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IN TR O D U C TIO N

More than 20% o f the N fertilizer produced worldwide is used in rice fields in Asia. The cost o f  N fertilizers 
usually represents 1 0 - 2 0  % o f  the total production cost o f rice; however, the agronomic nitrogen use 
efficiency in rice farming is around 30% resulting yield reductions and waste o f foreign exchange (Sirisena 
el at., 2000). Nitrification is a microbiologically mediated transformation governing the pool sizes o f plant 
available nitrogen forms (NH4+ and NO3 ) in soil. The rate o f nitrification reactions is affected by 
environmental factors such as substrate (NH4+ and NCV) concentration, oxygen concentration, presence o f  
toxic or inhibiting substances, pH, and temperature. Allelochemicals, a group o f plant-derived secondary 
metabolites, interfere with growth o f surrounding plants and microbial community dynamics in soil 
including nitrifiers (Subbarao et al., 2007). The suppression o f nitrification by biologically active plant 
derived compounds is referred to as biological nitrification inhibition (BN1) (Subbarao et al., 2007). 
Nitrification in the rhizosphere can be suppressed by plants and other microbes by secreting inhibitory 
compounds, competing for NH4" and/or by encouraging the growth o f  fast-growing heterotrophs in the 
rhizosphere that out-compete slow-growing nitrifiers. Considering the immense diversity o f rice gene pool in 
Sri Lanka, there is a great opportunity o f  finding rice varieties with BNI potential. A study was conducted 
with ten rice varieties to determine the ability o f rice to suppress nitrification.

M E TH O D O LO G Y

A soil sample was collected to isolate nitrifiers from the 0 -10 cm depth from a paddy field at the 
experimental farm o f  University o f Peradeniya in Maha llluppallama. Ammonia oxidizing bacteria, a group 
o f microorganisms involved in the first step o f nitrification, was isolated using a culture based approach with 
P buffer medium (pH 7.8) as described previously (Weaver et al., 2007). Fourteen days old seedlings o f ten 
rice varieties (BG 300, BG 352, BG 358, BG 94/1, AT 362, Suduru Samba, Sudu Heenati, Dahanala, Kalu 
Heenati and Suwandel) were used in the study. Roots o f rice seedlings were immersed in distilled water (4 
mg fresh roots/ ml), and shaken for 30 min to collect root wash (RW) and then the roots were pat dried, 
ground and dissolved in sterilized distilled water to obtain a root extract (RE) solution with a concentration 
o f 10 mg fresh roots ml'1. A bioassay was conducted with RW to test its effect on potential ammonia 
oxidation (PAO) activity o f  isolated ammonia oxidizing bacteria. A soil incubation study was conducted to 
test the effect o f RW and RE on nitrifiers in the presence o f other microorganisms. The potential nitrification 
rate (PNR) o f soil nitrifiers after incubating with RW or RE (at a rate o f 400 pg o f fresh roots per milliliter 
o f soil slurry) for 2h was measured using shaken slurry method as described previously by Hart et al. (1994). 
A control with 2 ml o f sterilized distilled water to replace root derived compounds was performed in 
triplicates. Suppression o f nitrification was calculated by dividing PNR with RW/RE from the PNR of 
control.

Data were statistically analyzed. Analysis o f  variance was performed for data generated from BNI 
experiment using MINITAB® Release 14.1 statistical software (Minitab Inc.). Means were compared by 
LSD mean separation (p < 0.05).
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RESULTS AND DISC USSIO N

Tested rice varieties differed in their ability to affect the activity o f nitrifiers (Table 1). Root wash (RW), 
which mainly contain root exudates, enhanced the activity o f ammonia oxidizers isolated from soil to varying 
degree depending on the variety. The observations made on the effects o f  RW on nitrifiers in the isolated 
culture did not agree always with the effect on nitrifiers in soil. Root extracts o f  all varieties obtained by 
grinding fresh roots and dissolving in distilled water suppressed the potential nitrification at the rate o f RE 
applied in this study, which is nearly compounds from 400 pg fresh roots per milliliter o f  soil slurry (400 
ppm). Interestingly, RW and RE application to soil affected nitrifiers differently for some rice varieties 
although the application rates o f two different type o f root derived compounds were similar (Table 1). For 
example, RW from BG352 stimulated the nitrifier activity while the RE from the same variety suppressed 
soil nitrifiers.

Table 1. The effect of root derived compounds on soil nitrifiers’ activity (Values are given as Mean ± 
Standard Error mean). Values are calculated as [activity when applied RW or RE] / [activity of 
control|. Therefore, values <1 indicate that potential activity was suppressed by added compounds.

Variety

Effect of RW on potential 

activity of ammonia 

oxidizers *

Effect of RW on poten­

tial activity of nitrifiers 

in soil **

Effect of RE on potential 

activity of nitrifiers in 

soil **
BG300 1.72 ±0.15 b 1.44 ± 1.18 ab 0.58 ± 0.10 a

BG352 25.50 ± 16.1 b 3.11 ± 0.40 a 0.69 ± 0.06 a

BG358 L.03 ± 0.02 b 0.52 ± 0.06 b 0.55 ± 0.05 a

BG94/1 1.04 ±0.01 b 1.51 ± 0.17 ab 0.55 ± 0.07 a

AT362 1.16 ± 0.19 b 0.65 ± 0.24 b 0.62 ± 0.14 a

Suduru Samba 453.47 ±6.51 a 0.59 ± 0.29 b 0.85 ± 0.16 a

Sudu Heenati 410.95 ±2.83 a 1.36 ± 0.87 ab 0.67 ± 0.04 a

Dahanala 1.03 ±0.01 b 0.22 ± 0.04 b 0.76 ± 0.07 a

Kalu Heenati 1.02 ± 0.04 b 0.98 ± 0.06 b 0.58 ± 0.06 a

Suwandel 435.56 ±8.37 a 1.38 ± 0.67 ab 0.74 ± 0.25 a

* The effects on ammonia oxidizers were assessed on using a culture isolated from soil

** Suppression o f nitrification was measured directly using soil.
Means in a given column followed by the same letter are not significantly different at p < 0.05.

Once added to a medium the availability o f  an organic compound is determined by the complexity o f the 
medium. Soil is a highly complex medium due to soil matrix itself and the presence o f soil microorganisms 
that use plant metabolites as C and energy sources. Physicochemical reactions like chelation, adsorption to 
clay and organic matter, dilution by soil moisture, and root exudation as affected by plant stress and plant 
age can change the active plant-derived secondary metabolite concentration in soil (Gopalakrishnan el al., 
2009). Therefore, the results from laboratory bioassays conducted using artificial growth media may not 
agree with studies conducted using soil as a medium (Tanaka et al., 2010). Results from laboratory bioassays 
on allelopathy are relative and provide information about potential BNI only (Tanaka et al., 2010; Subbarao 
et al., 2007). It was clearly indicated in the present study that although some varieties like Suduru Samba, 
Sudu Heenati and Suwandel stimulate the activity o f ammonia oxidizer isolated from soil, similar results 
were not obtained when applied the root exudates to soil. Root exudates in Suduru Samba suppressed the
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nitrifiers activity in soil by nearly 50 % compared to control even though the same extract stimulated the 
ammonia oxidizers activity nearly 450 times in laboratory bioassay.
Dominant nitrifying bacteria in soil are chemolithoautotrophs that use C 0 2 as the cellular C source but some 
members have the ability to grow as a chemolitho organotroph using fructose, pyruvate and amino acids like 
organic compounds (Clark and Schmidt, 1967). The composition o f  root wash o f rice varieties was not ana­
lyzed in the present study. However, a previous research conducted with traditional and improved rice varie­
ties in Sri Lanka confirmed that rice varieties have varying root exudation profiles and some varieties exude 
more organic compounds like amino acids than others (Dandeniya, 2007). The rate o f application o f root 
derived compounds in the present study was 0.4 mg ml' 1 (final concentration in soil slurry) and suppression 
o f nitrifier activity was observed even at this level. Root derived organic compounds might stimulate the 
growth o f other fast growing bacteria in the rhizosphere exerting a pressure to slow growing nitrifiers. This 
may contribute to the observed low nitrification rates in soil media compared to ammonia oxidizer growth 
media used in the laboratory bioassay.

Results indicate that the diversity o f rice gene pool in Sri Lanka present great potential to search for biologi­
cal nitrification inhibition. Information on ability o f rice to suppress nitrification will be useful in developing 
rice varieties with better N use efficiency to use in environments with excessive nitrification such as rain-fed 
and upland rice cultivation systems.

C O N C LU SIO N

Root derived secondary metabolites in tested rice varieties possess the ability to suppress nitrification to dif­
ferent extent. The suppression o f nitrifiers’ activity may have achieved via manipulation o f other soil micro­
organisms that can exert a competition for slow growing nitrifiers and this should be further investigated.
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Data published here is part of an ongoing study funded by University Research Grants-2011 of Uni­
versity of Peradeniya.
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