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ROLE OF ALLELOPATHY IN CORN-WEEDS
INTERFERENCE

A. J. Al-Maliki l. S. Al-Saadawi
ABSTRACT

Field observation revealed that companion weeds of corn crop (Zea mays
L.) were significantly reduced in corn field. This interference could be attributed
to competition and/or allelopathy. To test if allelopathy of corn is involved in the
observed interference, several field measurements and plastic house and
laboratory experiments were conducted. Results of field measurements revealed
that weed density in corn stands was reduced between 49 and 68% of control
(non-corn stand) and reduced weed biomass between 68 and 50% of control.
Subsequent plastic house experiments showed that incorporation of root
residues of corn in soil at 4 and 8 g/kg soil reduced whole plant dry weight of
Echinochloa colonum L by 64 and 71% of control, and whole plant dry weight of
Amaranthus retroflexus L by 54 and 63% of control, respectively. These results
of the experiments suggest that allelopathy of corn root residues is responsible
for weed reduction and it contains allelopathic compounds which may release
during decomposition into the soil and become available to be up taken by test
weeds. Subsequent work confirmed this suggestion. Analyses by high pressure
liquid chromatograph (HPLC) hlave shown that the root extracts contain
sizeable amount of phenolics and these phenolics comprised of 4 mono phenolics
(gallic, p-coumaric, ferulic and p-hydroxy benzoic acids) and 5 polyphenolic
compounds (catechin, rutin, qurcetine, luteolin and kaemferol). Subsequent
work on the extraction of phenolics by root exudates using XAD-8 resin and
identification by HPLC indicated the presence of all the above phenolics except
gallic and p-hydroxy benzoic acids. Biological activity test showed that root
exudates reduced germination of P. oleracea and E. colomum by 65 and 62 % of
control and seedling length by 28 and 28% of control, respectively. These results
suggest that allelopathy of root exudates is involved in the interference of crop
with weeds in addition to root residues.

Thus it appears that allelopathy is involved in the interference of corn-
weeds, with competition accentuating its effect.

INTRODUCTION

Allelopathy is an ecological term which was first introduced by Prof. Hans
Molisch in 1937 (1) and derived from two Greek words ""Allelon” means mutual
and ""Pathos' means harm. Rice(2), who was the pioneer in the growing of this
field, defined allelopathy based on Molisch concept as any direct or indirect
positive or negative biochemical interactions among all classes of plants and the
microbes throughout the production of chemical compounds released into the
environment. During the last six decades, Allelopathy research has broadened to
new areas including the plant- insect, nematodes, pathogens, aguatic ecosystem
interactions. Hence, in 1996, International Allelopathy Society broadened its
definition, ""Allelopathy refers to any process involving secondary metabolites
produced by plants, microorganisms, viruses and fungi that influence the growth
and development of agricultural and biological systems™ (3).
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The chemical compounds with allelopathic potential are secondary
compounds called allelochemicals or allelochemics, which are present in sizeable
amounts in all parts of allelopathic plant including roots, rhizomes, stems,
leaves, fruits, seeds and flowers. They may be released from plants into the
environment by volatilization, root exudation, leaching and decomposition of
plant residues (2,3,4).

Allelopathy plays a major role in natural ecosystems by determining
vegetational patterning, plant dominance, plant succession, plant biodiversity,
preventing seed decay and causing seed dormancy (2). Also, allelopathy has a
significant role in agricultural ecosystems such as weed-crop, crop-weed, crop-
crop, forestry and nutrient cycling (5).

Corn (Zea mays L.) is an important crop growing in two seasons in Iraq. It
is one of the most important crop grown throughout the world . It is used as
food, fodder and also utilized as a raw material in industries. (6).

The allelopathic potentials of corn residues have been studied thoroughly
by several investigators.(7) found that corn residue reduced corn yield as
compared to no residue treatment. (8)reported that the toxicity of corn and
sorghum (Sorghum bicolorL.) residues persisted for about 22 to 28 weeks of
decomposition. The phytotoxic compounds released from the decomposing corn
residue were identified as phenolics acids by Chou and Patrick (9) and Higgs et
al (10) reported continuous corn yielded 502 kg/ha less than the yield of corn in
rotation. A similar magnitude of yield reduction of corn in continuous corn was
obtained by Slife (11) who found that the allelopathic corn residues may be
responsible for the reduction of corn yield grown in monoculture. (12).

Field observations indicated the presence of poor growth of companion
weeds in corn field due to strong interference between corn plants and the
weeds. This interference can be attributed to competition and / or allelopathy of
root exudates and root residues. However the allelopathic potential of root
exudates and residues against companion weeds has not investigated. Therefore,
the following experiments were conducted to test if allelopathy of root exudates
and corn root residues contribute in the reduction of weed density and growth of
companion weeds. Another aim is to extract and identify allelochemicals in root
exudates and root residues of corn.

MATERIAL AND METHODS
Determination of density and dry weight biomass of weeds grown in

corn fields.

This experiment was primarily conducted to verify the field observations
which indicated that the population density and growth of weeds in corn field is
less than that grown in adjacent non corn cultivated area. Three corn field sites
were chosen in Kut and Baghdad governorates. The sites were received nitrogen
and phosphorus fertilization as recommended for this crop (13), and not
subjected to any herbicidal activities. For weed measurements, four wood
guadrates (50 x 50 cm) were randomly placed in selected corn field sites and
adjacent non corn cultivated areas (control) at 75 and 90 (DAS) in Kut and
Baghdad sites, respectively. Weed counts per quadrate were made then all weeds
were clipped at the ground surface, oven dried at 70 °C for 72 h and weighed by
electrical balance to record the biomass. Data on weed density and biomass was
converted to express as per m2.

216



Al-Maliki, A. J. and Al-Saadawi, I. S.

The data were statistically analyzed by analysis of variance (ANOVA)
using SAS (14) program was used to effect of difference factors in study
parameters. Differences among treatment averages were compared using Least
Significant Difference (LSD) at 0.05 probability level.

Effect of corn root residues on weeds.

This experiment was performed to find out if the corn roots have
allelopathic potential against the companion weeds. Corn roots were collected
from a corn field at the College of Agriculture, University of Baghdad. The roots
was washed with tap water to get rid of the dust and the suspended materials,
cut in to small pieces and dried in an electric oven at 70 °C for 48 hours. The
root pieces was ground by electrical grinder to obtain a fine powder , placed
inside clean nylon bags and kept in the refrigerator until use.

The residues were mixed with loam soil at 4 and 8 g per kg soil and placed
in plastic pots of one kg capacity. Pots filled with the same amount of soil alone
were used as control. Thirty seeds of each of Echinochloa colonum L. and
Amaranthus retroflexus L. were sown in their respective pots and the pots were
irrigated with tap water up to the field capacity. The pots were placed in plastic
house in May 2018. Ten days after sowing, seed germination in each pot was
counted and the seedlings were allowed to grow for additional week then thinned
to the three largest plants per pot. Forty days after sowing plant length of
seedlings of E. colonum and A. retroflexus were recorded, then the seedlings
were carefully removed from the pots by running water, separated into roots
and shoots and oven dried at 70 °C for 72 h. The Dry weight of roots, shoots and
whole plants was measured.

The experiment was laid out in a (CRD) with four replications. Least
significance difference (LSD) test was applied at 0.05 probability level to
compare treatment means.

Effect of corn residues on chlorophyll content of Echinochloa colonum L.

This experiment was conducted to find out the reduction in growth in E.
colonum L observed in the above experiment is related to the reduction in
chlorophyll content. A given number of E. colonum seeds are sown in pots
containing soil mixed with residues of corn at rates of zero (control), 4 and 8 g
per kg soil. Seven days after sowing, The seedlings were thinned to the largest
three per pot and allowed to grow for additional six weeks.

Chlorophyll content was determined in leaves of seedlings of each treatment by
taking 0.2 g fresh plant leaf material and grinding them in 20 ml of 80% acetone
using mortar using pestle (15). Concentrations of chlorophylls a, b and total
chlorophyll and chlorophyll (a/b) ratio were quantified in the samples by
reading the absorbance of chlorophyll extract at 663 and 645 nm using
spectrophotometer the applied the following equations (16).

chlorophyll a = 12.7 (A 663) —2.69 (A 645)

chlorophyll b =22.9 (A 645) —4.68 (A 663)

Where A 663 and A 645 are absorption at 663 and 645 nm, respectively, and 12.7
and 22.9 are constants.

Effect of corn root residues on ions content in Echinochloa colonum
L.

This experiment was basically conducted to find out if inhibition of ions
uptake could be one of the allelopathic mechanisms by which corn roots reduced
growth of weeds. Plants from previous experiment were used for ions content
determination. After 40 days from planting, E. colonum plants from each
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treatment were dried at 70 °C for 3 days, ground by electrical grinder and
digested by mixture of H2SO4 and HCLO4( 4 : 1) for mineral analysis. Total
nitrogen was determined by the macro-Kjeldahl method (17) and total
phosphorus by the vandomolybdophsphoric colorimetric method (18).
Potassium, K, Mg, Fe ,Ca and Zn were determined by atomic absorption
spectrophotometer. lons determination was carried out at the laboratories of
biology department, College of Science, Baghdad University. The experiment
was replicated four times and each replicate consists of three plants.
Extraction and identification of phytotoxins in corn root residues

Corn roots were collected from a field at the College of Agriculture,
University of Baghdad during the growing season of 2017. The roots were
washed with tap water to get rid of the dust and the suspended materials, cut in
to small pieces and dried in electric oven at 70 ° C for 48 hours. The residue was
ground by electrical grinder to obtain a fine powder. After that, the powder was
kept inside clean nylon bags in the refrigerator until use. For extraction, Thirty
gram of plant powdered was added to tube containing 15 ml of chloroform with
constant stirring for 24 hours at the ambient temperature. The extract was
placed in a ultrasonic device for 15 minutes. Then 100 ml of butanol was added
and then transferred to the separation funnel. The polar organic layer (butanol
layer) was collected and transferred to the rotary evaporator to dry the extract
and the residues were taken up by 3 ml acetonitrile . The extract was kept in
refrigerator until analyzed by high performance liquid chromatography
(HPLC) Using conditions listed in tablel and table2.

Tablel: Separation conditions for phenolics in root exudates and root residues of

corn plants
Parameter Characteristic
Column types C-18
Column dimensions 50 length x4.6mm
Flow rate of recorder 1.4 ml/ min
Detector UV-Vis SPD-10 AVP spectrophotometer at 280 nm
Volume of injection sample 25 pg/ml

Mobile phase

Solvent A:0.1%phosphoric acid in deionized
Water, Solvent B:acetonitrile,50:50V/v

Temperature

35°C

Table 2: Separation conditions of polyphenols from root exudates and root
residues of corn plants

Parameter Characteristic

Column types C-18

Column dimensions 25 cm x4.6mm

Flow rate of recorder 1ml/ min

Detector UV-Vis SPD-10 AVP spectrophotometer at 360 nm
Volume of injection sample 20 pg/ml

Solvent A: Methanol :D.W :acetic acid

Mobile phase (85:13:2) ,while B : Methanol :
D.W : aceticacid (25:70:5)
Temperature 25°C

Collection of phenolics in root exudates

Phenolics of root exudates were collected and extracted from living maize
seedlings of the test cultivars using a direct resin adsorption method described
by Kong et al. (19). Seeds of corn were planted in plastic pots contain acid
washed sand. After 10 days two uniform seedlings at the 3™ leaf stage were
transplanted into small pot containing 45 g XAD-8 resin and 150 ml of 1mM
MES -Tris buffer at pH 5.5 + 0.5mM CaSO4 solution, and the pots were placed
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in a sterile environment growth chamber at 25+1°C with a 12 h photoperiod
(light intensity 2000 lux), and watered once daily to maintain the volume of the
solution the same during the course of experiment. After 10 days, the seedlings
were carefully separated from the resin, and then the resin and solution were
transferred to a column (5%20 cm). Water was first allowed to drain from the
column and the resin was washed with distilled water and then eluted three
times with 50 ml methanol. The methanol fractions were pooled and evaporated
to dryness under vacuum by rotary evaporator (Heidolph 2, with Rotacool mini
and vacuum, Germany) at 45°C and the residues were taken up by 3 ml
methanol and stored at -20 °C until use. To determine total phenolics, the
residues collected from elution of XAD-8 resin were used to quantify phenolics
by the Folin-Denis method (20).
Isolation, identification and quantification of phenolics in root
exudates

Identification and quantification of individual phenolic acid in root
exudates were performed by HPLC system (Shimadzu Corporation, Kyoto,
Japan) equipped with two Shimadzu LC-10 ATVP reciprocating pumps, a
variable UV-VIS detector (Shimadzu SPD-10 AVP) and a C-R6A Chromatopak
data processors . The conditions used in separation of phenolics are listed in table
(1) and table (2). Standards were run similarly for identification and
quantification. Concentration of each isolated compound based on standard
curve was determined by the following equation:

Areaof the sample
Areaof the standard

Concentration (ppm) = x Concentration of the standard x Dilution factor

Biological activity of root exudates against weeds
Collection of root exudates

Seeds of corn were sterilized by soaked in 1% sodium hypochlorite solution
for 5 min, followed by 5 times rinsing in sterilized distilled water. The seeds were
planted in acid washed sand and incubated in growth chamber at 25+1°C with
a 12 h photoperiod (light intensity 2000 lux). After 10 days 3 uniform corn
seedlings at the 2" leaf stage were transplanted in pot of 180 ml capacity. Ten
pots with 30 seedlings were made for the process of collection. All pots were
watered whenever necessary to maintain the volume of the solution the same
during the course of experiment. After 3 weeks, the seedlings were moved away
from the pots and the growing solution were pooled, reduced to 50% of its
volume by rotary evaporator under vacuum at 45 °C and stored at - 20 °C until
use.
Biological activity of root exudates

The methods of biological activity determination was basically similar to
Equal Compartment Agar Method developed by Wu et al. (21) with considerable
modification. A semi solid agar medium was made by dissolving 3.5 g agar in
500 ml of root exudates solution obtained from the above section and
autoclaving for 30 minutes. Control was made in a similar manner except root
exudates solution is replaced by distilled water. After quite cooling, the medium
was poured in sterilized transparent plastic containers at a rate of 50 mi
medium per container (150 ml capacity). The containers were covered by their
respective covers and kept under laboratory condition for cooling. Seeds of E.
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colonum L. and P. oleracea L were sterilized by soaked them separately in 1%
sodium hypochlorite solution for 5 min, followed by 5 times rinsing in sterilized
distilled water. Twenty-five seeds of each weed species were sowed on the agar of
each container and placed in a controlled environment growth chamber with
appropriate dark/light period. After 10 DAS, seed germination was counted then
the seedlings of each weed species were carefully removed from the pots,
separated into roots and shoots and their length were recorded. The experiment
was laid down in a Complete Randomized Design with 4 replications.
Differences among treatment averages were compared using LSD at 0.05
probability level (14).
RESULTS AND DISCUSSION

Identification of weeds in corn field

Weed flora appeared in the corn fields during the course of study
comprised mainly of several monocot and dicot weed species (Table3). Sixty per
cent of them were dicot and 40% were monocot Field observations revealed that
their densities and growth were varied among the sites of study.

Table 3: Weeds found in the test corn fields.

Scientific name Common name Local name
Chenopodium album L. Lambs quarters s,
Cyperus rotundus L. Cocograss,purple nutsedge A
Portulaca oleracea L Pigweed Sl omp
Convolvulus arvensis L. Convolvulus Ak
Sorghum halepense L. Johnson grass 85y
Amaranthus retroflexus L. Red-root amaranth chual B
Raphanus raphanistrum L. Wild radish AUrd
Malva parviflora L. Mallow Cheese weed B
Echinochloa colonum L. Jungle rice Olas
Cynodon dactylon L. Bermuda Grass &

Weed density and dry weight biomass were drastically reduced in corn
stand compared to adjacent non corn stands (control) in all sites tested (Table 4).
However the reduction in weed density and dry weight biomass is considerably
varied among the sites of study. Weed density and biomass in corn stand were
significantly reduced by 49 and 68% over non corn stand in site 1 of Baghdad
location. While the reduction of weed population and dry weight biomass was 68
and 50% of control in site 1 and 66 and 63% of control in site 2 of Kute
location, respectively.

Table 4: Density and dry weight biomass of weeds grown under corn and
adjacent non corn stands in selected sites of two provinces.

. . Weed densit Dry weight biomass
Provinces Sites Stands (Plants /mz)y y (g/mz)
Baghdad 1 Inside corn stand 9.25 18.20
Outside corn stand 18.25 57.67
LSD <0.05 4.89 7.71
Kute 1 Inside corn stand 34.25 74.40
Outside corn stand 108.25 149.37
LSD < 0.05 14.63 16.07
Kute 2 Inside corn stand 17.50 95.50
Outside corn stand 52.00 256.12
LSD < 0.05 7.42 21.52
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Effect of root residues of corn on growth of Echinochloa colonum L.

weed

Corn root residues incorporated in to the soil significantly inhibited all test
growth parameters of E. colonum compared to the control (Table5). In most
cases, the reduction in growth parameters was significantly increased with the
increasing residues concentration. Application of corn residues at 4 and 8 g/kg
soil inhibited root dry weight of E. colonum by 68 and 74% of control, shoot dry
weight by 60 and 68% of control and whole plant dry weight by 64 and 71 % of
control, respectively. Moreover, seedling length was reduced by 25 and 38 % of
control when corn residues applied to the soil at 4 and 8 g/kg soil, respectively.

Table 5: Effect of root residues of corn on growth of Echinochloa colonum L weed.

Corn root residues Dry weight (mg/pot* Plant height*
(9/kg soil)** Shoots Roots Whole plant (cm)

0 (Control) 125.00 a 116.51 a 241.50 a 16.00 a

4 50.00 b 3750 b 87.50 b 12.00 b

8 40.00 c 30.00 ¢ 70.00 c 10.00 b

LSD <0.05 8.49 7.73 13.84 3.19

* Means within each colonum followed by the same letters are not significantly different according to
Duncan's multiple range test. **Each number is an average of four replicates and each replicate consist of
three plants.

Effect of root residues of corn on growth of Amaranthus retrofexus L

weed

Corn root residues mixed with the soil significantly affected all growth
parameters of A. retroflexus tested (Table6). Incorporation of corn root residues
at rates of 4 and 8 g/kg soil significantly inhibited root dry weight of A.
retroflexus root by 57and 62% of control, shoot dry weight by 50 and 66% and
whole plant dry weight by 54 and 63% of control, respectively. Similarly,
seedling length of A. retroflexus was reduced up to 38 and 46% of control when
corn root residues mixed with soil at 4 and 8 g/kg soil, respectively.

Table 6: Effect of root residues of corn on growth of Amaranthus retrofexus L weed.

Corn root residu Dry weight (mg/pot)* Plant height
(9/kg soil)** Shoots Roots Whole plant (cm)

0 (Control) 20450 a 408.10 a 612.60 a 13.00 a

4 102.90 b 177.10 b 280.00 b 8.00 b

8 70.00 ¢ 156.40 b 226.70 ¢ 7.00 b

LSD<0.05 17.56 28.06 33.75 2.86

* Means within each colonum followed by the same letters are not significantly different according to
Duncan's multiple range test. **Each number is an average of four replicates and each replicate consist
of three plants.

Effect of corn residues on chlorophyll content in leave of Echinochloa

colonum L.

Incorporation of corn residues at 4 g/kg soil significantly reduced
chlorophyll b content in leaves of E. colonum L. while chlorophyll a and total
chlorophyll were considerably inhibited (Table 7). However, at the higher corn
residues, content of chlorophylls a and b and total chlorophyll were significantly
reduced by 14, 13 and 14% of control, respectively. The ratio of chlorophyll a /b

was significantly decreased by incorporation of corn residues at 8 g/kg soil, only.
Table 7: Effect of corn residues on chlorophyll content in leave of Echinochloa
colonum L.
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Corn root (ug/mg dry weight)

residues chi hvil a~ |  Chlorophyll Chi T arh Chlo;/%phyll
(g/kg SO“) oropnyll a b* oropnyll a

(&?n/trgl) 2035 a 1738 a 3773 a 117 b
49/kg 1741 a 15.04 b 3245 a 115 b
8g/kg 9.56 b 6.24 c 1580 b 153 a

LSD < 0.05 4.63 4.85 6.92 0.27

* Means within each colonum followed
Duncan's multiple range test.

Effect of root residues of corn on ions content in Echinochloa colonum L.

Incorporation of corn root residues in the soil significantly affected the
uptake of nitrogen, potassium and zinc (Table8), while the uptake of the other
test minerals was not significantly affected. Nitrogen uptake was significantly
inhibited by application of root residues at rates of 4 and 8 g /kg soil. However,
no significant difference was found in nitrogen uptake between 4 and 8 g/kg
treatments. Potassium uptake was inhibited by the higher rate of corn residues
only. Zinc uptake significantly increased at the lower rate of corn residues then
decline to the control treatment level.

Table 8: Effect of root residues of corn on ions content in Echinochloa colonum

by the same letters are not significantly different according to

L.
Corn root % * ppm
residues

Control 0.70 a 0.28 a 2.30 a 0.53 a 0.42 a 86 b
49 0.50 b 0.20 a 240 a 0.50 a 0.41a 97 a
8¢ 040 b 0.26 a 180 b 0.60 a 042 a 8l. b

LSD <0.05 0.17 NS 0.34 NS NS 8.6
*Each number is an average of four replicates and each replicate consist of three plants.

Separation and identification of phytotoxins in corn root residues and

root exudates

Results of chemical analysis by HPLC indicated the presence of several
allelochemicals of phenolic in nature in root residues of test corn cultivars, viz.,
gallic, coumaric, ferulic, p-hydroxybenzoic acid, catechin, rutin , qurcetine,
luteolin and kaemferol were also observed in root residues of corn cultivars
(Table 9, Figl). The concentration of the isolated allelochemicals was found in
the following order: p-hydroxybenzoic acid > kaemferol > ferulic acid > rutin >
gurcetine > catechin > p-coumaric acid > gallic acid > luteolin and the total
concentration of these allelochemicals 269.65ug/ml.
Table 9: Isolation and quantification of phenolic acids collected from root

exudates and root residues of corn plant.
Root exudates

Root residues

Compounds

P (ug/ml) (ug/ml)
Gallic acid 12.60
p-coumaric acid 15.80 26.34
ferulic acid 9.24 37.93
p-hydroxybenzoic acid | = ---- 75.17
Catechin 23.18 28.03
Rutin 26.76 34.19
Qurcetine 12.03 29.55
Luteolin 8.31 10.66
Keamferol 14.49 44.73
Total 109.81 269.65
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All the above allelochemicals except gallic and hydroxybenzoic are also
present in the root exudates of corn cultivar (Table 9). Generally, the identified
allelochemicals are less in root exudates than in root residue of corn plant.
Quantification of total phenolics in root exudates and root residues.

The results showed that phenolics are present in sizeable amount in root
exudates and root residues of corn cultivars (Figl). However, the amount of
these compounds appeared to be higher in root residues (0.99 mg/g) than in root
exudates (0.65 mg/qg).

1.2

0.99

1 A

0.8 -

0.65

0.6 -

(mg/gd.w.)

0.4 -

0s 015

Total phenolics concentration

O .
root residues root exudates control

Fig. 1: Total phenolics extracted from root exudates and root residues of corn plant.

Biological activity of root exudates against test weeds

Root exudates of corn seedling significantly affected seed germination
and seedling growth of Portulaca oleracea and Echinochloa colonum weeds. Root
exudates significantly inhibited seed germination of P. oleracea and E. colomum
by 65 and 62% of control, respectively. Also, application of root exudates of corn
seedling significantly reduced root, shoot and seedling lengths of P. oleracea by
32, 21and 28% of control, respectively (Tablel0). Similarly, root, shoot and
seedling lengths of E. colonum grown in root exudates solution of corn seedlings
were significantly inhibited by 24, 33and 28% of control, respectively. The
response of the test weeds to the inhibitory effect of root exudates of corn was
almost similar.

Tablel0: Biological activity of root exudates against Portulaca oleracea and
Echinochloa colonum weeds.

Average Average Average Per cent
Test Weed Treatments root length | shoot length | plant length | germinatio
(mm) (mm) (mm) n
P. oleracea Control 18.25 a 10.50 a 28.75 a 86
Root exudates* | 12.50 b 8.25 b 20.75 b 65
LSD < 0.05 2.98 NS 5.63
E. col Control 19.00 a 20.75 a 39.75 a 85
- colomum Root exudates* | 14.50 b 14.00 b 28.50 b 62
LSD <0.05 5.24 4.83 3.84

* Each number is an average of 4 replicates.
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Plant interference is an ecological phenomenon by which plant species
interfere with other plant species in natural and agricultural ecosystems leading
to the superiority of one species and decline the other (2). This interference may
be taken place by allelopathy or competition or both (22,2). Several researchers
have focused on the role of competition and allelopathy in the interference of
plant species in natural ecosystems and found that allelopathy is the major cause
of interference with competition accentuating its effect (23,24,25).

In agroecosystems, crop-weed interference is interesting subject that
attracts agronomists to research on the possible role of allelopathy of crops in
biological weed control (5, 26). In our study , The significant reduction of weed
density and weed dry biomass in corn stand compared to noncorn stand (Table
4) is suggested that allelopathy is involved in the interference, in addition to
competition. Corn has been reported to have strong allelopathic top (Leaves and
stem) residues (5, 27, 28) but their allelopathic effect of root residues and root
exudates on weeds have not been tested. Our results revealed that root residues
of corn showed strong inhibitory effect on test companion weeds (Tables 5
and6). This suggests that allelopathy is responsible for weed reduction and corn
root residues contain allelopathic compounds which may release during
decomposition into the soil and become available to be uptake by test weeds.
Subsequent work confirmed our suggestion. Chemical and Chromatographic
analyses revealed that the root extracts contain sizeable amount of phenolics
and these phenolics comprised of 4 mono phenolics (gallic, p-coumaric, ferulic
and p-hydroxybenzoic acid, and 5 polyphenolic compounds (catechin, rutin,
qurcetine, luteolin and kaemferol) (Figl, Table 9). No attempt was made to
determine their biological activity, however these compounds are reported to be
water soluble and when imbibed by the germinating weed seeds, hamper their
germination and subsequent seedling growth, thus contributing to overall
decline in the density and vigor of weed community (29).

The results of this study showed that inhibition of chlorophyll content and
uptake of some ions by the corn residues (Tables 7 and 8) are among the
mechanisms by which they affect the test weed species. Other mechanisms,
however, are not excluded. These phytotoxins are reported to have inhibitory
effects on several processes such as inhibition of chlorophyll biosynthesis,
respiration, photosynthesis, ions uptake, hormones biosynthesis, cell division,
cell elongation and ultra-structures, inhibition of the activity of some enzymes
involved in essential metabolic processes (2,30). Phenolics also caused inhibition
in membrane stability and The degree of inhibition is concentration dependent
in the rhizosphere (31,32). Other researchers found that several phenolic acids
including caffeic acid,  p-coumaric acid, ferulic acid, gallic acid, p-
hydroxybenzaldehyde, vanillic acid and vanillin significantly reduced water
relations, dry matter production, leaf expansion, height, leaf production of 3-
week-old soybeans (Glycine max L.). At concentrations of 107 M, These
compounds were severely reduced stomatal conductance of fully expanded
leaves and caused marked reductions in leaf chlorophyll content, reduced leaf
stomata conductance and Leaf transpiration and assimilate rate (rate of dry
matter production per unit leaf area(33,34).

It is noteworthy to mention that all the identified phenolics except Gallic
and p-hydroxybenzoic acids were found in root exudates. This suggests that
these compounds might be either not exuded and / or exuded in to the
rhizosphere and transformed to another compounds by the action of soil
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microorganisms. Reports indicated that several phenolics are subjected to
different chemical processes in soil and change from toxic and non toxic
compounds and vice versa (2,35). Others indicated that many compounds are
exudated from the roots, which may affect the growth of microorganisms and
associated plants. Determination of allelochemicals in root exudates is difficult
because microbial activity may alter primary exudates. In a soil environment,
transitions by rhizosphere  microorganisms may inactivate the original
exudation compounds and in other cases may create new active allelochemicals.
The exudation vary according to plant species, age, plant nutrition, light,

temperature and microbial activity around the roots (3).

Although the phenolics exuded from root are relatively small, nevertheless
the additive or synergistic effects of these compounds becomes more detrimental
than single compound. This is confirmed by the result presented in (Tablel0)
which show that root exudates of corn significantly reduced root, shoot and
seedling growth of E. colonum and P. oleracea These results are in agree with
the results of several researchers who found that root exudates of rice,
cucumber, sorghum and wheat were toxic to different weed species (36, 37, 38).
In addition, root exudates of corn and other allelopathic plants continue
releasing phenolics in to the rhizosphere along the life cycle of the plant and this
leads to accumulation of phytotoxins in effective level. Several investigators
showed that phytotoxic phenolics in field soil amended with allelopathic crop
residues (sunflower, sorghum and wheat) were increased significantly after
residue incorporation in soil and continued until six weeks then declined. During
this period significant reduction in weed density and dry biomass were observed
(39, 40, 41, 42).

The results of this study have shown that corn crop have high inhibitory
properties against companion weeds. This may lead some researchers to focus on
the possibility of using this phenomenon in biological control of weed or reduce
it. Mechanical weed control requires added soil rolling, which can disrupt soil
structure and reduce soil fertility (43). Mechanical weed control is not always
active and lack permanency and can be expensive (44). Likewise, herbicide-
resistant weeds, environmental concerns and health influences are the major
restrictions in herbicide application.

This study leads to the conclusion that allelopathy of corn is the major
components of interference between corn and companion weeds with
competition accentuating its effect.
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