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Transport of Straw-derived Carbon in Black Soil and Cinnamon Soil and Its
Response to Nitrogen Fertilization
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Abstract: Objective A laboratory incubation was conducted to study the transport characteristics of soil native carbon(C;)and
straw-derived carbon(Cy)after adding wheat straw and nitrogen fertilizer in black soil and cinnamon soil. ~ Method  There are
four treatments: Control(soil only, no straw or nitrogen added), N(soil with nitrogen fertilization, 170 kg-hm?), R(soil with straw

addition, 8 580 kg-hm™), RN(soil with nitrogen fertilizer 170 kg-hm > and straw addition 8 580 kg-hm™). The wheat straw used
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was isotope "°C labeled. Soil samples were collected and fractionated into three different soil organic carbon fractions(light

fraction-LF, occluded particulate organic carbon-OPOC, heavy fraction-HF)at 0, 180, 300 days.  Result  The results showed
that the soil incubation was a carbon loss process of soil carbon mineralization. Nitrogen fertilization showed an inhibitory effect
on carbon mineralization in both soils, and the effect in cinnamon soil was more significant in straw-added treatments compared
to no straw-added treatments. The percentages of C; loss in the two soils were ranked as HF>OPOC>LF. Straw application
increased the percentage of C, loss in HF from 2.83% to 5.53%(P<0.05)in black soil and decreased the percentage of C; loss in
OPOC from 1.86% to 0.82%(P<0.01)in cinnamon soil. Importantly, the Cy, in LF was gradually transferred to OPOC and HF, and
the transfer became slower after 180 days. By the end of incubation(300 days), the total residual rate of Cg, in cinnamon soil
showed no significant difference compared to that in black soil. The residual rate of Cy, in LF was 4.98%-8.52% in cinnamon soil
and was significantly higher than that in black soil(1.71%-2.47%). Compared to R treatment, RN treatment almost doubled the
residual rate of C, in LF of cinnamon soil. Conclusion The HF was the main source of C; loss. Nitrogen fertilization inhibited
carbon mineralization in the two soils. Straw addition exhibited a positive priming effect on the carbon mineralization of HF in
black soil and an inhibitory effect on the mineralization of OPOC in cinnamon soil. The degradation degree of LF-Cy, in

cinnamon soil was lower than that in black soil and could be limited by nitrogen application.

Key words: Carbon mineralization; Residual rate of straw carbon; Soil native carbon; Occluded particulate organic carbon;
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KA. Wk 476 gkg', Bk 237 gkg!, Brki
238 gkg ', ML REEHIAE 10 ELL BRI T KRI/NE
— AR L, AEROKEZ 650 mm, AEHIRZ
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23.8 gkg ', AN 0.28 gkg ' 2.36 gkg
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5"3C=180.7%0 (n=3).,
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The data in the figure are means + standard deviation. Different
letters represent significant differences among different treatments
within the same type of soil ( P<0.05) . The same below.
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Fig.1 Accumulation of CO, release in different treatments in black
soil and cinnamon soil during incubation
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2 + Black soil #~+ Cinnamon soil

TE: r (N-CK) /2Ab3E N 5 CK i bk SRk
B2, r (RN-R) JEAbHE RN 5 40# R () S ik ZT R
W2, NS IR R i FACAEARER AR R L it
FEFF A0 T A Z 8B SR AR A 7™ A R 28 . Pl b A
MR AR R {H . Note: r( N-CK )is the difference of the
cumulative CO, release between N treatment and Control, rl RN-R )
is the difference of the cumulative CO, release between RN and R
treatments , which represent the inhibition effect of nitrogen
application on the cumulative CO, release under no straw
application and straw application conditions, respectively, during

incubation. Each point in the figure is the average of four
repetitions.
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Fig. 2 Inhibition effect of nitrogen fertilization on dynamics of
cumulative CO, release

PIFR 31 CO, RV AFMETT H] Co= Cof 1-¢
H) 10y (e ) XUEFBOR R A, %A
TR ORFAAE T BRI LI X 43 IR PE (Cyp ) AN
FEXT RS E (18 M T B fB e ( Cyy), W Z R
T NI e, T LR AT A 3 R [R5 Y [
fEE R (kypo k) U BEAISHL (R 1) BUR, 7
TCREFFU NS, W5 3R TEPERRE (Cyp ) RN B
+ (014 gkg") KT L (023 gkg"), HIMFEFF
JG, MR R E RS ERATE, B
TEPERRE ((Cop ) XN T 4.19 £, 18 PEBFE (Csp)
B E RN (P<0.05), & PEIRIEREfET (ky) B
FHFEAR (P<0.05), 18 Mm% (kg ) O
AL MEREAT W A Cop PRGN T 2.43 %, X
kap Cop T WEL MW, (HEE& T kg (P<0.05). 7E

B Rk, AEATERSFF A THE T 32.2%
(N FI CK AHL ), TEREFREFF 25 0F R 880 1 9.33%( RN
R AHLE ); HEEXS Copo Csp M kg, TERE RN o X
T LM E, FERREFFRET, BEEME Cp. Gy
Y — RN, AR R T RN ARERAY
(CyptCsp) 1 (P<0.05); HEEXS kup. ke HITCRE
S
22 TELAFNKREZHERIEMBFZM

WA R = M 7E B 3% 5 B b R PR S 2
(B 3), BEIFRESHRN, B AR FFAREE (CK,
N) SHafEFFAEFE (R, RN) AR HLER & & 55
FERIGEARLG , P37 R 2 23 51 7.31%F1 12.8%,
50k 10.3%H1 13.9%. RiFRgsmt, 2
- (RS AT Ak B 5 A it o AL B ) A LR
T —E, i PO RS A R Y 1 A FLEKR
TR AR T 5.35% (P<0.05), BEH]
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Table 1 Comparison of mineralizable carbon pools and their decomposition rates in different treatments in two soils

+ ek Qb Cap Cs ke CoptCsp
Soil type Treatment / (gkg") / (gkg™") /(10%d™1) / (gkg™)

CK 0.13 £0.02b 0.18£0.01b 1.15+£0.14b 0.35+0.08a 1.28 £0.15b

2+ N 0.14 £ 0.03b 0.23 +0.02a 0.95 + 0.06b 0.38 +0.04a 1.09 £ 0.05b

Black soil 0.72 +0.07a 0.07 £0.01d 1.43+0.11a 0.47 +0.05a 2.15+0.16a

RN 0.68 +0.03a 0.08 +0.01c 1.45+0.21a 0.43 +0.06a 2.13+0.24a

CK 0.22 +0.02¢ 0.10 £ 0.02a 1.26 £ 0.19a 0.23 £0.05b 1.48 +0.22¢

1 N 0.23 +0.03¢c 0.11 +0.01a 1.12+0.17a 0.25+0.07b 1.34+0.19¢

Cinnamon soil R 0.82 +0.04a 0.10 £ 0.00a 1.43 +0.12a 0.38 +0.07a 2.25+0.10a

RN 0.73 £ 0.04b 0.11+0.01a 1.20+0.11a 0.36 £ 0.02a 1.93 +£0.15b

W RPSHIEH 0~300 d ALk BEBMEIRZ TR C=C,y (1-e ™ ) +C;, (1-e ™) HUEEHE, 4355 L

TPEBRIE Cp (gkg')  AIXTARE BB MR LIRIE Cp (gkg™') K AMT LR ky (d') | ky (d7)

“ Cap+csp 7 y‘] i%?fﬁj‘ﬁj‘

e, FhEMES N 4 DEZFARFHE « frmE2 . AR FRURE — 28 R AR b BT 4778 25 (P<0.05) . Note:

The parameters in the table are obtained by fitting the cumulative CO, release data of 0-300 days with the equation C=C,, ( 1- ¢ “hapt +Cyp

(l-e ™) |

>

where C,, is the easily mineralized carbon pool, gkg™', Ci, is the relatively stable carbon pool, gkg™', ki, and k, are their

mineralization rates, respectively. “Cy,+Cs,” represent potentially mineralizable carbon. Each value in the table is the mean + standard

deviation of 4 repetitions. Different letters represent significant differences among different treatments within the same type of soil( P<0.05 ).
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[ [ ICK
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(3]

= £
18 300
B8] Time/d

0 180 300 0
Mt ] Time/d

TE: AETFRAURAEG R L IEAE = A RAEN ] . AR B2
(B 4776 2 3 25 5% ( P<0.05 )., Note: Different letters represent

significant differences among three sampling dates and different
treatments ( P<0.05) .

B3 LAY S RISk
Fig. 3 Dynamics of total soil organic carbon ( SOC ) content during

incubation
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MESMEA P B FER N, 5 F8mnT
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—EREEE BRI T Co fE48 LR AR .

3 0 8

3.1 MEFRRFMEEN AR L ERT LB NRE
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Table 2 Soil native carbon (Cy) loss and straw-derived carbon (Cy,) incorporation in soil carbon fractions
o T BB R FEFFIRPERR 5% £7 %
1R o The percentage of C; loss/ % The residual rate of Cy/ %
Soil type Treat
#4l LF M#E 7% opoC H4 HF 41 LF 1% 7% oPoC &2 HF
ment
CK 0.26 + 0.06ab 1.74 £ 0.39a 2.44 £ 0.59b
B+t N 0.19+0.03b 2.65+0.92a 3.22+1.24b
Black soil R 0.34 +0.05a 1.65+0.33a 6.36 +1.50a 2.47+0.74a 15.82 +1.20a 13.81£0.77a
RN 0.23 + 0.06ab 1.65 + 0.46a 4.69 + 1.93ab 1.71 £0.83a 16.31 +1.08a 13.72 £ 0.23a
CK 0.92+0.28a 241 +0.36a 6.14 £2.11ab
1+ N 0.54 +0.24a 1.30 £ 0.16b 3.40 £ 1.83b
Cinnamon soil R 0.87 +0.16a 0.69 +0.18¢c 7.99 +0.55a 4.98 +1.05b 1593 +2.17a 13.32+0.88a
RN 0.77+0.14a 0.95 +0.05¢ 870+ 1091a 8.52+2.18a 14.82 + 0.80a 12.51+2.13a

T RPEEN A LR ERR PE  fRME2" o AR TR R L 41 43 1 D04 Ak 30 2 (R A 7E 3 25 5% (P<0.05) o
Note: Each value in the table is the mean =+ standard deviation of 4 repetitions. Different letters represent significant differences among

different treatments within each SOC fraction for the same type of soil ( P<0.05) .

£ + Black soil #5 1 Cinnamon soil

~ 500( a IR 500 a LR
T a ! a
22 400} 1 RN g 0 =
yoan T
j\ £ 300} 5 & 300 .
% 7 200} %200 P L
SI 100+ b b be ¢ 5 100 ’—’—rx—‘
0 o — 0
0 180 300 0 180 300
7300t a T, 300} a
Dﬁ&‘) a T 3 b"’éo 1 a
- T 1 T T - a a Ii T
& E 200 = E 2001 T 1
;?jj iy b0 VIS P b i
4y o 100f—= e o 100
=g EL
S
s 0 0 180 300 0 0 180 300
~ 250 a a a ~ 250 .
5P 200 T+ T £ 200 2 a ; 2
5 b 5 =3 E
;-jé 150 13 T 1(:')15 150t b
W00t T = 100) —ETE
Ho 50 "o 50
P~
£, o,
0 180 300 0 180 300
il Time /d I Time /d

TE: AE TGRS A I P R —BR AL  BORE AT IR PR B & i AE AR AL BE | AR RIRAE ] (0, 180, 300d) ZAF{ERE R R
( P<0.05) . Note: Different letters represent significant differences of straw-derived carbon content among different treatments and different

sampling dates within each SOC fraction for the same type of soil ( P<0.05)

B4 FEATIRVEGR L 1 e A AR AL o0 h B0 328 o A

Fig.4 Dynamics of straw-derived carbon distribution in SOC fractions
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