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Rice Cultivars Influence Nitrogen Transformation
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Abstract In a tropical rainfed rice field, soil min-
eral-N pool, rates of N-mineralization, nitrification
and nitrifier population beneath these different rice
cultivars were quantified at regular intervals during
the cropping season. The experiment was laid out in
a completely randomized block design with three
replicates. Factors were rice cultivars (Heera, Dhala-
heera and Narendra—118) and N—fertilization (0 and
100 kg N ha™). In situ measurements were taken
for rates of N—mineralization, nitrification and soil
moisture. The mineral-N pool, soil pH , nitrifying
bacterial population, plant growth parameters, root
air space and grain yield were also estimated. There
were intercultivar differences in soil mineral-N
pool, rates of N-mineralization, nitrification and
nitrifier population. Intercultivar differences in plant
biomass production, which indicates the differences
in nitrogen utilization potential and indirectly the
quantity and quality of litter production may explain
in part the differences in N-mineralization processes.
The nitrifying bacterial population showed a strong
correlation with root biomass and root air space. The
rice cultivars differed significantly in aerenchyma
tissue differentiation resulting in different degrees of
aerobic conditions in their rhizosphere. This explains
the differences in nitrifier populations harboured by
each of the cultivars in their respective soils and the
consequent differences in soil processes. Hence, apart
from fertilizer management, choice of rice cultivar
also affects nitrifier populations and their processes,
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which are responsible for supplying nutrients to the
rice soil.
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Introduction

The roots of rice contain aerenchyma (Justin and
Armstrong 1987). The aerenchyma provides a low
resistance internal pathway for movement of oxy-
gen (Colmer 2003). Oxygen is essential for nutrient
and water uptake (Gibbs et al. 1998). The oxygen
also diffuses from root to rhizosphere where it can
support aerobic microbial activity (Ueckert et al.
1990). Reddy and Patrick (1986) speculated that root
aeration may also influence nutrient dynamics in the
rhizosphere.

Substantial differences in the oxidizing power
of rice roots, among varieties have been observed
(Sanchez 1976). Differences in cultivar rhizosphere
oxygenation (per unit area of roots and per plant) or
root exudate (per unit weight of root) have been re-
corded (Armstrong 1969). Aerenchyma formation can
differ between genotypes within a species in wheat
(Huang et al. 1994). Colmer et al. (1998), showed
that rice genotypes differed in their constitutive root
porosity. Large variation in the adaptive traits of aer-
enchyma tissues, among different rice cultivars were
observed by Fukao et al. (2006), Hattori et al. (2009).
The ability of plants to modify their morphology in
response to soil legacies is still poorly understood,
(Baxendale et al. 2014), particularly under heterog-
enous soil conditions (Wubs and Bezemer 2016).

In the present study we examine the differences



in root porosity of three popular rainfed rice cultivars
and their consequent influence on rate of N-miner-
alization, rate of nitrification and nitrifier population
size in fertilized and unfertilized plots.

Materials and Methods
Study site

The study site was situated in the farmers rice fields
of the Gangetic plains (25°18° N latitude, 80°1” E
longitude and 76 meters above mean sea level). The
region has a dry tropical climate with typical mon-
soonal character. The year can be divided into a cold
winter (November—February, temperature 10-25°C,
a hot summer (April-June, temperature 30-45°C)
and a warm rainy season (July—September, with
temperature ranging between 24-36°C). The annual
rainfall averages 1100 mm, of which 85% falls during
the rainy season from the South—West monsoon. The
soil is an Inseptisol, deep, flat alluvial, pale brown in
color, silty loam in texture (clay 3.6%, sand 30.7%
silt 65.7%) and has a neutral reaction. In general the
soil is well drained and moderately fertile having
0.68%—0. 76% organic carbon 0.07-0.08% total N
and 304-340ug g' total P. It has a bulk density of
1.38 g cm™ and water holding capacity of 39.2%.

Experimental design

The experimental field consisted of 18 plots each
having a dimension of 5 x 3 m. A strip of 0.5 m land
was left to separate each plot. The experiment was laid
down in completely randomized block design with
three replicate. Factors were rice cultivars (Heera,
Dhalaheera and Narendra—118) and N-fertilization
(0 and 100 kg N ha™"). Following ploughing of all the
plots to 20 cm depth and seedbed preparation, a basal
dose of KCI +P,O, + farm yard manure, at a rate of
60 kg K : 60 kg P : 1000 kg FYM ha! respectively
was applied. P,O, was added in the form of single
super phosphate. Urea was applied to the fertilized
plots in three split doses of 40, 30 and 30 kg N ha™
few days after sowing, active tillering and flowering
respectively. Seeds of three rice cultivars were sown
by dibbling method in their respective plots (4—6
seeds per hill) at a spacing of 15 cm (hill to hill) by 20
cm (row to row). Compared to Heera (cross between
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CR 404 — 48 x CR289 — 1208) and Dhalaheera (local
selection) Narendra—118 (cross between HANSRAJ
x IR36) is a taller and late variety. The crop was kept
weed free by manual removal of weeds with minimal
disturbance in the plots. Rainfall was the only source
of irrigation during the cultivation period.

Soil sampling

Soil samples were collected every 10 to 15 days
from each replicate plot in triplicate and mixed to
form a composite sample. Soil monoliths (10 % 10 x
10 cm) were removed between the rows and stored
in polyethylene bags and brought to the laboratory.
Each composite soil sample was divided into two
parts. One part in the field moist condition was used
for determination of pH, soil moisture and mineral-N
(NH,~N and NO, N). The second part (also in field
moist condition) was used for assessing the N-min-
eralization, nitrification and nitrifier population. Soil
samples were taken 18 days after sowing (DAS),
during active tillering (38 DAS), panicle initiation (48
DAS), flowering / anthesis (58 DAS), physiological
maturity (68 DAS) and pre-harvest (78 DAS). The
samples were brought to the laboratory, spread on
paper sheets and visible roots and fragments of or-
ganic debris were removed and the soil was sieved
(2-mm mesh).

Soil analysis

Soil pH (1 : 2, soil : water) was measured using a pH
meter equipped with glass electrode. Gravimetric
soil moisture content was measured with freshly
pulled out soil according to the following equation
(Buresh 1991).

WCWS - WCDS

M= x 100

WCDS - WC

Where, M = Gravimetric soil moisture content (%)
; WCWS = Weight of can plus wet soil (g) ; WCDS
= Weight of can plus dry soil (g) ; WC = Weight of
moisture can (g).

Extractable soil ammonium nitrogen was es-
timated colorimetrically by the phenate method
(APHA 1985). Nitrate nitrogen was measured by
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Table 1. F-ratios and their significant levels for two way ANOVA with repeated measures for soil pH, mineral-N, N-mineralization,
nitrification, ammonium oxidizers, nitrite oxidizers, root biomass, shoot biomass, root air space and soil moisture for three cultivars
(Heera, Dhalaheera and Narendra-118) and two fertilization treatments (0 and 100 kg N ha™') where sampling time was treated as a
repeated measure. * p<0.05, ** p <0.01, *** p<0.001, ns = not significant. n=54 and *n = 36 respectively.

Between subject

Source of variation

Cultivar Fertilizer Within subject

Parameters C (F) CxF Time (T) TxC TxF TxCxF
pH 0.27 ns 1.1ns 9.1%* 49 3% 4.5% 11.4%* 9.5%*
Mineral-N 188.8%#* 394.6%** 4.5% 74.8%** 5.5%%%* 35.9%** 7.9%H%
N-mineralization 1141.6%%* 169.3%%* 152.5%%* 321.8%%* 19.6%** 17.0%** 8.5%**
Nitrification 645.8%%* 1049.9%** 93.2%** 309.5%*%* 9. 7HH* 78.7*** 11.5%**
A. oxidizers 135.3%** 360.1%** 9.5%%* 100.7%%* 7.7%* 16.8%** 10.3%%*
N. oxidizers 159.2%** 234 1%%* 0.42 ns 255.2%%* 29 8x** 14, 5%** 2.9%*
Root biomass 2117.2%%* 454.7%%* 61.8%** 1725.1%** 140.9%** 38.8%** 16.9%**
Shoot biomass 627.3%%* 281.9%** 25.1%%* 986.7%** 101.7%** 32.5%%* 9.4%*
Root air space * 58.8%** 366.4%** 6.1% 320.6%** 29.6%** 118.4%%% 18.9%**
Soil moisture 2.9ns 4.7% 11.2%* L1.7%%** 3.3*% 2.2ns 1.1 ns

phenol disulphonic acid method (Jackson 1958). In
situ rates of N-mineralization were measured for
thirty days period at the sampling points using the
buried bag procedure (Eno 1960). A soil corer (5.0 cm
diameterx 10 cm depth) was used to obtain an initial
sample that was placed in a plastic bag and brought

Table 2. Cropping season averages (+SE) for ammonium N,
nitrate—N and mineral-N content / pg g dry soil, soil moisture /
% and pH of soil in control and fertilized plots of rainfed rice cul-
tivars (n=18). Values in a column with different superscript letters
are significantly different from each other at p< 0.05 according to
Tukey’s HSD test.

Cultivars Control Urea

NH,'N

Heera 6.40 + 1.03* 8.78 + 0.70°
Dhalaheera 5.53 + 0.94® 7.72 + 0.97*
Narendra-118 4.07 + 0.79° 548 + 0.90°
NO, N

Heera 1.51 + 0.33° 2.29 + 0.35°
Dhalaheera 1.02 + 0.18° 2.00 + 0.33°
Narendra-118 0.72 + 0.18° 1.72 + 0.30°
Mineral-N

Heera 7.92 £ 1.27° 11.08 + 0.55°
Dhalaheera 6.56 + 1.04® 9.73 + 0.82°
Narendra-118 4.80 + 0.83° 7.22 + 0.85°
Soil moisture

Heera 23.71+ 1.59° 26.50 + 0.85°
Dhalaheera 24.82+ 0.74* 21.05+ 0.69*
Narendra-118 24.39+ 1.00° 24.00 £ 0.75°
pH

Heera 74 £ 0.05° 7.6 £+ 0.08
Dhalaheera 7.5 £ 0.04° 7.5 £+ 0.08
Narendra-118 7.5 £ 0.08° 7.5 + 0.09°

back to the laboratory for analysis. Immediately
adjacent to the initial sample further soil cores of
the same size were taken. Each intact soil core was
wrapped and sealed in a polyethylene bag (after re-
moving coarse roots and large fragments of organic
debris in order to avoid any marked immobilization
during incubation (Schimel and Parton 1986). The
sealed polyethylene bags were replaced into the
hole from which they were extracted and retrieved

Table 3. Cropping season averages (+SE) for N-mineralization
rates / pg g~ mo™! nitrification rates/ ug g mo™', viable population
of ammonium oxidizer and nitrite oxidizer/ MPN x 10° g! dry soil,
of'soil in control and fertilized plots of rainfed rice (n=18). Values
in a column with different superscript letters are significantly dif-
ferent from each other at p< 0.05 according to Tukey’s HSD test.

Cultivars Control Urea
N-mineralization

Heera 1047+ 1.51° 12.31 + 2.25°
Dhalaheera 15.79+ 2.28® 18.85+ 2.33"
Narendra-118 19.30+ 2.13% 25.39+ 2.37¢
Nitrification

Heera 1.22 + 0.42° 2.15 + 0.60*
Dhalaheera 2.04 + 0.28° 3.40 + 0.60°
Narendra-118 2.60 + 0.28° 5.14 + 0.85°
Ammonium oxidizers

Heera 1.96 + 0.32* 3.80 + 0.42°
Dhalaheera 2.88 + 0.37° 426 + 0.46°
Narendra-118 3.66 + 0.53° 6.08 + 0.67°
Nitrite oxidizers

Heera 145 + 0.22° 241 + 0.35°
Dhalaheera 2.11 + 0.38 3.13 + 0.33°
Narendra-118 2.88 + 0.45° 2.88 + 4.01°
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Fig. 1b
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Fig. 1a, 1b. Temporal changes in mineral-N concentration in soil planted to different rice cultivars under (a) control and (b) fertilized
condition across the cropping season. Arrows indicate days of fertilization. Bars indicate +SE.

after thirty days (here in referred to as the incubated
sample). Identical laboratory procedures were used
for both the initial and the incubated samples. The
samples were sieved through a 2 mm mesh to remove
fine roots and large stones. Ten gram sub-samples
were placed in extraction cups to which 100 ml of
2M KCl1 was added. The supernatant was analyzed
for ammonium concentrations using the phenate
method (APHA 1985). Similarly, NO,-N concentra-
tion were measured by the phenol disulphonic acid
method (Jackson 1958) after extracting the soil in
CaS0,.2H,0. The remaining soil material was dried
for 24 h at 105°C to determine soil dry mass. Rate
of N—-mineralization was calculated as the difference
in the concentration of inorganic N (NH," and NO,")
ions in the incubated and initial sample (Hart et al.
1994, Jha et al. 1996). Net nitrification was calculated
as the difference in the NO,— N concentration in the
incubated and initial sample (Hart et al. 1994, Jha et
al. 1996). Rate of N-mineralization and nitrification
are expressed in units of pg N per gram dry soil per
thirty days. Unless otherwise stated, all results were

DHeera BDhalsheera @Narendra- 118 Fig. 22

N - mineralization/ pg g-' mo-' dry soil

o

calculated on an oven—dry (105°C) soil weight basis.
Counts of nitrifiers

The viable population of nitrifiers i.e. ammonium
oxidizers and nitrite oxidizers was estimated by the
most probable number (MPN) technique (Alexander
and Clark 1965). Inocula were prepared as follows ;
10 g soil and 90 ml sterile distilled water were placed
in a sterile universal bottle (for each composite soil
sample) and shaken vigorusly on a wrist action shaker
for 30 min. Serial ten fold dilutions were made by
adding 1 ml of the suspension to 9 ml sterile water.
Each successive dilution was shaken by hand for 30 s
before a 1 ml portion was withdrawn. For both ammo-
nium and nitrite oxidizers 10 to 10~ dilutions were
used. For each dilution five replicate culture tubes
were employed. Ammonium — calcium carbonate
medium (NH,), SO,, 0.5 g ; K,HPO,, 1.0 g ; FeSO,,
7H,0, 0.03 g ; NaCl, 0.3 g ; MgSO,. 7TH,0, 0.3 g ;
CaCO,, 7.5 g ; water, 1 liter was used for ammonium
oxidizing bacteria and nitrite calcium carbonate me-

Fig. 2b

N - mineralization/ g g"' mo-' dry soil

18 38 48 58 68 78
Days after sowing

Fig. 2a, 2b. Temporal changes in rate of N-mineralization in soil planted to different rice cultivars under (a) control and (b) fertilized
condition across the cropping season. Arrows indicate days of fertilization. Bars indicate+SE.
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Fig. 3a, 3b. Temporal chenges in rate of nitrification in soil planted to different rice cultivars under (a) control and (b) fertilized condition
across the cropping season. Arrows indicate days of fertilization. Bars indicate+SE.

dium (KNO,, 0.006 g ; K.HPO,, 1.0g ; NaCl, 0.3g ;
MgSO,. 7H,0, 0.1 g ; FeSO,. 7H,0, 0.03 g ; CaCO,,
1.0 g; CaCl,, 0.3 g ; water, 1 liter for nitrite oxidizing
bacteria. The inoculated media were incubated in the
dark at 28+2°C. Tests for nitrifying activity were made
after thirty days by testing each tube for nitrite using
Griess-Ilosvay reagent. The number of tubes positive
or negative to the test was noted and the most probable
number of organisms present was calculated from an
MPN Table (Cochran 1950).

Plant growth, grain yield and root
porosity (root air space)

Plant growth and grain yield were measured from
randomly selected fixed sites in each treatment at
10—15 days interval starting from 18 days after seed
germination for both control and fertilized plots.
One rice hill was harvested from each plot on each
sampling date and roots were collected from a soil
block (15 x 20 x 15 cm depth). The soil was careful-

OHeera @Dhalaheera @Narendra- 118 Fig. 4a

Ammonium oxidizers/ MPN x10% g-'dry soil

Ammonium oxidizers/ MPN x10%g-'dry soil

ly washed with tap water on a sieve (0.2 mm). The
number of tillers per hill was counted. Subsequently
roots and shoots were separated from each other and
were dried at 65°C for 48 h, to constant weight, for
biomass determination. All estimates described above
were conducted in triplicate.

Grain yield was determined by harvesting all
the hills in Im % Im quadrat area from the middle of
each treatment plot. Grain and straw were separated
in a rice threshing machine dried in a batch grain
drier and weighed. Grain moisture was determined
immediately after weighing and sub-samples were
dried again in an oven at 65°C for 48 h. Grain weight
is expressed on an oven dry (65°C) basis.

Root porosity is one of the most important
parameters used to determine cortical oxygen con-
centration and reflects rhizosphere aerobicity. It was
measured thrice (during panicle initiation, flowering
and physiological maturity) by the water displacement

Fig. 4b
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38 48 68 78

Days after sowing

Fig. 4a, 4b. Temporal changes in ammonium oxidizer population in soil planted to different rice cultivars under (a) control and (b)
fertilized condition across the cropping season. Arrows indicate days of fertilization. Bars indicate+SE.
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Fig. 5b
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Fig. 5a, 5b. Temporal changes in nitrite oxidizer population in soil planted to different rice cultivars under (a) control and (b) fertilized
condition across the cropping season. Arrows indicate days of fertilization. Bars indicate + SE.

method (Jensen et al. 1969). A 15 ml pycnometer was
filled with water and weighed. About 0.2 — 0.5 g of
washed fresh roots were cut (2 to 2.5 cm from the
root apex) and gently blotted dry. The roots were then
carefully inserted into the water—filled pycnometer
and reweighed. The roots were retrieved, ground with
mortar and pestle and returned quantitatively into the
pycnometer for reweighing. The porosity of roots was
determined using the following relationships:

(p&egn-(p&r)

POR x 100

(r+p)-(p&r)

Where, POR = Root air space (porosity) in percent
(%) ; r=Mass of roots (g) ; p = Mass of water filled

Table 4. Cropping season averages (+ SE) for root biomass / g
hill!, shoot biomass / g hill ' and number of tillers / tillers hill ! in
control and fertilized plots of rainfed rice cultivars (n=18). Values
in a column with different superscript letters are significantly dif-
ferent from each other at p<0.05 according to Tukey’s HSD test.

Cultivars Control Urea

Root biomass

Heera 0.73 + 0.16 1.27 + 0.35°
Dhalaheera 1.37 + 0.38® 148 + 0.39°
Narendra—118 2.08 + 0.59° 247 + 0.75°
Shoot biomass

Heera 390 + 1.42¢ 579 £ 1.74
Dhalaheera 729 £ 2.33® 9.03 + 3.21®
Narendra—118 945 + 378" 13.62 £ 5.88"
Tiller number

Heera 6.00 + 1.06° 750 + 1.11°
Dhalaheera 8.83 + 1.19* 13.00 £ 2.03"
Narendra—118 14.50 £ 2.12° 17.16 £ 2.68¢

pycnometer (g) ; p & r = Mass of pycnometer with
roots and water (g) and p & gr = Mass of pycnometer
with ground roots and water (g).

Statistical analysis

All data analyses and statistical comparisons were
performed using an SPSS package ((SPSS Inc. 2002).
A general linear model (GLM) two way analysis of
variance with repeated measures was used to analyse
the effect of cultivar, fertilizer dose on soil processes,
nitrifying bacterial population plant growth parame-
ters and root porosity, where resampling of the same
plots on six dates was treated as repeated measures.
Tukey’s HSD (Honestly significant difference) test
was used to determine the significance of differences
between cropping season averages. Pearson correla-
tion coefficients for the observed parameters were
also calculated. For each set of data analysis, the three
replicate plots were considered as independent plots.

Table 5. Cropping season averages (+ SE) for root porosity / % and
grain yield / kg ha™' at harvest. (n =9 and 3 respectively). Values
in a column with different superscript letters are significantly dif-
ferent from each other at p < 0.05 according to Tukey’s HSD test.

Cultivars Control Urea

Root porosity

Heera 13.64 + 1.24° 19.36  +591°
Dhalaheera 16.40 =+ 1.82® 2047 +5.72°
Narendra—118  17.03 + 2.18° 2346 +7.80°
Grain yield

Heera 1147.15 + 520.7° 1312.28 + 183.3¢
Dhalaheera 1417.41 = 516.0® 1512.22 + 537.9%®

Narendra—18 2040.50 = 552.6° 2202.94 +564.6°
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Table 6a. Correlation matrix among mineral-N (Min—-N), rate of N-mineralization (N-min), nitrification (Nitrf.), ammonium oxidizers
(A. oxi.), nitrite oxidizers (N. oxi.), soil pH (pH), root biomass (Rb), shoot biomass (Sb), root porosity (Rp) and soil moisture (Sm) in
control plots (n=54). *Significant at p< 0.05, ** p<0.01, *** p<0.001, NS indicates correlation coefficient are not significant at p<0.05.

Data are correlation coefficients (r—values).

Vari- Min- N-

ables N min Nitrf. A. oxi. N. oxi. pH Rb Sb Rp Sm
Min-N 1 — 0.60*** (. 78%** _(.5]1*** —(0.33*% —0.84%**% (. 76%** (. 72%**  _(.69%** NS
N-Min 0.56%** 0.57%** 0.47%** 0.55%** 0.68%** 0.47%* 0.93%** 0.41%*
Nitrf. 0.38% 0.66%** 0.67%** 0.57%** 0.33* 0.97%** NS

A. oxi. 0.63%** 0.33* 0.61%** 0.62%** 0.95%** NS

N. oxi. NS 0.47%** NS 0.92%** NS
pH 0.78%** 0.73%** 0.99%#** NS
Rb 0.81%** 0.92%** NS

Sb 0.97%** NS
Rp NS
Sm 1
Results The concentration of extractable NH,” -N and NO,"

Soil properties beneath different
rice cultivars

There were no differences in soil pH due to fertil-
ization, cultivars also had no effect soil pH (Tables
1 and 2). In the control plots there were significant
correlation of soil pH with all the parameters except
nitrite oxidizer population and soil moisture. There
were significant differences in soil moisture due to
time, fertilization and the interaction between cultivar
x fertilization and time x cultivar (Tables 1 and 2).
Soil moisture showed correlation with rate of N—min-
eralization in control and negative correlation with
rate of nitrification in the fertilized plots.

—N were in general higher in the fertilized plots than
in control plots with differences amongst the cultivars,
Heera and Narendra—118 in the control plots (Table
2). The NH, -N/NO,” —N ratio was always greater
than 1 in the mineral — N pool.

Across all the plots, average values for mineral
— N across the cropping season ranged from 1. 91pug
g! dry soil (Narendra—118) to 10.56 pg g dry soil
(Heera) for control plots (Fig. 1a). Under urea fertil-
ization the average values ranged from 4.17 ug g dry
soil (Narendra—118) to 12.89 ug g' dry soil (Heera),
Fig. 1b. In general mineral-N left in soil was lowest
beneath Narendra—118 and highest beneath Heera,
whereas intermediate values were observed for Dhala-
heera (Fig. 1). There were significant differences in

Table 6b. Correlation matrix among mineral-N (Min—N), rate of N-mineralization (N-min), nitrification (Nitrf.), ammonium oxidizers
(A. oxi.), nitrite oxidizers (N. oxi.), soil pH (pH), root biomass (Rb), shoot biomass (Sb), root porosity (Rp) and soil moisture (Sm) in
fertilized plots (n=54). *Significant at p< 0.05, ** p<0.01, *** p<0.001, NS indicates correlation coefficient are not significant at p<0.05.

Data are correlation coefficients (r—values).

Vari- Min- N-

ables N min Nitrf. A. oxi. N. oxi. pH Rb Sb Rp Sm
Min-N 1 — 0.86%*%*  —0.50*%** —0.28*%  — 0.45%* NS — 0.54%** NS — 0.99*** NS
N-Min 0.44%* 0.45%* 0.62%** NS 0.57%** NS 0.94%** NS
Nitrf. NS 0.38* NS 0.51%%* 0.57%%* 0.65%**  (.45%*
A. oxi. 0.67%** NS 0.45%* 0.60%** 0.73*** NS
N. oxi. NS 0.41%+* 0.36* 0.79*** NS
pH NS 0.32% —0.70%** NS
Rb 0.78%%* 0.99*** NS
Sb 0.75%** NS
Rp NS

Sm




mineral-N due to the major factors, cultivars and fer-
tilization and a weak interaction between cultivar and
fertilization (Table 1). The mineral-N concentration
decreased with plant growth under both control and
fertilized condition (Fig. 1). Soil mineral-N was neg-
atively correlated with all the factors in control plots
except soil moisture and except pH shoot biomass and
soil moisture in the fertilized condition.

N-mineralization rates were substantially low-
er in Heera than beneath—118 (Table 3). The rate
of N-mineralization ranged from 8.24 pg g' mo!
(Heera) to 23.72 pg g' mo ' (Narendra—118) in the
control plots (Fig. 2a). In fertilized condition the
rate of N—mineralization ranged from 5.11 pg g
mo ' (Heera) to 31.10 ug g*' mo' (Narendra—118)
Fig. 2b. The cultivars had significant effect on rate
of N-mineralization (Tables 1 and 3). Relationships
between rates of N-mineralization, nitrification and
mineral-N left in soil were significant under both
control and fertilized conditions (Tables 6a and b).

The rates of nitrification ranged from 0.15 ng
g ' mo' (Heera) to 3.44 pg g' mo ' (Narendra—118)
in the control plots (Fig. 3a). In the fertilized plots
it ranged from 0.72 pg g' mo' (Heera) to 7.98 pug
g ' mo ! (Narendra—118) Fig. 3b. In the control plots
nitrification accounted for 9.9% to 13.5% of N-min-
eralization where as in the fertilized plots it accounted
for 20.2 to 20.5% of N—mineralization (Table 3). The
rate of nitrification was correlated with ammonium
and nitrite oxidizing population in control plots. The
nitrification rates in soil beneath Narendra—118 was
double when compared with Heera (Table 3). The rate
of nitrification was affected due to cultivars, fertiliza-
tion and cultivar x fertilization interaction (Table 1).

Nitrifier population beneath
different rice cultivars

The ammonium oxidizer population was largest
beneath Narendra—118 and significantly lower in
soil beneath Heera, under both control and fertilized
conditions (Table 3). The ammonium oxidizer pop-
ulation fluctuated from 1.0 x 10° g*' dry soil beneath
Heerato 5.2 x 10° g'! dry soil beneath Narendra—118
under control (Fig. 4a). In the urea fertilized plots
the population of ammonium oxidizer fluctuated
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from 2.1 x10° g*' dry soil (Heera) to 7.9x10° g!
dry soil (Narendra—118) Fig. 4b. The ammonium
oxidizer population was strongly correlated with
root biomass and root porosity. The variation among
cultivars in the population of ammonium oxidizers
was similar to the variation among cultivars in nitrite
oxidizer population. The nitrite oxidizer population
was smallest beneath Heera and it was significantly
higher beneath Nrendra—118 under control as well
as fertilized condition (Table 3). The nitrite oxidizer
population ranged from 1.0 (Heera) to 4.4 x 10° g
dry soil (Narendra—118) in the control plots (Fig.
5a). The population fluctuated from 1.4 (Heera) to
5.2 x 10° g! dry soil (Narendra—118) in the fertilized
plots (Fig. 5b). The cultivars and fertilization had a
significant effect on the ammonium and nitrite oxi-
dizer population. The nitrite oxidizers were strongly
correlated with root biomass and root air space. There
was a strong correlation of ammonium oxidizers with
nitrite oxidizers and both population were strongly
correlated with rate of N—mineralization and miner-
al-N concentration.

Thus, soils beneath the different cultivars differ
both in relative amounts of inorganic N, rate of N—
mineralization and nitrifier population and there were
significant changes in these quantities over time.

Plant growth and grain yield and root air
space in different rice cultivars

The average values for the plant growth parameters
measured across the cropping season are presented
in Table 4. Narendra—118 produced significantly
more tillers in comparison to Heera. Narendra—118
was the most vigorously growing cultivar followed
by Dhalaheera and Heera. The root biomass differed
significantly due to cultivar, fertilization and cultivar
x fertilization interaction (Table 1). Similar results
were obtained for shoot biomass.

There were significant differences in root poros-
ity (root air space) due to cultivars and fertilization
(Table 1). There was significant effect of cultivar on
the growth and grain yield of the rice plants (Tables
4 and 5). The response to fertilization varied among
the cultivars. Fertilization enhanced the grain yield
by 14.4% over control in Heera, 6.7% in Dhalaheera
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and in Narendra—118 the grain yield increased by
7.9% over control (Table 5).

Discussion

Identifying the mechanisms by which different rice
cultivars change soil chemistry is necessary to predict
the effects of natural and man made modifications on
nutrient cycling in tropical rice ecosystems. Plants
interact with soil biota and drive specific changes
in soil microbial community composition and soil
functioning (Schlatter et al. 2015).

Our results clearly show that, there are pro-
nounced differences in nitrogen dynamics and nitrifier
population beneath different rice cultivars and these
differences are a result of the plants as they can
be experimentally induced in fertilized soils. The
changes in microbially mediated N transformations
support our hypothesis that rice cultivars can induce
changes in the rate of N—mineralization, nitrification
and nitrifying bacterial population. Differences in
soil nutrient concentrations, standing crop biomass
and fluctuations in nitrifier population can explain,
in part, the differences observed. The three rice culti-
vars are also different from each other in several key
traits, e.g. quantity of aerenchyma tissues and hence
root oxidizing capacity, suggesting that they produce
changes in soil through different mechanisms. Due to
their sessile lifestyle but variable environment plants
have evolved remarkable plasticity in their growth
and below and above ground morphology (Palmer
etal. 2012).

In the present study a correlation between ni-
trification rates and pH in control plots suggest that
nitrifying bacteria are pH sensitive (Ste-Marie and
Paré 1999). Changes in soil moisture status, caused
by large amounts of evapotranspiration in planted
plots might affect rates of nitrification in the soil
(Tables 6a and b). Neill et al. (1995) observed that
soil moisture may be an important controller of soil
inorganic—N pool and N—transformation rates leading
to the availability of nitrate—N.

The soil under the different rice cultivars dif-
fered both in relative amounts of inorganic N and
rate of mineralization and reflected the changes in

these quantities over time. Numerous mechanisms
have been identified by which plants can alter the
physical, chemical and biological properties of soils
(Finzi et al. 1998). Many involve changes in the
quantity, quality and / or timing of inputs of plant
derived substrate. Differences in soil properties can
be associated with both natural and anthropogenic
changes in plant species composition (Binkley and
Resh 1999). Narendra—118 had 65.0% (control) and
53.5% (fertilized) lower mineral-N in soil when com-
pared with mineral-N level in soil planted to Heera.
This can be due to differences in their capacity to
absorb, translocate and utilize available N from soil.
Differences between species and genotypes of plants
in their capacity to absorb, translocate and utilize soil
and fertilizer N are well known (Mengel 1983). Rice
varieties differ in their ability to efficiently use soil
nitrogen (deDatta and Broadbent 1988). According to
Kundu and Ladha (1997) rice genotypes differ in their
ability to increase mineral-N availability in flooded
soils and the stronger influences were associated
with higher dry matter yield of the plants (shoot plus
root). They further proposed that soil N availability to
wetland rice, especially in soils with low mineral-N
supply may be considerably enhanced by selection
of efficient genotypes. In the present investigation,
mineral-N concentration decreased during the crop-
ping season. This rapid decline in applied fertilizer
N in the inorganic fraction during the early growing
season can be ascribed to rapid plant uptake, immo-
bilization into the microbial biomass, loss of nitrogen
through nitrification denitrification reactions and
possibly some transport across the barrier around
the plots (Patrick and Reddy 1976). The increase in
mineral-N pool due to fertilization ranged from 50.4%
(Narendra—118) to 39.8% (Heera). In a US dryland
long term research site 88% increase in inorganic
N values were recorded after 67 kg N ha™! fertilizer
application (El-Harris et al. 1983). An increase in net
formation of mineral-N after N fertilization has also
been reported by Priha and Smolander (1995). The
NH,-N/NO, —N ratio was always greater than 1 in
the mineral-N pool indicating efficient nitrate uptake
by the rice plants. Similar observations were recorded
by Jha et al. 1996.

In the present investigation rice cultivars differed
in the rate of N—mineralization and nitrification. Plant



species can influence nitrogen cycling through dif-
ferences in litter quality (Hobbie 1992) and changes
in a small fraction of soil organic matter can have
large effects on ecosystem N dynamics (Wedin and
Tilman 1990). The changes in quantity and quality
of litter are one of the likely mechanisms responsible
for the changes in N—mineralization and decreasing
plant available N. In the control plots Dhalaheera had
28.3% and Narendra—118 had 56.8% higher rate of
N-mineralization in comparison to Heera and in the
fertilized condition Dhalaheera had 80.0% and Naren-
dra—118 had 142.5% higher rate of N-mineralization
in comparison to Heera. Kundu and Ladha (1997)
suggested that excretion of organic matter with vari-
able C and N content from the roots of growing plants,
sloughing and dying back of roots could result in
addition of large quantities of decomposable organic
material to the soil. This may stimulate N-mineraliza-
tion in the soil and probably cause dramatic changes
in microbial activities. It is also known that genotypes
of various crop plants differ greatly in their capacity
to produce dry matter at a given level of N supply
and in the amount of dry matter produced per unit of
N absorbed (N efficiency ratio), (Reed and Hageman
1980). Genotypes differ not only in the capacity to
absorb N but also to translocate and partition N within
the plant (Clark 1983). Several other studies have also
shown that mineralization rates vary in soils beneath
different species (Diekmann and Falkengren—Grerup
1998). Application of fertilizer nitrogen in the form of
urea, resulted in enhanced rate of N-mineralization.
Application of fertilizer nitrogen has been demon-
strated to add to the mineralizable soil nitrogen and
in particular to the readily available pool of nitrogen
(El-Harris et al. 1983). When fertilizer nitrogen is
added to the soil, it interacts with the indigenous
soil nitrogen, increasing the mineralization of soil
nitrogen, a phenomenon known as priming effect
(Dormaar 1975). The ranges of N-mineralization and
nitrification are in agreement with a number of other
studies (Jha et al. 1996).

The differences in rate of nitrification amongst
the cultivars, in the present study may be attributed
to the differences in microbial activity of the nitrifier
population harboured by each cultivar in their respec-
tive soil. Vitousek et al. (1982) had suggested that
nitrification is controlled either directly or indirectly
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by the composition of the vegetation. Nitrate uptake
by the soil microflora may be one of the mechanisms
responsible for limiting net accumulation of nitrate.
In the present study the nitrification rates were higher
in fertilized soils under all the three cultivars as com-
pared to control plots. Substrate addition increases
potential nitrification rate, because this overcomes
competition for mineral nitrogen by nitrifiers (Kill-
ham 1990).

There have been few studies of changes in nitri-
fying bacterial population in soil under different plant
species and even fewer under different rice cultivars.
There were significant differences in nitrifying bacte-
rial population amongst the rice cultivars. The popu-
lation of ammonium oxidizers differed under different
tree species within a single forest community (Lodhi
1978). In the present investigation the variation in
nitrifier population across the three rice cultivars
cannot be solely attributed to genotypic variations in
addition of organic matter by the rice plants into the
soil. A more reasonable explanation would be due to
the extent of aerobic conditions created in the soil
in response to variation in root porosity of the rice
plants and hence variation in the extent of diffusion of
oxygen through the roots. Urea fertilization increased
the nitrifier population significantly. Several studies
have shown that addition of nitrogen fertilizers to soil
increases the nitrifying bacterial population (Berg and
Rosswall 1985). The ammonium oxidizer population
was strongly correlated with rates of N—mineraliza-
tion under fertilized condition. This supports the
contention that enhanced microbial activity is respon-
sible, at least partially, if not entirely for the observed
N-mineralization following fertilization. There was a
strong correlation of ammonium oxidizers with nitrite
oxidizers. This confirms the fact that both processes
carried out by these bacteria are coupled (Woldendorp
and Laanbroek 1989). The ammonium and nitrite
oxidizing bacterial population tended to increase
at the end of the season probably due to increased
availability of substrate due to reduced plant uptake.

The growth pattern of the individual cultivars
and differences in grain yield indicated differential re-
source utilization potential of the cultivars. Since the
plant variables covaried during the crop growth these
were interrelated with each other. The significant
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differences in root porosity led to different degrees of
aerobicity resulting in significantly different number
of ammonium and nitrite oxidizers neneath the three
cultivars. The presence of well developed root air
space was an insurance against periodic soil satura-
tion following heavy rainfall for supplying oxygen
to the roots. This ventilation system evidently facili-
tated the growth of ammonium and nitrite oxidizing
bacteria. Apart from substrate addition, fertilization
led to further development of aerenchyma tissue and
hence fertilized plants supported higher population
of nitrifying bacteria.

Thus, the rice cultivars influenced the availability
of nutrients in soil by influencing the soil microbi-
al population and their processes. For the present
study the ranking was Narendra—118 > Dhalaheera
> Heera. The associations between rice cultivars and
the quantity and form of N available to plants during
the growing season suggest that rice cultivar is one of
the likely factors that regulated nitrogen dynamics in
tropical rice soil. Further work is needed to elucidate
these processes under several rice cultivars.
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