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Ammonium-oxidizing bacteria in the root environment:
studies on their ecology and contribution to N uptake
of rice (Oryza sativa L.)
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Rice roots support the selective enrichment of microorganisms by providing
metabolically active surfaces and exudate gradients. We hypothesized that
ammonium-oxidizing bacteria (AOB) that are localized on rice roots contribute to the
overall nitrogen uptake of rice. This possibility was investigated at a fine level of
resolution by applying various molecular microbial ecology techniques.

DNA extracted directly from the soil and root environment served as PCR template
for studying the abundance and diversity of the ammonium monooxygenase (amad)
gene on the roots and in the rhizosphere soil of rice. The AOB populations and
activities were studied under conditions designed to simulate tropical rainfed lowlands
(alternating flood and dry periods) that tend to favor nitrification using rice cultivars
designed to tolerate such conditions. o

Comparisons of the activity and diversity of ammonium-oxidizing bacteria in the
root environment of different rice cultivars found marked differences despite identical
environmental conditions during growth. The abundance of PCR amplificates of the
amoA gene produced from root samples was higher in a modern variety IR63087-1-17
compared to two traditional varieties (Mahsuri and Kao Dawk Mali 105 [KDML105)).
Likewise, gross nitrification rates obtained from a 15N dilution experiment were
significantly higher for the modern variety. Different strains of AOB associated with
rice roots were characterized and identified by denaturing gradient gel electrophoresis
(DGGE) and clone sequencing, which showed that amoA sequences associated with
roots were generally more diverse than those found in the bulk soil. The most
predominant ammonium oxidizer sequences retrieved were from strains related to
Nitrosospira multiformis. Less predominant Nitrosomonas europaea sequences were
associated with IR63087-1-17 although rarely detected in samples from the traditional
cultivars and unplanted soil. Fluorescence in situ hybridization using group-specific
oligonucleotide probes was used to quantify the AOB on root surfaces, and confirmed
the PCR-based results.

Oxygen concentration profiles around secondary roots, which were obtained using
microelectrodes, differed significantly among the tested rice varieties, of which
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IR63087-1-17 showed maximum leakage of oxygen. While this could partially explain
the detection of more abundant and diverse amoA sequences on the roots of this variety
it failed to explain why ammonium at the plant uptake site is somehow available for
bacterial consumption.

Root-associated bacteria observed using FISH were found within a discrete biofilm
coating the root surface. Depending on the variety, AOB may constitute 10-15% of the
indigenous biofilm bacterial community, although this proportion may rise up to
20-25% in the presence of excess applied ammonium. Analysis of the total microbial
communities also suggests that different rice varieties support different microbial
populations even under identical environmental conditions.

Analysis of AOB in the root environment predicts that a significant proportion of
the nitrogen taken up by certain rice varieties is in the form of nitrate provided by the
AOB. Measurement of plant growth of hydroponically-grown plants showed that
IR63087-1-17 had the stronger response to the co-provision of ammonium and nitrate.
In this variety, the N use efficiency can be improved by 20% under ammonium
fertilization compared to nitrate fertilization.

The results of these studies indicate that the abundance and population structure of
AOB on root biofilms may reflect certain physiological traits of rice, such as oxygen
leakage and the mechanism of N uptake. Moreover, AOB in the root environment is an
advantage to rice varieties that benefit from co-provision of ammonium and nitrate.
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Ammonium-oxidizing bacteria in the root environment:
studies on their ecology and contribution to N uptake
of rice (Oryza sativa L.)
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HFEEIICOA 2 REECHLEESERZEEEZ A 2 ORLIBETIROD AOB OEE. B
JUZDEFBEDBVICH 2O TIERVPLE L. LBRD amoA BIZF D PCR EW % EMH
BENET VESKEE (DGGE) LW HBEL. BEIZL D ZDkE)SY — 2 1T BERE &N
DHZBZERE LR, 5. YU SEI L DNA Wi DY —4 v X ¥ 72 DIERE T DR
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MEOREPCEBROM AHMEZ Y. 1 XOREBOEFZK R EZRBL TV L &8
HIIRTHDENZ 3,

BER-RIL. ChSOHMARRER ML, EMAEL UTHEP DBALTH D,
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