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Abstract: Biological nitrogen fixation (BNF) is the only biological process that can convert the “free” atmospheric
nitrogen into chemical nitrogen for the utilization of plant and microorganism. Leguminous crops are widely
known about their high efficiency in symbiotic nitrogen fixation, and have been used in agriculture as a supplement
of nitrogen for other crops. Recent studies found that gramineous crops also had powerful associative nitrogen
fixation capacity. In particular, large numbers of associative nitrogen-fixing bacteria have been identified in root,
rhizosphere, and the above ground compartments of plants, like stem vascular bundle and phyllosphere, suggesting
that nitrogen-fixing microorganisms in gramineous crops may have created a new pathway for “efficient nitrogen
fixation in vivo” to avoid complex soil environments. This article presents an overview of the recent advancements
in the associative nitrogen fixation compartments, regulatory pathways, and microbial community construction of
gramineous crops, such as maize, wheat, rice, and sugarcane. This review focuses on the potential interactions
between nitrogen-fixing bacteria and other functional bacteria, fungi, and viruses, beyond their interactions with
host plants. Based on the promising application prospects of multifunctional synthetic microbial community in the
fields of plant nutrition and growth promotion, this paper outlines the current research frontiers and challenges in
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associative nitrogen fixation of gramineous crops. The ultimate aim is to integrate the “top-down” and “bottom-
up” strategies to identify key functional groups, combine genome-scale metabolic models, and construct stable,
functionally diverse, and effective synthetic microbial community, and to provide robust technical support for the
widespread application of BNF in agricultural production.
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synthetic community
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Table 1 Reported associative nitrogen-fixing bacteria species and functions of maize, wheat, rice and sugarcane

B9 I & i E PN
Crop Phylum Genus Function Reference
EXK KR AT . BOKEE IR AR | R [33-34]
Maize  Actinobacteria Microbacterium, Micrococcus Biological nitrogen fixation, production of plant hormones
and iron carriers
oBIETH ] ARG . AT R AR [35-36]
Alphaproteobacteria  Azospirillum, Caulobacter Biological nitrogen fixation
AT ST A=W R [33]
Bacteroidota Chryseobacterium Biological nitrogen fixation
B-BIBTAET] AR IER . FREE . R WA PRI | WA REERRER . RBURIEE (15, 37-40]
Betaproteobacteria  Burkholderia, Herbaspirillum, Spirillum Biological nitrogen fixation, production of plant hormones,
dissolvement of phosphates, resistance to pathogens
JEEETET] AT . BRI AT R 2528 AW, P ARYIGR | VA REETRER . TRBURIRE  [33, 40-44]
Firmicutes TR . AR Biological nitrogen fixation, production of plant hormones,
Bacillus, Lysinibacillus, Paenibacillus,  dissolvement of phosphates, resistance to pathogens
Staphylococcus
yRIET] FHERRATIE)E . IAFTRE . SO AR AWEA PARYIR . PR VR REERRER . [13-15, 37,
Gammaproteobacteria TJ& . BIEPrC N g, Z RS . R IR . Y EY R AR R R 40, 45-46]
JI T Biological nitrogen fixation, production of plant hormones
Citrobacter, Enterobacter, Klebsiella,  and iron carriers, dissolvement of phosphates, resistance to
Kosakonia, Pantoea, Pseudomonas pathogens, plant biomass increment, regulation of plant
gene expression
W oBIEHT] It AR T ) AW PR R R RGL | BRI ABCR. (16, 21, 36]
Wheat  Alphaproteobacteria  Azospirillum Biological nitrogen fixation, regulation of plant gene
expression, enhancement of nutrient uptake efficiency
JEEETET] ZEF AT AW BEIAE A | AR S L SR (17, 20]
Firmicutes Paenibacillus FEWCRCR
Biological nitrogen fixation, plant biomass increment,
regulation of plant gene expression, enhancement of
nutrient uptake efficiency
y AT WP . (B R PN | AR [16,18,47]
Gammaproteobacteria Enterobacter, Pseudomonas Biological nitrogen fixation, production of plant hormones
and iron carriers
KW oBIEE] R | M AR T AR YRR . IR A [23-24,
Rice Alphaproteobacteria  Azospirillum, Bradyrhizobium Biological nitrogen fixation, regulation of plant gene 48—49]

B-BIETAET]
Betaproteobacteria

W)
Cyanobacteriota
SILHT]
Deltaproteobacteria
JELBETR]

Firmicutes

Y- HT]
Gammaproteobacteria

FORRE . AR R KRR |
RSN A &

Herbaspirillum, Paraburkholderia,
Propionivibrio

BIRR

Nostoc

Fundidesulfovibrio

TR . AT RR
Bacillus, Paenibacillus

AT RE . SCEARER . A
YIATRT . R R

Enterobacter, Klebsiella, Phytobacter,
Pseudomonas

expression, enhancement of plant biomass

AYER [37,48, 50]
Biological nitrogen fixation

AP [51]
Biological nitrogen fixation

AP [52]
Biological nitrogen fixation

HEYIER . PR [53-54]

Biological nitrogen fixation, production of plant hormones

YA, AR . IR FIIRCR . [24,37, 53,
PHTEEAE RN ek 55]
Biological nitrogen fixation, production of plant hormones,
enhancement of nutrient uptake efficiency, regulation of

plant gene expression
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Crop Phylum Genus Function Reference
H I aBIE ] BEAFEJE . FEMMOD IR . ANERS  AEWEA . AR L R Rk [12,37,
Sugarcane Alphaproteobacteria  FFE )& . [F AR E Biological nitrogen fixation, production of plant hormones ~ 56—57]
Acetobacter, Beijerinckia, and iron carriers
Gluconacetobacter, Nitrospirillum
JEBER] AT R AT BT R [58]
Firmicutes Bacillus Biological nitrogen fixation, resistance to pathogens
B (EEX v AWIREA . TR [59]
Betaproteobacteria Burkholderia Biological nitrogen fixation, resistance to abiotic stresses
y-BIBTET] T e . AR EE . BRI AWEA P ARIEER | PR IRBTIEAEY 29, 31-32,
Gammaproteobacteria WE . ZHEE. BUANEE . SEFER B0 AMEERREL . IR AR ek 60—63]

LT
Enterobacter, Kelbsiella, Kosakonia,
Pantoea, Pseudomonas,

Stenotrophomonas

Biological nitrogen fixation, production of plant hormones
and iron carriers, resistance to abiotic stresses, dissolvement
of phosphates, regulation of plant gene expression
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Biological nitrogen fixation (BNF) in above ground compartments
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Fig. 1 Plant compartments of associative nitrogen fixation in gramineous crops
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Regulatory pathways for biological nitrogen fixation in gramineous crops
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Fig. 2 The effects of plant host, microbial interaction, and abiotic factors on biological nitrogen fixation in gramineous crops
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