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Research progress on microbial nitrogen use efficiency in farmland soils
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Abstract: Microbial nitrogen use efficiency (MNUE) reflects the proportion of absorbed nitrogen (N) allocated by
microorganisms between growth metabolism and mineralization. As regulators of the conversion of soil organic N
to inorganic N, MNUE governs the storage of absorbed N as organic matter within microbial biomass or its
release into the soil as inorganic N. This process influences crop uptake and utilization of soil N. Nevertheless, in
highly disturbed agricultural systems, the variability characteristics of MNUE and its underlying regulatory
mechanisms remain inadequately understood, thereby limiting the scientific development of N management
strategies for farmland soils. This review examines MNUE, focusing on the key factors and regulatory
mechanisms governing it under different agricultural management practices. Overall, MNUE exhibits high
variability within agricultural systems. This heterogeneity is primarily influenced by agricultural management
practices (e.g., fertilization and tillage), soil physicochemical properties, microbial community structure, and
environmental factors. The combined effects of these factors alter microbial N acquisition strategies by

influencing soil pH, nutrient availability, microbial community composition, soil moisture content, oxygen levels,
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and temperature, ultimately leading to changes in MNUE. Currently, research predominantly focuses on
controlled laboratory cultures or short-term field trials, lacking a systematic understanding of how different
agricultural management practices affect MNUE across watershed and temporal scales. Future efforts should
strengthen long-term observations across diverse soil types and climatic conditions. Integrating techniques such as
metagenomics and metabolomics will elucidate the intrinsic linkages between key functional microorganisms,

their N allocation strategies, and MNUE, thereby revealing the spatiotemporal heterogeneity of soil microbial N

utilization in agricultural fields.

Keywords: microbial nitrogen use efficiency; measuring method; farmland management;

soil microbial community; nutrient availability
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Note: D Macromolecular organic N depolymerized into smaller organic N molecules via extracellular enzymes secreted by microorganisms. @
Microorganisms utilize a portion of the absorbed organic N for their own growth and metabolism, releasing the surplus as inorganic N into the soil.
The ratio of N used by microorganisms for their own growth and metabolism to the total organic N absorbed is termed microbial nitrogen use
efficiency (MNUE).
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Table 1 Determining methods for microbial nitrogen use efficiency (MNUE)
Jiik INIF AL R ARICHEE BOZK IR R bR A
Methods I5N-labeling technology 130-H,0 labeling method EEST
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Principle U, BEFRCEYIXTA PRI, R XL TR 56 R R0 SRORA BT IR kR
FARH S Ll Estimating resource use efficiency
By introducing '*N-labelled organic N The short-term metabolic processes of organic based on balancing substrate
sources into the environment, the uptake, molecules within cells, and the distribution availability and microbial element
assimilation and metabolic processes of ratio of these molecules between catabolic and requirements
organic N by microorganisms are traced anabolic processes

RS FE R R BRI S A AN AR AR A SRR A R AR S SR A S B R SR I DT

Driving factors

ARV ES
Influencing metabolic efficiency by
altering the anabolic and catabolic

LFAwEiEVES
Influencing metabolic efficiency by altering
the anabolic and catabolic processes of

processes of substrates substrates
Pori SERRERE G, T EER AN RR e RTINSO
Advantages F W ORI ) A e A Overcoming the substrate addition effect
High quantitative precision, directly A i 8 R M B A A K
reflecting the microbial uptake and BRI B, TN EEE SR E
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calculating microbial growth using free amino
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Considering only microbial uptake of LT AL Vi
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uncertainty in the assessment of MNUE Susceptible to environmental factors (such as
pH, temperature, humidity)
E = DTN [13]. [16-17] [14]. [16-18]
References

R M ALHOR

Influencing the degree of alignment
between resource composition and
microbial requirements to affect

metabolic efficiency

SRR E T . HXMER . B
FTTAH

Parameter determination is rapid,
relatively inexpensive, and
straightforward to evaluate

G R R A BT I

Avoid potential interference from
isotope addition

Bt 1 5 5 FRMINUE (4 # DG 75
T SEIIIE, AFTERIEEE

The correlation between enzyme
activity and actual MNUE requires
experimental validation and is
indirect in nature

SMBREIA, 2FEMNUE
Exogenous N inputs tend to
overestimate MNUE

[14]. [16]. [18]

{E: BEST—AASHHLA R,
Note: EEST—The ecological enzyme stoichiometric model.
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Fig. 2 Factors influencing soil microbial nitrogen use efficiency
T RIEBUEMRKRI D RS TANRE AT, Kb o T VLA Z BIRAMNE R RN TA LR, — T A SR
K, —W5 U YR ARE 1t . PSR BUE YR R i AR TR AR A LA R LU 1, A B AR IBCE (MNUE),
SMEE T T 5 A REER R, A EAE T SHRYON . ROV A BRI (e Bt . REATIE I . ML IG) s BUEMIRER (UM . ;b
P (2 C s Ny C 2 Py N P EUH); 398 pH fE; ZKEGRAE (UBRASIE . K AR IR & 1)
Note: The majority of soil microbial N exists as macromolecular organic N. This macromolecular organic N is depolymerised by extracellular
enzymes into small-molecule organic N, with part utilized for microbial metabolism and growth, and part released into the soil as mineral N. The
inner circle represents the proportion of absorbed N used by microbes for growth and mineralisation/decomposition, constituting microbial nitrogen
use efficiency (MNUE). The outer circle encompasses five key factors, proceeding clockwise from top to bottom are agricultural management
practices (no-till deep ploughing, crop residue incorporation, fertilization strategies); microbial communities (fungi and bacteria); stoichiometric ratios
(soil C : N, C : P, N : P ratios); soil pH; and thermohygric conditions (climate warming, coupled effects of moisture and temperature).



54 T&ES, % R TERHCEMRRZFRCRIT 0 R 1165

0.7 1
® IXO

M L
5 0.6 A EEST
2
2 sl ==
# 25 =
B A A
= 04r A
= L
o} ° A
= L
H
£ 02t

0.1 , , , , .

CK CF OM BF RF
AbPE Treatment

3 TREITEAEAENMEMREF AR
Fig. 3 Effects of fertilizers on microbial nitrogen use
efficiencies (MNUE)

T Po—""0 KA FKARICE; EEST—E SR bR,
CK—AHEfE; CF—b2 5 ; OM—AHLE; BF—E#ninib#
A RE—FEFFIAL2A R . AR ISEgeFon o8 A b
TRZNFIRE 75 M5 25 AR R AU SRR BORMA
H/IMA

Note: '*0—'*0-H,0 labeling method; EEST—The ecological enzyme
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values, respectively.
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Table 2 Effects of fertilization managements on microbial nitrogenuse efficiencies

AL M AL Jit E B U
Fertilization Condition Change Reason References
R SRR FEEAR PeHEAEITG S, BV g5 [17]
Chemical Higher nutrient content in soil ~ Reduce Promoting microbial activity, enhanced N mineralization
Nfertilizer - ye305)-0 BN O RN, (REERUERRIRI . K [17]
Lower nutrient content in soil ~ Increase  Alleviate N limitation, promote microbial N uptake and growth rate [26]
AHLAL Pl e WD R, B T PR AR [29]
Organic Short-term Increase  Reduce N loss and enhance microbial immobilisation of inorganic N
manure K FEA G 1 HEC - NPy [8]
Long-term Reduce Alleviate soil C : N imbalance
E7//3 el o i R FEAI TP, SRR NIRRT P, A b [25]
Biochar Pyrolysis under Reduce Enhance C restriction, with microorganisms secreting extracellular [27]
high-temperature enzymes to degrade organic matter, thereby promoting N mineralisation
AT Pt e IEC - NEEI, A M R R i [30]
Straw Short-term Increase  Enhance soil C : N ratio, intensify microbial N limitation
Kb FEAG TIAC TS, MR R A D R 31]
Long-term Reduce Soil fertility increases, microbial P limitation shifting to N limitation
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