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Abstract

In recent years, increasing application of chemical herbicides has raised concerns over their destructive impacts on living organisms
and environmental health and it requires studies on non-chemical weed management methods. As a result, this experiment was initiated
in November 2008 at experimental field of Islamic Azad University, Karaj Branch, in order to evaluate weed-suppressive abilicy of winter
rye cover crop and mulch, and its effects on following corn yield production. Treatments included three rye seeding rates (500, 750 and
1000 kernels/m?) and three rye kill dates (29/3/2009, 15/4/2009 and 3/5/2009). In the fall 2008 rye was planted, then in the above
three dates have been killed and left on the soil surface to provide mulching effect. Then in middle of June 2009, corn plants planted on
the same plots of winter rye. Weeds density and biomass production were monitored in the fourth, sixth and eighth weeks after planting
(WAP) corn. Corn yield production was also measured in late October 2009. Results showed that rye seeding rate has not affected
weeds significantly but rye kill dace had significant effect. The first kill date stimulated weeds germination and growth. The third kill date
reduced density of all weeds in the fourth WAP on average 28.73% and their biomass production in the sixth WAP on average 21.38%.
This treatment also increased corn grain production 7.89% at the end of the season. Finally, results of the experiment indicate that using

cover crops should be combined with other methods to control weeds efficiently and to prevent yield production loss.
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Introduction

Since human began to cultivate crops, weeds have
caused lots of problems to agriculture. During this long
period of time, weed control methods have changed from
hand weeding and primary tools to animal and then me-
chanical powered implements, biological control and fi-
nally chemical control (Heap and LeBaron, 2001; Monaco
et al., 2002; Zimdhal, 2007). After introducing herbicides
to agriculture, their efficacy and cost-effectiveness led to
heavy reliance on them. Nevertheless, they are not such
reliable. Herbicides, like other pesticides, are toxic materi-
als and in recent years there has been increased concern
about residues and associated food safety issues and their
adverse impact on the environment and human health.
Sudden death, birth deficit, various kinds of cancers, respi-
ratory system diseases, and too many other health prob-
lems are associated with herbicides application specially in
developing countries (Liebman ez 4., 2004; Lynge, 1998;
Shanahan ez 4/.,2003). On the other hand, the widespread
occurrence of herbicide resistant weeds is another prob-
lem that has reduced the efficacy of herbicides. Until April
2010, 347 biotypes from 195 plant species, in 340,000
fields around the world had been reported as herbicide re-
sistant weeds (Anonymous, 2010; Monaco ¢t al., 2002).

Mentioned problems require weed scientists to work
on non-chemical weed management techniques and inte-
grated weed management (IWM). Using cover crops and
mulches are useful methods to suppress weeds which have
other positive impacts rather than weeding. They protect
soil against water and wind erosion, improve soil proper-
ties and organic matter content, enhance soil fertility by
fixing N and increasing soil nutrients, boost crop yield,
recycle and prevent soil nutrients leaching, provide extra
forage or raw materials for biofuel, and of course they
eliminate weeds (Blanco and Lal, 2008; Teasdale ez 4/,
2007; Winch, 2006). In two experiments cover crops re-
duced soil erosion to 3.70 from 41.3 Mg/ha™" (Martin and
Cassel, 1992) and improved soil penetration resistance to
0.1 from 0.2 MPa (Obi, 1999).

Cover crops and mulches inhibit weeds germination
and growth through different mechanisms. Physical sup-
pression, reducing light penetration to soil surface and de-
creasing soil temperature, competing for resources such as
light and nutrients, releasing allelopathic compounds and
promoting activity of weed seed predators are examples of
these mechanisms (Creamer et /., 1996; Menalled ez al.,
2007; Monaco et al., 2002; Putnam and DeFrank, 1983).
Results of these interactions show an inhibitory effect
which is greater for small-seeded than large-seeded plants.
Weeds usually have smaller seeds than crops so crops will
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tolerate the condition better than weeds (Mohler, 1996).
In a study on weed seed predators, Harpalus rufipes beetles
were marked and released in cover crop and non-cover
crop plots and when recaptured, percent of marked beetles
in plots with cover crop were two times more than fallow
plots (18 and 8%, respectively) (Shearin ez al., 2008).

Cover crop plants are different. Hairy vetch (Vicia vil-
losa Roth), sorghum-sudangrass (Sorghum bicolor L.), rye
(Secale cereale L.), wheat (Triticum aestivum L.), black oat
(Avena strigosa Schreb), cowpea (Vigna unguiculata L.),
various clovers (Z7ifolium spp.) and many other plants can
be used as cover crop and mulch crop (Hartwig and Am-
mon, 2002; Reeves ez al., 2005; Teasdale ez 4l., 2007). Sev-
eral studies indicated that above mentioned cover crops
and mulches can improve soil quality, suppress weeds and
decrease the need for herbicides to some extent in large
range of field crops like soybean (Reddy, 2001; Ruffo ez
al., 2004), cotton (Reeves et al., 2005; Vasilakoglou ez al.,
2006), corn (Malik ez al., 2008), sweet potato (Treadwell
et al., 2007), cabbage (Mochizuki ez 4., 2008), pumpkin
(Rapp ez al., 2004), vineyard (Baumgartner ez al., 2008)
as well as in fallow (Blackshaw and Moyer, 2001). Among
different plants, rye is a commonly used cover crop espe-
cially in cooler climates. This popularity is because of its
potential to establishing in late fall and is able to withstand
cold winter temperatures, it can germinate and grow rap-
idly, produce abundant biomass in early spring, scavenge
the remaining soil nitrogen and produce allelochemicals
(Creamer et al., 1996; Helm and Zollinger, 1991; Johnson
and Hoyt, 1999). Two main allelopathic compounds in
rye are defined as BOA, (3H)-benzoxazolinone), and DI-
BOA, 2,4-dihydroxy-1,4-(2H)benzoxazine-3-one (Barnes
et al., 1987). An experiment tested BOA and DIBOA for
their inhibitory effect on several weeds and crops seed ger-
mination and plant growth (Burgos and Talbert, 2000).
Results showed that on average, DIBOA is about seven
times more inhibitor to root growth and four times more
inhibitor to shoot growth than BOA.

Corn (Zea mays L.) is one of the three major cereals
in the world (Winch, 2006). According to FAO statistics
(2007), United States, China, Mexico, Brazil and Argenti-
na are the top five producers of corn. Corn area harvested
in Iran is 210,000 ha and production quantity is 1,588,000
tons per year. Like other crops, weed management in corn
is important and more experiments should be done to un-
derstand if cover crops and mulches can effectively inhibit
weeds in corn fields. These experiments should answer
some key questions like: (1) Can cover crops and mulches
provide full season-long weed suppression without reduc-
ing yield production? (2) When is the best time to kill
the cover crop to obtain the optimal weed control and to
prevent interference of residues in following crop culti-
vation and growth? So the objective of this study was to
determine the best seeding rate and killing date of winter
rye cover crop to suppress weeds and increase corn yield
production.

Materials and methods

Site and Treatments Description

Field experiment was initiated in 2008 at the research
farm of Islamic Azad University Karaj branch, Iran, lo-
cated in 50° 49’ E, 35° 43’ N, elev: 1170 m. Soil type was
Sandy Loam (sand: 67%, silt: 15%, clay: 18%) with pH of
7.94 and organic matter (OM) content of 0.71%. The field
was under sunflower (Helianthus annus L.) cropping in
the previous spring of the experiment. Natural weed infes-
tation at the time of samplings included redroot pigweed
(Amaranthus retroflexus L., Bayer Code: AMARE), jim-
sonweed (Datura stramonium L., Bayer Code: DATST),
common purslane (Portulaca oleracea L., Bayer Code: PO-
ROL), common lambsquarters (Chenopodium album L.,
Bayer Code: CHEAL) and field bindweed (Convolvulus
arvensis L., Bayer Code: CONAR).

The experiment was conducted in split plot arrange-
ment of treatments in the form of randomized complete
block design (RCBD) with four replications. The size of
sub plots were 3x4 m. 1 m between sub plots and 3 m be-
tween main plots were left uncultivated to prevent treat-
ments interference. Treatments included three kill dates
(in main plots) and three seeding rates of rye (in sub plots).
Normal recommended seeding rate for rye by the Seed and
Plant Improvement Institute of Iran was 500 kernels/m?
s0 500, 750 and 1000 kernels/m?* were set for rye seeding
rate treatment. Three kill dates of rye were started in carly
spring with intervals of two to three weeks, depending on
climatic and field condition (29/3/2009, 15/4/2009 and
3/5/2009). In each main plot, one additional sub plot was
kept fallow (rye wasn’t seeded) as control. When corn was
planted, each control plot was divided into two parts, one
weed free and the other weed infested all the season. This
was to enable comparison between improvement of corn
yield compared with weed infested control and reduction
of corn yield compared with weed free control.

Rye

After preparing the field in conventional method
(moldboard plow-disk-leveler), rye (Secale cereale L. var.
Danko, untreated sced) seeds broadcasted according to
different seeding rate treatments on Nov. 9%, 2008. Quick-
ly after that, broadcasted seeds were incorporated into the
soil using a furrower (50 cm of between row spacing) and
then field was irrigated. In fall and winter, rye growth and
stand was regularly observed and in mid March, when air
temperature increased, rye began to grow again. Totally,
four irrigations were enough during rye growth period
from November 2008 to May 2009 as rainfall provided
sufficient water.

The first kill date of rye was on Mar. 29, 2009, when
rye height was about 50 ¢m (at stem elongation stage). Rye
was cut by hand and left on the soil to provide mulch but it
could not fully cover the soil surface which caused a weak
mulching. In order to measuring rye aboveground biomass
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production, 1 m* was harvested at kill time and its fresh
and dry weight (oven dried at 75°C for 3 days) obtained
(Tab. 1). After 21 days, on Apr. 19" rye mulch of the first
kill date was incorporated into the top soil layer using a
rotivator. At this time, mulch had been dried under the
sun and rye regrowth was small.

The second kill date of rye was done 17 days after the
first one, on Apr. 15" when rye height was about 100 cm
(spike was about to appear in some stems). This time,
mulch covered the soil surface completely and inhibited
rye regrowth. 1 m* was again harvested to measure bio-
mass production (Tab. 1) but it took 5 days at 75°C oven
to get dry because stems were thicker. Incorporating mulch
into the soil by rotivator has been done on May 9%, 24 days
after the second kill date.

Finally, the third kill date of rye was on May 3™, 18
days after the second kill date, and rye height was more
than 160 cm (at anthesis). This mulch was very heavy and
thick. Another 1 m” of rye was harvested to measure bio-
mass production (Tab. 1) and oven dried at 75°C for 5
days. This time, incorporation of mulch into the soil was
done 28 days after third kill date, on May 31%, because of
soil moisture condition.

Corn

To prepare the field for corn cultivation, furrower (60
cm of between row spacing) just used instead of conven-
tional method to prevent movement of soil between plots.
On Jun. 8%, 2009, field was irrigated before seeding corn
to ensure proper germination. Then on Jun. 12%, corn (Zea
mays L. var. Zola 450, treated with fungicide and insecti-
cide) planted with 20 cm of spacing and after 1 day was
irrigated. Totally, 14 irrigations were required during corn
growth period from June to October.

Data Collection

Biomass and density of the mentioned weeds was mea-
sured in the 4%, 6™ and 8" wecks after planting (WAP)
corn by using 50%50 cm fixed quadrates. In the 4™ WAP,
density of all 5 weeds was measured in treat and control
plots but their biomass was not. Quadrates remained fixed
in all plots until the 6™ WAP. Then, density of all 5 weeds
was counted again and weeds were harvested and sepa-
rated by species to measure their biomass. Samples were
oven dried at 75°C for 7 days. In the 8" WAP, quadrates
were displaced because weeds had been harvested in the
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6™ WAP. This time, density and biomass of just 2 weed
species (redroot pigweed and jimsonweed) were measured
because both corn and weeds were fully grown and it was
too difficult to work in plots. Harvested samples were
again separated by species and oven dried at 75°C but this
time for 14 days.

After finishing weeds sampling, when corn plants were
fully maturated, yield and yield components were mea-
sured on Oct. 25, 2009. Samples were taken from middle
rows of all plots and their following traits measured: plant
height, stem diameter, number of ears per plant, ear length
and diameter, number of rows per ear and kernels per row,
aboveground biomass, ear weight, grain production, 1000
kernels weight and harvest index (HI).

Statistical Analysis

First, increasing or decreasing effect of treatments com-
pared with controls was evaluated as percent for collected
data. Then, all data were subjected to analysis of variances
(ANOVA) using PROC GLM (SAS 2002) to test the
main effect of treatments on weed control and corn yield
production. At last, means were separated using Duncan’s
multiple range tests, at the 5% level of significance. Data
of weed free controls were not analyzed and their average
was just taken.

Results and discussion

Rye Biomass Production

Both higher seeding rate and later killing date of rye
increased rye biomass at kill time. The only exception was
in the 3 kill date that seeding rate 3 produced less bio-
mass than seeding rate 2 (Tab. 1). Differences in biomass
production caused by kill dates which were higher than by
seeding rates, as expected. In other experiments, legume
and cereal cover crops biomass production ranged from
2,180 to 11,000 kg/ha (Haramoto and Gallandt, 2005;
Reddy, 2001; Reddy, 2003).

Weeds Density and Biomass Control

According to ANOVA, main effect of rye cover crop
seeding rate and interaction of kill date by seeding rate
were not significant (data not shown). Mean comparisons
also showed that only kill date treatments have controlled
weeds significantly and seeding rates have not (Tab. 2 to
5). It could be possible, because of the effect of seeding

Tab. 1. Rye cover crop and mulch biomass and other properties as affected by different seeding rate and kill date treatments

Growth ~ Days between Days between Average rye height Rye biomass at kill time (kg/ha)

period killand corn  incorporating into soil at kill time Seeding Seeding Seeding
(days) cultivation and corn cultivation (cm) rate 1 ° rate 2 rate 3
Kill 11 139 75 54 50 3,100 3,300 3,350
Kill 2 156 58 34 100 6,400 6,500 6,750
Kill 3 174 40 12 160 9,700 10,150 10,050

*1: Mar. 29, 2: Apr. 15" and 3: May *4; * 1: 500, 2: 750 and 3: 1000 (kernels/m?)
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Tab. 2. Effect of different kill date treatments on percent of weeds density control in 4%, 6* and 8 WAP **

4" WAP (control %) 6" WAP (control %) 8" WAP
Treatment (control %)
AMARE: DATST POROL CHEAL CONAR AMARE DATST POROL CHEAL CONAR AMARE DATST
K. 1¢ -2639b -2639c -1146¢ -11.67b -1008c -1877c -1994c -1232c -94lc -625¢ -551b  -235c¢
K.2 21.69 a 1222b  17.69b  20.70a 14.39b 1224b  7.08b 13.60b  1320b 11.67b 9.90a 5.40b
K.3 27.62a 32.16a  26.85a 27.05a 29.99 a 21.42a  27.68a 22.08a 25.33a 2097 a 1415a 1295a
Tab. 3. Effect of different seeding rate treatments on percent of weeds density control in 4%, 6* and 8 WAP *°
h
Treatment 4" WAP (control %) 6 WAP (control %) (cinxj?;)
AMARE DATST POROL CHEAL CONAR AMARE DATST POROL CHEAL CONAR AMARE DATST
SR. 1¢ 6.65a -230a  1024a  9.67a 11.73a 428a -1.36b  497a 8.44a 10.56 a 4322 499 a
SR.2 1.08a 11.11a 7.08a 13.88 a 1142 a 2.00a 1230 a 8.83a 9.80a 8.22a 5.14a 428a
SR.3 15.19a 9.18a 1576a 1253a 11.16a 8.62a 3.88ab 9.56a 10.88 a 7.60 a 9.08a 6.72a
Tab. 4. Effect of different kill date treatments on percent of weeds biomass control in 6% and 8 WAP *
6 WAP (control %) 8™ WAP (control %)
Treatments
AMARE DATST POROL CHEAL CONAR AMARE DATST
K.1 -497 ¢ -4.12¢ -6.54¢ -3.l4c -450c¢ -152¢ -0.25¢
K.2 14.13b 9.18b 13.14b 953b 13.70 b 5.66b 6.39b
K.3 19.30a 22.33a 24.61 a 17.83a 22.85a 925a 8.98 a
Tab. 5. Effect of different seeding rate treatments on percent of weeds biomass control in 6 and 8 WAP
6" WAP (control %) 8 WAP (control %)
Treatments
AMARE DATST POROL CHEAL CONAR AMARE DATST
SR.1 8.6la 641b 927 ab 7.44b 9.94a 413a 5.08 a
SR.2 8.16a 7.90 b 8.16b 8.32a 11.14a 446a 4.86a
SR.3 11.70 a 13.09a 13.79a 8.48a 10.97 a 4.80a 5.18a

* Abbreviations:. WAP, wecks after planting; K, kill date; SR, seeding rate; ® Means in a column followed by the same letter are not significantly different ac P < 0.05;
¢K1: Mar. 29, K2: Apr. 15", and K3: May. 3*%; ¢ SR1: 500, SR2: 750 and SR3: 1000 (kernels/m?); ¢ Bayer codes of Composite List of Weeds by Weed Science Society of
America (WSSA). Available online ac www.wssa.nct. AMARE, Amaranthus retroflexus L.; DATST, Datura Stramonium L.; POROL, Portulaca oleracea L.; CHEAL,

Chenopodium album L.; CONAR, Convolvulus arvensis L.

rate treatments on rye biomass production which was too
low (Tab. 1) and it is known that mulch mass is an impor-
tant factor to inhibit weeds (Smeda and Weller, 1996). In
other word, in each of the 3 kill dates, effect of seeding
rates on rye biomass production and consequently mulch
mass, was not noticeable so weed control was not changed
significantly. In another experiment conducted by Teas-
dale and Mohler (2000), weed emergence declined when
mulch rate increased.

Among three kill dates of rye which had significant ef-
fects on weeds germination and growth, effect of the first
kill date was stimulatory instead of inhibitory. It means,
this treatment surprisingly increased density and biomass
of weeds (Tab. 2 and 4). This could be again described as
a function of mulch qualities. As mentioned in Tab. 1, on
one hand mulch mass of the first kill date is low (Ranged
from 3,100 to 3,350 kg/ha) and on the other hand there
is a 76 days interval between rye kill and corn cultivation.
As a result, decomposition of rye mulch and leaching will
leave very small amount of rye residue and its allelopathic
compound in soil. In other studies, stimulatory effect of

low rates of allelochemicals on seeds germination and
growth is defined. For example, Randhawa ez 4/ (2002)
tested 4 concentrations of sorghum water extract (SWE)
on germination and growth of Trianthema portulacastrum.
Although concentration of 100% decreased the germina-
tion percent to 60 from 75% (control: distilled water), but
concentration of 25% increased the germination percent
to 80%. Root and shoot length followed the same trend
as germination percent at different concentration of SWE.
Teasdale and Mohler (2000) also observed that redroot
pigweed emergence will be stimulated at mulch mass low-
er than 2,000 kg/ha and will be decreased at higher mulch
rates. So increased germination and growth of weeds in
the first kill date of this experiment is probably caused by
low mulch mass and low rate of allelopathic compounds.
The second and the third kill dates could effectively
control weeds density and biomass (Tab. 2 and 4). As the
third kill date was closer to corn cultivation and had the
highest biomass (ranged from 9,700 to 10,150 kg/ha), it
showed the most inhibiting ability on weeds. These re-
sults are in agreement with the results achieved in other
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experiments. Treadwell ez a/. (2007) found out there is a
significant correlation between weeds density and cover
crop residue dry weight.

The overall results of this experiment show that al-
though rye cover crop and mulch can control weeds in
corn fields, but in order to obtain higher level of weed
control to ensure suitable yield production, this method
should be combined with other weed management tech-
niques like chemicals or mechanicals. Malik ez 4/, (2008)
conducted experiments to evaluate the effect of wild rad-
ish (Raphanus raphanistrum) and rye cover crops, alone
and in conjunction with herbicides, on weed control and
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sweet corn yield. Wild radish and rye cover crops without
herbicides reduced total weed density by 35 and 50%, re-
spectively at 4 WAP, but when they were in conjunction
with half or full rate of atrazine and s-metolachlor, con-
trolled > 95% of three weed species. Reeves ez al. (2005)
also showed that conjunction of cover crops with herbi-
cides is necessary to control weeds effectively.

Results of this experiment indicate two other reasons
that require cover crops and mulches to be combined
with other methods for perfect weed management. One
reason is that in most of the cases, biomass of weeds was
controlled less than their density (Fig. 1). It means that

% of Control

POROL
6WAP

AMARE DATST
6WAP  6WAP

CHEAL
BWAP

M Density
“|OBiomass

CONAR AMARE DATST

6WAP  8WAP  8WAP

Fig. 1. Comparison of the controlling effect of rye cover crop and mulch (3" kill date) between weeds den-

sity and biomass in 6" and 8 WAP

Abbreviations: WAP, weeks after planting; AMARE, Amaranthus retroflexus L; DATST, Datura stramonium L.;
POROL, Portulaca oleracea L; CHEAL, Chenopodium album L.; CONAR, Convolvulus arvensis L.

% of Control

H4 WAP
06 WAP
B8 WAP

POROL

AMARE  DATST

CHEAL

CONAR AMARE DATST

Density Density Density Density Density Biomass Biomass

Fig. 2. Reduction of the controlling effect of rye cover crop and mulch (3 kill date) on weeds density and

biomass, in 4™, 6" and 8™ WAP

Abbreviations: WAP, weeks after planting; AMARE, dmaranthus retroflexus L.; DATST, Datura stramonium L.;
POROL, Portulaca oleracea L.; CHEAL, Chenopodium album L.; CONAR, Convolvulus arvensis L.
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Tab. 6. Effect of different kill date treatments on corn yield and yield components (as percent of improvement compared with

weed infested control)*®

e __E’ § é =) t; § —g - o = —
g & 2 = = I3 5 4 23 < S E2. gF
g 3 E 5 - 2 2% g ¥ g3 5§ 2
g S S = - 5 ¢ 25 £S5 I 5% 2T =58
© g £ £ = o g & %33 5 S 8% I
& - - <
K.1°  006c  -027c  000b  -022c  Oldc  000a 019 034 084 -109% 053 -06la
K.2 493 184  000b  472b  340b 0262 5.9  452b  453b  4I8b  185b  -0.06a
K.3  1024a  408a  667a 8052 573 0482 939 8202 79%a  78% 3502 028a
WEd 1991 20.41 43.30 34.02 16.82 1.12 42.78 4271 37.13 39.58 18.66 -2.12

* Abbreviations: K, rye kill date; #, number; WE, weed free control; * Means in a column followed by the same letter are not significantly different ac P<0.05;
<K1: Mar. 29, K2: Apr. 15%, and K3: May. 3; ¢ Not analyzed, average was taken over 4 replications

cover crops and mulches inhibit weeds germination better
than growth. In fact, when fewer weeds seeds germinate,
cach germinated seed has more available place (otherwise
known as niche) to grow. Of course, crops will use some
parts of this niche to grow, but weeds will occupy the rest.
In an experiment with some similar results, Vasilakoglou
et al. (2006) concluded that some rye, barley (Hordeum
vulgare L.) or triticale (Triticosecale) cover crops have the
ability to suppress germination of weeds seeds, but none
of them have any effect on the initial growth of survived
annual grasses.

The second reason for the need to combine cover crops
and mulches with other methods of weed control is that
the effect of rye cover crop and mulch in this study was
short-term rather than season-long (Fig. 2). The inhibi-
tory effect on weeds germination and growth declined
during weeks after corn planting as decomposition of resi-
dues and leaching of allelopathic compounds took place.
Similar results were obtained in other experiments. Malik
et al. (2008) represented that although total weed density
was significantly different among cover crop and control
treatments in the 4™ WAP, but in the 8" WAP it was the
same. Yenish ez al. (1996) also reported rye cover crop will
increase short-term weed control in no-till corn but not
season-long control.

Corn Yield Production

Result of ANOVA (data not shown) for corn yield was
mostly similar to weeds. Effect of different seeding rates
of rye, unlike kill dates, was also non-significant in most
of the measured traits. As mentioned previously, effect of
rye cover crop and mulch on weeds was short-term and
decreased over time in weeks after planting corn. Con-
sequently, it caused a slight improvement in corn yield
production compared with weed infested control (Tab.
6.). The third kill date treatment increased grain produc-
tion 7.89% but weed free treatment increased it 39.58%.
It shows a great yield loss caused by weed competition
and requires cover crops and mulch to be combined with
other weed control methods. Vasilakoglou ez /. (2006)
concluded that some winter cereals have the ability to sup-

press germination of annual grass weeds and in combina-
tion with inter-row cultivation will enhance cotton yield.
However using herbicides is essential to maximize cotton
yield and to satisfy producers.

Conclusions

Finally, overall results of the experiment show that win-
ter rye cover crop and mulch can help to control weeds.
The third kill date of this experiment reduced density of
all weeds in the fourth WAP on average 28.73% and their
biomass in the sixth WAP on average 21.38%. However,
to obtain adequate weed suppression and to prevent corn
yield loss, rye cover crop and mulch should be used along
with other methods such as chemicals and mechanicals.
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