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ABSTRACT

The study aimed at understanding the competitive ability of legumes Vigna radiata L. and Mucuna pruriens with
weeds and their effects on the activity of nitrifying bacteriain soils and the contents of organic-N in legumes and
weeds. The experiment was arranged in arandomi zed block design with three factorsand four replications. Thefirst
factor was soil order, i.e. Inceptisol and Vertisol; the second factor was types of legumes, i.e. Vigna radiata L.
cultivar Sriti and Mucuna pruriens; and the third factor was weed management, i.e. with weed management and
without weed management. The results showed that Vigna radiata L. and Mucuna pruriens indirectly influence
the supply of available nitrogen in soils that can be taken up by the coexisted plants or weeds via the inhibition of
the growth of Nitrosomonas and Nitrobacter in soils. Asaresults, the organic-N content in weeds decreases, which
isin contrast to the increasing amount of organic-N in Vignaradiata L. and Mucuna pruriens. Theresultsindicated
that Vigna radiata L. and Mucuna pruriens are considered as allelophatic legumes, resulting in low organic-N

content in weeds.
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ABSTRAK

Penelitian ini bertujuan untuk mendapatkan kemampuan bersaing genotipe Vigna radiata dan Mucuna pruriens
dengan gulmadalam menghambat aktivitas mikroorganisme Nitrifikasi hingga mempengaruhi kandungan N organik
pada tanaman dan gulma. Percobaan dil akukan dengan menggunakan rancangan acak kel ompok dengan tiga faktor
dan empat ulangan. Faktor pertama adalah dua ordo tanah yaitu Inceptisol dan Vertisol (a). Faktor kedua adalah
genoti petanaman legum (t) dan faktor ketigaadal ah duajenis pengel olaan gulma (g). Percobaan |apangan menunjukkan
bahwa Vigna radiata L. kultivar Sriti dan Mucuna pruriens mempengaruhi secara tidak langsung ketersediaan
nitrogen dalam tanah, yang menyebabkan N tersediamenjadi N tidak tersediabagi tanaman lain atau gulma, dengan
mempengaruhi populasi bakteri Nitrosomonas dan Nitrobacter pada tanah, sehinggaterjadi penurunan kandungan
N-organik dalam gulma tetapi kandungan N-organik pada Vigna radiata L. kultivar Sriti dan Mucuna pruriens
meningkat. Hal ini menunjukkan bahwa Vignaradiata L. kultivar Sriti dan Mucuna pruriens merupakan duatanaman
legum yang mengandung al el opati. Selanjutnya hasil eksperimen menunjukkan bahwa Vignaradiata L. kultivar Sriti
dan Mucuna pruriens secaratidak langsung mempengaruhi populasi bakteri Nitrosomonas dan Nitrobacter, sehingga

gulma mengandung N organik yang rendah.

Kata kunci: Alelopati, Mucuna pruriens, Nitrosomonas, Nitrobacter, Vigna radiata

INTRODUCTION

In agricultural point of view, plant consists of
crops and weeds that always coexist with different
roles, inwhich the cropsare cultivated but the weeds
arenat. The coexisting plantswill havean association
because each plant will utilizeits genetic potency to
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control the environment in order to grow optimally.
The assaciation between plants can result in positive
effects such as mutualism, i.e. two plants of
different species exist in arelationship and benefit
to each other. On the other hand, plant associations
can aso have negative effects, which are known
as competition and allelopathy.

Thedlelopathy phenomenon includesall types
of chemical interactions between plants,
microorganisms, or between plant and



126 U Umiyati: Allelopathic Inhibition of Nitrifying Bacteria

microorganism (Einhellig 1996). Accordingto Rice
(1983) the interactions include inhibition and
stimulation of the growth and the development of
other organismsdirectly or indirectly viacompounds
excreted by a certain organism (plant, animal or
microbe). The chemical compounds excreted by
organisms play a role in the mechanism called
allelochemistry. The effect of allelochemistry on
other organismsis selective.

Legumesthat produce allelochemicalsinclude
Vigna radiata, Vigna unguiculata, Phaseolus
vulgaris and Mucuna pruriens. Cereals that
produce allel ochemicals are Oryza sativa, Triticum
sativum, Zea mays, and Sorghum bicolor (Chou
1986). The chemical compounds produced by mung
beans are C-glycosyl flavonoids, which include in
flavonoid group. Certain compounds are able to
inhibit the activity of nitrogenin soil, which further
decreases the population and activity of nitrifying
bacteria (i.e. nitrosomonas bacteria), resultingin soil
nitrogen deficiency.

Other flavonoids can cause inhibition on the
mi croorgani sm associ ated with nitrogen-producing
plants by inhibiting the formation of NH,* in plants
that will be used for germination and growth. A
study conducted by Alderich (1984) showed that
the phenolic compounds in soil can inhibit the
oxidation of NH,*" into NO,. In addition, the study
of Bremner and McCarty (1993) indicated that
phenolic compoundsin soil areableto enhanceNH,*
immobilization due to inhibition of Nitrosomonas
bacterial activity.

The study of Nilsson et al. (1993) showed that
the extract of Empetrum her maphroditum decreased
mycorrihza infection on roots of pinus seedlings.
Moreover, seed germination of Pinus sylvestriswas
inhibited dueto the application of E. hermaphroditum
extract (Zackrisson and Nilsson 1993).

Allelochemical compounds produced by
Mucuna are flavonoids, galic acid and L-Dopa. L-
Dopa compound contained in Mucuna seeds has
been used as a cure for Parkinson’s disease, while
flavonoids and isoflavonoids produced by green
beans can suppress the growth of bacteria in soil
(Eilittaet al. 2002). The addition of organic materials
to soil canincreasemicrobial activity, which would
take up nutrients in soil. The toxic effect of
allelopathy can not be separated from the effects
of soil microbial activity (Inderjit and Foy, 1999).
Therefore, it is necessary to conduct a study about
the ability of legumes to compete with weeds by
producing allelochemical sthat can affect the activity
of nitrifying bacteria in various limited abiotic
environmental conditions.

The study aimed at understanding the
competitive ability of legumes Vigna radiata L.
and Mucuna pruriens with weeds and their
effectson theactivity of nitrifying bacteriain soils
and the contents of organic-N in legumes and
weeds.

MATERIALS AND METHODS

Experimental Design

The field experiment was conducted in
Cirebon and Brebes, Centra Javain February until
October 2008. The experiment was arranged in a
randomized block design with three factors and
four replications. The first factor was soil order,
i.e. Vertisol (a) and Inceptisol (a,); the second
factor was types of legumes i.e. Vigna radiata
L. cultivar Sriti (t,) and Mucuna pruriens (t,);
and the third factor was weed management i.e.
with weed management (g,) and without weed
management (g,).

Field Experiment

In the experiment, the mung bean seeds
(Vigna radiata L. cultivar Sriti) and Mucuna
pruriens were planted. The inorganic fertilizers
of urea (contains 45% N), SP-36 (36% P,O,) and
KCI (50% K, 0O) were applied at planting time at a
dose of 50 kg ha?, 75 kg ha?, and 50 kg ha?,
respectively. The fertilizers were placed at holes
next to the planting holes and then the fertilizers
were covered with soil in order to prevent theloss
of fertilizers due to evaporation (Purwono and
Hartono 2005).

The plants were nurtured by irrigating and
controlling pests and diseases regularly until
harvesting time. The soil samplesweretaken from
thefield for nitrogen content analysis purpose.

Bacterial Analysis

The populations of Nitrosomonas and
Nitrobacter were determined using a selective
gelatin medium (Ford). The medium used for the
determination of Nitrobacter population was made
of 1,000 ml aguades, 0.06 g KNO,, 1 g K,HPO,,
0.3 g NaCl, 0.1 g MgSO,.7H,0, 0.03 g
FeSO,.7H,0, 1 g CaCO,, and 0.3 g CaCl,. The
medium used for the determination of
Nitrosomonas population was made of 1,000 ml
aquades, 0.5 g (NH,),SO,, 0.2 g KH,PO,, 0.04 g
CaCl,, 0.04gMgS0O,.7H,0, and 0.05 g Fe-Citrate
(Waluyo 2008).
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The populations of nitrosomonas and
nitrobacter were determined in the soil samples
taken around the rhyzosphere of |egumes and weeds
at 56 days after planting. The populations of the
bacteriaare expressed in colony forming unit (cfu).
The contents of organic-N in mung beans, Mucuna
and weeds were determined in the plant and weed
samples taken at 42 days after planting for mung
beans and at 56 days after planting for Mucuna
(Fujii 2012).

RESULTS AND DISCUSSION

Population of Nitrosomonas and Nitrobacter
in Inceptisol and Vertisol Soils

Mung beans and Mucuna are able to produce
secondary metabolites that are released into the
environment through root exudates, and these root
exudates can directly affect the growth of other
plants and indirectly affect the properties of soil,
nutrient status and activity or population of soil
microorganisms (Orcutt 2000).

Soil organism is classified into microflora
(bacteria, fungi, actinomycetes and algae) and soil
fauna. Bacteriais the most predominant organism
in soil with the population of 108-10"per gram soil.
Good soil aeration and soil drainage arerequired by
soil microorganismsto grow optimally (Inderjit and
Moral 1997; Inderjit and Dakshini 1994).

The larger the surface area of a soil particle,
the greater the role of this particle in managing the
chemical and biological properties of the soil, such
as the ability to bind water and nutrients and the
population of soil organisms. Therefore, the
population of soil microorganismsin clay particles
is higher than that in other soil particles. Table 1
shows that the population of Nitrobacter and
Nitrosomonas in Vertisol is higher than that in
Inceptisol.

The population of Nitrosomonas and
Nitrobacter in the soils grown with mung beans (t,)
is lower than that in the soils grown with Mucuna
(t,). The result showed that the inhibition of soil
nitrogen availability for weeds and other plants by
mung beans is stronger than that of Mucuna.

The lack of nutrient availability in soil has
stimulated mung beans to produce secondary
metabolites, such as C-Glycosyl Flavonoids, which
are released as root exudates. This mechanism is
called allelochemistry. Then, the secondary
metabolites that are released into root zone are
decomposed by microorganisms into HCOO and
CN-and further used as an energy source for soil
microorganisms, resulting in the increase of
microorganism activity and CO,, and the decrease
of O,in the soil. This soil condition further affects
the growth of Nitrosomonas that require O, to
perform ammoniaoxidation activity (Dixon 1983).
Mucuna produces alelochemical, i.e. L-DOPA (L-
3,4 - Dihydroxyphenyl Alanine), which can hamper
the growth of Nitrosomonas population and further
inhibit the oxidation of NH,* into NO,.

Allelochemistry activity generated by mung
beans and Mucunato other cropsisaffected by soil
texture, pH, CEC and organicionsinthe soil (Weston
1996). A clay soil with dightly acidic up to nearly
neutral pH and high CEC stimulates the
alelochemistry activity, which further inhibitsthe
growth of microorganism that play a role in the
nitrification processin Vertisol or Inceptisol, resulting
in the decrease of N availability in the soil for other
plants (Robertson and Vitousek 1981).

The Effect of Allelopathy on the Organic-N
Contents in Legumes and Weeds Grown on
Different Soil Order

Among other nutrients, nitrogen isthe nutrient
that in most cases limits plant growth. Besides

Table 1. Population of Nitrosomonas and Nitrobacter in Inceptisol and Vertisol soil samples.

Vertisol Inceptisol
No  Treatment Nitrobacter Nitrosomonas Nitrobacter Nitrosomonas
(cfuml™) (cfuml™) (cfuml™) (cfuml™®
1 t.04 80.70 x 10° 61.70 x 10° 52.10 x 10° 37.20 x 10°
2 .05 54.60 x 10° 52.40 x 10° 46.00 x 10° 36.10 x 10°
3 to0 154.70 x 10° 138.70 x 10° 50.00 x 10° 46.30 x 10°
4 t.0» 159.00 x 10° 49.50 x 10° 153.30 x 10° 101.10 x 10°

t, = Mung beans; t, = Mucuna; g,= with weed management; g,= without weed management
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required in large quantities, nitrogen playsimportant
roles in enhancing the growth of plants. This is
because nitrogenisan essential element involvedin
the process of plant biochemistry, i.e. theformation
of cells, proteins, cytoplasm, nucleic acids,
chlorophyll and other cell components.

Different soil typeswill have different nutrient
content, pH, and microorganisms activity, so that
theresponse of plants onthe nutrient availdibility in
soil will bedifferent, which further affect the nutrient
content in plants.

According to Dixon and Whiller (1983),
environmental contribution onthe differencesin plant
populationsis affected by variation in soil nitrogen
source and uptake by plants aswell as variation in
soil pH. pH in general affects the activity of soil
microorganisms. Soils with a neutral pH are
favorable for the growth of soil microorganisms.

However, at pH < 5.50, the growth of
microorganisms is hampered. The range of soil pH
measured in our study was 5.6 for Inceptisol and
6.8 for Vertisol, so that the organic-N contents in
mung beans and Mucuna grown on both soilswere
different (Table 2).

The differences in the use of nitrogen by
different plants caused different nitrogen contentin
the tissues of Mucuna and green beans. The study
of Dixon (1983) showed that the available nitrogen
in soil could not be utilized by cucumber plants due

to the chemistry competition between Mung beans
or Mucuna with cucumber, so the mung beans or
Mucuna released allelochemicals through root
exudates in the form of C-glycosyl flavonoid or L-
Dopainto the soil. The release of allelochemicals
into the soil decreased the pH of rhizosphere of green
beans or Mucuna, which further inhibited the growth
of roots of other plants and nitrifying bacteria, so
that the supply of nitrogen in the non-rhizosphere
that could be taken up by other plants was low,
resulting in the low nitrogen content in other plant’s
tissues.

In addition, the allelochemical that isreleased
by mung beans through root exudatesin the form of
HCN can inhibit the synthesis of protein in other
plants, which is indicated by the decrease of root
length, so that the absorption of nutrients, especially
nitrogen is hampered, causing the organic-N content
in weeds becomes|ow (Einhelling 2004).

Table 2 shows that the contents of organic-N
in mung beans and Mucunagrown on both Vertisol
and Inceptisol are higher than that in weeds. The
result showsthat both legumes have good ability to
compete with weeds (competitive ability) in term of
utilization of nitrogen.

Theresult of our study issupported by the study
of Orcutt (2000), showing that allelochemicals
released by plant species can affect the nutrient
cycle in an ecosystem that ultimately affects both

Table 2. The contents of organic-N in legumes and weeds grown on Vertisol and Inceptisol.

Vertisol Inceptisol

No Treatment Organic-N Organic-N
Plant/Weed Group Content (g) Plant/Weed Group Content (g)

1 ti01 Mung beans 3.85 Mung beans 5.56

Sedgegrass 0.88 Sedgegrass 0.94

Grass 0.98 Grass 231

Broadleaf weed 0.11 Broadleaf weed 0.32

2 t10 Mung beans 6.96 Mung beans 7.48

Sedgegrass 3.59 Sedgegrass 1.74

Grass 1.62 Grass 3.28

Broadleaf weed 0.76 Broadleaf weed 0.82

3 o1 Mucuna 5.50 Mucuna 14.37

Sedgegrass 225 Sedgegrass 0.54

Grass 1.82 Grass 7.92

Broadleaf weed 0.17 Broadleaf weed 154

4 0, Mucuna 5.23 Mucuna 9.48

Sedgegrass 0.67 Sedgegrass 0.72

Grass 2.09 Grass 8.61

Broadleaf weed 1.29 Broadleaf weed 117

Notes: t, = Mung beans; t, = Mucuna; g,= with weed management; g,= without weed management.
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bel ow ground and above ground popul ation diversity
in the ecosystem.

The release of alelochemicals through root
exudates of mung beans or Mucuna into the
rhizosphere resultsin the disruption of the oxidation
of NH," intoNO,". The NH," isbound by carboxylic
acid released by mung beansand Mucuna, so it will
not move out from the rhizosphere of mung beans
and Mucuna. Onthe other hand, the nitrogen outside
of rhizosphere, i.e. NO, is easy to evaporate,
thereforeit can not be utilized by the roots of weeds.

The ability of legumes to produce
alelochemicals can affect soil microorganisms,
especially nitrosomonas nitrobacter that areinvolved
inthenitrification process (Blum and Shafer 1988).
The inhibition of nitrification process by
alelochemicals released by both mung beans and
Mucuna caused the low amount of nitrogen that
could be absorbed by weeds and stored in their
tissues. On the other hand, the amount of nitrogen
that was taken up and stored in the tissue of legumes
was higher that that in weeds because the soil
nitrogen was not available (immobile) for weedsdue
to the allelopathy effect from both legumes.

According to Orcutt and Nilsen (2000), in the
diverse ecosystem (mung beans, Mucuna and
weeds), the effect of allelochemistry can be
identified easily, i.e. when certain species of plants
predominantly affect the soil chemistry (such asthe
resultsin Table 2) and the ecosystem. Table 2 shows
that the content of organic-N in mung beans or
Mucunais higher than that in weeds, indicating that
both legumes have allelochemical activity.

CONCLUSIONS

The presence of allelopathic plants can affect
the activity of soil microorganisms, especially
nitrobacter and nitrosomonasthat play important role
in the nitrification process. This phenomenon will
further influence the nutrient cyclein an ecosystem
that ultimately affects the diversity of both below
ground and above ground populations. The
alelopathic effects are mainly found in the soils
grown with climax vegetation.

REFERENCES

Alderich RJ. 1984. Weed Crop Ecology. Principlesin
Weed Management. Breton Publishers. A Division
of Wadsworth, Inc., North Scituate, MA.

BlumU and SR- Shafer. 1988. Microbial Populationsand
PhenolicAcidin Soil. Soil Biol Biochemistry. 20.
793-800.

Chou CH 1986. The role of allelopathy in subtropical
agroecosystems in Taiwan. In: AR Putnam and CS
Tang (eds). TheScienceof Allelopathy. New York.
John Wiley and Sons, pp. 57-73.

Bremner IM and GW Mc Carthy. 1993. Inhibition of
nitrification in soil by allelochemicalsderived from
plantsand plant residues. In: M Bollag and G Stozky
(eds). Soil Biochemistry. Vol. 8. Marcel Dekker,
Inc. NewYork, pp. 181-218.

Dixon ROD and CT Wheller. 1983. Biochemical,
physiological and environmental aspects of
symbiotic nitrogen fixation. In: JC Gordon and CT
Wheeler (eds). Biological Nitrogen Fixation in
Forest Ecosystem Foundations and Applications.
MartinusNijhoff. The Hague, pp. 107-171.

Einhellig FA. 1996. Physiology and Mechanism of
Action. In: A Torres, RM Oliva, D Castellano and
P Cross (eds). Allelopathy. First World Congress
onAllelopathy. SAI (University of Cadiz). Cadiz
Spain, p. 139.

Einhelling. 2004. Mode of Allelochemical Action of
Phenolic Compounds. In Allelopathy Chemistry
and Mode of Action of Allelochemical. CRC. Press,
Edited by Mocia, pp. 217-238.

EilittdM, R Bressani, LB Carew, RJCarsky, M Flores, R
Gilbert, L Huyck, L St-Laurent and NJ Szabo. 2002.
Mucunaasafood and feed crop: an overview. In: B
Flores, M Eilittd, M Myhrman, LB Carew, and RJ
Carsky (eds). Food and Feed from Mucuna: Current
Uses and the Way Forward. Proceedings of an
International Workshop. CIDICCO, CIEPCA, and
World Hunger Research Center. Tegucigal pa,
Honduras, April 26-29, 2000, pp 18-47.

Fujii Y, T Kamo, S Hiradate, M Shindo and K Shishido.
2012. Isolation and identification of novel
allelochemical sand utilization of allelopathic cover
plants for sustainable agriculture. Pak J Weed <ci
Res18: 181-186

HaleMG and DM Orcutt. 1987. The Physiology of Plant
Under Stress. A Willey Interscience Publication
Jhon Wiley & Sons. New York pp. 11-15.

Inderjit and CL Foy. 1999. Natural of Interference
Mechanism of Mugwort (Artemisiavulgaris). Weed
Technol 13: 176-182.

Inderjitand KMM. Dakshini. 1994. Allelopathic Potential
of The Phenolic from The Roots of Pluchea
lanceolata. Physiol Plantarum 92: 571-576.

Inderjit and RD Moral. 1997. Is Separating Resource
Competition from Allopathy Realistic? Botanical
Rev 63: 221-230.

Nilsson MC, P Hogberg, O Zackrisson and W Fengyou.
1993. Allelopathic effect by Empetrum
hermaphroditum on development and nitrogen
uptake by roots and mycorrhizae of Pinussilvetris.
CanJ Bot 71: 620-628.

Orcutt DM and ET Nilsen. 2000. The Physiology of Plants
Under Stress: Soil and Biotic Factors. JohnWiley and
Sons. Inc. Ney New York.



130 U Umiyati: Allelopathic Inhibition of Nitrifying Bacteria

Purwono and R Hartono. 2005. Mungbean. Penebar
Swadaya. Jakarta. (in Indonesian).
Rice EL 1983. Allelophaty. Second Edition. TheAcademic
Press. Inc. Orlando, 427 p.
Robertson GPand PM Vitousek. 1981. Nitrification Potential
in Primary and Secondary Succession. Ecology 63:
1561-1573.

Waluyo L. 2008. Basic method techniques in
microbiology. Universitas Muhammadiyah Maang
Press, Malang, p. 359.

Weston LA. 1996. Utilization of Allelopathy for Weed
Management in Agrosystem. AgronJ 88: 860-866.

Zackrisson O and GW McCarthy. 1993. Allelophatic
Effect by Empetrum hermaphroditum on Seed
Germination of Two Boreal tree species. Can J
Forest Res22: 1310-1319.



