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Effects of different biochar materials on the colonization pattern
and nitrogen fixation efficiency of non-symbiotic nitrogen-fixing
bacteria

WANG Yi, LI Xinyue, XIAN Yiming, YANG Wanyi, LIANG Jingguo, LAI Lin, WANG Xiaoheng,
LI Bing"

College of Resources, Sichuan Agricultural University, Chengdu, Sichuan, China

Abstract: Biochar serves as an excellent carrier for non-symbiotic nitrogen (N)-fixing bacteria,
enhancing their microbial activity and functions. However, the coupling mechanism between non-
symbiotic N-fixing bacteria and biochar remains unclear. [Objective] To explore the effects of
different biochar materials on the colonization pattern and N fixation efficiency of non-symbiotic
N-fixing bacteria. [Methods] Non-symbiotic N-fixing bacteria were inoculated onto biochar
samples derived from maize straw and wood chips, the particle sizes of which were >2.00 mm,
0.25-2.00 mm, and <0.25 mm. We compared the porosity and specific surface area of different
biochar samples. Throughout the incubation period, the dynamic changes in nitrogenase activity
and the number of N-fixing bacteria, pH, dissolved organic carbon (DOC), dissolved organic
nitrogen (DON), microbial biomass carbon (MBC), and microbial biomass nitrogen (MBN) were
monitored. [Results] N-fixing bacteria exhibited more uniform colonization and higher N fixation
activity on straw biochar than on woody biochar, especially in the 0.25-2.00 mm group. The straw
biochar with the particle size of 0.25-2.00 mm and inoculated with strains showed increases of
82.33%-160.55% and 231.46% —356.08% in the average MBC content and nitrogenase activity,
respectively, compared with woody biochar. Moreover, significantly higher content of DOC and
DON were maintained in all straw biochar groups, which provided a richer pool of available
nutrients for microbial growth. The correlation heatmap indicated that pH significantly affected
bacterial colonization and nitrogenase activity. Furthermore, nitrogenase activity showed strong
positive correlations with DOC and MBC (P<0.001), which suggested that a carbon-rich
environment was a key factor for the growth and N fixation of N-fixing bacteria. [Conclusion]
Straw biochar with the particle size of 0.25-2.00 mm serves as an optimal carrier for non-symbiotic
N-fixing bacteria. It provides a favorable microenvironment for the N fixation and some other
functions of the bacteria.

Keywords: biochar; non-symbiotic nitrogen-fixing bacteria; carbon and nitrogen; nitrogenase
activity
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biochar materials

Basic elemental analysis and ash content of

Biochar Ash content pH
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Figure 1

Scanning electron microscope images of nitrogen-fixing bacteria inoculated on straw biochar (A) and

wood biochar (B). S and T represent straw biochar and wood biochar respectively; a, b and c represent sizes

with>2.00, 0.25-2.00 and <0.25 mm respectively; P represents Klebsiella pneumoniae. The same below.

P4 actamicro@im.ac.cn, 7 010-64807516



THk F | MEYER, 2026, 66(3)

1347

H10.25%-31.59%.,

M 2B mIAL, RKRSRAT 7 RN, AR gk
A 3R T DR A [ R B SRR AR, )
g 10%%° (Ta), 10%°* (Tb)AI 10 CFU/g (Tc)., %
Fr 14 d 5, BAEEGE D ERI, JFT35d
T RE, 28 To>Ta>Te WME . 5 Ta
1 Te kb B A EL, Tb Ab 4 76 % A 55 95 1
6] 43 ) 4 v A B AR 0.20% - 13.60% Al
3.51%-22.73%. %5 LJrik, 2 FhAEY sy fe i
TR T [ U 2 B R W R Ty, B R
BB TG R, 35 d AR B Wi TR E
Hidr, 0.25-2.00 mm H0 42 B9 A= 9 e A 2 5 [ R
PR B 7 TR I

10

—&—Sa—»—Sb—=—Sc

\O

o]
T

(o)}
T

bacteria (Ig CFU/g)
2

Number of nitrogen-fixing
(9,

4

1d

&2

0 10 20 30 40 50 60 70 80 90 100

2.1.3 LERERSFLEE

L 3A RTAT, AR b2 AR R AR D/
MG, Sa. Sb Fl Sc A% Eb 2 1 L5351 by
28.69. 40.85. 46.11 m*/g, F ¥ Sc>Sb>Sa L
o mE 4A TR, AL E AR50 2.98
(Sa). 2.89 (Sb)fil 3.35 nm (Sc), &I Sc>Sa>Sb
IR, Sc M BHIE LR BLAR K, PTREIN
S HWEZ, ERILR a0 (E 1A). Sb
AR L R RS Sa MBHE S T 42.38%,

M 3B Al A, Ta. Tb Ml Tc #4443
T ARy 9 R 24.77 . 29.86. 40.70 m¥g, I
Tc>Tb>Ta R . IR 4B Hl A1, 349U B
%y 9K 3.53 (Ta). 3.35 (Tb)Fl 3.04 nm (Tc),

oe]

—a—Ta——Tb—8-Tc

Number of nitrogen-fixing
bacteria (Ig CFU/g)

4 1 L L 1 I 1 1 L L )
0 10 20 30 40 50 60 70 80 90 100
t/d

BIHFEMRAMARREYRB) AZEREHE

Figure 2 Number of nitrogen-fixing bacteria loaded on straw biochar (A) and wood biochar (B).
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Figure 4 Porosity of straw biochar (A) and wood biochar (B).
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Figure 5 pH value of straw biochar (A) and wood biochar (B). Different lowercase letters indicate significant
differences among treatments of the same particle size at different times, and different uppercase letters indicate

significant differences among treatments of different particle sizes at the same time (P<0.05).
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Figure 6 Dissolved organic carbon content of straw biochar (A) and wood biochar (B). Different lowercase
letters indicate significant differences among treatments of the same particle size at different times, and different
uppercase letters indicate significant differences among treatments of different particle sizes at the same time
(P<0.05).
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(P<0.05).
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Figure 8 Microbial biomass carbon content of straw biochar (A) and wood biochar (B). Different lowercase
letters indicate significant differences among treatments of the same particle size at different times, and different

uppercase letters indicate significant differences among treatments of different particle sizes at the same time
(P<0.05).
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Figure 9 Microbial biomass nitrogen content of straw biochar (A) and wood biochar (B). Different lowercase
letters indicate significant differences among treatments of the same particle size at different times, and different

uppercase letters indicate significant differences among treatments of different particle sizes at the same time
(P<0.05).
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Correlation analysis. *: P<0.05; **: P<0.01; ***: P<0.001.
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