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Abstract To investigate the effects of fertilization regimes and moisture changes on the degradation characteristics of
maize straw and the microbial straw-carbon use efficiency in north China Plain. In this study, surface soil treated with
organic fertilizer (9 t/hm? cow manure) and chemical fertilizer (N P K fertilizer) with equivalent nutrient content was
collected from long-term experimental field. The ™ C labeled maize straw was separately added to the soil under the
two fertilization regimes, and soil was subjected to constant humidity (60% water holding capacity, WHC) and drought
stress (30% WHC) conditions for 56 d. The dynamics of CO, emissions derived from straw and background soil, and
microbial biomass carbon (MBC) were determined, and microbial straw-carbon use efficiency and metabolic guotient
were analyzed. The results showed that: After the addition of straw, soil total CO,-C flux initially decreased and then
stabilized, while total MBC initially increased and then decreased with incubation time. Compared to constant humidity ,
drought stress significantly reduced the cumulative CO,-C emissions derived from straw and background soil (except on
day 1 and day 3 of incubation), while significantly increased microbial straw-carbon use efficiency. Drought stress
significantly decreased soil total MBC during the early incubation period (day 1 to 7), and there was no significant
difference between the drought stress and constant humidity treatments during the later incubation period (day 14 to
56). Under constant humidity conditions, the cumulative CO,-C emissions derived from straw (except on day 1 of
incubation) and background soil (except on day 1 and day 3 of incubation) , as well as the microbial metabolic quotient
were significantly higher in soil with organic fertilizer treatment compared to soil with chemical fertilizer treatment.
However, the microbial straw-carbon use efficiency was significantly lower in soil with organic fertilizer treatment
compared to soil with chemical fertilizer treatment on day 3 of incubation. Under drought conditions, there were no
significant differences in the cumulative CO,-C emissions derived from straw (except on day 56 of incubation) and
background soil, microbial metabolic quotient and straw-carbon use efficiency between the two fertilization regimes. In
conclusion, under constant humidity conditions, the application of chemical fertilizer significantly reduced cummulative
the mineralization of straw and native soil organic carbon, and significantly increased microbial straw-carbon utilization
efficiency on day 3 of incubation, thereby was beneficial to the sequestration of straw carbon in soil. Both chemical and

organic fertilizers were beneficial to the sequestration of straw carbon under drought conditions.
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Table 1 The basic physico-chemical properties of soil in the long-term experiment site

AR/ AR/ ER/ A HLRR/
4t 3 - = 81 C/%
pH (mg/kg) (mg/kg) (g/kg) (g/kg) C/N
Treatment

NH; -N NO; -N Total N SOC
ZERINiuA 7.50 1.5 31.4 1.3 12.2 —19.1 9.4
Organic fertilizer
s 7.45 2.1 15.4 0.9 7.4 —20.5 8.2

Chemical fertilizer
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Table 2 ANOVA of the influence of incubation time, fertilization and soil moisture on total

CO,-C fluxes and cumulative emissions after straw amendments

B CO,-C HE M 7
Total CO,-C fluxes

78 5 SRR

Source of variation

B CO.-C B HE L =

Total cumulative CO,-C emissions

F P F P

B 32t [E] Time (T) 382. 82 <C0. 001 890. 05 <C0. 001
Jiti i Fertilization (F) 87.91 <0.001 210. 22 <0. 001
7K 43 Moisture (M) 507. 20 <0, 001 930. 27 <0. 001
TXF 2.90 0.023 31. 61 <0. 001
TXM 30. 94 <0. 001 100. 80 <0. 001
FXM 37. 36 <0. 001 117.93 <0. 001
TXFEXM 6.31 <0.001 20. 88 <0.001

— % 12001

= —e— OF+W = 5

. —v— CF+W < |

i —o—- OF+D 32 1000

5 ¢ —-a—- CF+D =

£& S 800¢

" BT 600t

23 B2

=3 BE 400t

9= 3a g

<} b S E 200f

?(EZJ —:::::::::4_!}})) s ?5
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BEFEW}A]/d Incubation time

1720 E]/d Incubation time

OF , A ML ; CF ALHE s W AH IR D, T R M . AR/ 55 BE 3 78 78 7] — HRORE I 5] 45 40 BE 1] 22 57 2. 3% (P<<0.05) , T,

OF and CF indicate organic and chemical fertilizer, respectively. W and D indicate constant water and drought stress,

respectively. Different lowercase letters indicate the significant differences among treatments at 0. 05 level at each sampling

time. The same below.
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Fig. 1
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Dynamics of total CO,-C fluxes (a) and cumulative emissions (b) after straw amendments
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F3EEFETE L ERMAK S EEITRMEFSRETRIEN CO, LLBHIFIRREFRIERN CO,-C RRHMENHTENH
Table 3 ANOVA of the influence of incubation time, fertilization and soil moisture on straw-derived CO,

percentage, and cumulative CO,-C emissions derived from straw and soil after straw amendments

FEFFR IR CO, LA

+HER W CO,-C
SR

AR R CO,-C
SR HE R

SRR Straw-derived CO: Straw-derived cumulative Soil-derived cumulative
Source of variation percentage CO,-C emissions CO,-C emissions
F P F P F P
B 2B} [A] Time (T) 202.27 <C0. 001 416. 46 <0. 001 438. 21 <C0. 001
i Fertilization (F) 2.12 0.152 230. 21 <<0. 001 58.10 <<0. 001
JK 4> Moisture (M) 14.08 <C0. 001 1473.92 <0. 001 180. 40 <0. 001
TXF 0.32 0. 900 17. 28 <0. 001 14. 48 <0. 001
TXM 11. 86 <20. 001 52.59 <0. 001 47.72 <£0. 001
FXM 0.05 0. 829 104. 24 <0. 001 38. 11 <0. 001
TXFXM 0.09 0.993 9.84 <0. 001 10. 01 <0. 001
o 17130 #1116 me/kg 5 A 5 FFBOBEBED 6 42 T
1y == 0w 1A% A1 120 MRS PR R
80 OF+D

S CF+D

D
(=]
T

FEFFRIEICO, L /%
5

Straw—derived CO, percentage
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7722222222222 2
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B2 HMEFEHFRIEN CO, HiMLEHIMNNEST
Fig. 2 Dynamics of straw-derived CO, percentage

after straw amendments
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Fig. 3 Dynamics of cumulative CO,-C emissions derived from straw (a) and soil (b) after straw amendments
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Table 4 ANOVA of the influence of incubation time,

TEERMEMBRNTESN

fertilization and soil moisture on total microbial

biomass carbon (MBC) after straw amendments

5

Source of variation

A W LR
carbon (MBC)

Total microbial biomass

F P
¥ F20)A] Time (T) 47.54 <0. 001
i It Fertilization (F) 24. 31 <£0. 001
JK 43 Moisture (M) 47.53 <C0. 001
TXF 4,08 0.004
TXM 16. 41 <20. 001
FXM 2.00 0.163
TXFXM 0.25 0.937
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Fig. 4 Dynamics of soil total microbial biomass carbon

(MBC) after straw amendments
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Table 5 ANOVA of the influence of incubation time, fertilization and moisture on straw-derived microbial biomass

carbon (MBC) percentage, MBC derived from straw and soil, microbial straw-carbon use

efficiency and metabolic quotient after straw amendments
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Fig. 5

Percentage of straw-derived microbial biomass carbon (MBC) (a), MBC derived

from straw (b) and soil (¢), microbial straw-carbon use efficiency (d) and

metabolic quotient (e) under different treatments after straw amendments
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