5 85 5.5 6.5 7.5
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Fig. 2. Changes in leaf area of corn and spiny amaranth during corn growth

[ :Untreated.

< and # : ltalian ryegrass living muleh treatment sown ata density of 0.3 and 0.6 kg/a, respectively.
1 Pre-emergence application of atrazine + alachlor at a rate of 10.0 + 0.8 a, 1. g/a,
Spiny amaranth plants were not observed in the living mulch plots nor in the herbicide-treated plots

in the carly spring sowing,

Vertical lines indicate LSD (P<0,05) of corn. NS: Not significant (P<0.05).
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Fig. 3. Dry weight of spiny amaranth at corn harvest time and corn yield

UN ([ 1): Untreated.

L3 (i) and L6 (E5): lMalian ryegrass living mulch treatement sown at a density of 0.3 and 0.6 kg/a, respectively.
HB (W) : Pre-emergence application of atrazine + alachlor at a rate of 10.0 + 10.8 a. i. g/a.
Vertical lines indicate LSD (P<0.05). NS: Not significant (P<0.05).

in the untreated plots irrespective of the sowing dates. In
the untreated and herbicide-treated plots, corn yield in the
late spring sowing plot was lower than that in the carly
and mid-spring sowing plots, because harvest was carlier
than the maturation time of corn to avoid damage by
typhoons,

Meanwhile, pre-emergence application of atrazine -+
alachlor successfully controlled spiny amaranth irrespee-
tive of the sowing dates without any reduction m corn
yield, although this herbicide mixture has often been
reported to be ineffective in comn fields™ ', Failure to
control the weed using pre-emergence herbicides is often
observed in fields in which slurry and/or immature com-
post had been continuously applied. [t is assumed that a
change in soil adsorption resulting from continuous
application of organic fertilizer might be responsible for
the ineffectiveness of the pre-emergence herbicides',

The results revealed that the Italian ryegrass living

mulch 1) strongly suppressed corn growth in the early
spring sowing although it could control the weed, 2)
could not control the weed in the late spring sowing, and
3) could adequately control the weed in the mid-spring
sowing without severe reduction of the corn yield. The
use of the living mulch could be a suitable method of
control of spiny amaranth in fields of forage corn sown in
mid-spring if a slight reduction of corn yicld and slight
infestation with the weed were acceptable to the farmers.
Moreover, it is definitely an effective method of control
in the fields where application of slurry and/or immature
compost as fertilizer had reduced the effectiveness of pre-
emergence herbicides.
(2) Velvetleaf control

Changes in the dry weight of corn and leaf arca of
corn and velvetleal during corn growth are shown in
Table 3 and Figs. 4 and 5, respectively. Data on mid-and
late spring sowings are presented and analyzed because

Table 3. Changes in dry weight of corn during growth in the velvetleaf control experiment™

B (g/m’)
Sowing date Mid-spring Late spring
Wecks uf‘tcr suw-ing _ 5 7 8 5 _ﬁ 7
Untreated check 2(:_.‘)1\_ TLAA  146.8A 2_1.".;2:’\ 8-6. 1A 137.2A 296.1A
Living mulch plot (L3)" 254A  689A 145.6A 191.1A 83.9A 152.8A 328.0A
Pre-emergence application” I63B  121.8B 19588 2384A 82.4A 1843A 332.6A

a): Values followed by the same letters within same columins are not significantly different (P<0.05),

b): Living mulch plot was treated with lalian rycgrass sown at a density of 0.3 ke/a.
¢): Mixture of atrazine+alachlor was applicd at a rate of 10.0+10.8 a.i. g/a before corn seedling emergence.
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Fig, 4. Changes in dry weight of velvetleal during corn growth
UN (| 1) : Untreated. L3 (53 : Italian ryegrass living mulch treatement sown at a density of 0.3 kg/a.
HB (W) : Pre-emergence application of atrazine + alachlor at a rate of 10.0 + 10.8 a. 1. gfa.
NS: Not significant (P<0.05).
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Fig. 5. Changes in leaf area of corn and velvetleaf during corn growth
1 : Untreated.
< ¢ Nalian ryegrass living mulch treatment sown at a density of 0.3 kg/a.
(1 Pre-emergence application of atrazine + alachlor at a rate of 10,0+ 10.8 a. i, g/a.
Vertical lines indicate the magnitude of LSD (P<0.05) of corn.
NS: Not significant (P<0.05).

velvetleaf seeds used in the early spring sowing were less emergence herbicide mixture controlled velvetleaf during
vigorous and the percentage of emergence was oo low 1o the growing secason of corn irrespective of the sowing
obtain the data. dates. There were no differences among the weed control

Neither the Nalian ryegrass living muleh nor pre- treatments in terms of the growth of the weed for both
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Fig. 6. Dry weight of velvetleaf at corn harvest time and corn vield

UN ([ 1) : Untreated.

L3 (13) ¢ Mtalian ryegrass living mulch treatment sown at a rate of 0.3 kg/a,
HB (M) : Pre-emergence application of atrazine + alachlorata rate of 10+ 10.8 a, i. g/a.

NS: Not significant (P<0.05).

sowing dates. Although the living mulch had no effect
on weed growth because ryegrass seedlings withered at
high temperatures, the dry weight of the weed in the late
spring sowing plot was smaller than that in the mid-
spring sowing plot for all of the investigation dates dur-
ing corn growth.

Inn the mid-spring sowing plot, there were no signfi-
cant differences in the change in the dry weight of com
between the plots treated with living mulch and untreated
plots, and the dry weight of the herbicide-treated plots
was largest among the weed control treatments. Although
the LAI of corn in the mid-spring sowing plots was

smaller in the living mulch and untreated plots than that
in the herbicide-treated plots 5 and 6 weeks after sowing,
no significant differences were observed among the weed
control treatments subsequently.

In the late spring sowing plot, the living mulch did
not suppress corn growth, and there were no differences
in the growth parameters among the weed control treat-
ments.

Dry weight of velvetleal’ at corn harvest time and
corn yield are shown in Fig. 6. No significant differences
were observed in the dry weight of velvetleal among the
weed control treatments in either the mid-or late spring

Table 4. Growth of swinecress and Italian ryegrass vield at harvest time®

First cropping”
Weed control

Swinecress'!
treatment
(su\\":'ng (I-.:n-s'-ity No.of Diy No, r."-
of rycgrass) : Nowering
plants weight

plants

(kg/a) (/m*) (g/m?) (fm?)
Untreated (0.25) 28.3A 2.56A 0
Dense sowing (0.50) 3.3B 0.058 0
Herbicide™  (0.25) 508 0038 0

Sceond erapping”

Swinecress*'
ltalian —  lalian
rycgrass No.of  Dry _IN"J- of  ryegrass
yield anis o flowering  yield
plants  weight slants
(kg DM/a) (/m%) {gﬁrn_31 (/m*) (kg DM/a)
113.6A 18.7A 1.74A 17.7A J8.8A
99.4A 278 0.208 238 4044
71.38 1.08 0.02C .o 27.88

a): Values followed by the same letters within same columns are not significantly different (P<0.05).

b): First and second crops were harvested on April 15 and May 18, 1996, respectively.

©): Swinecress was sown at a density of 0.05 kg/a prior to the rycgrass sowing,

d): Post-emergence application of thifensulfron-methyl (Harmony) was made at a rate of 0.375 g/a 42 days after

FYyCEIass sowing,



Table 5. Cropping systems for the control of spiny amaranth, velvetleaf and swinecress in forage crop fields

Criing Wead conrel Weed prc};:;g;;;;;:cc Forage crops and their growing season
System treatment (4 ) Sp=oE cffectivencss Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
= B 1 i | | { | |
Pn}emergcnce ) AAAAAAAACOTTT ANAANANANN X
System | General effective Al O Aannann talian Asnaa
_____ ;ipgli_ca_ti?n_({ I_) - o lalian ryegrass anan ¥ ryegrass
() AANAAAAACOTTE AnanAnnn X
System 2 Living mulch (4 2) Spiny amaranth  ineffective A2 O Annann ltalian Anan
.t halanryegrEass anan X ) ryegrass
Shift of sowing effective ) AAAAAAANCOTTI AnAAAAAA X
System 3 Velvetleaf or A3 O s ltalian  Aann
) ‘_1:“_"5‘_3_} ________________ m?f‘f:cc—n\-c. o~ ltalian ryegrass anan ryegrass
Pre-emergence General () AMAAAAAACOTTE AMAAANAA X
Svstem 4 application (A 1) effective Al ) Avanana ltalian Aasa
Dense sowing ( A 4) Swinecress A Halian rycgrass 5 A4 rycgrass
Living mulch (& 2) Spiny amaranth () AAAAAAA com manmaax
System 5 incffective A2 3 annnnn ltalian Anan
| Demesowing (A4 Swineorss oo balim g mn x A4 ___ ryegms
Shift of sowing Velvetleaf cffective () AAAAAAACOTTT AAARANAN
System 6 datc (A 3) A3 ) Aananna ltalian Aannn
. . - - -t
Dense sowing (A 4) Swinecress lIICﬁCCII\-’QI An Imhgg TYEETASS ARAA X AVAAAA X A4 ryegrass

A 1-4: Weed control treatment. O : Sowing of forage crops. X : Harvest of forage crops.

00T (Dre OUVT
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sowing plot. However, the growth of the weed in the late
spring sowing plot was much more reduced than that in
the mid-spring sowing plot, and the difference corre-
sponded to the weed growth during the corn growing sca-
son. The reduced growth of velvetleal in the late spring
sowing plot may have been caused, partly, by competi-
tion with vigorous corn growth during the growing sea-
son, and, partly, by the short photoperiodic response of
the weed"”. There were no significant differences in the
corn yield among the weed control treatments in either
the mid- or late spring sowing plot.

In the current experiment, neither the [talian
rvegrass living muleh nor the pre-emergence herbicide
mixture could control velvetleaf in the forage corn field.
However, shifting the sowing date to late spring should
be recommended as a useful cultural method for avoiding
damage by this weed.

2) Control of swinecress in lalian rvegrass sward

Growth of swineeress and yield of Italian ryegrass at
harvest time are shown in Table 4. At the [irst crop har-
vest, the plant density and weight of swinecress in both
the dense sowing and herbicide-treated plots were
smaller than those in the untreated plot. No fowering
plants of the weed were observed in the first crop. At the
second crop harvest, the plant density and weight of swi-
necress in both the dense sowing and herbicide-treated
plots were much smaller than those in the untreated plot.
After the first crop harvest, most of the swinecress plants
in each plot resumed growth and flowered by the second
crop harvest. The number of flowering plants in both the
dense sowing and herbicide-treated plots was signifi-
cantly smaller than that in the untreated plot.

Ryegrass yield in the dense-sowing plot was almost
similar to that in the untreated plot, but was higher than
that in the herbicide-treated plot at each harvest. The
decrease of the ryegrass yield in the herbicide-treated plot
was ascribed to injury by the herbicide during the grow-
ing season (Table 4).

It is concluded that dense sowing of ltalian ryegrass
should be a promising method not only for the suppres-
sion of the growth of swinecress plants present in the Ital-
ian ryegrass swards but also for the prevention of future
infestation through the inhibition of seed production.

3) Cropping svstems of forage crops for weed control
Forage corn production followed by the planting of
ltalian ryegrass is a major cropping system in the Kyushu
distriet, where pre-emergence application of atrazine +
alachlor is performed for weed control in forage corn
ficld (System 1 in Table 5). Spiny amaranth and vel-
vetleal in the corn fields and swinecress in the ryegrass
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swards are the most serious weeds in this cropping sys-
tem. The present study revealed that 1) ryegrass living
mulch could be applied to control spiny amaranth in corn
sown in mid-spring, 2) damage to corn caused by vel-
vetleaf should be less serious in the late spring sowing
than that in the mid-spring sowing, and 3) the growth of
swingeress in the lalian ryegrass sward could be sup-
pressed when the ryegrass is sown at a high density.
Based on these results, Table 5 presents 5 modified crop-
ping systems in the forage crop felds infested by these
weed species.

Spiny amaranth could be controlled with the pre-
emergence herbicide mixture irrespective of the sowing
date. However. in the fields where fertilization with
immature compost has reduced the effectiveness of the
herbicide mixture owing to the changes in soil adsorp-
tion, [talian ryegrass living mulch should be applied for
controlling the weed and corn must be sown in mid-
spring in this case (System 2). Although neither the pre-
emergence herbicides nor the living mulch could control
velvetleal, weed damage to corn was less appreciable in
the late spring sowing. [n the Kyushu district, when Ital-
ian ryegrass is harvested twice using a bale machine spe-
cialized for grass harvesting, the second crop is ofien
harvested in mid-spring. Therefore, it is recommended Lo
sow corn in late spring alter the scecond harvest of ltalian
ryegrass to avoid the damage by velvetleal and 10 use
efficiently the bale machine (System 3).

As herbicide application is not useful to control swi-
necress in an ltalian ryegrass sward, dense sowing may
be the only effective method of weed control. In the case
of the ryegrass sward already infested with swinecress,
dense sowing might be combined with System 1, 2 or 3,
depending on the weed speeies in corn, and Systems 4, 5
and 6 could be recommended.
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