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Research status and application prospects of combined nitrogen fixation in
gramineous plants

HU Mengyuan'’, LI Yaying’, GE Chaorong', ZHANG Yingying’, YAO Huaiying’
(1. Wuhan Institute of Technology, Wuhan 430074, China; 2. Institute of Urban Environment,
Chinese Academy of Sciences, Xiamen 361021, China)

Abstract: Nitrogen is one of the most important factors restricting agricultural production. With the development of artificial nitro-
gen fixation technology, the application of nitrogen fertilizers can increase crop yields and solve problems related to the fulfilment of
the basic human needs of food and clothing. However, it has also caused environmental problems, such as soil compaction, acidifica-
tion, nitrogen loss, and greenhouse gas emissions (e.g., nitrous oxide, N,O). Compared with synthetic ammonia, biological nitrogen
fixation is a green and economical nitrogen fixation method, which entails symbiotic nitrogen fixation and non-symbiotic nitrogen
fixation (autogenous nitrogen fixation and combined nitrogen fixation, respectively). Annually, biologically fixed nitrogen can ac-
count for more than 50% of the total fixed amount. Compared with symbiotic nitrogen fixation, non-symbiotic nitrogen fixation
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exists in many plants, for example, sugarcane, rice, maize, wheat, and other gramineous crops that carry out non-symbiotic nitrogen
fixation (combined nitrogen fixation). This article reviewed the species of combined nitrogen-fixing bacteria in gramineous plants and
their mechanism of action and nitrogen-fixing activity and regulation methods, as well as the resources and applications of these com-
bined nitrogen-fixing bacteria. Compared with symbiotic nitrogen fixation, combined nitrogen-fixing bacteria are more vulnerable to
indigenous microorganisms. Research on combined nitrogen-fixing bacteria is more difficult owing to the influence of environmental
factors, such as nitrogen levels. It is necessary to screen and purify more combined nitrogen-fixing bacteria to provide optimum ma-
terials for research into the nitrogen fixation mechanism. Appropriate levels of nitrogen, phosphorus, molybdenum, iron, and other
fertilizers can promote the nitrogen fixation efficiency of bacteria. Nitrogen-fixing bacteria not only increase the extent of soil nitro-
gen fixation but also facilitate the regulation of plant root hormones, thereby increasing plant disease resistance and stress resistance,
promoting healthier plant growth. Finally, agronomic management measures for combined nitrogen fixation through gramineous
plants and the practical application of the nitrogen-fixing bacteria are proposed to provide a theoretical basis for improving the effi-
ciency of combined nitrogen fixation through gramineous plants and to promote the application of the nitrogen-fixing bacteria in agri-
cultural production.

Keywords: Gramineae; Combined nitrogen fixation; Species of nitrogen-fixing bacteria; Nitrogen fixation activity; Application of

nitrogen-fixing bacteria
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Table 1 Species of associated nitrogen-fixing bacteria in grasses

(ES A T AU R 27530k
Parasitifer Combined nitrogen-fixing bacteria species Reference
HE A E/RIEREE . HTER . BEAMER . ZR)E . SR . e [13]

Sugarcane Burkholderia sp., Enterobacter sp., Pseudomonas sp., Pantoea sp., Stenotrophomonas sp., Bacillus sp.
FERAARGE . AT A [26]
Klebisiella sp., Citrobacter sp.
FORGE . AREE . AT [27]

Herbaspirillum sp., Azospirillum sp., Gluconacetobacter sp.
R . NEEE . DE R . AR . DM | TR AERE . AR TR . BORE [14]

Streptomyces, Microbispora, Actinomadura, Acinetobacter, Micromonospora, Paenibacillus, Staphylococcus,

Lysinibacillus, Micrococcus

KA BiorBem . STREEE . WAWE . BAUREE . MAEAUREE . PIREE  ATRE B R . BRI [28]

Rice Leptolyngbya, Nostoc, Cyanothece, Azospirillum, Bradyrhizobium sp., Methylocystis, Geobacter, Desulfobulbus, Desulfovibrio
IR NG . HREE [29]
Methylosinus trichosporium, Rhizobium sp.
ES N BRI . RS RZEAUT IR . 208 . TR . AR . LR . ROREE . FTRR . FRIEATRR [23]
Maize J/MTEE . BFTEE . ST EE

Bacillus pumilus, Bacillus subtilis, Pantoea, Microbacterium, Acinetobacter, Rhodococcus, Micrococcus, Brachybacterium,

Clavibacter, Curtobacterium, Enterobacter, Chryseobacterium

NE AR . RS REICRR . HUAT R . BERRAT R . R IAT IR . R . SRR | [21]
Wheat W R B | AT 4t 2

Bradyrhizobium, Burkholderia, Geobacter, Desulfobacter, Heliobacterium, Magnetospirillum, Methylococcus,

Azoarcus, Cellulosilyticum
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3, nifD FEP Gt B 3L . NifENXBQV 25 FeMo-co
B A L ik A NifMWZ 2 5808 1 . HgE A
1 L NifUS 25 Fe-S FERIE 1 nifdF 35 8 4 ith
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ith #4200 25 1107 FiE A% 18 2 A A 2 1 I SRR £ I
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23K B4 MgATP 40 75 B4R 15 WA 1A
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b T o BRER ARG — A, (R A A i
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AR T, L 5T 4 O E o R B R AR AR
LR N, BT JF K NH, .

Thaweenut %5 58 3 "N, B Bk i 2 H RERE kR
IR B T 2 AT 10 T R, AT TR 25 2 2
#| nifH-mRNA, %8 5 K M, RIXZEEH I E LA
& % 56 1Y e 5 5 12 A= #3088 T (Bradyrhizobium sp.) Fl
[ E AR I B (Azorhizobium caulinodans) A1), iX F B
P A AR TR 1T R I R R 32 A AU,
2 TR PR B R 2R AL S [ 5 AR R B, T LA
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1975 4 Pagan 25 Il Kurz 255 2 % 3 5 6 AR IR 14,
g A= A B FT LATE B B AR RS T 3Rk 8 AU
WY, BB EEMAEY, iy HA0 KR (Klebsiella),
FEBTRS W BREE TR H T 2 N NHL". TR 98 )
FHIL, LU R WE . A ML AR (4 2k
Jie el S AN RR ER ) M AEAE T, A BERE N, [ 72 S NH,,
I R AE o MR AR AT, N, 19 [ R
WIGER, B2 S NH, i d . HESZAS
LR A RS [ 52 1) N (NHL) R AR 48 2 Bk e 1)
YRR, DR R 4 S Ik e 45 1 il P 7 1 A, I A1%
pH (5.3~5.6) 2544 T HE itk 21 BT SMA B SMA A () 24
T R 420 20 R 5 ] £

Greetatorn 25" S WF 9% 1 18 A= ARJRE B SUTNO-2
(Bradyrhizobium sp. SUTN9-2) & ¥ 7 7K &g W IE i N
AHA R E RO AP, I AOKAE S I ),
6 Az MR T SUTNO-2 1) 41 M 1% K, DNA & i 55
TS 0T 3% B Y [ R . T R A i R R KR
PRy R B LE R R 5T T 20 R R R R AR R Y
Feik o G SR 4y B 22 7 3R a8 B (DEGs) 7] A,
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Fig. 1 Nitrogen fixation system of rhizobia
A H R B E; B A 18 A AR IR B 8 e A SR AR PR F &5 2. Figure A shows the structure of nitrogenase; and Figure B shows the nitrogen

fixation mode of Bradyrhizobium spp. in the rhizosphere of non-leguminous plants.
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Table 2 Effects of nitrogen-fixing bacteria on nitrogenase activity or yield of Poaceae plants

R iilEsE7S [P R R B o YE = i % S 3R
Plant Bacteria Increase rate of nitrogenase activity (%) Increase rate of crop yield (%) Reference
HE EORZFAFT R . TR 21~35 — [60]
Sugarcane Bacillus megaterium, Bacillus mycoides
A ZE AT BO — 29.84~95.51 [61]
Bacillus subtilis B9
IKFE [ £ — 25 [62]
Rice Anabaena azotica (FACHB-119)
EEaNE) — 6.3~10.7 [63]
Azotobacter sp. strain Avi2 (MCC 3432)
N ZHZF AT 12.9~36.4 — [65]
Maize Paenibacillus triticisoli BJ-18
& IR — 27 [66]
Azospirillum brasilense Ab-V5F1Ab-V6
ARG LETAT TR — 16.9 [36]
Paenibacillus triticisoli BJ-18
U= AR . AR L A e 26~163 — [56]
Wheat Paenibacillus sp. B1, Klebsiella, Pseudomonas
[ 75 [ U2 B Ab-VS FTAD-V6 — 31 [66]

Azospirillum brasilense Ab-V5 and Ab-V6

32 BE@RENTEEEREEEEERIER
BFFEN 51 % B S R 0 A 0 DB AR I, A AR
P2 220 4 55 B U 5 B R R 1, T i
SR A W REVE , IR AL B R . R I B R
H B AN [t XS 9 AN [ 38 e, 3 BR i B4

il 2 A A R L ] A A Y . — LU RIS R W, R
P A S WU 5| — AT 45 AR R IO X J A
(g 2 TN Yin A TG /N 2 R OK RS SUR e T
(Rhizoctonia solani) AG8, & ILAEFPE JE I, /NAE HR
R 1) A0 T T 75 5 A R G AR PR T i i) B R B R AN T
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