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Comparison on responses of black soil microorganisms to
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straw mulching and combined application of organic and
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Abstract: [Objective] Both no-tillage with straw mulching and combined application of organic
and inorganic fertilizers can effectively enhance soil fertility. However, the mechanisms by which
they influence microbial carbon and nitrogen turnover remain unclear. [Methods] Soil samples
included conventional tillage (CK) as the control, along with two management treatments: soils
under combined application of organic and inorganic fertilizers (CM) and no-tillage with straw
mulching (CT). By employing DNA-stable isotope probing (DNA-SIP) with "*C-glucose in a
laboratory microcosm incubation experiment, we investigated the responses of microbial activities
in black soil to exogenous glucose and urea addition. Key processes examined included respiration,
mineralization, dissimilatory decomposition (measured by *C-CO,), assimilatory formation of
stable organic carbon (measured by *C-SOC), priming effects, N,O emissions, carbon neutrality,
and active microorganisms. [Results] In the control treatment with water addition, soil microbial
respiration and mineralization intensity followed the order of CK<CM<CT, which showed the
maximum CO, emission rates of 0.413, 0.589, and 0.615 pumol/(g- d), respectively. Exogenous
carbon and nitrogen addition induced positive priming effect, with the intensity ranking as
simultaneous carbon and nitrogen addition (Glu+N) >carbon-only addition (Glu) >nitrogen-only
addition (N). However, the priming effect did not continuously enhance with the increase in the
total amount of exogenous organic matter. Dissimilatory decomposition enhanced as the amount of
exogenous addition increased, with cumulative BC-CO, emissions following the trend of CK
(97.0 nmol/g)>CM (90.4 nmol/g)>CT (81.9 nmol/g). The content of stable *C-SOC produced by
microbial assimilation in CT was 296.4 nmol/g, higher than that in CM (263.5 nmol/g). The carbon
use efficiency of soil in the three groups was approximately 80%, and about 30% of N,O emissions
were offset by the formation of *C-SOC. Carbon neutrality analysis revealed that the net CO,
emissions from CK and CT soil samples were 50% higher than those from the CM soil sample.
Additionally, under the addition of exogenous carbon and nitrogen, the active ammonia-oxidizing
microorganisms during microbial proliferation were primarily ammonia-oxidizing bacteria,
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specifically Nitrosospira. [Conclusion] CT demonstrates higher respiration, mineralization, and
carbon sequestration capabilities and lower dissimilatory decomposition capability in enhancing
soil fertility than CM, while it results in higher net CO, emissions.

Keywords: DNA-SIP; organic carbon turnover; active microorganisms; greenhouse gas; carbon
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Table 1  Soil chemical properties

ST pH AL P WAL AR A
Treatments Soil organic C (g/kg) Total N (g/kg)  C/N ratio Ammonium-N (mg/kg) Nitrate-N (mg/kg)
CK 5.31£0.04c  8.04=0.11c 0.88+0.02¢ 9.07+0.38b  9.16+0.04a 0.123+0.003b
CM 6.00+0.11a  14.00+0.35a 1.33+0.05a 10.60+0.05a  9.00+0.37a 0.069+0.004¢

CT 5.52+0.02b  12.70+0.30b 1.21£0.01b 11.00+0.10a  9.72+0.36a 0.165+0.014a

CK: #HMBHE; CM: WL SAPUCHE; CT: FFFE s edt. AR/ N TR A BT R B R R

CK: Conventional tillage; CM: Combined application of chemical and organic fertilizers; CT: No-till with straw mulching. Different

lowercase letters indicate statistically significant differences among treatments (mean+SE).
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Figure 1

Cumulative mineralization (A-C) and mineralization rate (D—F) of organic carbon in different soils

under exogenous carbon and nitrogen addition. Error bars indicate the standard deviations from three replicate

experiments.
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Figure 2 The relative priming effect in different soils under exogenous carbon and nitrogen addition (n=3). A:
Nitrogen-only addition (N); B: Carbon-only addition (Glu); C: Simultaneous carbon and nitrogen addition (Glu+N).
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Figure 3

The net production of BC-C0o, (A-C) , net production of BC-SOC (D-F), and carbon utilization

efficiency (G-1) in different soils under exogenous carbon and nitrogen addition. Error bars indicate the standard

deviations from three replicate experiments. Significant differences between treatments are denoted by different

letters (P<0.05).
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Figure 4 Nitrification activity (A) and N,O emission fluxion (B) in different soils under exogenous carbon and
nitrogen addition after 28 days of DNA-SIP microcosm incubation. Error bars represent the standard deviation of

the data from three replicates. Significant differences between treatments are denoted by different letters (£<0.05).
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Figure 5 Net CO, fixation (A), offset ratio between CO, fixation and N,O emissions (B), and net greenhouse
gas CO, emissions (C) in different soils under exogenous carbon and nitrogen addition after 28 days of DNA-SIP
microcosm incubation. Error bars represent the standard deviation of the data from three replicates. Significant

differences between treatments are denoted by different letters (P<0.05).
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Figure 6 Relative abundance of soil microorganisms, and relative distribution of 16S rRNA gene and AOB
amoA in each buoyant density layer. A: Relative abundance of priming effect-associated microorganisms; B:
Relative abundance of Nitrosospira; C—E: Relative distribution of 16S rRNA genes in each buoyant density layer;
F—H: Relative distribution of amoA genes in each buoyant density layer for AOB. Error bars represent standard
deviations from three replicates. Significant differences between treatments are indicated by different lowercase
letters (P<0.05).
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