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Abstract ; Plastic film mulching is an important agricultural practice to improve crop yields and ensure sufficient food supply
for the growing population. But the improvements in soil moisture and temperature under plastic film mulching stimulate the
mineralization and loss of soil organic carbon. Any increase in crop yields must not be at the expense of soil quality.
Studying the sequestration characteristics of newly added carbon and nitrogen in Mollisol’s aggregates after plastic film
mulching is crucial for the sustainable application of plastic film mulching. We collected topsoil samples (0—20 ¢m) from
three fertilization treatments ( no fertilization application, CK; inorganic fertilizer, NPK; and inorganic fertilizer plus
manure, MNPK) at a 29-year long-term Mollisol experiment in Northeast China. We then mixed three fertilized soil samples

with “C”N double-labeled maize straw, and conducted a 900-day in-situ micro-plot incubation experiment without ( bare)
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and with plastic film mulching. The objective of this study was to understand how plastic film mulching modified the
dynamics of straw residue carbon and nitrogen incorporation into soil aggregates under various fertilizer management
strategies. The results showed that compared with Mollisols of three fertilizer management strategies under bare conditions,
plastic film mulching decreased straw residue carbon and nitrogen contents by 26.49% and 32. 05% among the
microaggregates ( <0.25 mm ), respectively. As for the MNPK treatment under bare conditions, plastic film mulching
significantly decreased straw residue carbon and nitrogen contents by 35.58% and 15.97% in the macroaggregates ( >0.25
mm) , but increased native soil organic carbon content by 9.16% in the macroaggregates. Plastic film mulching increased
the contribution percentage of straw residue carbon in organic carbon of the CK and NPK treatments among the
microaggregates , when compared to that of corresponding bare conditions. But in macroaggregates and microaggregates of the
MNPK treatment, the contribution percentage of straw residue carbon in organic carbon was significantly lower under plastic
film mulching conditions than that under bare conditions. Regardless of bare or plastic film mulching, the contribution
percentage of straw residue carbon in organic carbon and straw residue nitrogen in total nitrogen in macroaggregates and
microaggregates were affected by fertilizer management strategies, and the contribution percentage of straw residue carbon
and straw residue nitrogen in both aggregates decreased in the order of CK>NPK>MNPK. Moreover, the contribution
percentage of straw residue carbon in organic carbon and straw residue nitrogen in total nitrogen in microaggregates were
larger than those in macroaggregates. Overall, plastic film mulching promoted the renewal of organic carbon in the
microaggregates of the NPK treatment; while in the MNPK treatment, plastic film mulching accelerated the loss of straw
residue carbon and nitrogen in macroaggregates and microaggregates, it also played a positive feedback effect on the

accumulation of native soil organic carbon among the macroaggregates.

Key Words: "C"”N double-labeled; straw residue carbon; straw residue nitrogen; plastic film mulching; soil aggregates
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FEER 28 v AR UORY) i 2 AR - ARG ve U 3 R LAY IE (29 4F) AbBRIEA TS, S B A
AR (CK) AL (NPK ;i fBIIE N 165 kg/hm? P,0, 82.5 kg/hm*Hl K,0 82.5 kg/hm?) F1AG AL IE B jiti b AT
( MNPK; jitiG HLIES N 4 115 kg/hm” JiEfLAE N 50 kg/hm* P,0, 82.5 kg/hm* Al K,0 82.5 kg/hm*) , R KA
(2018 A7) L3 SEABRAL MR L2 1,

B A ALY R RS CON WFRIC 0 E R FEFT, H 87 C (5K 246.9%0, 8" Nl H 11231.5%0, 4>k & 1t
355.85 g/kg, A G 10.20 g/kg, bRl RS WL An 251 IR

F1 T EAOEARELMER (2018 4F)
Table 1 Basic physical and chemical properties of the tested soil in 2018

A LR 2R

Jit JES Ak 3 . . dBC MY . 3N fH TRA L
Fertilization treatment Soil organic 813C value/% Total nitrogen/ 815N value/% C/N rati
ertilization treatmen carbon/ ( &/kg) value/ %o (s/ks) value/ %o ratio
i CK
4\Hﬁﬂﬂ?< ) - 15.50+£0.25 -19.07+0.02 1.47+0.12 4.41+0.35 10.59+0.95
No fertilization application
i NPK
ﬁﬁﬁﬂﬂHE( - ) 14.86+0.27 -19.47+0.26 1.55+0.06 4.38+0.13 9.62+0.20
Inorganic fertilizer
i MNPK
APLERAEALIE( ) 25.20+0.60 -19.42+0.32 2.53+0.05 6.50+0.13 9.96+0.27

Inorganic fertilizer plus manure

1.2 W5k

FH i) Bl X 45 32300 T 2018 AR5 5 (o7 it IEL /1N DX BAF ST 206 A 7 s G P AR AT R 1R RE M, 1 0842 4 A4
KxFEXE R 0.9 mx0.6 mx0.4 m (LI, SR 54 R A LA EHA & T (K XTEXE A 0.9 mx0.6 mx0.6 m) 435
e AR A Syl At G X R ) S i, & 100 2 HH L IRT 20 em, 80T JRCHR S TOUHS 42 3 LA Fe ek
Ko BRI AT A IASAF ST+ INBR SRS FF R+ bR O RS AT 4 BRI, 4R X PN
3 RS 3 RE A1 9 AR (0.3 mx0.2 m BRI 3t 36 NARIE, # 3 AN IEALFE H 0—40 em
R 2 e, FEIE B 20—40 em LI EIHEAH N PVC FRAR S, SRER) 0—20 em K2 PR HAR
Z AYEHAY TGS 7 mm 55T BAR AR CEN WARICH ERFEFF (KRN 0.5—1.0 cm, FEFFER R
1 kg 3N 2.3 ¢ 75FF) 5, i AKHR BT DX RR T A o 7 MR AL 38U 1 3 fin 55 28 D MRS, el 00 18], BT A 1
XEIARFEIED)

T HiL A 2% 555 900 K (2020 4F 10 ) SR8 0—20 om £ 2 4 REERS, RIS LES HIX =05
SRAEJFUIR H4F VR F AR ZL0RE ORI R A e b | R 3k G B R - 3R S R IR | SR R o e e
FRERF ISR R RS PUREB i SRR SR AR R DA SR E A A R 1 FORAE AT (0.5 em) Bk
1.3 ik
1.3.1  HRMESY

A FE R F 0 2 AT A R A A ) o et 39X T 2 I S KN 8%—10% 22 A i, AT A 3 ik
39, FRE100 g 4% (<5 mm) & T A3 53 (Retsch AS 200, 75 )0.25 mm EHfi b, FEIRIEH 1.5 mm 5k
T 2 min 452 KB RA(>0.25 mm) FEBIRAK(<0.25 mm) 73 5IFRE SR J5 R ARG AR KT 5 A
JEEIFE 100 H i, 404 SRR P oA HLBR AN 4 U 2 i & 8 C 8N fH,

1.3.2  FRRA A PR 220 F i & 87 C F1 8N il &

3 T A B o WL R A R B R B 813 C I 8N (B I T B AN BT AN G S RIS 2 L 461 5 i 36 A
( EA-IRMS, Element analysis Stable 100 Isotope Ratio Mass Spectrometer , f& [ ) Jll & , 8" C F1 8" N {E M & 73531
LS [ mE R BRGNS 20 B 2k 412 P LT A AL (Pee Dee Belemnite, PDB) A AR #EY) 5 ) F1 0.0036765
( LA A (Air Nitrogen , AN) SHARHEY ) 11510
1.4 HEIE

R RAR PR (Cpregare » 7k 01D FIRE(N, e » &7k s0il) FETHREAR
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Caggrega(e T ™ con—aggregate aggregate ( 1 )
Naggregate = Nuun—aggregate X Maggregate ( 2)
H, Cpegate (N ggregane ) I FERL AT LR () RIS (g/kg soil) s M., R R o 1 BT
Hal (%),
ALK TR ARV RR DTER A (F,, , % ) Al A PR FR IR A DTIR R (F,, , %)
513Cm,_513cs
K=
8c, 8¢,
515]\/%—5'5]\75
F =——" _ "x
" 8N, -8"N,
N (3) S C, (%o) HUNINAEFTFALBE A 324G WL 8 C {H ;8" C.( %o) AT INFEFF AL HE + HEAT HLIR AY
3" CAH ;8" C, (%o) WHHRIRINAEFFAY 87 C M., A (4) 8PN, (%o) T INFSFFAL B 3 4 (1 8N {H;
8N (%0) AT INAEFT AL+ 3 4R ) 8N MH ;8 N, (%o) NHIIAAINFEFFHY 8N 1A,
AR R A PR DTHRR (F L %) FleEZ PR HHER TR (F, , %) BTHE AR .

x 100 (3)

100 (4)

F.=100-F. (5)
F.=100-F, (6)
HHUR P FREFRIER S 2 (C,, ,o/ke) AR TR REASE(C,, , o/ke) FIITHEAZ,
C..xF..
" 100 ()
C..xXF..
Cw=""100 (8)

A7) C,, (g/kg) FBIMFATAEBA PRI &1, A30(8) o8 €, (g/kg) FUSINRSFHALBE + e 4
Ao,

TR PR A YRS B (C, , o/kg) AR R LIRS #(C,,, o/kg) BITE AR

2

C Csmc XFSL‘ 9
100 (9)
CSH]H XFSII
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1.5 KR Ab 38 R 45 B4

ASCH I EE L 3 A E A )P I (E SR E 22 3R o 35 1 SPSS 19.0 SEit /3 A R A AT BRI R U7 2293
BT (One-way ANOVA ) F12% S0 B 24347 (T K36 H1 Duncan K 36) . 183 Origin 2018 B {4 E4T (a7 24 [m] 5 20 #7
Y THEVR(Y) SR (X) HESEMEIELR, EIFRMLHIRA Origin 2018 4k,

2 HREH

2.1 R FPREPE PR SRS =

SR L, BRI A B TR B (NPK ) b B 3 HLRR Y & B (P<0.05, 18] 1) . M7 =5 it
NS LA 6 25 [0 114 28 A IR AL AN 4 260 B ok 100 55 i B AT SR AR 0 1) AN ) T S B K 25 5 (TR 1 I 2)
S AR AR ( B-CK ) 1R H 5t £k AL ( B-NPK ) 4b BAH LE , 78 B X K A R AR A WL & R i R 23 (P>
0.05) , AZEA HUE ECiE AL AL ( MNPK ) A3 et B 2% 14 T R R AARAT AILB & FE AR i A 3 W) & 2 5 T 8.68%
(P<0.05) , TEfUAI R4 | 5 B-CK . B-NPK Fl#f A HUIEECHEALAE ( B-MNPK) 41 Eb | 8 RO HEE (M-CK) B
JIES PRt A IR ( M-NPK ) 17 JI5 A5 HLIE B0 566 £k A ( M-MINPK ) 40 B 4 4 HLER & 1 43 IR 34.12% | 14.30% F
30.50%, 5 M-CK AZb3AH Lt , M-NPK b3 K A SRR A DL & AR T 5.41%, X TR 5, EME Rk
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1 5 B-CK,B-NPK H1 B-MNPK #H ¥, M-CK . M-NPK F1 M-MNPK 4t F (1) 4 & & & 70 DK T 35.56% .
10.27%H130.87% , 51T RAAH EL , KA R HLBRFN 4 20 & s 5 .
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Fig.1 Soil organic carbon and total nitrogen contents in bulk soils and aggregates
AR E FREFTR B S AT A E] I AL 3 ) 22 57 W 3 ( P<0.05) s ANRI/ING SRR B A R AN TR N b 2] 22 57 1 3 ( P<0.05) 5 *
FoR AR R AT AL SRR FIBLRRE ) 22 53 25 (P<0.05) 5 % F2o AR R AL AL SR AR b FBE A6 ] 2 S5 W {2 3 ( P<0.01)

x2 EEMERENTEDETEIMHTEDN
Table 2 Variance analysis of the effects of mulching and fertilization on soil variables

AP B AP ABTIE 2K PR

o fcﬁlfﬁ . fﬁ( W TPREE K EHANE R
DT T e Curk Gk /()
F(P) F(P) F(P) F(P)
4 : 0.34 0.00 1.26 5.22 0.28 0.01
Bulk soils ALBLCM) (0.57) (0.97) (0.28) (0.04) (0.60) (0.93)
ol (1) 349.48 286.94 38.56 345.14 344.89 289.06
(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
T R it e 3.38 0.17 1.69 27.51 3.42 0.21
MxF (0.07) (0.85) (0.23) (<0.01) (0.07) (0.81)
PNZIEZE " 9.41 0.40 3.00 4.05 9.24 0.68
Macroag gregates (0.01) (0.54) (0.12) (0.07) (0.01) (0.43)
. 1024.92 2205.57 23.62 137.21 969.91 2341.84
(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
VIxE 14.28 0.63 20.06 8.26 14.83 0.52
(<0.01) (0.55) (<0.01) (0.01) (<0.01) (0.61)
DI M 286.21 210.25 323.93 156.25 271.14 308.63
Microag gregates (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
. 206.19 163.00 34.54 85.75 218.33 285.86
(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
VIxE 24.33 28.00 100.03 10.75 21.63 39.65
(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)

TR : ASHERL | ARG AN AN A HLIL BC R AL ; R #R M 5 MBS 5 OC . A5 LB organic carbon; TN: 22 total nitrogen; C,,, : 7 HLBR T F5 FT R
T the content of straw residue carbon in organic carbon;C,, : & PFEFFRIEA the content of straw residue nitrogen in total nitrogen; C, : A LB

JR - HEEHLIK the content of native soil organic carbon in organic carbon;C_, : 2% i 3% the content of native soil nitrogen in total nitrogen
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2.2 G R R AR AN [ R R A RN R B

FE NPK AbFE | S8R AR L, MRS 55 J5 4 0 b s - A ALk % & 3 R AIK 6.40% (P<0.05, 181 2) . It
A RE it A LA R 7 6 55t RS 194 38 A FH R AN (1) Sk 15l R 215 0 119 5 i AT 2R R s 5% 1 AN [ i 2 3 2 5
(P<0.05,3% 2 Fll#l 2) , 7E MNPK AbFEK AT SRR A IS5 A T RS FE R IR A L B b o3 3 B4R 35.58%
1 15.97% ,AH 5 A HLRR A & i B 42 5 9.16% (P<0.05) o FEIH AT B A i AT 8 TRt Fn 8 DA K+ 48 A
HURFN R W) & R K T8 K, 5 B-CK . B-NPK F1 B-MNPK 4t F4H [+, M-CK . M-NPK I M-MNPK
Ao B PR RE AT SR PR 1 43 BIFRAR 20.60% .5.26% F1 53.60% , 1% KT 2K 5 A & & 43 BIFEAIK 33.06% . 13.58% il
49.50%, 5 M-CK AbFHAH LY , M-NPK Ab 3K AT 5 R rh A5 A I 1) 7% 1t 18 B AIK 35.70% (P<0.05) , TCit#h
AR AT CK AL34 4 P A AR IR AR AU & i 5 55 ( P<0.05) o S5 JRARAR 1L, P SR A b AN [] of 1
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Fig.2 The contents of carbon and nitrogen from different sources in bulk soils and aggregates
B-CK: B AHEAL No fertilization application with bare; B-NPK: # 31 #jifi {6 I Inorganic fertilizer with bare; B-MNPK . #i i 75 HL 1 fic i 4k 12
Inorganic fertilizer plus manure with bare ; M-CK ; B PR AL No fertilization application with plastic film mulching ; M-NPK ; 7 B8 Bjii fLAE Tnorganic
fertilizer with plastic film mulching; M-MNPK . % B H HUAEACHEALAL Inorganic fertilizer plus manure with plastic film mulching
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A LR AN 2 R B
2.3 & ORI R A A [ R e RN AU BTk R

55 B-CK AbFAH H, M-CK b P 4 20 i RS AT R IR 00 BTk i & 48 &5 ( P<0.05, 18 3) . F-MNPK A3k A
FARA ARG S FF R PR A 1) T ik 2 A 4 10 rP RS T Ol VR 2R 1) o ik R A R b 4 BT R AIG 40.65% T 16.029% ( P<
0.05) ., ‘5 B-CK il B-NPK #f kb, M-CK Il M-NPK &b P {3 A1 58 1A o s FF f U ik 9 53 ik 2R 43 301 2 85 20.57% Fil
10.51% , 1M iZ{E7E MNPK AbFH b i Z5F#A% 33.16% (P<0.05) , {HEFEXT CK FI NPK Ab BRI AR 4 A F5FF
FIFE R TTHR AL AN 23 (P>0.05) , MNPK &b FR {3 A1 38 1A 4 260 b RS FF R TR UK ST ik R R i K T 7
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Fig.3 The contribution percentage of organic carbon and nitrogen from different sources in bulk soils and aggregates
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i, JCIC BN TR , CK A B A KL AT SRR N AT ALK HH AT SR 5URR 0 4 50 rb A AT SR AR B STk A de v (P<
0.05) . 5T PATRAHH L , I P SR A BB Hh A A 5k ) B R 0 4 0 R AR DU B TR AR AR
2.4 EREIE T AP 2R SEIE R R

TEBNRZEAES | BEP RACKLAR A/, RS AR USR5 15 RS AT R IR & B RO S M7 R ARER S AL, T Jit
A LR i R A LT AR AR B AT SR AR AR ) D/ T/ (6 3) o LB #RM L R B IR
PET, A HUBR AP RS AT R U AR 14 7 MR 3 A 22 0P RS AT R TR AURY STk R 2 R M IE MR K R (n =54, P<
0.01) (¥ 4) , HAFSHFARIRER B & SRR AR & 2B R BF M IEHRKER (n=54,P<0.01) . HFFR
e 5 B MRS AT SR IR G 1 O M DT R ARER 5 b A DL 35 i A S S5 2 O 2R T R AR R AN ]

R3 HARGEDEVBRSEESHEMNBEXXER

Table 3 The relationship between organic carbon and total nitrogen related parameters in aggregates

HHb 451 Bare conditions BN S51F Plastic film mulching conditions
KA A (MA) Macroaggregates 0C=9.23TN+1.24 (R*=0.99"") 0C=11.81TN - 2.35 (R®=0.98 ")
AR AR (ML) Microaggregates 0C=8.94TN+0.16 (R*=0.95"") 0C=8.98TN+0.11 (R*=0.91"")
MA C,.=7.09C, +0.18 (R*=0.09) C,.=48.28C, - 0.02 (R*=0.95"")
MI Cpo=— 0.45C, +0.05 (R*=0.00) C,.=48.98C, +0.00 (R*=0.94"*)
MA C.=9.20C+1.11 (R*=0.99**) C,.=11.90C,, - 2.63 (R*=0.99**)
MI C,.=8.83C,+0.13 (R*=0.95*") C,.=9.27C,+0.05 (R*=0.92*")

x fRLF B FA K (P<0.05) , = = FLFM W F A K (P<0.01)

2.5 BHGM T ARSI E

L5 B-NPK AbFRAH Lt , b JR7E 25 J5 4=t R b SR A i A B/ 4 0 LU (B S S5 B AT, (LS P R Rl / s T of D
RIVE LT BE 2 (P>0.05,% 4) o 15 MNPK Ab B | 2 FIAT B 45 14 R R A S AR b + 304 WL/ 4>
RCAE SR 9.83 1 10.86 , F5 FF A Uihne/ Fs FF R IR AU LB 50 510 57.07 F143.69, TCigRRHbIER A AME T,
5 CK AbBEAH L , MNPK A 4 -+ v+ 8 HLAR /4> R HUAE AR, (H RS TR R R/ RS AR IR AU 5

F4 =LARGHENBRINEREL

Table 4 The ratio of organic carbon to total nitrogen in bulk soils and soil aggregates

AR 2R FEFT A PR/ A5 FT ok TR A

Organic carbon/total nitrogen Straw residue carbon/straw residue nitrogen

3 E . 3 E i

e R il T G et

(CK) (NPK) LA (CK) (NPK) LA

(MNPK) ( MNPK)

4>+ Bulk soils RIS 10.66A 10.61A * 9.89A 50.13AB 43.74B 56.02A
P %A 10.73a 9.86b 10.14b 45.21a 46.33a 47.24a

PNZIEZEN P 2% 10.47A 9.9B 9.83B 38.60B 43.14B 57.07A**

Macroaggre gates R 10.34a 9.67b 10.68a " 45.44a 42.88a 43.69a
Tl A R P 2% 10.32A 10.66A * 10.02A 45.78C 52.88B 68.52A

Microaggre gates R 10.63a 10.18a 10.06a 54.55a 58.06a 62.96a "

3 e

3.1 BB AS [ i A 2 P R AR A% R DA B A 2 2R i A S

T3 223 Wl R AR WV BEIEONT 11 SR A rh AR [R] A YA AL R 280 75k 1) 52 i I AL 588 AR 2 8 A [ T 22 B — 7 1)
ZESE(F2) o XUk W3t IR T I A A AR RS A A T S A B Dt - A BIL e 5 Dt AR A AT 2R A o 1 A
B A AARTR] 5545 Tt Ak PR MR LU , i 57 5 e R TRl P SR A H R AT ke 5 10 2 L B Dt S LR A i 1
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Fig.4 The relationship between organic carbon and total nitrogen parameters
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