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Abstract: The effectiveness of allelochemicals in soil is strongly controlled by the soil physicochemical
properties and organisms. Outdoor pot experiments were conducted at the Faculty of Agriculture and Natural
Resources, Razi University, Kermanshah, Iran, during the summer season 2013, to evaluate the effects of soil
microorganisms and pH on activity of potential allelopathic crops on emergence and early growth of some weed
species. The allelopathic effects of pow dered below-and above ground organs of alfalfa (Medicago sativa L.),
sorghum (Sorghum bicolor L.) and tobacco (Nicotiana tabacum) on emergence and early growth of weed
species  including  Johnson  grass, barnyard  grass  and  redroot  pigweed  were  studied  in   sterilized  and
non-sterilized soils and different soil pH levels. Results showed that phytotoxicity of allelochemicals was
significantly influenced by soil sterilization varied in sterilized and non- sterilized soil. Presence of
microorganisms  in  soil  decreased  the  inhibitory  effects  of  allelopathic  plant  tissues  on  weed  growth
(77.79  in  strilized  vs. 59.96% in non-strilized soil). Alfalfa  had  significant  higher  growth  inhibitory  effect
(83 to 91%) than all other studied allelopathic plants followed by tobacco and sorghum. Generally, lowering pH
resulted in higher allelopathic activities of plant species.
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INTRODUCTION Soil pH also affects adsorption, desorption and

Allelopathy  has  a  great  impact  on  the weed which in turn could result in modification of expressed
biology and management practices [1-4]. It is well response  on  growth  of receiver plants [3]. Therefore, the
documented that allelochemicals found in the tissues of aim of this study was to assess the effects of soil
some plant species can  reduce  weed  growth and seed microorganisms and pH on allelopathic ability of alfalfa
germination [5-10]. Entrance to the soil is the fate of all (Medicago sativa L.), sorghum (Sorghum bicolor L.) and
allelochemicals for being effective in agriculture which tobacco (Nicotiana tabacum) to reduce the germination
makes it necessary to study their behavior in soil and early growth of some weed species including
environment [11, 6]. Therefore to have a good insight on Johnson grass (Sorghum halepense), barnyard grass
how allelochemicals can affect plant growth in soil, we (Echinochloa crus-galli) and redroot pigweed
should improve our knowledge regarding factors (Amaranthus retroflexus).
influencing the phytotoxic activity and fate of
allelochemicals in the soil. MATERIALS AND METHODS

Soil  physicochemical  properties and microflora
could   influence    allelopathy   phenomenon in  soil [3, 4, Two separate outdoor pot experiments were
12, 13]. Soil  microbes   greatly   influence   bio-activity conducted at the Faculty of Agriculture and Neutral
and-availability of allelochemicals in soil  environment Resources, Razi University, Kermanshah (34°18'51"N,
[14]. Accumulation of allelochemicals at phytotoxic levels 47°03'54"E; elevation 4557 ft.), Iran during June to
in soil is largely determined by the presence of September  of  2013.  During  the  experiments,  the  mean
microorganisms. Soil microorganisms generally utilize temperature  and  relative  humidity were 26.6° C and
allelopathic compounds as carbon sources [15, 16]. 12.8%, respectively.

transport in soil and the metabolism of allelochemicals
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In the first trial, the role of microorganisms on are averaged across two repetitions. No significant
allelopathy was evaluated. Ten seeds of johnsongrass, interaction effect was found between soil condition and
redroot pigweed and barnyardgrass were sown in plastic allelopathic plants for emergence percentage, shoot and
pots with a diameter of 13 and a height of 19 cm root dry weights. Results showed that presence of
containing   sterilized  and  non-sterilized  soil  treated microorganisms in soil (non-sterilized condition)
with powdered plant tissues of alfalfa, tobacco or decreased the inhibitory effects of allelopathic plant
sorghum. According to Romeoand Weidenhamer [17], tissues on both Johnson grass and barnyard grass
using sterilized soil in experiments may help in assessing emergence  and  shoot  and  root  dry  weights  (Table 1)
the role of microorganisms in allelopathy. Soil sterilization (on average, 77.79 versus 59.96% for all measured traits).
was carried out by placing the soil collected from the farm Emergence  and  seedling   growth   of  Johnson
in an oven at 105° C for 48 hours. gross and  redroot  pigweed  were significantly

In the second trial, the effect of soil pH on influenced by the type of the allelopathic plant species. In
allelopathy was investigated. Two levels of elemental redroot pigweed the highest reductions in shoot and root
sulfur (4 and 8 g) were added to each pot, which were on dry weights were achieved by alfalfa followed by tobacco
equal with 3000 and 6000 kg ha  of sulfur, respectively. and sorghum. There were no significant differences1

The initial pH of examined soil (control) was 7.52. The soil between tobacco and sorghum in terms of these traits
pH values after the application of 3000 and 6000 kg ha (Table 2). In Johnson grass, the lowest emergence1

of sulfur were 7.12 and 7.08, respectively. Then seeds of percentage occurred when soil was treated by alfalfa plant
weed species including Johnson grass, redroot pigweed tissue followed by tobacco and sorghum (Table 2).
and barnyard grass were sowed in the  pots   filled   with Moreover, alfalfa showed the highest reducing effect on
soil having the above mentioned acidities along with the Johnson gross root dry weight and other two allelopathic
powdered aerial parts of Tobacco, sorghum and alfalfa. plants have a significant lower and nearly similar

For both trials, the allelopathic plant materials were decreasing influence on this trait (Table 2). Alfalfa
prepared from the plants grown in the field condition and showed the highest inhibitory effects on the emergence
harvested  just  before  flowering stage. Above- and and seedling growth of both weed species. The
below-ground parts of allelopathic plants were air-dried in allelopathic effects of alfalfa on germination and seedling
shade and ground. The amount of powdered allelopathic growth of a number of weed species have been reported
plant tissues added to each pot was 16g. This amount was by other workers [18, 19]. This can be attributed to the
the lowest effective concentration which was determined presence of a number of allelochemicals in alfalfa such as
based on the results of the preliminary experiments (data medicarpin, sativan, canavanine, saponins and different
not shown). After emergence, the weed plants were phenolic acids [20].
thinned to 5 plants in each pot and were irrigated as A significant two-way interaction (allelopathic plant
needed throughout the trials. species × soil condition) was also observed for the

Each trial was conducted as a factorial based on a emergence percentages of redroot pigweed and Johnson
completely randomized design with three replications and grass.  The   allelopathic   plants   responded  differently
was repeated twice. The first factor was allelopatic plant to  soil  condition  and  in  relation to weed species. As,
including alfalfa tobacco, sorghum and the second was the presence of soil microorganisms (non-sterilized soil)
soil condition (sterilized and non-sterilized) or pH level decreased alfalfa inhibitory effects on the weed species,
(7.52, 7.12 and 7.08). Six non-treated pots were also but  sorghum  showed  a  higher  allelopathic  influence
included as control. Weed traits including emergence when soil was sterilized (Table 3). This may be explained
percentage and shoot and root dry weights were by different compositions of these crops. Alfalfa is a
determined at the end of the experiments (35 days after the legume crop with a lower C/N ratio. This can lead to the
start of each trial). Data were subjected to ANOVA and more degradability and consequently lower inhibitory
means were separated using Fisher’s Protected LSD test effect of alfalfa plant tissue in the presence of soil
at the 0.05 level of probability. microbial community. However, the response of tobacco

RESULTS AND DISCUSSION weed species, so that, soil sterilization increased tobacco

Results  for  each  trial  are  presented  separately. the presence of microorganisms in the soil treated with
There was no significant differences between two tobacco plant tissue led to the more reduced barnyard
repetitions  for  each  trial, therefore,  results  presented grass emergence (Table 3).

to soil condition was highly dependent on the studied

inhibitory effect on redroot pigweed emergence, whereas,
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Table 1: Effect of presence (non-sterilized soil) and absence (sterilized soil) of microorganisms in the soils treated with different allelopathic plant species on
Johnson grass emergence, root and shoot dry weight and barnyard grass root and shoot dry weights.

Johnson grass Barnyard grass
---------------------------------------------------------------------------------------- ------------------------------------------------------------
%Emergence % Root dry wt %Shoot dry wt % Root dry weight % Shoot dry weight

Soil condition reduction reduction reduction reduction reduction

Sterilized 81.77 78.60 69.84 79.33 79.46
Non-sterilized 67.96 55.81 49.20 63.82 63.06
LSD (0.05) 9.85 22.00 15.85 12.00 14.63

Table 2: Effect of allelopathic plant species on redroot pigweed and barnyard grass plant traits.

Redroot pigweed Johnson grass
------------------------------------------------------------------------------ -----------------------------------------------------------------------

Allelopathic plant species % Shoot dry weight reduction % Root dry weight reduction %Emergence reduction % Root dry weight reduction

Tobacco 46.12 38.95 61.91 69.29
Alfalfa 91.91 94.19 83.33 85.59
Sorghum 28.24 31.09 33.33 69.69
LSD (0.05) 37.71 33.49 19.41 12.06

Table 3: Effect of allelopathic pant species and presence (non-sterilized soil) or absence (sterilized soil) of soil microorganisms on redroot pigweed and barnyard
grass emergence percentage.

Redroot pigweed Barnyard grass
Allelopathic plant species ------------------------   % emergence Reduction  -------------------

Tobacco Non-sterilized 40.23 62.50
Sterilized 72.41 41.67

Alfalfa Non-sterilized 90.80 75.00
Sterilized 67.82 70.83

Sorghum Non-sterilized 54.02 25.00
Sterilized 58.62 66.67

LSD (0.05) 25.00 19.00

Table 4: Effect of different soil pH levels on redroot pigweed and barnyard grass plant traits.

Redroot pigweed Barnyard grass
----------------------------------------------------------------------------------------------- -----------------------------

Soil pH level % Shoot dry wt Reduction % Root dry wt reduction %Emergence reduction

7.52 67.42 70.41 48.61
7.12 90.88 92.76 73.61
7.08 96.66 98.13 65.28
LSD (0.05) 21.45 20.30 12.15

Table 5: The effects of allelopathic plant species on redroot pigweed emergence and barnyard grass root dry weight under different soil pH levels.

Redroot pigweed Barnyard grass
------------------------------- ----------------------------------

Allelopathic plant species Soil pHlevel % Emergence reduction % Root dry weight reduction

Tobacco 7.52 35.63 87.86
7.12 90.80 74.76
7.08 100.00 69.78

Alfalfa 7.52 95.40 82.61
7.12 100.00 87.54
7.08 100.00 88.43

Sorghum 7.52 49.43 90.73
7.12 86.21 73.58
7.08 95.40 51.61

LSD (0.05) 9.63 15.14
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There are several reports on the importance of soil Different susceptibility between weeds was also
microbial metabolism on allelopathic activities [21-24].
Many researchers have reported the enhancement of
phytotoxicity of allelopathic compounds by microbial
decomposition [25-27]. However, in our study, the
presence of microorganisms led to the different results
with relation to the species of allelopathic plants and
weeds.

These inconsistency can also be attributed to the
presence of different types of microorganisms in the soils.
Differential utilization of allelopathic residue by various
soil microorganisms in soil has been observed previously
[28]. Another possible reason may be due to the fact that
soil microorganisms compete with weed seedlings for
nutrients which will result to depriving plants from needed
minerals [22, 29, 30]. However, environmental factors such
as temperature and moisture and soil condition can highly
affect the activity of decomposing microbial community.

According to Table 4, inhibitory effects of
allelopathic plants on the weed traits under study were
intensified in response  to decreasing soil pH level, so
that, at the lowest pH (7.08), reduction percentages of
redroot pigweed shoot and root dry weights and barnyard
grass emergence were increased by 29.2, 27.7 and 16.7%,
respectively as compared with control (pH=7.52) (Table 4).

The inhibitory effects of the allelopathic plant
species on redroot pigweed emergence increased in
response to decreasing soil pH level (Table 5). Moreover,
for all three pH levels, alfalfa showed higher reducing
effects on this trait when compared with other plant
species under study (Table 5). So that, at the lower pH
levels (7.08 and 7.12) all redroot pigweed seeds failed to
emerge  in  the  pots  treated  with alfalfa plant tissue
(Table 5).

However, the effectiveness of alfalfa on barnyard
grass root dry weight was not significantly affected by
soil pH, although, decreasing pH level reduced negative
effects of tobacco and sorghum on root dry weight of
barnyard grass (Table 5).

The pH is one of the most important factors that
influences the size and effectiveness of soil microbial
community. Moreover, this factor can notably affect the
soil chemical reactions. Therefore, it is expected that the
time and rate of allelochemical effectiveness to be varied
under different soil pH levels.

The main processes controlling the toxic levels of
allelochemical in soil water is adsorption-desorption
balance which in turn is depending on different soil
factors  like  pH, organic  matter and texture [12, 31, 32].
All these factors together would contribute to different
phytotoxic activity among soils and plants.

observed which is similar to the findings of [33, 34]. Thus,
for getting benefit from allelopathic activity in practical,
the  Knowledge on the target weed species is important.
In addition, allelochemicals affect different physiological
processes  in  various plant species [35]. In other words,
the weed suppressing effect of these compounds is
highly species-dependent. 

CONCLUSION

In  general, results of this experiment re-emphasis
that  all elopathy  is  a  very  complicated  phenomenon
and it  is  difficult  to  attribute  observed  growth
responses  in  receiver  plants   to   only   one  factor.
After incorporation  allelopathic  compounds  into the
soil,  they probably undergo microbial decay.
Furthermore,  soil physicochemical characteristics might
modify the microbe’s activity in soil and behavior of
allelochemicals after the microbial decomposition of
allelopathic plant tissues. Therefore, it is important to
emphasize that laboratory studies on allelopathic activity
can reveal only the potential activity of the
allelochemicals, while field studies are required for
understanding the factors affecting their phytotoxic
activities in a real condition.

REFERENCES

1. Lambers,  H.,  F.S.  Chapin  and  T.L.  Pons,  1998.
Plant Physiological Ecology, Springer.

2. Inderjit    and    C.L.    Foy,     2001.    Allelopathy:
Past achievements and future approaches,
proceedings of a symposium of the weed science
society of America, February 9, 2000, Toronto,
Canada. Weed Technology 15: 791-791.

3. Kobayashi, K., 2004. Factors affecting phytotoxic
activity of allelochemicals in soil. Weed Biology and
Management, 4: 1-7.

4. Hiradate, S., K. Ohse, A. Furubayashi and Y. Fujii,
2010. Quantitative evaluation of allelopathic
potentials   in  soils:  Total   activity   approach.
Weed Science, 58: 258-264.

5. Iqbal,  Z.,  S.  Hiradate,  A.  Noda,   S.I.   Isojima  and
Y. Fujii, 2003. Allelopathic activity of buckwheat:
isolation   and   characterization   of   phenolics.
Weed Science, 51: 657-662.

6. Foy, C.L. and Inderjit, 2001. Understanding the role
of allelopathy in weed Interference and declining
plant diversity. Weed Technology 15: 873-878.



Am-Euras. J. Agric. & Environ. Sci., 15 (11): 2252-2257, 2015

2256

7. Norsworthy, J.K., 2003. Allelopathic potential of wild 18. Chung, I.M. and D.A. Miller, 1995. Natural herbicide
radish (Raphanus raphanistrum). Weed Technology potential of alfalfa residue on selected weed species.
17: 307-313. Agronomy Journal, 87: 920-925. 

8. Norsworthy,    J.K.    and    J.T.    Meehan,    2005. 19. Xuan, T.D., E. Tsuzuki, H. Uematsu and H. Terao
Wild radish-amended soil effects on yellow nutsedge 2001. Weed control with alfalfa pellets in
(Cyperus esculentus) interference with tomato and transplanting rice. Weed Biology and Management
bell pepper. Weed Science, 53: 77-83. 1: 231-235.

9. Malik,  M.S.,  J.K.  Norsworthy,  A.S.  Culpepper, 20. Singh, H.P., D.R. Batish and R.K. Kohli, 2003.
M.B. Riley and W. Bridges, 2008. Use of wild radish Allelopathic   interactions   and   all elochemicals:
(Raphanus raphanistrum) and rye cover crops for New possibilities for sustainable weed management.
weed  suppression  in  sweet  corn. Weed  Science Critical Reviews in Plant Sciences, 22: 239-311.
56: 588-595. 21. Chase,   W.R.,    M.G.  Nair,    A.R.    Putnam   and

10. Gannon, T.W., F.H. Yelverton and J.S. McElroy, S.K. Mishra, 1991.2,2'-oxo-1,1'-azobenzene: microbial
2006. Allelopathic potential of centipedegrass transformation of rye (Secale cereale L.)
(Eremochloa ophiuroides). Weed Science 54: 521-525. allelochemical in field soils by Acinetobacter

11. Ohmae,   Y.,   K.   Shibata  and T. Yamakura, 1999. calcoaceticus.    Journal    of     Chemical    Ecology
The plant growth  inhibitor nagilactone does not 17: 1575-1584.
work directly in a stabilized Podocarpus nagi forest. 22. Nair, M.G., C.J. Whitenack and A.R. Putnam, 1990.
Journal of Chemical Ecology, 25: 969-984. 2,2'-OXO-1, 1 '-azobenzene A microbially transformed

12. Tongma, S., K. Kobayashi and K. Usui, 2001. allelochemical from 2,3-Benzoxazolinone. Journal of
Allelopathic activity of Mexican sunflower [Tithonia Chemical Ecology, 16: 353-364.
diversifolia (Hemsl.) A. Gray] in soil under natural 23. Kumar,   P.,   R.   Gagliardo   and   W.   Chilton,   1993.
field conditions and different moisture conditions. Soil transformation of wheat and corn metabolites
Weed Biology and Management, 1: 115-119. mboa and DIM2BOA into aminophenoxazinones.

13. Xuan, T.D., S. Tawata, T.D. Khanh and I.M. Chung, Journal of Chemical Ecology, 19: 2453-2461.
2005. Decomposition of allelopathic plants in Soil. 24. Schmidt,    S.K.    and    D.A.    Lipson,    2004.
Journal     of  Agronomy    and    Crop    Science, Microbial growth under the snow: Implications for
191: 162-171. nutrient and allelochemical availability in temperate

14. Inderjit, 2005. Soil Microorganisms: An important soils. Plant and Soil, 259: 1-7.
determinant of allelopathic activity. Plant and Soil 25. Shiraishi, S., I. Watanabe, K. Kuno and Y. Fujii, 2002.
274: 227-236. Allelopathic activity of leaching from dry leaves and

15. Chou,    C.H.     and   Y.F.      Lee     1991. exudate from roots of ground cover plants assayed
Allelopathic dominance of Miscanthus on agar. Weed Biology and Management, 2: 133-142.
transmorrisonensis in an alpine grassland 26. Ismail, B.S. and T.V. Chong, 2002. Effects of aqueous
community  in  Taiwan.  Journal  of  Chemical extracts and decomposition of Mikania micrantha
Ecology 17: 2267-2281. H.B.K.   debris   on   selected   agronomic   crops.

16. Sène, M., T. Doré and F. Pellissier, 2000. Effect of Weed Biology and Management, 2: 31-38.
phenolic acids in soil under and between rows of a 27. Pramanik,    M.H.R.,    Y.    Minesaki,    T.   Yamamoto,
prior sorghum (Sorghum bicolor) crop on Y.  Matsui  and  H. Nakano, 2001. Growth inhibitors
germination, emergence and seedling growth of in rice-straw extracts and their effects on Chinese
peanut (Arachis hypogea). Journal of Chemical milk    vetch (Astragalus    sinicus)    seedlings.
Ecology, 26: 625-637. Weed Biology and Management, 1: 133-136.

17. Romeo,   J.T.  and  J.D. Weidenhamer, 1998. 28. Pue, K.J., U. Blum, T.M. Gerig and S.R. Shafer, 1995.
Bioassays   for   allelopathy   in     terrestrial   plants. Mechanism by which noninhibitory concentrations
In       Methods       in        Chemical      Ecology. of glucose increase inhibitory activity of p-coumaric
Bioas-say Methods.    Eds.    K.F.    Haynes  and acid on morning-glory seedling biomass
J.G. Millar. pp: 179-211. Kluwer Academic Publishing, accumulation.    Journal     of    Chemical   Ecology,
Norvell, MA. 21: 833-84.



Am-Euras. J. Agric. & Environ. Sci., 15 (11): 2252-2257, 2015

2257

29. Michelsen, A., I. Schmidt, S. Jonasson, J.  Dighton, 33. Suzuki,  T.,  I.  Usui,  K.  Tomita-Yokotani,  S.  Kono,
H. Jones and T. Callaghan, 1995. Inhibition of growth H.  Tsubura,  Y.  Miki  and  K.  Hasegawa,  2001.
and effects on nutrient uptake of arctic graminoids Effects of acid extracts of tomato (Lycopersicon
by leaf extracts allelopathy or resource competition esculentum Mill.) and carrot (Daucus carota L.)
between  plants  and  microbes?  Oecologia,  103: wastes from the food industry on the growth of some
407-418. crops  and  weeds. Weed Biology and Management

30. Schmidt,     S.K.     and     R.E.     Ley,    1999. 1: 226-230.
Microbial   competition   and   soil   structure   limit 34. Wolf, R.B., G.F. Spencer and W.F. Kwoler 1984.
the    expression    of    phytochemicals    in    nature. Inhibition of velvetleaf (Abutilon theophrasti)
In principles and practices in plant ecology: germination  and  growth  by  benzyl  isothiocyanate,
allelochemical interactions. Eds. Inderjit, K.M.M. a natural toxicant. Weed Science, 32: 612-615.
Dakshini  and  C.L. Foy, pp: 339-351. CRC Press, 35. Inderjit and S. Duke, 2003. Ecophysiological aspects
Boca Raton, F.L. of allelopathy. Planta 217: 529-539.

31. Inderjit, C. Asakawa and K.M.M. Dakshini, 2000.
Allelopathic   potential  of  Verbesina  encelioides
root  leachate  in  soil. Canadian Journal of Botany,
77: 1419-1424.

32. Dalton, B.R., U. Blum and S.B. Weed, 1989.
Differential sorption of exogenously applied femlic,
p-coumaric, P-hydroxybenzoic and vanillic acids in
soil.  Soil  Science   Society   of   American  Journal
53: 757-762.


