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Abstract: [ Objective] Crop straws not only contain high content of organic carbon (C), but also are rich in mineral nutrients. Straw
returning to field is an important technique for improvement of soil fertility and sustainable development of agriculture in the region
of Black Soil in Northeast China. However, the sequestration and characteristics of C and nitrogen (N) from straw in soil under

different plastic film mulching and fertilization treatments were not clear. In this study, the contributions of straw C to soil organic C
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(SOC) and straw N to soil total nitrogen (TN) were quantified to compare the differences of straw C and N in soil among different
mulching and fertilization treatments, so as to provide a basis for improvement of soil fertility and protection of Black Soil in
Northeast China. [ Method] Based on a long-term mulching and fertilization experiment, the '*C'°N double-labeled straw was added
to the topsoil (0-20 cm) from the different fertilization treatments, including no fertilization (CK), chemical N fertilizer application
(Ny), and organic manure combined with chemical N fertilizer (M,N,), with/without mulching, and then which were incubated in-situ
in the field for 150 days. The contents of SOC and TN and the values of 3"°C and 8"°N were measured to analyze the dynamics
changes of SOC derived from straw C (*C-SOC), TN derived from straw N ('’N-TN) and their ratio with time. [ Result ] Fertilization,
mulching and their interactions significantly influenced the contents of *C-SOC and '"N-TN (P<0.05). During the whole incubation
period, the contribution percentage of *C-SOC to SOC (*C-SOC/SOC) and that of *'N-TN to TN ('*N-TN/TN) were 10.48% and
3.18% under M,N, treatment, respectively; the *C-SOC/SOC and residual percentage of straw C in soil under fertilization (N4 and
M,N,) treatments were on average 12.65% and 37.14% under mulching, and averaged 12.08% and 34.50% under no mulching,
respectively. On the 150™ day of incubation under the same cultivation mode, the *C-SOC/SOC and residual percentage of straw C
in soil were on average 14.33% and 39.40% under N, treatment and averaged 11.77% and 33.21% in the other fertilization treatments,
respectively; '"N-TN/TN under CK treatment was with an average of 4.56%, and was 26.00% and 44.53% higher than that in N4 and
M,N, treatments. The residual percentage of straw N was the highest under CK treatment with/without mulching, with an average of
10.03%, which was the lowest under N, treatment without mulching, with a value of 7.87% on the 150" day of incubation.
Regardless of mulching or not, the ratio of *C-SOC to ""N-TN ranged from 32 to 39 in N, treatment, but was lower than 30 in the
other fertilization treatments. [ Conclusion] The sequestrations of straw C and N in soil were sensitive to mulching and fertilization.
The single application of chemical N fertilizer promoted the accumulation of straw C and the renewal of organic C in soil, and the
long-term no fertilization played a positive feedback effect on the sequestration of straw N in soil N pool, while the renewal of soil
organic C and N in organic manure combined with chemical N fertilizer lagged behind that in the other fertilization treatments.

Key words: *C'*N double-labeling; straw carbon; straw nitrogen; plastic film mulching; fertilization
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Table 1 Basic soil properties at 0-20 cm depth in various treatments (in 2019)

BRI HaEALE THEBAHER aBCc ESe 3N {& BRELL
Cultivation mode Fertilization treatment Total soil organic carbon (g'kg ") 8°C value (%) Total nitrogen (g-kg') 6°N value (%)  C/N ratio
NN CK 8.78+0.05 ¢ -18.04+0.02 a 1.05+0.02 cd 5.68£0.03¢  8.37+0.11c¢
WiR g N 8.52+0.01 f -18.10£0.03 a 1.06:0.02 cd 404£0.02¢  8.00+0.17 d
M:N, 13.1140.02 a -19.65+0.02 e 1.49+0.04 a 6.94+0.04b  8.80+0.20 b
B CK 9.16+0.03 d -18.26+0.04 b 1.03+0.02 d 5.6240.01c  8.88+0.15b
Mulching N 10.5740.03 ¢ -19.20+0.03 d 1.1120.02 ¢ 5.1340.02d  9.54+0.10 a
M:N, 12.75+0.04 b -19.12+0.04 ¢ 1.42+0.02 b 1426+0.05a  8.96+0.10b

CK. Ny Fl MoN, 23 AARRAEAC . Sl Z LA A MU R ZCAL B . B 5 AR RN - BER R AN R AT AR SRR (¥ 22 5 i 2 (P<0.05)
CK, N4 and M;,N; denote no fertilizer, chemical nitrogen fertilizer, and organic manure combined with nitrogen fertilizer, respectively. Different lowercase
letters show the significant differences (P<0.05) among different fertilization treatments
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CK, Ny and M,N, denote no fertilizer, chemical nitrogen fertilizer, and organic manure combined with chemical nitrogen fertilizer, respectively. Different
capital letters show significant differences (P<0.05) among different treatments on the 30" day of incubation; Different lowercase letters show significant
differences (P<0.05) among different treatments on the 150" day of incubation; *Show the significant differences (P<0.05) between different incubation time in

the same treatment. The same as below
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Fig. 2 Contents of total organic carbon (a) and total nitrogen (b) in soil added with *C'*N-labeled straw under different mulching

and fertilization treatments
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Table 2 Analysis of variance for the effects of cultivation mode, fertilization and time on the straw carbon and nitrogen sequestration

in soil

HT BHE "C SOC BC-SOC  Fp Rinc "N TN  “N-TN  Fu R.. SOC/TN “c-soc
Factor Degree of F(P) F(P) F(P) F(P) F(P) F(P) F(P) F(P) F(P) F(P) F(P) /“N-TN

freedom F(P)
it 2 720 655 158 690 158 1111 481.0 2500 1120 2479 31,7 125
Fertilization (F) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
i [F) 1 124 296 967 122 96.7  112.0 0310 8320 111.7 83.01 0.45 0.01
Time (T) (<0.001)  (0.098) (<0.001) (<0.001) (<0.001) (<0.001) (0.583) (<0.001) (<0.001) (<0.001) (0.509) (0.926)
FREA 1 022 136 6.65 0.06 6.65  58.46 1.005 3377 5772 33.55 10.8 10.5
Cultivation mode (C) 0.644)  (0.001) (0.016) (0.812) (0.016) (<0.001) (0.326) (<0.001) (<0.001) (<0.001) (0.003) (0.003)
it JIE < B ) 2 126 231 129 135 129 60.02 1534 5464 6093  54.19 995 239
FxT (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (0.001) (<0.001)
it JIES < A B AR 2 2 24.5 30.8 25.4 29.7 25.4 22.81 4051 2002 2262 2016 19.1 1.10
FxC (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (0.030) (<0.001) (<0.001) (<0.001) (<0.001) (0.348)
FE RT3 Cx R[] 1 3.51 1.18 1.52 5.34 1.52 7.162  60.19  10.07 7792 10.05  39.1 16.6
CxT 0.073)  (0.289) (0.230) (0.0300) (0.230) (0.013) (<0.001) (0.004) (0.010) (0.004) (<0.001) (<0.001)
it < R R A X < 1] 2 5.10 450 3.99 3.89 3.98 8208 1271 3.823  8.052 3878  7.68 3.97
FxCxT 0.014) (0.022) (0.032) (0.034) (0.032) (0.002) (<0.001) (0.036) (0.002) (0.035) (0.003) (0.032)

BEAR: AHEAL. S EUEAAT R EIE: B RS AREME: Bl 58 30 RIS 150 K; 8°C: LHMEMATHURK 8°C fH: SOC: ity
WUk PC-SOC: H-HEMATHURREH FEFERR O H s Fner REFEBRX B HUBRIOTTIREE s Rue: HHOPREFFRRIOSRR 2. 8PN: HHIAR SN M IN: +
ARG UNCTN: A SORREFF RS I P REAFRON TSN TR s Rune HHOPRAFAUNL M 2, SOC/TN: LHEAHLER S LA A INLL
fitf: PC-SOC/"N-TN: EHESAHUB PR St 15 A S UOh R AL A R b

Fertilization: No fertilizer, chemical nitrogen fertilizer, and organic manure combined with chemical nitrogen fertilizer; Cultivation mode: Mulching and
no-mulching; Time: 30 d and 150 d; 8"*C: The §"°C value of soil organic carbon; SOC: Total soil organic carbon; *C-SOC: Soil organic carbon derived from
straw carbon; Fy,.: Contribution percentage of straw carbon to total soil organic carbon; Ry,: Residue percentage of straw carbon in soil. 8'°N: The 8'°N value
of total nitrogen; TN: Soil total nitrogen; *N-TN: total nitrogen derived from straw nitrogen; Fy,: Contribution percentage of straw nitrogen to total nitrogen;
Runn: Residue percentage of straw nitrogen in soil. SOC/TN: Ratio of total soil organic carbon to total nitrogen; *C-SOC/"*N-TN: Ratio of soil organic carbon
derived from straw carbon to total nitrogen derived from straw nitrogen

2.3 EESHEIETLIESHRBETRERINESE i) (P<0.05) SOC FRGFFHRERE (PC-SOC) & & Gk
PIEFRBERESE R X I A AZ HAE T AT BC-SOC &8 mikah) Al
FEAE . B TR TR AR B TN FREFRIEE, (PN-TN) & (£2) . L
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%3 ARZRKERAERET RN LIRS BN BB EN LIRS AMEE
Table 3 Contribution percentage of straw carbon to total soil organic carbon and straw nitrogen to soil total nitrogen under
different mulching and fertilization treatments

RIFB AL b2 BRI RE TEFT R TR
Cultivation mode Fertilization Contribution percentage of straw carbon to total Contribution percentage of straw nitrogen to
treatment soil organic carbon (%) total nitrogen (%)
30d 150d 30d 150d

NN CK 16.91+0.28 A* 13.91£0.07 a 5.27+0.06 B* 4.70+0.08 a
No mulching

N, 13.90+0.13 B 14.34+0.16 a 3.47+0.12 D 3.38+0.09 d

M,N, 10.13+0.19 D 9.95+0.04 d 3.12+0.01 E 3.03+£0.04 ¢
T CK 16.44+0.33 A* 12.27+0.34 b 5.53+0.09 A* 4.43+0.01 b
Mulching

N, 14.43+0.29 B 14.3240.18 a 4.03+0.07 C 3.86+0.00 ¢

M,N, 10.88+0.26 C 10.96+0.14 ¢ 3.30+0.03 DE 3.28+0.09 d

x4 ARZRFEELE DIERBTRAMAREER

Table 4 Residue percentage of straw carbon and nitrogen in soil under different mulching and fertilization treatments

BRI AL b2 REFFBRRE R BHARRER
Cultivation Fertilization Residual percentage of straw carbon (%) Residual percentage of straw nitrogen (%)
mode treatment 30d 150d 30d 150d
BN CK 45.35+1.32 A* 35.82+0.52 ¢ 12.24+0.20 A* 10.13+0.23 a
No mulching N, 37212030 C 37.84£0.65 b 9.09+0.27 B* 7.8740.24 ¢
M;N, 31.52+0.39 D 31.45+0.60 ¢ 8.48+0.05 C 8.50+0.16 d
I CK 44.58+0.79 A* 31.43+0.58 ¢ 11.93+0.26 A* 9.92+0.18 ab
Mulching Ni 40.15+1.11 B 40.9620.14 a 9.53+0.07 B 9.58+0.15 be
M;N, 33.34+0.96 D 34.12+0.58 d 9.06+0.25 B 9.41+0.02 ¢
11.0p r
(@ [J30d mm150d 30 (b)
= 105f o 4T
= X
= 100 ZZ 40
& z "
p = 4
w95 wy O3S
=3 £ 0
= B7
T 90 #5030
H S
8.5 H 25
8.0 20
CK Ny M;N, CK Ny M;N, CK Ny M;N, CK Ny M;N,
ANHEHE Without mulching B With mulching ANBEHE Without mulching B With mulching

4 FEMAMBELIEANKRSESERAENNE (o) RIIEPREFESESENLE (O
Fig. 4 The percentage of soil organic carbon (SOC) to total nitrogen (TN) (a) and the percentage of straw derived-SOC (*C-SOC)
to straw derived-TN (*N-TN) (b) in soil added with '*C'°N-labeled straw under different mulching and fertilization

treatments

38.52 (P<0.05, Kl 4-b) . LIWEBLTF, Ny kbH Bc- 150 K, CK Fl N, &b # *C-SOC/'*N-TN 78 [ i A 75 it
SOC/""N-TN b HoAth i B AL 5 16.17%— 23.05%. 2 MK 10.82%.
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