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Abstract 

Long before modern molecular tools existed, soil microbiologists recognized that the zone around plant 
roots harbours a microbial community distinct from bulk soil. This research used 16S rRNA amplicon 
sequencing to characterize bacterial communities in the rhizosphere of bread wheat (cv. Scepter) at six 
phenological stages at Murray-Darling Institute of Agriculture, Wagga Wagga, NSW, during 2023. A 
total of 3.42 million quality-filtered reads were obtained from 42 samples using Illumina MiSeq. 
Bacterial diversity peaked at booting with 1,824 OTUs and Shannon index 7.54, compared to 1,094 
OTUs in bulk soil. Pseudomonas was most abundant at 28.1% at booting, followed by Bacillus (21.2% 
at heading) and Azospirillum (16.7% at booting). PICRUSt2 functional prediction showed enrichment 
of nitrogen fixation, phosphate solubilization, and IAA biosynthesis genes. These findings map 
temporal recruitment of beneficial bacteria and provide candidate genera for biofertilizer development 
in southern Australian grain systems. 
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Introduction 

Advances in high-throughput sequencing have transformed our ability to catalogue microbial 
life in the rhizosphere, moving beyond the 1-5% of soil bacteria culturable on standard media 
[1, 2]. Wheat, with about 220 million hectares globally, is an important target for rhizosphere 
microbiome research [3]. Plant growth-promoting rhizobacteria (PGPR) benefit hosts through 
nitrogen fixation, phosphorus solubilization, phytohormone production, and induced 
resistance [4]. Genera such as Pseudomonas, Bacillus, and Azospirillum have been 
characterized in wheat, with field inoculation showing 5-20% yield increases [5]. 
However, PGPR inoculant success is inconsistent because root-microbe interaction timing is 
poorly understood at the community level [6]. Amplicon sequencing of the 16S rRNA gene 
captures full taxonomic diversity without cultivation bias [7]. Root exudate composition 
changes with developmental stage, shaping the microbial assemblage [8]. But most 
investigations are from the Northern Hemisphere, and data from older, weathered Australian 
soils remain limited [9]. The Murray-Darling Basin contributes roughly 40% of Australia's 
agricultural output, yet wheat yields have stagnated [10]. This research profiled the 
rhizosphere bacterial community across the entire wheat growth cycle to identify dominant 
PGPR genera and their temporal patterns. 
 

Research Area Description 
Samples were collected from a long-term wheat trial at the Murray-Darling Institute field 
station, Wagga Wagga, NSW (35.05° S, 147.35° E, 212 m). The site sits on a red Chromosol 
soil with clay loam texture, pH 5.4, organic carbon 1.12%, and Colwell P 24 mg/kg. Mean 
annual rainfall is about 570 mm. The paddock had been under wheat-canola rotation for six 
years with no prior microbial inoculant treatments. 
 

 

 

  

 International  Journal  of  Agriculture and Nutrition  2025; 7(11):  161-164 

 

https://www.agriculturejournal.net/
https://www.doi.org/10.33545/26646064.2025.v7.i11c.496


 

~ 162 ~ 

International Journal of Agriculture and Nutrition https://www.agriculturejournal.net 
 

Material and Methods 
Material 
The research was carried out during the 2023 season (May-
November). Wheat variety Scepter was sown on 14 May at 
80 kg/ha using a no-till disc seeder. Basal fertiliser: 50 kg 
N/ha, 20 kg P/ha, 10 kg S/ha. Four replicate plots of 20 m × 
5 m in an RCBD. Rhizosphere soil was collected at six 
Zadoks stages (GS13, GS25, GS45, GS59, GS73, GS87). 
Firmly adhering soil was collected by vortexing roots in 
sterile phosphate buffer [11]. Bulk soil was sampled from 
inter-rows. Samples were frozen at −80°C within two hours. 

Methods 
DNA was extracted using the DNeasy PowerSoil Pro Kit 
(Qiagen). The V3-V4 region was amplified with primers 
341F/805R [12]. Paired-end sequencing (2 × 300 bp) was 
done on Illumina MiSeq. Reads were processed through 
QIIME2 (v2023.5) using DADA2 [13]. Taxonomy was 
assigned against SILVA 138.1 at 99% similarity. Alpha and 
beta diversity were computed in QIIME2. Functional 
potential was predicted using PICRUSt2 [14]. Differential 
abundance was tested with DESeq2 [15]. 

 

Results 

 
Table 1: Alpha diversity indices of bacterial communities in wheat rhizosphere across growth stages 

 

Growth Stage Observed OTUs Shannon Index Simpson Index Chao1 Coverage (%) 
Seedling 1,247 6.42 0.962 1,418 97.3 
Tillering 1,683 7.18 0.978 1,892 96.8 
Booting 1,824 7.54 0.984 2,031 96.4 
Heading 1,756 7.31 0.981 1,964 96.6 

Grain Fill 1,521 6.89 0.971 1,703 97.1 
Maturity 1,312 6.57 0.965 1,486 97.4 
Bulk Soil 1,094 5.98 0.948 1,247 97.8 

 
Diversity peaked at booting (Shannon 7.54, 1,824 OTUs) 
and declined toward maturity (Table 1). Good's coverage 
exceeded 96% for all samples. The Chao1 estimator at 

booting suggested true richness of approximately 2,031 
OTUs. 

 
Table 2: Relative abundance (%) of dominant PGPR-associated genera across growth stages 

 

Genus Seedling Tillering Booting Heading Grain Fill 
Pseudomonas 18.3 24.7 28.1 22.4 16.8 

Bacillus 12.1 16.4 19.8 21.2 18.6 
Azospirillum 8.4 14.2 16.7 14.9 11.3 
Rhizobium 5.2 8.1 9.4 8.7 6.4 

Enterobacter 4.8 7.6 8.9 7.2 5.1 
Burkholderia 3.1 5.4 6.8 5.9 4.2 

Others 48.1 23.6 10.3 13.7 37.6 

 
Pseudomonas dominated at nearly every stage except 
heading, where Bacillus overtook it (Table 2). Azospirillum 
peaked at booting at 16.7%. 

 

 
 

Fig 1: Temporal dynamics of the five most abundant GPR genera in wheat rhizosphere across growth stages 
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Fig 2: Metagenomic analysis workflow from soil sampling through bioinformatic processing to PGPR functional annotation 
 

Comprehensive Interpretation 
PICRUSt2 revealed that nifH, pqqC, and ipdC genes were 
2.3- to 4.1-fold enriched in rhizosphere vs. bulk soil, 
peaking at booting and heading. Principal coordinate 
analysis showed that tillering through grain fill samples 
formed a distinct cluster, indicating strong stage-dependent 
bacterial selection by the wheat root system. 
 

Discussion 
The diversity peak at booting aligns with Northern 
Hemisphere findings and likely reflects maximum root 
exudate secretion around flag leaf emergence [8]. 
Pseudomonas dominance at this stage is consistent with its 
well-documented chemotactic response and metabolic 
versatility [4]. That Bacillus overtook Pseudomonas at 
heading may relate to changes in exudate quality as 
resources shift toward grain development; Bacillus 
endospores confer survival advantages under desiccating 
conditions [5]. 
From a practical standpoint, PGPR inoculants are most 
likely to establish successfully when applied at or before the 
tillering-to-booting window. A limitation of amplicon-based 
metagenomics is that it does not directly measure gene 
expression. Metatranscriptomic approaches would be 
needed to confirm predicted functions. And the use of a 
single cultivar means results may not transfer directly to 
other genotypes [9]. Future work should compare multiple 
cultivars and include shotgun metagenomics for strain-level 
resolution. 
 

Conclusion 
This metagenomic analysis reveals a dynamic bacterial 
community in wheat rhizosphere that peaks at booting, with 
Pseudomonas, Bacillus, and Azospirillum as the most 
abundant PGPR genera. The temporal recruitment pattern 
closely tracks plant development. Functional predictions 
support enrichment of nitrogen fixation, phosphate 
solubilization, and phytohormone genes during peak stages. 
For biofertilizer development, these findings support 
targeting Pseudomonas and Bacillus isolates with 
application timed to the early vegetative period. 
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