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Abstract One of the most important replacement methods used instead of chemical herbicide and

conventional tillage is cover and companion crops’ application which is a major factor in sustain-

able agriculture. In order to determine the best cover crop in controlling weeds of corn field and its

further effects on corn yield, an experiment was carried out in a factorial arrangement based on

RCB design with three replicates. The treatments of this experiment included companion crops (clo-

ver, hairy vetch, basil and dill) as first factor and time of sowing cover and medicinal plant (syn-

chronic sowing with corn and sowing 15 days after corn sowing) as second factor. The results

showed that ear weight, ear length, leaf weight, grain length and yield were significantly influenced

by companion crops and sowing date. Whereas, weed biomass was influenced by cover crop

type · sowing date interaction. Also, the results indicated that increasing biomass weed resulted

in linear reduction of grain yield. The highest ear weight, ear length, leaf weight, grain length

and yield were obtained for cultivation of clover with corn. Synchronic cultivation of companion

crops with corn had higher grain length and yield compared with cultivation 15 days after corn.

The lowest weed biomass was recorded for concurrent cultivation of corn with clover due to rapid

growth and high competitive power of clover in the early stage of growth.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction

Corn is C4 plant and high production of grain and biomass to

feed has increased areas under this crop in many developing
countries. Improper and overuse of chemical herbicides may
lead to problems such as: herbicides remain in soil, resistance

of weeds to them and groundwater pollution. Studies showed
that about 25–30 annual and perennial weed species grow in
corn field (Evans et al., 2003).
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Crop yield loss could be caused in high extent by increase in
the weed biomass, weed density and weed species (Blackshaw
et al., 2002). Weeds are one of the greatest limiting factors to

efficient crop production. As a consequence of structural and
financing problems the cultural condition of the soil deterio-
rates and weeds proliferate; many species are hard to kill (Far-

kas, 2006). Weed infestation, results in severe reduction in crop
yield as in the condition of pure corn culture, corn losses of 40–
60% have been reported (Thobatsi, 2009).

Today weed control is performed by a very advanced tech-
nology and knowledge control operations properly require
thorough knowledge of plants, soil crop management system
and many environmental parameters associated with weed

control operations (Bolandi Amoghein et al., 2013). A factor
that is currently used as an index for evaluation of crop man-
agement in each country or even each field is the amount of

attention on weed management. Choice of this index is for rea-
son that in the case of the absence of a correct management
damage caused by these weeds is more than the damage caused

by infestation and disease (Gupta, 2006).
Environmental pollution and contamination of surface

water and groundwater by herbicides is one of the most impor-

tant human concerns (Abdin et al., 2000). The most commonly
used alternative methods rather than herbicides and plowed,
are cover crops. There is a wide agreement in the literature that
vigorous living cover crops will suppress weeds growing at the

same time as the cover crop (Brennan and Smith, 2005). Cover
crops can prevent the development of weed population, con-
trol the soil disease, soil enrichment through nitrogen fixation

in soil, improve soil structure, preventing absorption of nitro-
gen, increase the soil organic matter and decrease the soil, for
these reasons they are cultivated (Kruidhof et al., 2008). A le-

gume cover crop, such as common vetch, can supply most of N
required for maximum maize yield (Clark et al., 1997; Bayer
et al., 2000). In addition, vetch can improve soil water quality

compared with bare fallow by reducing erosion during fall,
winter, spring, and increasing organic matter (Sainju and
Singh, 1997). Therefore, the objective of this research is to
investigate the effects of companion crops on weed control

and corn yield in the Tabriz climatic condition.

2. Materials and methods

This research was conducted in 2010 at the Research Farm of
the University of Tabriz, Iran (latitude 38�050N, longitude
46�170E, altitude 1360 m above sea level). The climate of re-

search area is characterized by mean annual precipitation of
271.3 mm, mean annual temperature of 10 �C, mean annual
Table 1 Analysis of variance of the data of corn plants under trea

S.O.V. MS

df Weed biomass Seed len

Replication 2 59.16ns 0.082ns

Companion crops 3 1516.01** 0.44**

Sowing date 1 178.89** 0.54**

Sowing date · companion crops 3 125.41* 0.70ns

Error 14 37.38 0.20

C.V. (%) – 17.6 3.7

ns, *,**: non-significant and significant at p 6 0.05 and p 6 0.01, respectiv
maximum temperature of 16 �C and mean annual minimum
temperature of 2.2 �C. The soil is sandy loam with EC of
0.68 ds m�1, pH of 8.1 and field capacity of 28.8%. Treatments

including companion crops (synchronic sowing of corn–red
clover, synchronic sowing of the corn–vetch, synchronic sow-
ing of corn–basil, and synchronic sowing of corn–dill) and

sowing date (T1: synchronic sowing of cover crops with corn
and T2: sowing cover crops 15 days after planting of corn)
were allocated in plots as a factorial based on RCB design with

3 replications. Each plot consisted of 10 rows with 4 m length,
spaced 25 cm apart. In each plot one row of corn was planted
with one of companion crops in the specified sowing date.
Density of corn, red clover, vetch, basil and dill, were 8, 100,

75, 38 and 30 plants per m2, respectively.
Dry weight of ear, ear length, leaf weight, grain length,

grain yield and weed biomass were recorded. Ear length and

weight were measured at the time of maximum ear delivery
(shortly after pollination). At maturity, when seed moisture
content was about 14%, plants from two middle rows in each

plot were harvested and grain yield of corn was counted and
subsequently biomass of common weeds in corn field including
Amaranthus retroflexeus, Convolvulus arvensis, Acroptilon re-

pens, and Cuscuta Sp was calculated by randomly sampling
on 0.5 · 0.5 m2 in each plot.

Statistical analysis was performed with MSTATC and
SPSS software and Excel software was used to draw the fig-

ures. Duncan test was applied to compare means of each trait
at 5% probability.

3. Results and discussion

3.1. Weed biomass

The analysis of variance of data showed significant effects of
companion crops and sowing date on weed biomass. The inter-

action of companion crops · sowing date was also significant
for this trait (Table 1). The lowest and the highest weed bio-
masses were achieved with corn planting simultaneously with

clover (13.75 g m�2) and planting of dill 15 days after corn
(60.2 g m�2), respectively. Delayed planting of cover crops in
corn field resulted in increasing weed biomass (Fig. 1). Forage
plants such as clover and vetch due to rapid establishment and

growth capacity in field compared with medicinal plants such
as basil and dill are more suitable and effective for weed con-
trol. In fact, medicinal plants due to low growth rate and

establishment especially in early growing season cannot com-
pete with weeds as well as forage plants. Increasing weed bio-
mass also resulted in linear reduction of corn grain yield
tments.

gth Leaf weight Ear length Ear weigh Grain yield

215.96** 3.65** 0.053ns 171.22ns

1305.12** 24.81** 11.2** 11705.4**

507.84** 6.01** 0.33 7518.25**

45.35ns 0.668 ns 0.077ns 4.56ns

4.44 0.413 0.62 35,202

1.2 2.2 2.7 5.4

ely.



Figure 1 Mean comparison of interaction effects of companion

crops · sowing date on biomass of weeds. Means, for each

planting date, followed by similar letter are not significantly

different at the 5% probability level using Duncan’s Multiple

Range Test.

Figure 2 Corn grain yield affected by weed-infested.
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(Fig. 2). Density and biomass of weeds in mixed culture sys-
tems diminished significantly compared with single culturing

of each component of a mixture (Banik et al., 2006). Cover
crop can affect weed establishment through effects on the radi-
ation and chemical environment of weed and inhibit weed

emergence by physically impeding the progress of seedlings
from accessing light (Teadale and Mohler, 2000) as well as
by releasing phytotoxins that inhibit seedling growth (Black-

shaw et al., 2001).
Table 2 Means of some physiological and morphological paramete

Treatments Seed length (mm) Leaf weight (g)

Companion crops

Corn–Clover 12.57a 306.5a

Corn–Vetch 12.23b 277.4b

Corn–Basil 12.03bc 263.3b

Corn–Dill 11.93c 207.2c

Sowing date

T1 12.27a 289.5a

T2 12.14b 229.3b

a and b are signs for Duncan test.

Different letters at each column indicate significant difference at p 6 0.05

T1 and T2: synchronic planting and 15 days after sowing corn.
3.2. Seed length

The effects of companion crops and sowing date on seed length
were significant. However, interaction of companion
crops · sowing date had no significant effect on seed length

(Table 1). The highest and the lowest seed lengths were re-
corded for corn–clover and corn–dill, respectively (Table 2).
Seed length of corn plants which were grown under T1 was
considerably higher than that under delayed planting of cover

crops (Table 2). Delayed flowering, reduction of leaves number
and plant length and deduction of flowering period due to
weed-infested treatments resulted in 100 seeds weight and seed

size deduction. (Noormohammadi and Siyadat, 2001).

3.3. Leaf weight

The analysis of variance of the data showed significant effects
of companion crops and sowing date on leaf length. The inter-
action of companion crops · sowing date was also significant

for this trait (Table 1). The highest (306.5 g) and the lowest
(207.2 g) leaf weights were obtained for corn planting with clo-
ver at the same time and dill planting 15 days after corn,
respectively (Table 2). Synchronic planting also resulted in

more yield of corn leaves compared with planting cover crops
15 days after corn (Table 2). Mahmoodi, 2003 reported that
the presence of weeds caused weight loss of corn leaves.

3.4. Ear length

The results showed that the ear length was significantly af-

fected by companion crop’s type and sowing date. However,
the interaction of these variables was not significant (Table 1).
Corn-clover intercropping had the highest mean of ear length

(32.02 cm) and corn-dill had the lowest mean of ear length
(27.43 cm). The highest ear length was recorded for simulta-
neous planting (Table 2).

3.5. Ear weight

Companion crops and sowing date had significant effects on
ear weight. However, interaction of companion crops · sowing

date was not statistically significant (Table 1). There was sig-
nificant difference between different planting times of compan-
rs of corn affected by cover crops and sowing date.

Ear length (cm) Ear weight (g) Grain yield (kg/ha)

32.02a 22.18a 4062.9a

29.62b 21.46b 3690.6b

28.1c 23.27b 3291.7c

27.43c 20.75c 3034.2d

29.57a 23.53a 3671.3a

29.01b 23.30b 3317.8b

.
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ion crops (Table 2) a significant difference between companion
crops was observed, as the highest and lowest ear weights were
observed in corn treatment with clover by a mean of 23.18 g

and corn with dill by a mean of 20.57 g, respectively, that is
due to reduction of weeds by clover and consequently reduc-
tion of competition between corn plants so the ear weight

was the highest among others.

3.6. Grain yield

The results of the analysis showed that companion crops and
different planting dates (synchronic and 15 days after corn
planting) had significant effects on the corn grain yield (Ta-

ble 1). The highest and the lowest grain yields were obtained
from corn growing with clover (4062.9 kg/ha) and with dill
(3034.2 kg/ha), respectively (Table 2). Cover crops inter-
cropped with crops can improve soil nitrogen status (Chalk,

1998) when reducing tillage with crop residue retention con-
served soil moisture and increased crop yields (Kue and Jel-
lum, 2002). Also corn grain yield under synchronic planting

was more than that under planting of companion crops
15 days after corn (Table 2). Earlier emergence and growth
of weeds in field could diminish corn yield due to better utili-

zation of weeds from environmental resources and higher den-
sity (Cavero et al., 1999).

References

Abdin, O.A., Zhou, X.M., Cloutier, D., Coulman, D.C., Faris, M.A.,

Smith, D.L., 2000. Cover crop and interrow tillage for weed control

in short season maize (Zea mays). Eur. J. Agron. 12, 93–102.

Banik, P., Midya, A., Sarkar, B.K., Ghose, S.S., 2006. Wheat and

chickpea intercropping systems in an additive experiment: advan-

tages and weed smothering. Eur. J. Agron. 24, 325–332.

Bayer, C., Mielniczuk, J., Amado, T.J.C., Martin-Neto, L., Fernandes,

S.V., 2000. Organic matter storage in a sandy clay loam Acrisol

affected by tillage and cropping systems in southern Brazil. Soil

Till. Res. 54, 101–109.
Blackshaw, R.E., Lemerle, D., Mailer, R., Young, K.R., 2002.

Influence of wild radish on yield and quality of canola. Weed Sci.

50, 334–349.

Blackshaw, R.E., Moyer, J.R., Doram, R.C., Bosweell, A.L., 2001.

Yellow sweet clover, green manure, and its residues effectively

suppress weed during fallow. Weed Sci. 49, 406–413.

Bolandi Amoghein, M., Tobeh, A., Gholipouri, A., Jamaati-e-Som-

arin, Sh., Ghasemi, M., 2013. Effect of cover crop in control of

weed density and some qualitative and quantitative characteristics

of sunflower. Int. J. Agric. Crop Sci. 5, 1318–1323.

Cavero, J., Zaragoza, C., Suso, M.L., Pardo, A., 1999. Competition

between maize and Datura stramonium in an irrigated field under

semi-arid conditions. Weed Res. 39, 225–240.

Chalk, P.M., 1998. Dynamics of biologically fixed N in legume-cereal

rotations: a review. Aust. J. Agric. Res. 49, 303–316.

Clark, A.J., Decker, A.M., Meisinger, J.J., Mcintosh, M.S., 1997. Kill

date of vetch, rye, and a vetch-rye mixture: II. Soil moisture and

corn yield. Agron. J. 89, 434–441.

Evans, S.P., Knezevic, S.Z., Lindquist, J.L., Shapiro, C.A., Blanken-

ship, E.E., 2003. Nitrogen application influences the critical period

for weed control in corn. Weed Sci. 51, 408–417.

Farkas, A., 2006. Soil management and tillage possibilities in weed

control. Herbologia 7, 9–23.

Gupta, O.P., 2006. Modern Weed Management. Agrobios Publ, India.

Kruidhof, H.M., Bastiaans, L., Kropff, M.J., 2008. Ecological weed

management by cover cropping: effects on weed growth in autumn

and weed establishment in spring. Weed Res. 48, 492–502.

Kue, S., Jellum, E.J., 2002. Influence of winter cover crop and residue

management on soil nitrogen availability and corn. Agron. J. 94,

501–508.

Mahmoodi, S., 2003. Study of physiologic effect of weed interference

in maize with Chenopodium album. PhD Thesis, Tehran Univer-

sity, p. 227.

Noormohammadi, G.H., Siyadat, C.A., 2001. Cereal Crops. Publica-

tion of jahad Daneshghahi, Shahid Chamran University, p. 445.

Sainju, U.M., Singh, B.P., 1997. Winter cover crops for sustainable

agricultural systems. Influence on soil properties, water quality and

crop yields. Hort. Sci. 32, 21–28.

Thobatsi, T., 2009. Growth and yield responses of maize (Zea mays L.)

and cowpea (Vigna unguiculatea) in a intercropping system. MSc

Thesis, University of Pretoria. p. 149.

http://refhub.elsevier.com/S1658-077X(14)00023-X/h0005
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0005
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0005
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0010
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0010
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0010
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0015
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0015
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0015
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0015
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0020
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0020
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0020
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0025
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0025
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0025
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0030
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0030
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0030
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0030
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0035
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0035
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0035
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0040
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0040
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0045
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0045
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0045
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0050
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0050
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0050
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0055
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0055
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0060
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0065
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0065
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0065
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0070
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0070
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0070
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0080
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0080
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0085
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0085
http://refhub.elsevier.com/S1658-077X(14)00023-X/h0085

	Effects of cover crops and weed management 	on corn yield
	1 Introduction
	2 Materials and methods
	3 Results and discussion
	3.1 Weed biomass
	3.2 Seed length
	3.3 Leaf weight
	3.4 Ear length
	3.5 Ear weight
	3.6 Grain yield

	References


