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ABSTRACT
Poor N use efficiency by rice (Oryza sativa L.) in many regions

of the world is due to the intensity of loss mechanisms functioning
in the system. A study was conducted to determine the maximum
potential loss of fertilizer "N in a Crowley (Typic Albaqualfs) silt
loam soil where conditions are favorable for both nitrification and
denitrification in the root zone of rice. Nitrogen losses were mea-
sured in the rhizosphere (soil core with rice plants) and nonrhizo-
sphere (soil core without rice plants) soil systems. The potential N
loss in the system with plants was found to be 193 mg N m - d ',
while N loss due to the rhizosphere effect alone was 143 mg N m 2

d ' (18% of the applied I5N). About 5% of the applied I5N was found
to be lost due to upward movement of I5NH4

+ into overlying flood-
water.
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NITROGEN GAINS AND LOSSES in a rice (Oryza sa-
tiva L.) plant-soil system occur as a result of a

number of processes utilizing various pathways (Reddy
and Patrick, 1984). Among the more poorly under-
stood of these pathways are the transformations of N
that take place in the root zone (Savant and DeDatta,
1982; Reddy and Patrick, 1984) of lowland rice and
other aquatic plants. Because of the anaerobic nature
of the flooded soil these plants obtain most of the O2
required for root respiration by diffusion from the at-
mosphere through the leaves and stems to the roots
(Armstrong, 1964). If O2 diffusion through the aeren-
chyma tissue to the roots exceeds the plant respiratory
requirement, O2 will diffuse from the root into the
surrounding root zone (Barber et al., 1962; Mitsui and
Tensho, 1952). This process results in an oxygenated
rhizosphere surrounded by an O2-free anaerobic soil
zone (Aimi, 1960; Armstrong, 1964; 1967). An exten-
sive total area of aerobic-anaerobic interface exists be-
cause of the large total root surface involved. Arm-
strong (1964) measured the O2 diffusing from the roots
of the rice plant at a rate of 12 g X 10~8 cm~2 root
surface min~'. In a pot study, Rodriguez-Kabana et
al. (1965) measured approximately 4 mg L~' O2 in the
soil water adjacent to the roots of rice plants grown
under submerged O2-free conditions.

The development of two distinct soil layers in the
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root zone can potentially influence N transformations.
Ammonium N in the anaerobic soil adjacent to the
oxidized rhizosphere can diffuse into the rhizosphere
where it is oxidized to NOj. Because of its mobility,
the Np^~ ion formed by this process can then diffuse
back into the anaerobic zone where denitrification
takes place. In recent years, several studies have at-
tempted to evaluate the effect of rice plants on N loss
from flooded soils (Broadbent and Tusneem, 1971;
Reddy and Patrick, Jr., 1980; Fillery and Vlek, 1982;
Smith and Delaune, 1984). The results presented in
these studies did not arrive at any definitive conclu-
sions on the effects of rice plants on N loss.

The objective of this study was to determine the
fate of applied fertilizer 15N in the root zone of rice
plants and the surrounding anaerobic soil zone. The
purpose of the study was not to assess the practical
significance of the process, but to determine maxi-
mum potential loss in a system where experimental
conditions are favorable for both nitrification and de-
nitrification in the root zone.

MATERIALS AND METHODS
The soil used was a Crowley silt loam (Typic Albaqualfs)

collected from the Rice Exp. Stn., Crowley, LA. It contained
0.8 g total N kg^1, 7.0 g total C kg~', a cation exchange
capacity (CEC) of 9.4 cmol (+) kg"1 of soil, and a pH of
5.8 (1:1 soil/water ratio). The soil had 10.8% clay, 70.7% silt,
and 9.5% sand.

Air-dried soil ground to pass through 0.84-mm mesh sieve
was placed in polyvinyl chloride (PVC) tubes (20-cm long
and 10-cm i.d.) and sealed at the bottom with a PVC cap
(Fig. 1). Six rubber septa (three on each side placed 2 cm
apart) had been installed at the bottom portion of the PVC
tubes. Prior to the addition of soil, adequate deionized water
containing N, P, and K was added to the tube to obtain
saturated soil conditions and a final concentration of 50 mg
N kg-', 25 mg P kg-', and 50 mg K kg-' of soil. All soil
cores were placed in a greenhouse. In one set of cores, two
healthy 20-d-old rice seedlings (var. 'Labonett') grown in
sand culture were transplanted while the second set of cores
was maintained with no plants. After the plants were grown
for a period of 20 d, an additional 500 g of soil containing
1% rice straw was added to the core. Additional water was
added to maintain saturated soil conditions. An additional
200 g of soil containing 2% rice straw was added to the core
as a buffer zone.

The main purpose for the addition of rice straw to the
soil was to reduce N loss due to upward diffusion of 15N
from the bottom portion of the core to the overlying flood-
water. Results obtained in preliminary experiments indi-
cated that it is important to prevent upward diffusion of
NH^ if we are to be able to distinguish the effect of rice
roots on N loss as compared to N losses due to nitrification-
denitrification reactions taking place at the soil-water inter-
face. Because of the high C/N ratio of the rice straw (90:1),
any 15N diffused will be readily immobilized. Labeled
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Table 1. Mass balance added 15NH4-N in flooded Crowley silt
loam planted with rice.

I Ocm

B
Fig. 1. Schematic presentation of the rice rhizosphere (A) and non-

rhizosphere (B) systems used. (1) Rice plant; (2) floodwater; (3)
reduced soil with 2% rice straw; (4) reduced soil with 1% rice
straw; (5) rubber septa used for I5N injection; and (6) reduced soil
with "NH4-N.

15NH4C1 solution (5.0 atom % I5N excess) was injected
through the rubber septa into the root zone to achieve a
final concentration of 100 mg 15N kg"1 of soil. Similarly,15NH4C1 was also injected into the nonrhizosphere treat-
ment. At the end of a 20-d growth period (at this stage rice
seedlings are 40-d-old), a second dose of 15NH4C1 (equiva-
lent to 100 mg N kg"1 of soil) was injected into the rhizo-
sphere and nonrhizosphere systems. At this point, each PVC
core had received a total of 340 mg N (200 mg N kg~' of
soil).

Plants were allowed to grow for an additional period of
20 d, with a total growth period of 40 d after injection of
the first dose of 15N solution. There were eight replications
for each of the rhizosphere and nonrhizosphere treatments.
Deionized distilled water was added frequently to the soil
cores to maintain about 3 cm of floodwater.

At the end of 40 d, after the first 15N application, plants
were harvested, and shoots and roots were separated. Wet
soil was thoroughly mixed, a subsample was extracted with
2 M KC1, and the nitrate was analyzed for inorganic N. The
residual soil was dried at 60°C, ground to pass through a
0.42-mm sieve, and analyzed for total Kjeldahl N (TKN)
(Bremner and Mulvaney, 1982). All plant samples were ana-
lyzed for TKN. Both soil and plant samples were subse-
quently analyzed for 15N content (Hauck, 1982).

RESULTS AND DISCUSSION
Data in Table 1 show the mass balance of added

15N in the rhizosphere (soil with rice plants) and non-
rhizosphere (soil without plants) treatments. In the
rhizosphere treatment, added inorganic I5N rapidly
disappeared, with only 1.8% of the added N remaining
at the end of the growth period of rice. Plants removed
about 65.4% of the added N, with 16.6 and 48.8% of
the added N recovered in roots and shoots, respec-
tively. About 15% of the added 15N was recovered in
the organic fraction. Most of the 15N was probably
immobilized in the upper soil zone, which was treated
with rice straw. Total 15N recovery in the soil-plant
system was about 82% of the added N with 18% not
accounted for.

N-fraction

Inorganic N
Organic N
Total soil N

Rhizos- Nonrhizos-
pheref pherej

Soil
6.1 ± 1.5 251.1 ± 12.1

51.4 ± 5.2 73.4 ± 4.3
57.5 ± 5.9 324.6 ± 12.3

Rhizos- Nonrhizos-
phere phere

— % of added ">N—

1.8 73.9
15.1 21.6
16.9 95.5

Plant
Shoots
Roots
Total plant N
Total N recovered
Unaccounted for

165.9 ± 15.1
56.3 ± 6.7

222.2 ± 11.6
279.6 ± 13.9

60.4 ± 13.9

..

..
-

324.6 ± 12.3
15.4 ± 3.6

48.8
16.6
65.4
82.2
17.8

„
..
-

95.5
4.5

t Rhizosphere = with rice plants. J Nonrhizosphere = with no plants.

In the nonrhizosphere treatment, 73.9% of the added
N was still present in the inorganic 15N fraction, and
only 21.6% of the added N was recovered in the or-
ganic fraction. Although I5NH4~ was injected in the
lower portion of the soil core, it appears that some of
the added I5NH4~ had diffused into upper zones where
it was immobilized, thus decreasing loss of N due to
nitrincation-denitrification reaction in the upper zones.
Total 15N recovery in the nonrhizosphere system was
95.5% of the added N, with 4.5% not accounted for,
indicating that the buffer soil containing a high C/N
ratio rice straw in the upper soil zone decreased the
loss of N, as indicated by 22% of the added N recovery
in soil organic fraction.

Nitrogen loss in the rhizosphere treatment was found
to be significantly higher than the nonrhizosphere
treatment. Net effect of the rhizosphere in N loss was
calculated as follows:

NR, = NRH - N11 NRH

where NRL = N loss due to rhizosphere only, NRH =
N loss in the treatment containing plants with N loss
due to upward movement minimized, NNRH = N loss
in the nonrhizosphere treatment (no plants), where N
loss due to upward movement was minimized.

Estimated N loss due to the rhizosphere effect (NRL)
under these experimental conditions was 143 mg N
m~2 d~' (1.43 kg N ha"1 d"1)- This loss represents
about 57 kg N ha"' in 40 d. Total N loss in the system
containing plants was about 77 kg N ha~' (18% of the
added N) in 40 d. These N losses appear to be very
significant and may explain the N losses encountered
by other researchers (Patrick and Reddy, 1976; Savant
and DeDatta, 1982) when fertilizer N was placed in
the root zone. Mikkelsen et al. (1978) found virtually
negligible losses when fertilizer N was applied by deep
placement. In our study, fertilizer N was applied at a
rate of three to four times the normal recommended
application. High rates of N application were neces-
sary to demonstrate the effects of roots on N loss.
However, under normal fertilizer application rates, the
competition between plant uptake and bacteria may
decrease the effect of roots on N loss.

Results from this study present an indirect evidence
that the processes of rhizosphere nitrification-denitri-
fication were active, resulting in a significant amount
of N loss. In the presence of greater root density in
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limited volume of soil, a significant portion of anaer-
obic soil can be oxidized by the O2 diffusing from rice
roots. This results in the formation of several micro-
oxidized soil zones within the anaerobic soil. The total
area of the oxidized soil zone will depend on the sur-
face area of the roots and total root volume. Assuming
that adequate nitrifying bacteria are available in the
oxidized rhizosphere (IRRI, 1964), soil conditions ap-
pear to be favorable for the diffusion of I5NH^ to the
oxidized rhizosphere where it is nitrified to 15NOf fol-
lowed by subsequent denitrification in the adjacent
anaerobic soil zone. Quantitative documentation can
be provided only when gaseous end products are mea-
sured. In a lowland rice soil, NO^ may be limiting
overall N losses due to nitrification-denitrification in
the rhizosphere (Smith and Delaune, 1984). The con-
trolling factor of N loss from the rhizosphere is the
competition for NO^ uptake between denitrifying
bacteria and rice roots.

In conclusion, this study has demonstrated the pos-
sibility of nitrification and denitrification functioning
in the root zone. Although N loss measured in this
study was significant, caution should be exercised in
extrapolating these results to field conditions, since
this study was conducted under high rates of N ap-
plication.
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