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Abstract

Field experiments were conducted to determine the effects of tillage system and rimsulfuron application on weed flora and growth 
of maize (Zea mays L. Mitic F1) at a site with no history of pesticide use for the last 5 years. A randomized complete block design was 
employed with three replicates per treatment (conventional tillage without rimsulfuron application (control), no-tillage with rimsulfuron 
application (NT+Rim) and conventional tillage with rimsulfuron application (CT+Rim)). The lowest leaf area index, dry weight and 
yield of maize were recorded in NT+Rim plots. In addition, the highest soil bulk density was determined in NT+Rim plots. Moreover, 
the rimsulfuron application resulted in significant reduction in the root growth and arbuscular mycorrhizal (AM) colonization. The 
lowest root biomass, root length density, root surface and AM root colonization was found in CT+Rim plots. The lowest weed number 
and biomass was also observed at CT+Rim plots. Sustainability yield index (SYI) shown that the maize crop is more stable under 
conventional tillage compared with no-tillage. Our results indicated that root growth was reduced significant by rimsulfuron application 
but statistically significant lower maize yield was obtained in no-tillage system.
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Introduction

Rimsulfuron is a sulfonylourea herbicide for post emer-
gence use in maize to control grasses and some broadleaves 
weeds. Similar to other sulfunyloureas, the site of action 
of rimsulfuron is acetolate synthase (ALS), an enzyme in 
branched-chain amino acid biosynthesis (Koeppe et al., 
2000). Data obtained by other researchers clearly demon-
strated the beneficial effects of rimsulfuron application on 
weed control and yield of maize (Auskalniene and Auska-
lnis, 2003; Chikoye et al., 2007; Sikkema et al., 2007). 
Moreover, Triantafyllidis et al. (2006) reported that rim-
sulfuron application decreased in growing of root system. 
Alla et al. (2007) have also observed that recommended 
field dose of rimsulfuron reduced shoot fresh and dry 
weight of 10-day-old maize plants as well as leaf protein 
content. In addition, Chikoye et al. (2007) reported that 
rimsulfuron did not cause any visible phytotoxicity on the 
maize at any dosage. Moreover, there are limited published 

data on the combination effects of tillage and herbicides 
application on weed flora and growth of crops (Rapp et al., 
2007; Ritter and Menbere, 2001; Streit et al., 2002). 

Tillage systems affect soils properties (Bilalis et al., 
2011). Bhattacharyya et al. (2009) reported that no-tillage 
increase bulk density, mean weight diameter and the pro-
portion of macroaggregate fractions in soil compared with 
conventional system (CT). No tillage has been adopted 
worldwide as a strategy to reduce the negative effects of 
soil erosion in conventional system (Cavalieri et al., 2009). 
Moreover, Cavalieri et al. (2009) reported that the long-
term use of no-tillage resulted in increases of organic car-
bon and pore connectivity. Fabrizzi et al. (2005) have also 
found that penetration resistance showed differences be-
tween tillage systems, being higher under no-tillage at all 
sampling depths. 

Moreover, tillage practices that reduce soil disturbance 
affect weed community dynamics and crop-weed interfer-
ence (Efthimiadou et al., 2009). Bilalis et al. (2001 a) re-
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the sowing date (DAS) of maize in dose of 12.5 g active 
ingredient ha-1. Weeds, in control plots, were controlled 
by hand, at 35 DAS.

Irrigation and fertilization 
The irrigation was begun in early-June and, until early 

September; the field area was irrigated 9 times. A drip irri-
gation system was set up on plots. The drip system consist-
ed of laterals with 20 mm diameter with in-line drippers 
and at 0.40 m distance. The drippers had a discharge rate 
of 4 l h-1 under an operation pressure of 1 atm. According 
to soil analysis (NO3-N 10.3 mg kg-1 soil, P 17.1 mg kg-1 
soil, K 251 mg kg-1 soil), in the conventional plots, 800 
kg ha-1 of fertilizer (20-10-10: N-P2O5-K20) was applied 
before sowing. 

Sampling and measurements
Soil bulk density (BD) was determined, at 140 days 

after sowing, for each plot by collecting undisturbed soil 
cores from 0-35 cm depth using 100 cm3 -cylinders (5 cm 
height and 5.04 cm diameter) (Lutz, 1947).

For the computation of dry weight of plants, 10 plants 
were randomly selected at in each plot, 140 days after sow-
ing. The dry weights of all plant parts were determined af-
ter drying for 48 h at 70°C. Leaf area measurements were 
taken, 140 days after planting. Plants were destructively 
sampled and leaf area was measured by using an automatic 
leaf area meter (Delta-T Devices Ltd). The results on a per 
plant basis were converted into leaf area index (LAI) by 
multiplying by the average crop density of each plot. To 
define yield the plants were harvested at 2 m in two differ-
ent places of each plot, 140 days after sowing at 14% seed 
moisture.

The quantitative assessment of the sustainability of the 
agricultural practice developed by Singh et al. (1990). The 
sustainable yield index (SYI) was calculated as follows: 

Ymax
d Sm Y

SYI
−

=

were Ym is the mean yield, ‘Sd’ the standard deviation 
and Ymax is the maximum yield obtained under a set of 
management practices.

Root samples were collected 140 days after sowing and 
from the 0–35 cm layer by using a cylindrical auger (25 
cm length, 10 cm diameter) at the midpoint between suc-
cessive plants within a row. Firstly, roots were separated 
from the soil by soaking the samples overnight in 30 ml 
of a 0.5% solution of sodium hexametaphosphate. After-
wards, the samples were stirred for 5 min and washed over 
a 5 mm mesh-sieve. The roots thus held on the sieves were 
decanted into a 0.1% trypan blue FAA staining solution 
(mixture of 10% formalin, 50% ethanol and 5% acetic acid 
solutions). For the determination of root length density 
(RLD) and root surface (RS), the stained root samples 
were placed on a high resolution scanner (Hewlett Pack-
ard 4c, Palo Alto, CA, USA) and images captured using 
Delta-T software was used, (Delta-T Scan version 2.04; 

ported that perennial weeds had higher density under the 
no-tillage system. Moreover, tillage intensity influences 
growth and yield of maize (Banda, 1997; Fabrizzi et al., 
2005; Karumatilake et al., 1997; Materechera and Mloza- 
Qin et al., 2006).

Arbuscular mycorrhizal (AM) fungi are ubiquitous in 
agricultural soils. These fungi play an important role in 
plant nutrition and soil conservation (Kabir, 2005). AM 
fungi improve the host plants ability to absorb nutrients, 
especially phosphorus and several other macronutrients 
(Shabani et al., 2011). Data obtained by other researchers 
clearly demonstrated the effects of tillage intensity (Borie 
et al., 2006; Kabir, 2005; Mozafar et al., 2000) on AM root 
colonization. In addition, there is a lack of information on 
how herbicides affect the AM root colonization (Abd-Alla 
et al., 2000; Rejon et al., 1997). Inhibition of mycorrhizal 
colonization by herbicide may influence crop growth and 
productivity (Stoklosa et al., 2011).

The main objective of this study was to evaluate the 
effects of tillage system and rimsulfuron application on 
weed flora, growth and yield of maize (Zea mays L. Mitic 
F1). Also, we intended to evaluate the effects of tillage in-
tensity and rimsulfuron application on mycorrhizal root 
colonization of maize. 

Materials and methods 

Experimental design
The experiment field was established in the Agrinio 

area at West Greece, during 2006 and 2007 and in a site 
with no history of pesticide use for the last 5 years. The soil 
type was a silt loam (46.6% sand, 34.1% silt, and 19.3% 
clay) with 1.68% organic matter and a pH of 6.24. The to-
tal area of the field was approximately 2500 m2. The crop 
cultivated before maize was wheat (Triticum durum cv. 
‘Simeto’). The experiment design was completed random-
ized block with 3 replications. Each block was divided in 
three subplot (control: conventional tillage without rim-
sulfuron application, No-tillage with rimsulfuron applica-
tion (NT+Rim) and conventional tillage with rimsulfu-
ron application (CT+Rim)).

During the experiment the following tillage systems 
were adopted: 

a) conventional tillage (CT), i.e. mouldboard plough-
ing at a depth of 20-25 cm on the 10th and 13th of August 
(in 2005 and 2006 respectively), followed by one rotary 
hoeing at 5-10 cm on the 15th and 20th of April (in 2006 
and 2007 respectively); 

b) no-tillage (NT), i.e. seeding in 5 cm-wide slots cut 
with a hand tool. In this tillage system wheat mulch was 
remained on soil surface.

Maize (Zea mays L. Mitic F1) was sown by hand in 
rows of 75 cm apart at a depth of 3 cm. Maize was planted 
at an approximate density of 88,000 plants ha-1. The field 
was sown on 20 April 2006 and 25 April 2007. Rimsul-
furon (Rush 25WG: DuPont) was applied 35 days after 
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Delta-T Devices Ltd, Burwell, Cambridge, UK). The root 
dry weight (RDW) was determined after drying for 48 h 
at 70°C. 

The second root samples were cleaned and stained 
with trypan blue in lactophenol, according to the method 
of Phillips and Hayman (1970). The percentage of root 
length colonized by AM fungi was determined microscop-
ically with the gridline-intersection method at a magnifi-
cation of × 30-40 (Giovannetti and Mosse, 1980).

The number and dry weight of weeds were also assessed. 
Weeds were measured 20 days after herbicide application. 
A 1 m × 1 m quadrate was used, 3 times per plot. All weeds 
were collected from the measured area and weighted in or-
der to determine the dry matter. The species diversity of 
weed groups was characterized using Shannon-Weiner’s 
(H) and Simpson’s indices (D) (Booth et al. 2003; Krebs, 
1978):

Pi)(Pi)(H ∑−= ln

∑= 21 Pi/D

were Pi is the fraction of the weed density belonging 
to the ith species in a given group. The indices are increased 
either by having additional unique species, or by having 
greater species evenness. The population has a maximum 
index only when each species in the population is evenly 
represented. For calculation of this indices the software 
Species Diversity and Richness III (Pisces Conservation 
Ltd., 2002) was used.

Statistical Analysis
For calculating analysis of variance and comparisons of 

means the software Statsoft was used. The LSD test was 
used to detect and separate the mean treatment differ-
ences. All comparisons were made at the 5% level of sig-
nificance. 

Results and discussion

Weed flora
Rimsulfuron is a sulfonylourea herbicide for post emer-

gence use in maize to control grasses and some broadleaves 
weeds. Our results indicate that the highest weed density 
(47.25 weeds m-2 and 39.76 weeds m-2, in 2006 and 2007, 
respectively) and weed biomass were determined for the 
control treatment (Tab. 1). Also, there where significant 
differences between CT+Rim and NT+Rim (p<0.05) 
treatments. The lowest weed density and biomass was re-
corded in CT+Rim plots. Rimsulfuron application pro-
vides excellent control of Amaranthus retroflexus L. and 
Echinochloa crus-galli (L.) P. Beauv. which has the highest 
density. 

Chikoye et al. (2007) reported that there was a rapid 
increase in weed control as the dosage of rimsulfuron 
increased from 0 to 20 g ha-1. Weed control was not im-
proved at rates higher than 20 g ha-1. Also, Auskalniene 
and Auskalnis (2003) observed that rimsulfuron was ef-
fective against has Echinochloa crus-galli. Koeppe et al. 
(2000) have also reported that maize metabolized rimsul-
furon rapidly, with a half-life of <1h, while the sensitive 
species Sorghum halepense (L.) Pers., Amaranthus retro-
flexus L. and Digitaria sanguinalis (L.) Scop. metablolized 
rimsulfuron slowly, with half-lives of 38, >48 and 27 h, 
respectively. 

The density of weeds in NT+Rim treatment was lower 
than in control (conventional tillage) and higher than in 
CT+Rim. The main reasons for lower efficacy of rimsul-
furon in no-tillage system may be attributed to wheat resi-
dues. The wheat residues were left on the field in no-tillage 
but were incorporated into the soil in conventional tillage. 
Thus, wheat mulch appeared to protect some weeds by ri-
misulfuron action. There is a lack of information on how 
tillage systems, especially no-tillage, affect the herbicide 
efficacy. Streit et al. (2000) observed that post-emergence 

Tab. 1. Influence of tillage system and rimsulfuron application (Control: conventional tillage without herbicide application, 
NT+Rim: no-tillage with herbicide application, CT+Rim: conventional tillage with herbicide application) on weed density (no 
m-2), weed biomass (kg ha-1), Shannon-Weiner index and Simpson index of maize crop

Treatments
Weed density Weed biomass

2006 2007 2006 2007
Control 47.25a 39.76a 50.21a 48.43a

NT+Rim 18.45b 17.54b 22.87b 21.67b
CT+Rim 5.87c 6.32c 7.65c 8.34c

LSD (p=0.05) 8.98 11.21 4.54 3.67

Treatments Shannon-Weiner’s index Simpson index
2006 2007 2006 2007

Control 2.89a 2.94a 1.38a 1.48a
NT+Rim 3.32b 3.21b 1.54b 1.63b
CT+Rim 3.87c 4.02c 1.87c 1.91c

LSD (p=0.05) 0.23 0.19 0.14 0.21
Means in each column followed by the same latter are not significantly different. The LSD (p=0.05) are also sown
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weed control was more efficient than pre-emergence weed 
control regardless of the tillage system. In addition, Krausz 
et al. (2000) observed that grass control in no-till maize 
was affected by application time rather than herbicide. 
Rimsulfuron plus thifensulfuron applied post-emergence 
provided 90 to 97% control of giant foxtail (Setaria faberi 
(L.) P. Beauv.) and barnyardgrass (Echinochloa crus-galli 
(L.) P. Beauv.).

Moreover, the lowest values of Shannon-Weiner’s and 
Simpson indices were determined for the control treat-
ment (Tab. 1). These indices are increased either by hav-
ing additional unique species, or by having greater species 
evenness. Mas and Verdu (2003) noted that the highest 
Shannon-Wiener diversity index was obtained for the 
no-tilled weed community, and was related to the highest 
richness and highest evenness. In the CT+Rim treatment, 
was recorded the highest values, so weed flora in this treat-
ment was shown high species evenness because rimsulfu-
ron was controlled the weeds, Amaranthus retroflexus L. 
and Echinochloa crus-galli (L.) P. Beauv., which has the 
highest density in other treatments.  

Maize growth and Yield
Tillage intensity and the application of rimsulfuron had 

a significantly effect on maize root growth. In both years, 
the highest dry weight of roots, root length density (16.87 
cm cm-3 and 20.11 cm cm-3, in 2006 and 2007, respective-
ly) and root surface were determined for the control treat-
ment (Tab. 2). Also, there where significant differences 
between CT+Rim and NT+Rim (p<0.05) treatments. 
Root parameters tended to be higher in NT+Rim than in 
CT+Rim treatment. 

Moreover, Qin et al. (2006) noted that within soil pro-
file, maize root length density was significant higher un-
der NT than under CT at a depth of 5 cm, whereas it was 
higher under CT than under NT below 10 cm. Below 50 
cm, there was no difference in root length density between 

the tillage systems. The limited root system in NT+Rim 
treatment is attributed to the phytotoxicity of rimsulfu-
ron. There is a lack of information on how herbicides af-
fect root growth (Bilalis et al., 2001 b, Triantafyllidis et al., 
2006). Triantafyllidis et al. (2006) reported that the rim-
sulfuron phytotoxicity in root system of maize was higher 
in plots at the slope of 4% in comparison with the plots at 
the slope of 0%.

The tillage intensity influenced growth and yield of 
maize. The application of rimsulfuron had also a significant-
ly effect on maize growth. The lowest dry weight (27040 
kg ha-1 and 28030 kg ha-1, in 2006 and 2007, respectively) 
and leaf area index was determined for the NT+Rim treat-
ment (Tab. 3). The dry weight and leaf area index tended 
to be higher in CT+Rim than in control. Dry weight of 
maize plants had positive and significant correlation with 
weed density and weed biomass (r=0.79**, p<0.01 and 
r=0.87**, p<0.01, respectively).

Tillage intensity and the application of rimsulfuron 
had a significantly effect on maize yield. In both years, the 
lowest yield (11500 kg ha-1 and 10,980 kg ha-1, in 2006 
and 2007, respectively) and sustainable yield index was de-
termined in NT+Rim plots (Tab. 3.). Yield tended to be 
higher in CT+Rim than in control treatment. Yield had 
positive and significant correlation with weed density and 
weed biomass (r=0.81**, p<0.01 and r=0.93***, p<0.001, 
respectively). Karunatilake et al. (2000) found that maize 
yield was significantly higher under moldboard plow till 
in 1992, but similar to NT in 1993. Moreover, Ojeniyi 
and Adekayode (1999) observed that no-tillage could be 
substitute for mechanized tillage without significant loss 
in yield of cowpea and maize and soil fertility. The lowest 
sustainable yield index (SYI) was determined in NT+Rim 
plots (Fig. 1.). The main reason for lower SYI in no-tillage 
system may be attributed to dissimilarity of wheat residues 
on soil surface.

Tab. 2. Influence of tillage system and rimsulfuron application (Control: conventional tillage without herbicide application, 
NT+Rim: no-tillage with herbicide application, CT+Rim: conventional tillage with herbicide application) on root dry weight 
(kg ha-1), root length density (cm cm-3 of soil), root surface (cm2 cm-3 of soil) and AM root colonization (% of root surface) of 
maize crop

Treatments
Root length density Root Surface

2006 2007 2006 2007
Control 16.87a 20.11a 0.95a 0.96a

NT+Rim 14.25b 17.22b 0.84ab 0.78b
CT+Rim 12.10c 13.12c 0.74b 0.66b

LSD (p=0.05) 1.32 2.45 0.11 0.16

Treatments Dry weight of roots AM root colonization
2006 2007 2006 2007

Control 4125a 4235a 32a 35a
NT+Rim 3665b 3782b 22b 23b
CT+Rim 3456b 3501b 18c 16c

LSD (p=0.05) 256 342 2.11 3.35
Means in each column followed by the same latter are not significantly different. The LSD (p=0.05) are also sown
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There is a lack of information on how herbicides affect 
the AM root colonization (Abd-Alla et al., 2000). Rejon et 
al. (1997) reported that diclofop inhibited root coloniza-
tion by Glomus deserticola in wheat. Santos et al. (2006) 
have also observed that mycorrhizal colonization was af-
fected by the herbicides (fluasifop-p-butyl and fomesafen), 
while the highest value of AM colonization was found un-
der NT. In addition, Stoklosa et al. (2011) reported that 
the isoxaflutole did not inhibit mycorrhizal colonization 
of maize roots. Moreover, Pasaribu et al. (2011) observed 
that the application of alachlor or glyphosate herbicide at 
their recommended field application rate were not harm-
ful to mycorrhizal development and symbiotic coloniza-
tion of plant roots.

Conclusions

The present results indicate that rimsulfuron applica-
tion had greatly affected the weed density and biomass. 
Also, the lowest values of Simpson and Shannon-Weiner 
indices were recorded in control plots. The lowest yield of 
maize was observed in no-tillage with rimsulfuron appli-
cation treatment. Sustainability yield index (SYI) shown 
that the maize crop is more stable under conventional till-
age compared with no-tillage. Finally, all the parameters 
of the root system (root length density, surface and AM 
root colonization) were negatively influenced by the rim-
sulfuron.

References

Abd-Alla MH, Omar SA, Karanxha S (2000). The impact of 
pesticides on arbuscular mycorrhizal and nitrogen-fixing 
symbioses in legumes. Appl Soil Ecol 14:191-200.

Alla MMN, Hassan NM, El-Bastawisy ZM (2007). Differential 
influence of herbicide treatments on activity and kinetic 
parameters of C4 photosynthetic enzymes from Zea mays. 
Pestic Biochem Physiol 89:198-205.

Auskalniene O, Auskalnis A (2003). Effect of sulfonylourea 

Arbuscular myccorhizal root colonization
The highest AM root colonization was determined in 

control plots. The application of rimsulfuron had a sig-
nificantly effect on the AM root colonization, reducing it 
by up to 43% at conventional system (Tab. 2). The lowest 
AM root colonization (32% and 35%, in 2006 and 2007, 
respectively) was determined for the CT+Rim treat-
ment. The AM root colonization tended to be higher in 
NT+Rim than in CT+Rim. Borie et al. (2006) observed 
that AM spore number and active hyphen length were 
highest under NT having the greatest incidence on AM 
root colonization. Maize roots were colonized to a greater 
extent by mycorrhizal fungi with NT than with CP (chisel 
plow) or CT treatments (Mozafar et al., 2000). The main 
reason for lower phytotoxicity of rimsulfuron in no-till-
age system may be attributed to soil properties and root 
growth. In both years, the highest bulk density (1.45% and 
1.51%, in 2006 and 2007, respectively) was determined for 
the NT+Rim treatment (Tab. 3). In addition, there where 
no significant differences between control and CT+Rim. 
Also, root parameters were higher under NT+Rim treat-
ment than under CT+Rim. AM root colonization had 
positive and significant correlation with root length den-
sity and root surface (r=0.81**, p<0.01 and r=0.94***, 
p<0.001, respectively).

Fig. 1. Influence of tillage system and rimsulfuron application 
(Control: conventional tillage without herbicide application, 
NT+Rim: no-tillage with herbicide application, CT+Rim: 
conventional tillage with herbicide application) on sustainable 
yield index of maize crop. Error bars indicate LSD5%.

Tab. 3. Influence of tillage system and rimsulfuron application (Control: conventional tillage without herbicide application, 
NT+Rim: no-tillage with herbicide application, CT+Rim: conventional tillage with herbicide application) on soil bulk density (g 
cm-3), dry weight (kg ha-1), leaf area index (LAI) and yield (kg ha-1) of maize crop

Treatments
Soil Bulk Density Yield

2006 2007 2006 2007
Control 1.24a 1.23a 12500a 13340a

NT+Rim 1.45b 1.51b 11500b 10980b
CT+Rim 1.25a 1.19a 13250a 14230a

LSD (p=0.05) 0.11 0.09 802.3 984.1

Treatments Dry Weight LAI
2006 2007 2006 2007

Control 30450a 31540a 2.75a 2.81a
NT+Rim 27040b 28030b 2.28b 2.37b
CT+Rim 32570c 33870c 3.32c 3.41c

LSD (p=0.05) 1563 1863 0.35 0.27
Means in each column followed by the same latter are not significantly different. The LSD (p=0.05) are also sown



Bilalis D. et al. / Not Bot Horti Agrobo, 2012, 40(2):73-79

78
and barnyardgrass (Echinocloa crus-galli) control in no-till 
corn (Zea mays). Weed Technol 14:161-166.  

Krebs CJ (1978). Species diversity, 449-487 p. In Krebs CJ 
(Ed.). Ecology; The experimental analysis of distribution 
and abundance. Harper & Row, New York.

Lutz JF (1947). Apparatus for collecting undisturbed soil 
samples. Soil Science 64:399-401.

Mas MT, Verdu AMC (2003). Tillage system effects on weed 
communities in a 4-year crop rotation under Mediterranean 
dry land conditions. Soil Tillage Res 74:15-24.

Materechera SA, Mloaza-Banda HR (1997). Soil penetration 
resistance, root growth and yield of maize as influenced by 
tillage system on ridges in Malawi. Soil Tillage Res 41:13-
24.

Mozafar A, Anken T, Ruh R, Frossard E (2000). Tillage 
intensity, mycorrhizal and non mycorrhizal fungi, and 
nutrient concentrations in maize, wheat and canola. Agron 
J 92:1117-1124.

Ojeniyi SO, Adekayode FO (1999). Soil conditions and cowpea 
and maize yield produced by tillage methods in the rainforest 
zone of Nigeria. Soil Tillage Res 51:161-164.

Pasaribu A, Mohamad RB, Awang Y, Othman R, Puteh A 
(2011). Growth and development of symbiotic Arbuscular 
mycorrhizal fungi, Glomus mossea (Nicol. and Gerd.), in 
alachlor and glyphosate treated soils. Afr J Biotechnol 
10(55):11520-11526.

Phillips JM, Hayman DS (1970). Improved procedures for 
clearing roots and staining parasitic and vesicular-arbuscular 
mycorrhizal fungi for rapid assessment of infection. Trans Br 
Mycol Soc 55:157-161.

Pisces Conservation Ltd (2002). IRC House, Pennington, 
Lymington, SO41 8GN, UK.web. http://www.pisces-
conservation.com. 

Qin R, Stamp P, Richner W (2006). Impact of tillage on maize 
rooting in a Cambisol and Luvisol in Switzerland. Soil 
Tillage Res 85:50-61. 

Rapp HS, Bellinder RR, Wien HC, Vermeylen FM (2007). 
Reduced tillage, rye residues, and herbicides influence weed 
suppression and yield of pumpkins. Weed Technol 18:953-
961.

Rejon A, Garcia-Romera I, Ocampo JA, Bethlenfalvay GJ 
(1997). Myccorhizal fungi influence competition in a wheat-
ryegrass association treated with the herbicide diclofop. 
Appl Soil Ecol 7:51-57.

Ritter RL, Menbere H (2001). Pre emergence and post emergence 
control of triazine-resistant common lambsquarers 
(Chenopodium album) in no-till corn (Zea mays). Weed 
Technol 15:879-884.

Santos JB, Jakelaitis A, Silva AA, Costa MD, Manabe A, Silva 
MCS (2006). Action of two herbicides on the microbial 
activity of soil cultivated with common bean (Phaseolus 
vulgaris) in conventional-till and no-till systems. Weed Res 
466:284-289.

herbicides on weeds and maize. Cereal Res Commun 
31:177-184.

Bhattacharyya R, Prakash V, Kundu S, Srivastva AK, Gupta HS 
(2009). Soil aggregation and organic matter in a sandy clay 
loam soil of the Indian Himalayas under different tillage and 
crop regimes. Agric Ecosystem Environ 132:126-134.

Bilalis D, Efthimiadis P, Sidiras N (2001 a). Effect of three tillage 
systems on weed flora in a 3-year rotation with four crops. J 
Agron Crop Sci 186:135-141.

Bilalis D, Efthimiadis P, Karagiannis G (2001 b). The 
phytotoxicity of various graminicides in durum wheat in 
Greece. J Agron Crop Sci 187:121-126.

Bilalis D, Karkanis A, Patsiali S, Agriogianni M, Konstantas 
A, Triantafyllidis V (2011). Performance of wheat varieties 
(Triticum aestivum L.) under conservation tillage practices 
in organic agriculture. Not Bot Horti Agrobo 39(1):28-33.

Booth BD, Murphy SD, Swanton CJ (2003). Weed ecology in 
natural and Agricultural systems. CABI Publishing. UK. 
255-274.

Borie F, Rubio R, Rouanet JL, Morales A, Borie G, Rojas C 
(2006). Effects of tillage systems on soil characteristics, 
glomalin and mycorrhizal propagules in a Chilean Ultisol. 
Soil Tillage Res 88:253-261.

Cavalieri KMV, da Silva AP, Tormena CA, Leao TP, Dexter 
AR, Hakansson I (2009). Long-term effects of no-tillage 
on dynamics soil physical properties in a Rhodic Ferrasol in 
Parana, Brasil. Soil Tillage Res 103:158-164.

Chikoye D, Udensi UE, Lum AF, Ekeleme F (2007). Rimsulfuron 
for post emergence weed control in corn in humid tropical 
environments of Nigeria. Weed Technol 21:977-981.

Efthimiadou AP, Karkanis AC, Bilalis DJ, Efthimiadis P (2009). 
Review: The phenomenon of crop-weed competition; a 
problem or a key for sustainable weed management. J Food, 
Agric Environ 7:861-868.

Fabrizzi KP, Garcia FO, Costa JL, Picone LI (2005). Soil water 
dynamics, physical properties and corn and wheat responses 
to minimum and no-tillage systems in the southern Pampas 
of Argentina. Soil Tillage Res 81:57-69.

Giovannetti M, Mosse B (1980). An evaluation of techniques 
for measuring vesicular-arbuscular mycorrhizal infection in 
roots. New Phytol 84:489-500.

Kabir Z (2005). Tillage or no-tillage: impact on mycorrhizae. 
Can Plant Sci 85:23-29. 

Karunatilake U, van Es HM, Schindelbeck RR (2000). Soil and 
maize response to plow and no-tillage after alfalfa-to-maize 
conversion on a clay loam soil in New York. Soil Tillage Res 
55:31-42.

Koeppe MK, Hirata CM, Brown HM, Kenyon WH, O’Keefe 
DP, Lau SC, Zimmerman WT (2000). Basis of selectivity of 
the herbicide rimsulfuron in Maize. Pestic Biochem Physiol 
66:170-181.

Krausz RF, Young BG, Kapusta G, Matthews JL (2000). 
Application timing determines giant foxtail (Setaria faberi) 



Bilalis D. et al. / Not Bot Horti Agrobo, 2012, 40(2):73-79

79
Streit B, Rieger SB, Stamp P, Richner W (2002). The effect of 

tillage intensity and time of herbicide application on weed 
communities and populations in maize in central Europe. 
Agric Ecosystem Environ 92:211-224.

Triantafyllidis V, Bilalis DJ, Hela D, Dimopoulos P, Albanis 
T, Efthimiadou A (2006). Combination effect of soil slope 
and rimsulfuron action on weed flora and phytotoxicity on 
maize crop under Mediterranean conditions. J Food Agric 
Environ 4:167-170. 

Shabani G, Ardakani MR, Chaichi MR, Friedel JK, Khavazi 
K, Eshghizadeh HR (2011). Effect of different fertilizing 
systems o seed yield and phosphorus uptake in annual 
medics under dryland farming conditions. Not Bot Horti 
Agrobo 39:191-197.

Sikkema PH, Kramer C, Vyn JD, Kells JJ, Hillger DE, Soltani N 
(2007). Control of Muclenbergia frondosa (wirestem muhly) 
with post-emergence solfonylurea herbicides in maize (Zea 
mays). Crop Prot 26:1585-1588.

Singh RP, Das SK, Rao BUM, Reddy NM (1990). Towards 
sustainable dryland agricultural practices. Central Research 
Institute Dryland Agriculture, Hyderabad, India. 106p.

Stoklosa A, Nandanavanam R, Puczel U, Upadhyaya MK 
(2011). Influence of isoxaflutole on colonization of corn 
(Zea mays L.) roots with arbuscular mycorrhizal fungus 
Glomus intraradices.Can J Plant Sci 91:143-145.


	Abstract
	Introduction
	Materials and methods
	Experimental design
	Irrigation and fertilization
	Sampling and measurements
	Statistical Analysis
	Results and discussion
	Weed flora
	Maize growth and Yield
	Arbuscular myccorhizal root colonization
	Conclusions
	References

