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ABSTRACT
Inoculant biofertilizer application increased fertilizer nitrogen (N) use
efficiency in Vietnam in some previous field experiments. Similar results may
be obtained in Australia. With this view in mind, a greenhouse experiment
and two field experiments were conducted using a Vietnamese inoculant
biofertilizer (BioGro) and several other plant growth promoting (PGP)
bacteria. In the greenhouse trial, bacterial inoculations increased shoot and
root weights of rice plants significantly. In the field experiments, particularly
with Rhizobium leguminosarum, similar effects including significant
differences in nitrogen uptake in vegetative matter were observed at the
panicle initiation (PI) stage. However, these effects were not significant on
grain yield at harvest and it is concluded that the much longer period of
growth for Australian rice may allow compensation between treatments. Re-
inoculation of plants at the PI stage, and lower application rates of N fertilizer
in at least two splits are suggested for future field experiments.

KEYWORDS
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Introduction

Rice yield is increasing globally due to increased population. While paddy (un-milled rice) yield
(t ha¡1) in Australia was 6.00 in 1960, it increased to 10.00 in 2015 (Table 1). Consequentially, fertilizer
consumption, especially nitrogen (N), phosphorus (P), and potassium (K) are generally increasing
gradually over the years (Table 2). Application of nitrogen fertilizer is essential to maintain growth and
yield of rice due to acute N deficiency in the rice soils. However, a substantial portion of the applied fer-
tilizer N is lost as a result of ammonia volatilization, denitrification, and leaching causing environmen-
tal pollution (Choudhury and Kennedy, 2005; Zhao et al., 2010; Hakeem et al., 2011; Mai et al., 2010).
The recovery of fertilizer N in rice culture is very low, generally around 30–40%, in some cases even
lower (Choudhury and Khanif, 2001, 2009; Wang et al., 2011). Inoculation with bacterial biofertilizers
may reduce the application of fertilizer N by increasing N uptake by plants (Choudhury and Kennedy,
2004; Kennedy et al., 2004; Choudhury et al., 2014). Vigorous seedling growth is important for the suc-
cessful establishment of rice and other crops. Both single and multistrain biofertilizers are used to inoc-
ulate rice seedlings. Previous investigations in several countries have shown that rice seedling growth
was enhanced following inoculation with plant growth promoting micro-organisms, leading to
increased grain and straw yields, and enhanced efficiency of fertilizer N use (Biswas et al., 2000a,
2000b; Mirza et al., 2000; Malik et al., 2002; Yanni and Dazzo, 2010; Jha et al., 2009).
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Field studies in Vietnam (Nguyen et al., 2002, 2003) showed that ‘BioGro’, containing three bacterial
strains (1N, 3C, and 4P) isolated from Vietnamese rice cropping soils, increased rice yields signifi-
cantly. The first strain, Pseudomonas fluorescens (1N) has the ability to reduce acetylene (C2H2) to eth-
ylene (C2H4), indicating its potential for N2 fixation. The second strain, Citrobacter freundii (3C)
apparently produces extra-cellular compounds that inhibit the growth of some other rhizosphere
organisms. The third strain, Klebsiella pneumoniae (4P) also a diazotroph, can solubilize precipitated
calcium phosphate [Ca3(PO4)2] in an agar medium. One greenhouse and two field experiments were
conducted to evaluate the effects of bacterial inoculant biofertilizers on growth, yield, and nutrition of
rice.

Materials and methods

Greenhouse experiment

Preparation of bacterial cultures
All bacterial strains were obtained from the SUNFix Centre for Nitrogen Fixation culture collection
and grown for 24 hours at 25�C in 200 mL of modified nutrient broth (MNb). Whilst shaking at
1500 rpm, the number of colony forming units (CFU) was counted by plating a serial dilution from

Table 1. Rice harvested area, paddy production, paddy yield and estimated amount of N removed per hectare in Australia over the
years since 1960.

Year Rice harvested area (000 ha) Paddy production (000 t) Paddy yield (t ha¡1) Estimated amount of N removed (kg ha¡1)

1960 19 114 6.00 96.00
1970 38 299 7.87 125.92
1980 104 729 7.01 112.16
1990 89 787 8.84 141.44
2000 177 1643 9.28 148.48
2010 76 724 9.53 152.48
2015 30 300 10.00 160.00

The data on rice harvested area, paddy (un-milled rice) production and paddy yield have been collected from the USDA database
available in the IRRI website (IRRI, 2016). The amount N removed (kg ha¡1) was estimated considering that the rice crop generally
removes 16 kg N per ton of paddy production (De Datta, 1981).

Table 2. Consumption of N, P and K fertilizer in Australia over the years since 1961.

Total fertilizer consumption (000 tons)

Year N P2O5 K2O

1961 35.0 582.5 54.0
1970 123.4 756.9 91.2
1980 248.0 853.0 128.0
1990 439.4 578.9 145.4
2000 951.0 1107.0 217.0
2010 982.0 816.8 168.1
2013 1314.8 815.8 215.0

Source: IFA (2016).

Table 3. Treatments used in greenhouse trial, greenhouse experiment at the University of Sydney, October–November 2004.

Treatment Strain Ratio

T1 (Control) No strain: sterile modified nutrient broth only �
T2 (BioGro) 1N (Pseudomonas fluorescens), 3C (Citrobacter freundii) and 4P (Klebsiella pneumoniae) 10:1:10
T3 (modified BioGro) 1N and 4P 1:1
T4 (Azospirillum) Azospirillum lipoferum 596 —

�Not applicable.

378 M. L. KECSK�ES ET AL.

D
ow

nl
oa

de
d 

by
 [

D
r 

A
bu

 T
. M

. A
. C

ho
ud

hu
ry

] 
at

 0
3:

57
 1

0 
M

ar
ch

 2
01

6 



each individual culture broth. Finally, individual cultures were either mixed or applied separately as
follows: T1, Control (sterile MNb); T2, 1N (Pseudomonas fluorescens) plus 3C (Citrobacter freundii)
and 4P (Klebsiella pneumoniae), 10:1:10; T3, 1N:4P, 1:1; T4, Azospirillum lipoferum 596. The descrip-
tion of the treatments is presented in Table 3.

Growing rice seedlings
Rice seeds of variety Amaroo were soaked in water for 24 hours prior to being soaked for another hour
in bacterial suspensions prepared as per treatment described above. Plastic pots filled with 850 g of
sand were moistened with 100 mL of water allowing for six replicates of each treatment and control.
The pots were completely randomized in the greenhouse where the temperature fluctuated between 20
to 30�C for the duration of the trial. Four rice seeds were transferred to each pot and allowed to germi-
nate. Germination was completed in eight days. The seedlings were allowed to grow for a further 4
weeks in flooded conditions by adding 100 mL of potable Sydney water to each pot on alternate days
and were harvested 31 days after germination. Root and shoot lengths were measured. Roots and
shoots were separated and placed in paper bags and dried at 70�C for four days. Then, shoot and root
weights were recorded.

Field experiment at Yanco Agricultural Research Institute

Soil analysis
The experiment was conducted at Yanco Agricultural Research Institute, New South Wales (NSW),
Australia. The cropping pattern of the location is rice-fallow-rice with two years interval between two
rice crops. The classification of the soil as per Commonwealth Scientific and Industrial Research Orga-
nization (CSIRO) is hypercalcic, subnatric, red sodosol (Isbell, 1996). Prior to commencing the experi-
ment, soil samples were collected from the experimental plots at a depth of 0–15 cm. The samples were
air dried, ground, and passed through 2 mm sieve. The processed soil was analyzed for pH, organic
matter content, particle size, cation exchange capacity, total N, available P, exchangeable K, calcium
(Ca), and magnesium (Mg). Soil pH (soil water ratio 1:5) was measured by a glass electrode (Peech,
1965). Organic matter was analyzed by the potassium dichromate and sulfuric acid (H2SO4) digestion
method (Walkley and Black, 1934). Particle size was analyzed by the hydrometer method (Black,
1965). Cation exchange capacity, exchangeable K, Mg, and Ca were determined by ammonium acetate
extraction (Schollenberger and Simon, 1945). Total N was determined by LECO (Leco Corp., St Joseph,
MI, USA) combustion method (Sweeney and Rexroad, 1987) and available P by the ammonium fluo-
ride (NH4F)-hydrochloric acid (HCl) extraction method (Bray and Kurtz, 1945). The soil analytical
results are presented in Table 4. As the soil was deficient in N, the application of fertilizer N was essen-
tial to meet the rice crop’s demands.

Table 4. Properties of the initial soil, field experiment at Yanco, November 2004 to April 2005.

Soil property Result

pH 6.35
Organic matter (%) 3.2
Particle size analysis
% Sand 63.26
% Silt 7.35
% Clay 29.39
Textural class Sandy clay loam
Cation exchange capacity (cmol kg¡1) 12.64
Total N (%) 0.10
Available P (mg kg¡1) 18.06
Exchangeable K (cmol kg¡1) 0.62
Exchangeable Ca (cmol kg¡1) 7.15
Exchangeable Mg (cmol kg¡1) 4.01

Soil classification as per CSIRO: hypercalcic, subnatric, red sodosol (Isbell, 1996).
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Experimental design, basal fertilizers and inoculation of rice seeds
The experiment was laid out in a randomized complete block (RCB) design with four replications. Unit
plot size was 3 m£ 10 m. Description of the treatments is presented in Table 5. The recommended rate
of P fertilizer for the area [20 kg P ha¡1 from triple superphosphate (TSP)] was applied as blanket to all
the treatments. Nitrogen fertilizer was applied as urea as described in the treatments (Table 5). Both N
and P were applied at final land preparation. Pre-inoculated peat was applied to the experimental plots
according to the treatments presented in Table 5 one day before sowing the rice seeds. A short duration
rice variety, Jarrah, was used as the test crop. Pre-soaked seeds of Jarrah were sown by broadcasting at a
rate of 140 kg ha¡1.

Sampling and plant analyses
Plants were sampled at panicle initiation (PI) stage (59 days after seed sowing) and at maturity
(130 days after seed sowing). At PI stage, rice plant biomass, tiller number and nutrient [N, P, K, sulfur
(S) and Mg] uptakes were measured. At maturity, grain and straw yields, plant height, yield compo-
nents (panicle number, number of filled grain per panicle, and 1000 grain weight) and N uptake by
rice plants were measured. At PI stage, one square meter was sampled from each plot. At maturity, the
sampling area for grain yield varied among the plots. However, the minimum area of sampling was
21.2 m2 plot¡1. Chemical analyses of plant tissue for nutrient (N, P, K, S, and Mg) contents were done
using near infrared reflectance (NIR) spectroscopy (Batten, 1998; Batten et al., 1991).

Field experiment at Jerilderie Rice Research Institute

Soil analysis and experimental design
The experiment was conducted at Jerilderie Rice Research Institute, NSW, Australia. The cropping pat-
tern of the location is rice-fallow-rice with two years interval between two rice crops. The classification
of the soil as per CSIRO is gypsic, epipedal, grey vertosol (Isbell, 1996). The soil properties of the exper-
imental plots were measured and determined as described above for the trial at Yanco Agricultural
Institute, and the results are presented in Table 6. The experiment was conducted in a RCB design
using six replications with a 2.5 m £ 15 m unit plot size. A description of the treatments is presented
in Table 7.

Inoculation of rice and fertilization
The experimental plots were treated with pre-inoculated peat one day prior to sowing rice seeds. A long
duration rice variety, Amaroo, was used for this trial. Seeds were pre-soaked and sown at a rate of
140 kg ha¡1. Phosphorus (20 kg P ha¡1 from mono-ammonium phosphate) was applied to all plots
and fertilizer N as urea was applied as per treatment (Table 7). Both N and P were applied all at final
land preparation.

Table 5. Description of the treatments used in the trial, field experiment at Yanco, November 2004 to April 2005.

Treatment designation Treatment Description

T1 Control Peat containing sterile MN broth C 50 kg N ha¡1 as urea
T2 Recommended N rate Peat without broth C 150 kg N ha¡1 as urea
T3 BioGro Vietnamese bacterial strains (consist of a 10:1:10 mixture of Pseudomonas

fluorescens, Citrobacter freundii and Klebsiella pneumoniae) C 50 kg N
ha¡1 as urea

T4 Azospirillum & Herbaspirillum Consist of 1:1:1 mixture Azospirillum brasilense Sp7-S, A. lipoferum 687 and
Herbaspirillum seropedicae, C 50 kg N ha¡1 as urea

T5 Rhizobium Rhizobium leguminosarum bv. trifolii C 50 kg N ha¡1 as urea
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Sampling times
Samplings were conducted at PI stage (91 days after sowing) and at maturity (154 days after sowing).
At the PI stage, rice plant biomass and N uptake were measured. Chemical analysis of plant tissue for
N content was performed using NIR spectroscopy (Batten, 1998; Batten et al., 1991). At maturity, grain
and straw yields were recorded.

Statistical analyses

All the data were analyzed by two-way analysis of variance (ANOVA) using the GenStat program ver-
sion seven (VSN International, Oxford, UK) (Payne et al., 2003). The means were compared using the
least significant difference (LSD) test.

Results

Greenhouse experiment

Bacterial counts
The number of colony forming units (CFU) per mL of culture broth for starter inoculant was deter-
mined using dilution plating method. The average starter cultures were 4.8 £ 108, 1.2 £ 109, 1.2 £ 109

Table 7. Description of the treatments used in the trial, field experiment at Jerilderie, October 2005 to April 2006.

Treatment designation Treatment Description

T1 N0 N control
T2 N50 50 kg N ha¡1 : 9.1 kg N ha¡1 as monoammonium phosphateC 40.9 kg N

ha¡1 as urea
T3 N100 100 kg N ha¡1 : 9.1 kg N ha¡1 as monoammonium phosphate C 90.9 kg

N ha¡1 as urea
T4 N50 C BioGro� T2 C 200 kg ha¡1 of BioGro� (1N:3C:4PD 10:1:10) inoculum in peat
T5 N50 C Citrobacter freundii T2 C 200 kg ha¡1 of Citrobacter freundii inoculum in peat
T6 N50 C Rhizobium low rate T2 C 47.5 kg ha¡1 of Rhizobium leguminosarum bv. trifolii inoculum in

peat
T7 N50 C Rhizobium high rate T2 C 237.3 kg ha¡1 of Rhizobium leguminosarum bv. trifolii inoculum in

peat

�1N, 3C and 4P stands for Pseudomonas fluorescens, Citrobacter freundii and Klebsiella pneumoniae, respectively.

Table 6. Properties of the initial soil, field experiment 2006–2006, Jerilderie.

Soil properties Result

Texture Clay
pH (water) 5.5
Organic matter (%) 3.1
CEC (meq 100 g¡1) 16.7
EC (dS m¡1) 0.09
NO3-N (ppm) 7.1
NH4-N (ppm) <1.0
Available P (ppm) 5
Exchangeable K (me 100 g¡1) 1.12
Exchangeable Ca (me 100 g¡1) 6.37
Exchangeable Mg (me 100 g¡1) 7.59
Available S (ppm) 12
Available B (ppm) 0.7
Available Cu (ppm) 1.7
Available Fe (ppm) 133
Available Mn (ppm) 31.8
Available Zn (ppm) 0.5

Soil classification as per CSIRO: gypsic, epipedal, grey vertosol (Isbell, 1996).
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and 3.3 £ 107 for 1N, 3C, 4P, and SCO4, respectively. The CFU per treatment per pot ranged from
6.6 £ 107 (SCO4, T4) to 1.2 £ 109 (4P, T2, and T3).

Shoot and root growth
While shoot and root lengths were not affected by the inoculations, shoot weight increased significantly
(Table 8). There was no significant difference between the bacterial treatments. Shoot weight seed-
ling¡1 ranged from 12.5 to 22.9 mg. All the bacterial treatments, except one Vietnamese multistrain
(1N, 3C, and 4P), increased root weight significantly compared to the control. Root weight per seedling
ranged from 19.6 to 35.8 mg.

Field experiment at Yanco Agricultural Research Institute

Plant biomass, tiller and height
Treatment effects were not significant on plant dry biomass (t ha¡1) at the PI stage (Table 9). However,
inoculation with Rhizobium and BioGro out-yielded the control by 0.61 and 0.48 t ha¡1, respectively.
Tillering of the rice plants was not significantly affected by the treatments, although there were
increases in tiller number per square meter due to inoculation with Rhizobium and BioGro (Table 9).
Correlation between tiller number and plant biomass at PI stage was significant (Figure 1). Recom-
mended fertilizer N rate increased plant height at maturity significantly compared with the bacterial
treatments (Table 9).

Yield components, grain and straw yields
Treatments did not affect any of the yield components (panicle number, number of filled grains, and
1000 grain weight); however, estimated grain yield was increased notably (P < 0.1) by the recom-
mended N rate over all other treatments except the Rhizobium one (Table 9). This significant increase

Table 8. Effects of bacterial inoculant biofertilizers on shoot and root growth of rice seedlings, greenhouse experiment at the
University of Sydney, October–November 2004.

Treatment Shoot weight seedling¡1 (mg) Root weight seedling¡1 (mg) Shoot length (cm) Root length (cm)

Control 12.5 b 19.6 c 12.5 20.1
BioGro 19.6 a 23.9 bc 12.6 19.9
Modified BioGro 22.9 a 35.8 a 12.1 19.3
Azospirillum 19.3 a 32.1 ab 12.6 20.7
F value 0.027 0.029 0.670 0.461
LSD (0.05) 6.64 11.41 — —
CV (%) 29.7 34.0 6.6 7.0

Values followed by a common letter in a column are not significantly different by LSD (least significant difference) at 5% probability
level.

Table 9. Effects of chemical and biofertilizers on some agronomic parameters and estimated grain yield of Jarrah rice, field
experiment at Yanco, November 2004 to April 2005.

Treatment

Plant biomass
(t ha¡1) at panicle
initiation stage

Tiller no.
m¡2 at panicle
initiation stage

Plant height
(cm) at
maturity

Panicle no.
m¡2 at
maturity

Number of
filled grains panicle¡1

at maturity

1000 grain
weight (g)

Estimated
grain yield
(t ha¡1)

Control 2.38 613 73.46 580.0 52.4 22.81 6.38
Recommended N rate 2.28 609 76.26 536.5 69.3 22.65 9.28
BioGro 2.86 642 68.74 546.5 53.3 23.40 6.57
Azospirillum
and Herbaspirillum

1.78 504 68.94 521.0 46.2 22.98 5.58

Rhizobium 2.99 737 70.20 490.0 60.5 23.42 8.20
F probability 0.103 0.273 0.041 0.373 0.14 0.67 0.083
LSD (0.05) — — 5.23 — — — —
LSD (0.10) 2.21
CV (%) 22.75 18.68 4.63 9.50 20.90 3.52 24.27
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was attributed to higher number of filled grains per panicle in this treatment. There was no significant
treatment effect on grain and straw yields, total biomass and harvest index (Table 10). Grain yield
increased by 1.07, 0.36, and 0.32 t ha¡1 over the control in the recommended N rate, Rhizobium, and
BioGro-treated plots, respectively, but these differences were not statistically significant. Correlation
between straw and grain yields was significant (Figure 2).

Nitrogen content and uptake
The N contents as a percentage of the whole plant (mixture of grain and straw) at harvest were signifi-
cantly lower in all the treatments compared with the fully fertilized one (Table 11). Total N uptake
(kg ha¡1) was significantly higher in the fully fertilized treatment compared to all other treatments.
This was attributed to significantly higher N content in plant tissue in this treatment. Total N uptake
for the production of one ton of rough rice ranged from 12.05 to 18.72.

Nitrogen content (%) in plant tissue at PI stage was significantly higher in the fully fertilized treat-
ment compared to other treatments (P < 0.05, Table 12), but other treatments showed similar values.
The N uptake (kg ha¡1) at PI stage was similar in the fully fertilized and Rhizobium inoculation treat-
ments (Table 12). In the control as well as in the Azospirillum C Herbaspirillum-treated plants, the N
uptake values were significantly lower compared to fully fertilized and Rhizobium inoculation treat-
ments. Although the N content in plant tissues was significantly lower in the Rhizobium-treated plants
compared to fully fertilized ones, higher plant biomass due to Rhizobium inoculation contributed to
similar amounts of N uptake as in fully fertilized plants.

Figure 1. Correlation between tiller number and plant biomass at panicle initiation stage of Jarrah rice in the field experiment
conducted at Yanco during 2004–2005. �Significant at P < 0.05.

Table 10. Effects of chemical and biofertilizers on grain and straw yields, total biomass and harvest index of Jarrah rice, field
experiment at Yanco, November 2004 to April 2005.

Treatment Grain yield (t ha¡1) Straw yield (t ha¡1) Total biomass (t ha¡1) Harvest index (%)

Control 6.10 5.69 11.79 51.73
Recommended N rate 7.17 6.50 13.67 52.45
BioGro 6.42 5.83 12.25 52.41
Azospirillum and Herbaspirillum 5.57 5.48 11.05 50.41
Rhizobium 6.46 5.71 12.17 53.08
F probability 0.185 0.576 0.310 0.699
CV (%) 13.28 15.06 13.36 4.05
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Other nutrient contents and uptake at PI stage
None of the treatments significantly affected the P, K, and Mg contents (%) in plant tissue at PI stage,
whereas the recommended N rate increased S content (%) compared with BioGro-treated plants, but
this difference did not reach great significance (P < 0.1, Table 12). There was an indication that Rhizo-
bium inoculation increased S and Mg uptakes significantly over the control and Azospirillum C Her-
baspirillum-treated plants. BioGro and fully fertilized treatments increased S and Mg uptakes
compared to Azospirillum C Herbaspirillum-treated, but again this difference was not very significant
(P < 0.1).

Field experiment at Jerilderie Rice Research Institute

Plant biomass and N uptake at PI stage
Plant dry biomass increased significantly (p < 0.05) over the control (N0) with all the treatments
except T5 (N50 C Citrobacter freundii) (Table 13). Addition of a higher N rate (100 kg N ha¡1) also
increased plant biomass over N50 (P< 0.1). Bacterial inoculants did not increase plant biomass signifi-
cantly over N50 although there was an increase of 0.49 t ha¡1 with the high rate for Rhizobium. N

FIgure 2. Correlation between straw and grain yields of Jarrah rice in the field experiment at Yanco during 2004–2005. �Significant at
P < 0.05.

Table 11. Effects of chemical and biofertilizers on total N content of and uptake by Jarrah rice, and internal N efficiency, field
experiment at Yanco, November 2004 to April 2005.

Treatment

N content
(%) in whole plant

at maturity

N uptake
(kg ha¡1) by whole
plant at maturity

Total N uptake
(kg) t¡1 of rough
rice production

Internal N
efficiency

(kg grain kg¡1 absorbed N)

Control 0.62 75.3 12.05 83.5
Recommended N rate 0.97 131.6 18.72 54.2
BioGro 0.64 80.0 12.27 83.1
Azospirillum and Herbaspirillum 0.62 69.6 12.35 88.2
Rhizobium 0.65 81.0 12.23 84.0
F probability 0.009 <0.001 0.020 0.087
LSD (0.05) 0.19 20.99 4.54 –
LSD (0.10) — — — 21.03
CV (%) 17.17 15.10 19.00 21.03
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content (%) in plant tissue increased significantly (P < 0.05) over control (N0) by addition of 100 kg N
ha¡1 alone. All the treatments except N50 increased N uptake (kg ha¡1) significantly over control (P <

0.05). Rhizobium inoculant applied at 237 kg ha¡1 with 50 kg N increased N uptake (kg ha¡1) signifi-
cantly over N50. Rhizobium low rateC N50 increased N uptake over N50 alone but the difference failed
to be really significant (P < 0.05).

Grain and straw yields
Grain yield increased significantly over control (N0) due to application of 50 kg N ha¡1

(Table 14). Addition of higher N rate or inoculation with bacteria did not increase grain yield
over N50 at all. Rather, bacterial inoculation treatments decreased grain yield from N50, although
such differences were not statistically significant. Straw yield increased significantly over control
due to application of 50 kg N ha¡1. Addition of higher N rate or inoculation with bacteria did
not increase or decrease straw yield significantly over N50 although there was an increase of 0.21
t ha¡1 with N100.

Discussion

In the field experiment at Yanco, a high rate of N (150 kg ha¡1) was proposed for the long duration
(160 days growth) variety Amaroo in two splits, but later the short duration (140 days growth) variety
Jarrah was used, due to a late planting schedule. However, N fertilizer rates were not reduced. No N
control (without N) treatment was included, so it was not possible to calculate agronomic efficiency of
N (kg grain per kg added N), and apparent recovery (%) of added N. Actual fertilizer N recovery could

Table 12. Effects of chemical and biofertilizers on N, P, K, S and Mg contents of and uptake by Jarrah rice at panicle initiation stage,
field experiment at Yanco, November 2004 to April 2005.

Nutrient content (%) Nutrient uptake (kg ha¡1)

Treatment N P K S Mg N P K S Mg

Control 2.29 0.29 1.71 0.20 0.21 50.29 7.16 41.56 4.50 4.77
Recommended N rate 2.95 0.29 1.55 0.23 0.24 67.33 6.91 35.37 5.27 5.37
BioGro 2.01 0.29 1.83 0.19 0.21 56.19 8.30 51.95 5.30 5.90
Azospirillum and Herbaspirillum 2.33 0.28 1.72 0.20 0.21 41.21 5.03 30.27 3.58 3.85
Rhizobium 2.27 0.26 1.51 0.20 0.22 67.92 8.13 46.28 5.92 6.59
F probability 0.03 0.84 0.32 0.09 0.50 0.09 0.103 0.078 0.09 0.08
LSD (0.05) 0.53 — — — — — — — — —
LSD (0.10) 0.03 16.19 12.54 1.25 1.37
CV (%) 14.22 11.77 12.15 10.07 11.09 22.83 22.16 24.16 20.32 20.76

Table 13. Effects N fertilizer and bacterial inoculant biofertilizer treatments on biomass and N uptake of Amaroo rice at panicle initia-
tion (PI) stage, field experiment at Jerilderie, 2005–2006.

Treatment Dry plant biomass (t ha¡1) N content (%) N uptake (kg ha¡1)

N0 1.83 1.51 25.3
N50 2.66 1.61 37.3
N100 3.37 2.14 65.9
N50 C BioGro 2.77 1.78 44.8
N50 C Citrobacter freundii 2.56 1.74 41.1
N50 C Rhizobium low rate 2.99 1.84 52.1
N50 C Rhizobium high rate 3.15 1.81 55.8
F value 0.019 0.028 <0.001
LSD (0.05) 0.82 0.34 14.85
LSD (0.10) 0.69 0.28 12.34
CV (%) 25.3 16.3 27.4
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be calculated if 15N labelled N fertilizer was applied. The 15N tracer technique is widely used as the pre-
cise method to quantify fertilizer N actual recovery (Chen et al., 2010; Wang et al., 2008).

Rhizobium inoculation clearly increased N uptake (kg ha¡1) at PI stage over control (visibly to the
human eye as extra greenness) (Table 12). This significant effect of Rhizobium on N uptake had disap-
peared at maturity stage as grain yield (Table 10). Nevertheless, Rhizobium inoculation increased plant
biomass by 0.61 t ha¡1 over control at PI stage (Table 9), while it increased grain yield by 0.36 t ha¡1

(Table 10). These results indicate that the positive effects of Rhizobium inoculation decreased at the
later growth stages of the rice plants. This might be a result of the longer growth durations of the rice
plants in Australia compared to that of Vietnam. Re-inoculation of bacteria at PI stage, and application
of nitrogen fertilizer in at least two splits (2/3 at final land preparation and 1/3 at PI stage) are recom-
mended for the next field experiments. Lower N rates are also recommended. The use of 15N labeled N
fertilizer is also recommended to quantify the effects of bacterial inoculants on fertilizer N actual
recovery.

In all the treatments except the fully fertilized one, the estimated amount of N removed per ton of
rough rice production was low (Table 11). Generally, the estimated N removal for the production of
one ton of rough rice is 16 to 17 kg (Sahrawat, 2000; Choudhury and Kennedy, 2005). The lower
amount of N removal in this study indicates that the N estimation by NIR was not accurate. In the
original program, it was proposed to analyze grain and straw separately for total N, but analysis of the
whole plant was finally done without separating grain and straw. This could not give the total N uptake
accurately. Moreover, it was not possible to calculate the N harvest index, i.e. percentage of N uptake by
grain compared to total N uptake by the whole plant. Separate analyses of grain and straw for total N
content is recommended for future studies.

In the field experiment at Jerilderie, the grain yield response due to added N was significant at 50 kg
N ha¡1. Addition of higher N rate did not increase grain yield over N50. Lower N rates (25 and 50 kg
N ha¡1) are proposed for the future experiments in this site. Bacterial inoculants can be used with
25 kg N ha¡1.

Conclusions

The experiments showed that bacterial inoculations increased shoot and root weights significantly in
the greenhouse. Similar effects were noticed in the field experiments at panicle initiation stage although
the effects disappeared at the harvesting stage. Re-inoculation of bacteria at PI stage, and application of
nitrogen fertilizer in at least two splits (2/3 at final land preparation and 1/3 at PI stage) are recom-
mended for the next field experiments. Lower N rates are also recommended. The use of 15N labelled
N fertilizer is also recommended to quantify the effects of bacterial inoculants on fertilizer N actual
recovery.

Table 14. Effects N fertilizer and bacterial inoculant biofertilizer treatments on grain and straw yields, and total biomass of Amaroo
rice, field experiment at Jerilderie, 2005–2006.

Treatment Grain yield (t ha¡1) Straw yield (t ha¡1) Total biomass (t ha¡1)

N0 4.20 4.00 8.20
N50 7.28 6.33 13.61
N100 7.08 6.54 13.62
N50 C BioGro 6.27 6.11 12.38
N50 C Citrobacter freundii 6.56 5.68 12.24
N50 C Rhizobium low rate 6.57 6.11 12.68
N50 C Rhizobium high rate 6.78 5.95 12.73
F value 0.001 0.002 <0.001
LSD (0.05) 1.30 1.09 2.26
LSD (0.10) 1.08 0.90 1.87
CV (%) 15.6 14.3 14.2
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