38 % |
98 2022 4 12 B

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.38  Supp.
Dec. 2022

KA A AR 2 B AR MR S A MR
EfeA, Eus, BAE, B O BAR

(1. FERN R SRR, db5 100193; 2. 7 T kA 5 TR, 451 121001

WO T IR AR FEOE S o e X U R I ML RN, A DA R S AR T T R
HHAT T34 11 a MKIEAREE, ®E TR (CK) « ANUEHEFFEHE (MS)  AHUEHEAEAE (NIMD AL
AL (N2MD « BHEHCAL F RS FTIE H (NIMS) « BHUE+HE I EEHREFTIEH (N2MS) 6 ANAbFE, @k
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B, ZEREN, HMAENIEHAE RS T, NIMS AF A DR E >30~60 cm HIEANRSE, b NIM 48 22
PE T 40.5% (P<0.05) , Tk INA MR MUEARSAE T, MRS FF RO AN & N2M B3 3nk = (0~30 cm)
TIEAENIS E (P<0.05) , L NIM &HEEA 47.0%;: EANEHFEFHE B AT, 0~30 em 12 LIEA YRR & iR
BRI, $inEK/NRF RN N2MS (106.5%) >NIMS (64.2%) >MS (39.9%) ; N2MS ) - 158 [ 5 R AE 0~
30 A1 0~90 cm + /23 %24 1.85 A1 3.74 t/(hm*a). Kk, RHEEXKE (0~30 cm) TI3TEFRAL T AN, BB BHEE
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it JIES RS A 38 TS R b A 7o i o B PR O, o
1 SOC MELAME R A HE MW, TR, LKt
(R SEAAE, 113 SOC & & AWk hn, 763 hn - H9emi 2
IR, A REE T IRy, (e T RS s =) Yan
SR, MR SRR A N B R A, R
2485 145 SOC (42.0%) - Luan VI, AN
A DAKE ISR SOC, {HEFFK T 13 SOC fase i,
FATAL AR AR 38 O/N H, $3L SOoC iy e, pr
k1% SOC & &, AT HUAEAICHUAE R A it F AT k1%
) B e A . RS AE P e, RS AT I B AT DL B
IR N, $2TF 3 SOC KT, BHERN
SOC 0.58 t/hm* "2, HEZEISIN 70 AN MEY AL P K1 5E
PRIEHEAT Meta 04T, R It ZUFI RS FHE H AR EE X SOC
P B IIE RS BAR A, 44 i %R A 400 kg/hm®
i, RZETHE SOC [EFHMNIAS] 0.67 t/(hm*a). Meng
0 s R, FEFFE AR BAEREE (P<
0.001) , 7FFARFEFHEINAT- IS, ZAEXS SOC #&
BN .

A K 2 5 v T it IS R 3 45 B R o AR
148 SOC sz, HAZ 5 IR 52, X2 138
SOC & &AL RIER . FEF ATt g se 4 = vp 1 3
SOC HISCERZMHTAIAE =T, $2 X AE— R,
RIS A 7 5 K AR B R AL, FERANEE R,
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AIREAFIE KRR 264, X 3% SOC $2 T+ IEAS
YEF T REAN I R Bl EH AAAAE, HAE KB S A 7= 2%
PEF, BT REAVIRERN, RE 11 SOC a3 5|
EEWIN. Nk, ABFIIET IR 2004 FEFFEERIEK
W ALES, 75 2015 4FRAE LS, o SOC 1)
AR B R, AR it S A ) R T
P& ey DX 3 A FH - 438 ] e P L B R4 AR SO

1 MRERE

1.1 HRXER

AARIGAL T 1L R AT o AT 2 K (36°55' N,
118°45' E) o 1% X AIEEig ] S BT I, 7 Kt 1 2
WA, 3R 12.4°C, FHFEKELHN 590 mm, FFRE
FEERT 68 H, HEFEREKER 63.0%. ABtH
FRIEAARITITIA T 2004 4 2 H, IR S NIES
JEA5E L KYESIAESE R, IR 714 m? (K 84 m,
B 8Sm) , ESFEEA, I UK RAESSKIT
B, R AONE G AT, BEYE 1.0 m, BE[A]FR
0.4 m, 17FE 0.6 m, FREEN 0.35~0.40 m. FHIEZER
35000 Fk/hm?, 1362 5 WL A3 B 590 I
EREEE) , & 7~10d #7725 CRERL REGRD 1R
TR A e L, RIS AR ET LI AT A M LR 1.

=1 REE B R

Table 1  Soil physical and chemical properties in the experiment
TIERE AN 2R B R A pHE" v
Soil SOM/ Total-N/  Available  Available pH (S-em™)
depth/em (gkg") (gkg') PAmgkg') K/(mgkg') value
0~10 18.3 1.37 437 299 5.71 351
>10~30 11.0 1.04 243 147 6.34 208
>30~60 4.7 0.47 136 111 6.60 211

E: adi bt 2.5:1: b 5L

Note: a liquid-soil ratio is 2.5:1; b liquid-soil ratio is 5:1.
1.2 R
ARG IR T AT FH 25 5 B it o) 188 it i 5
+3€ SoC wism, —ILEE 6 M, AN EEEE 3
ANER, WE 2 Fiw.
Fz2 AEITEIREE

Table 2 Experimental design management measures

e L MERFT A
Treatment Manure/ Wheat straw/ N fertilizer/
reatments (thm?)  (thm?)  (kghm?)
Y& Control (CK) / / /
AVEHREFTIE B AL HE 10 g ,
Manure and straw incorporation (MS)
A HUIOR AL U A 0 ) 189
Manure and optimized nitrogen (N1M)
AHNEHA BN FEFF L B AL 2R
Manure, optimized nitrogen and straw 10 8 389
incorporation (N1MS)
Al b A i
B+ B ENCAL B " / 1167

Manure and conventional nitrogen (N2M)

AU+ RN+ FEFTIE H b2
Manure, conventional nitrogen and straw 10 8 1167
incorporation (N2MS)

MMM, Hrh 2—6 HAXET, 8 -
REE 1 ANRKAZE, 7 A NRINE. fERZ= YR Al it
INFEE OAFASZEHNZREAT) » BB 40 cm, ]

AU FE BRANER =B 58 28.8%F 2.7%) 1
[ B e i /N 22 R Clge AU 70 500 3l 41.1%F0 0.6%,
BIRERR 1~5 ecm) , #EBERI RN BHTIEINIRE (FEE
46.3%) , FKAFBIE 9 Ik, A£FF 12 kK. #EHITY
KA KRIKIEHE, BERERIREL 0~12 1R, XEFHENE
25 410 mm, FKAFHEREL 624 mm. FEFHEH M 2007
EFG .
1.3 THR&ESiERSH

LR BRI A A 2015 48 7 A B MOk E . &
ANKREFER /N VR A 2R R LAl AT LR, FEANDX
3 BT R mIRAE USRS B AR . REL
HERE N9 em, & 30cm EN 1 ALE, B3 LEHT
J90~30. >30~60. >60~90 cm. AL AL, T
2mm fii, WG, BT AP EERRT. £
RN, AANFEWNART] (B 5em, BE Sem) THEA
WRINXHATHRE (AN TR AR, WEAE.
+ 3% 455K FHl Thermo Elemental Analyzer 1112 JCER 3 #7
A 52 o K IR RV 73225k SIC, 2 Ja F e & i)
MsE SOC!™, SOC it i+ SR Fi [ 5 VR B 920+ 38
SOC f &t AT i+ 5

SOCstock :%X(SOCiXBDiXE) @)

i=1
T SOCqo N EERE T3 SOC fifif, vhm’; SOC;
S i J2 A SOC i, g/kgs BD; N i )2 LAY,
glem’s ToNS i JZHIRERE, cm; n NHEHL
T2 % (Carbon conversion Efficiency, CE) H]
X (3 K.

ASOC 5 =ASOC 1 —ASOCx @)
ASOC,,
= TTTR 4100 3
FxC +8xC,

X ASOC ol — iR % -3 SOC A 25, thm’;
ASOC usBrn4eid 11 a # 403 SOC it AL, t/hm?,
ASOCcx #7nZid 11 a CK Wi EZILE, thm’. CE £
INENRE CHAUIERIFSFT) MORREEAL AR, s $
HIAIIREELER SOC L], %. ASOC »A 11 a
SOC figE MM AR CREEHR R IFEAE R /Wy
W) . thm’; FARE 11 a GHUERIEANE, thm*; SN
11 a FEFFIIEANE, thm?®; Cyv Co 20BN FTiE A HLAE
BREFT IR B, Cr L 28.8%, G HX 41.1%.
1.4 HEEALE
% FH IBM SPSS statistics 25.0 %} 1% SOC &% .SOC

fit B A CE 254845, #EAT KB A) AN+ J2 18] B R &5 22 04t

(One-way Analysis of Variance, One-way ANOVA) , f
o} it 28 RS A H 22 ELAE FH AT SOC 5 & R s i AT A
3%, B Z4Hrd - FE M 2 R Duncan’s
Multiple-range Test f5%, 33 Microsoft Excel 2010
SE o
2 HBR5H5H

2.1 RBSHEVREEZG TEMTEYLE soc &
=/
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25 11 a (R HFHE, 4% SOC 1E 3 L Z# A
Won, FLBES IR RN PR . B HLUIE+HR AL AR
R (E 1a) , LT 2004 4, 2015 £KZ (0~30 cm)
T3, NIM FiI NIMS 43 SOC & E A e (P<
0.01) , 43WIA 53.3%AH1 64.2%; 7£>30~60 cm /2,
NIM F1 N1IMS (1] SOC EHNRERN 97.6%F1 138.1%. X
T 20154, fE3NLEH, RAE>30~60 cm I HFE
FFE R a8, Horp NIMS 1) SOC & & NIM &
FHRE 40.5% (P<<0.05) .

WA HUEE EEFET (B 1), 5 2004 4
LG, 20k 11 a B S & 12 SOC & &2 # A AR
FERI3E N, 7 0~30 cm )2, N2M Al N2MS Ab# + 35
SOC 5 BN 2 2 (P<<0.01), 73 5361 99.4%A11 106.5%:;
1£>30~60 cm )= 5K ZHEIEAHILT, 5575030 89.1%F1
112.4%; >60~90 cm - Z MR AL, N2MS #11 27.1%,
N2M A AN 2. T 2015 4F, 763 L2, FEfFEH
HBBEA PRI AT SOC HIBE IR

16 020044F 20154
14+ *x

ek T
12 -

&**

B =
T T

THEE NS &
Soil Organic Carbon (SOC) content/(gkg™")
[\S] oo

NIM | NIMS
0~30 cm

NIM | NIMS | NIM | NIMS
>30~60 cm >60~90 cm

A3 Treatment
a. APEHEAEARE

a. Organic fertilizer + optimized N fertilization

=~ 16
_?40 sk *%
w14l T
=
5
g1
=] 0
LiE8)
E
..‘%_’;/ 8 Hk
& § %k
®E 6
HO
Q
2 4
5
S 2
%
@ 0
N2M | N2MS | N2M | NaMms | N2M | N2Mms
0~30 cm >30~60 cm >60~90 cm
403 Treatment

b. AHUIE+E FEE
b. Organic fertilizer + conventional N fertilization
e &FRIR 2015 R[] — RN A FAA BRI Z R E M (P<0.05) 5 *Al
FEOP IR — AL — LR A SR R E R B (P<0.05) « ZRARE
% (P<0.01) o T,
Note: & indicates the difference between different treatments under the same soil
layer in 2015 is significant (P<0.05); * and ** indicate the difference between
different years in the same soil layer in the same treatment are significant
(P<0.05) and highly significant (P<0.01) respectively. The same below.
A1 AARAEEEAT LR GH ST

Fig.1 Organic carbon content in soil profile with or without straw

returning measures

2.2 TERANRMELFEFTTHTRENLE SOC &
=R
EHRHANIE. FEAFARERERT (B 22) , FM
FAE (N2) EARALEE (N1 R31in SOC & &, 43
9 47.0% (0~30 cm) H117.3% (>60~90 cm) , {H7E
30~60 cm 12 2 NEAEKFAHIL . SRIETFAART (2004
) AL, 2015 4F SOC #A REH I (>60~90 cm )
N2M AR EEBRAE) o 75 N1 24T, BEIMERE 5> 78 53.3%
(0~30cm) « 97.6% (>30~60 cm) H36.3% (>60~
90 cm) ; fE N2 ZHFF, HINWREE TN 99.4% (0~
30 cm) F189.5% (>30~60cm) -

—_
[=2)

020044F [@20154F

%k *k
&*
* #

&**
+ T

_
=

H

—_
=3
T

AU S
=)

Soil Organic Carbon (SOC) content/(g-kg™")
oo

IS
T

LS}
T

(=

NIM | N2M | NIM | N2M NIM | N2M
0~30 cm >30~60 cm >60~90 cm
kb3 Treatment
a. HHLE
a. Organic fertilizer
16

I A¥*

= B** [T

%‘0 B** J[c

5 12 M
5 5
I# o
w15 101 a
B 8 ab) e
-o'%—v 8 b B¥*
'Km g B**
L

5 6fF
HO

2

£ 4

)

2 2r

Q

w2

0
MS [NIMs[N2ms| MS |NIMS|N2MS MS |N]MS|N2MS
0~30 cm >30~60 cm >60~90 cm

AL3E Treatment
b. AHUIEHREFT L 2% fF
b. Organic fertilizer + straw returning

T AFVNG FRAIERIR 2004 4 [ 32 T AN R AR B (8] 22 7 2k Gk 3%
KT (P<0.05) 3 AFRKEFRM&RR 2015 G [H— L3RR AR B
R 22 53k i 2 KF (P<0.05) .

Note: Different lowercase letters and # indicate significant level of difference
between treatments at the same soil layer in 2004 (P<0.05); different capital
letters and & indicate significant level of difference between treatments at the
same soil layer in 2015 (P<0.05); indicates significant difference between
different years at the same soil layer for the same treatment (P<0.05).

A2 TRERKFETEIEHIESE
Fig.2 Organic carbon content in soil profile under different
fertilizer N levels

EEHIER A RFFEEER T (B 2b) , AREIE
ACEIE, AF A+ Z SOC & & IR R : 75 0~30 cm,
N2>N1>N0; 7E>30~60 f1>60~90 cm + /2, #BEM
J9 N2>N0, {HJ& N1 7£>30~60 cm + 2 SOC & & &35
T N2 A NO, 7£>60~90 cm M ZKT N2 A1 NO.
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HiIGTFM6AT (2004 45) AHEL, 2015 4E&40EE SOC #B TR, KEFEBLE SOC DARUR P 8k i i A WL A&
HREWIN (P<0.01) , 7E0~30 cm IR 39.9% Wil HIEEEMAEETE. 4 3 NEEd, FBFEEM
(MS) . 64.2% (NIMS) £1106.5% (N2MS) , fE N[ FIEEAZ HAERHALE (P>0.05) .

1) 2 AEJE SOC MEMMEREEZMIF/N, >30~60 cm A 2.4 FEBRANFSFHRERT 1% SOC fiE 2 A E SRR 220

78.6% (MS) . 138.1% (NIMS) Al 112.4% (N2MS) , 2004 5 2015 £EA[A]Ab P - 398 75 B 2 HIHRAE 9.0% LA
>60~90 cm [KIHEIEA 58.4% (MS) . 21.6% (NIMS) B, 1% SOC i EAS L £ 3857 SOC & &8, Hi, +
AT27.1% (N2MS) 1% SOC f#&AE 0~30. >30~60 LA >60~90 cm + /2
2.3 HHERATRREMBHTEN IR SOC FBE 5 soC A # A LMEELL BHKE, /£ 0~90 cm 12,
el 2015 4 N2MS (¥ SOC & A4 115.5 thm?, N2M.

FURAVESH L B % L2 SOC SRR 3 T NiMs, MS. NIM ¥z, 4319 110.5. 104.0. 1017,
TNe JEEELE 0~30 cm f1>60~90 cm + =%} SOC ’}Eﬂc 98.0 t/hm>, Hi@ﬁa%%?ﬁﬁﬁﬂﬂﬁﬂﬂﬁ CK (£4) .
HRELW, £>30~60cm T ERIALE, MAEFTE SFT 4 ANt R RIS FTAA A B R B2 (B 11 a
S HEBUELPAIE., IXE>3060 om R SOC TR gy -3¢ SOC BB , 7€ 0~30 em -k
AEAR, ATHER DI 030 om £/ SOCISHREAENT = wepgaimabam (N2MS A N2MD B (1.85 F

=3 ERAMBHIEEREX SOC & AR 1.81 t/(hm™a) &3 & T LA FUIEALEL (NIMS FINIMD
Bb.le & Effm;?i:j femhzz ;n;;traw zt;mmg on SOC W H A PRSI0 2.3 A1 3 4%, Wi AMEEULEE (MS)
= BB i3 2] [ v
Soil layer/cm ManagementEI measures Freedom Mean square £ P ﬁ?}%ﬁ$}j\ﬁ 0.3 t/ (hmz'a)3 ﬁ:ﬁ?ﬁiﬁﬂ (NIMS A1 N2MS)
Rk FH 1 1374 2548 0.149 FHEEF AR (NIM A1 N2M) () [ B 850 R 2 B H
0~30 RULE 1 19.457  36.086 0.000 BER, f£>30~60 cm 12, 50~30 cm T ZEMx,
BROERCRIER 1 00T 0190 068 MUK B, TARFEEE (NIMS) 4%k
iy Lo AR SR e mp, HORHEIASFE (NIMD $285 T 43.8%. {E
>30~60 AIE 1 0.801 1.143 0361 ’ /;' . o /:
RERTIE I+ IR 1 0.154 0220 0.651 >60~90 em )7, AVl UL HR AR R 2 2 T U
P ) 1374 1717 0226 4 MEEE (P<0.05) o XTFEEA0~90 em T/E, HHA
>60~90 Ul 1 7426 9283 0.016 AECN2MS FTN2MD (1) SOC [E 555 % (3.74 F113.28 t/(hm™-a))
RFBERAUER 1

0.097 0121 0.736 EEARAL BB (NIMS AT NIMDZ AR & T 37.0%F1 50.5%.
=4 2004 F£5 2015 FILERFEREE AR RRIMBEFFTHERT &2 1 SOC EE

Table 4 Soil SOC reserves of plastic-shed tomato in different layers under different fertilization and straw returning measures in Shouguang,
Shandong Province in 2004 and 2015

SOC fiff LA ek % b3 0~30 cm >30~ >60~ 0~
SOC reserves and sequestration Treatments 60 cm 90 cm 90 cm
CK 32.3£1.3b 21.3+0.3a 16.0£1.5ab 69.6+2.2a
MS 37.0+2.68a 15.0+0.4b 13.1+0.9b 65.143.1a
2004 4E SOC fif & NIM 33.5£1.3b 13.9£2.5b 13.0+1.1b 60.4+4.9a
SOC reserves in 2004/(thm ?) N2M 29.7+1.0b 13.8+0.8b 17.3+0.4a 60.8+0.5a
NIMS 33.5+1.3b 13.9+2.5b 13.0+1.1b 60.4+4.9a
N2MS 29.7+1.0b 13.8+0.8b 17.3+0.4a 60.8+0.5a
CK 44.5+0.5C** 21.6£1.3C 17.1+1.6C 83.2+0.4D
MS 52.5+1.7B** 27.6+0.7B** 21.5+0.5AB** 101.7+2.7C**
2015 4E SOC fig & NIM 52.3+1.6B** 27.4+0.5B** 18.3+1.7BC 98.0+£2.6C**
SOC reserves in 2015/(thm ) N2M 61.8+£1.5A%* 27.9+1.7B** 20.8+0.4AB** 110.5£3.5AB**
NIMS 54.6+0.7B** 33.3+0.6A** 16.0+0.3C 104.0£0.9BC**
N2MS 62.3+1.2A%* 31.0£2.7B** 22.2+1.1A% 115.543.1A**
MS 0.30+0.18b 1.1340.13b 0.67+0.10a 2.10+0.41b
. NIM 0.60+0.47b 1.21£0.19b 0.38+0.06b 2.18+0.72b
soc sequesttﬁii%lﬁfe fehm 2™ N2M 1.81+0.18a 1.26+0.20ab 0.21+0.08b 3.28+0.46a
NIMS 0.8140.28b 1.74+0.20a 0.18+0.05b 2.73+0.53b
N2MS 1.85+0.19a 1.5440.10ab 0.35+0.05b 3.74+0.34a

TE: BBOE AR SNE R R A BT 11 a BB ASOC vy BRUMEGE (11) o AFEV/NGFRERIR 2004 G2 B ROHE A 7] — 13 200N AR R Ab 2
BB 708 8 KT (P<0.05) 5 AFIKE FRRIR 2015 4 A — 3R O AN [FI AR B A 22 57 6 88 257K (P<0.05)

Note: The carbon sequestration rate was calculated by dividing the storage accumulation ASOC 5 of each treatment after 11 years by the number of years (11 years).
Different lowercase letters indicate significant level of difference between treatments at the same soil layer in 2004 and carbon sequestration rate (P<0.05); different
capital letters indicate significant level of difference between treatments at the same soil layer in 2015 (P<0.05).

2.5 FREFMBIHEENT BRI RERYE (CE) B BEENE, FES M AYYE CE, 4558 %
A 5~ . f£0~30 cm L2, WMEICRALEIEKIH L
R4 11 a HHEF BN & DL SN AbHE 435 SOC Ykl CE By, Hdbh N2M L NIM & 7 204.9%, N2MS
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EE NIMS &t 130.3%. ANHE IR FEEE RS FTE H A AL
¥FCE m, Hrh N2M ALEAHLAEL CE EE N2MS 39 n
79.4%. FERFFLM 5 ML L, A EAE MS A EEA AL
Ykl CE &A1&, VA 2.9%. 0~90 cm /25 0~30 cm +
JERVERARL, AU AR AL E A ML CE 23 m Ttk
AU, A N2M B NIM 5 T 50.1%, N2MS H NIMS
=t 36.8% . A FFANIE HH AL FE 1) CE 34235 & T RS AT AL BE,
NIM b NIMS & 46.9%, N2M Lt N2MS 5 68.8%
RS 2004—2015 FARALIRE) B PRI RREE (L ZE
Table 5 Carbon conversion efficiency in organic materials among
different treatments from 2004 to 2015

HHLkL 0~30 cm 0~90 cm
BN soc fi fq SOCHAE
g Omme ggm MR HhR
Treatments oo @ SOC reserve . SOC reserve Organic
carbon . Organic . :
ot/ accumulation terial accumulation ~ material
(t_h’;{z) ASOCw  "EEt ASOC CE/%
(thm™) ¢ (thm™)
MS 116.0 3.3+1.98b 2.9¢ 23.0+4.51b 19.8¢
NIM 63.4 6.5+5.17b 10.3bc 24.0+7.92b 37.9b
N2M 63.4 19.9+£1.98a 31.4a 36.1+5.06ab 56.9a

8.9+3.08b 7.6¢c
20.4+2.09a 17.5b

30.0+5.83ab 25.8¢
41.1£3.74a 35.3b

NIMS 116.0
N2MS 116.0

3 i
3.1 FHBANFEFFEHEXT 1% SOC B9S2

1358 SOC iy N A Vi vk s 7 138 SOC & &2 51
AR . EEX R R, EHEE L3 SOC T Z I N
5% B AR R 70 DA K B A 138 SOC a4k 7 TN
F TR B it i U AT AR i 3 soC &l s 1,
MU ALFE BIE T AR A= & Bk BP0 DA AR 2R 43
PR3t Xu SRR, EAE N AR S - g
C:N AP, 5% 7 SOC fifasett. ARG 45 REH,
HEFEAVET, HnEIEAT LR E R n11% soc & &
A, LG i AR A3 R R N, 1] Ren 210
AT TR I, FEH A MU A b, AN [F i UK P
Xf SOC FEfmA R, SRS RMR. K E
S ARG I = = MR MR CREFF A ALAED
ERRMEARE R, 1EYr-sitnm, TEmAeyE
K, HANEE PR AL SOC 23N, AT
REmHIEAEYRS R, ZIEX SOC KI5, 2+ IEmE
R MANEANLYR R, — 5 T A (R A
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Effects of long-term fertilization and straw returning on soil organic
carbon in plastic-shed vegetable production
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(1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China;
2. College of Chemistry and Environmental Engineering, Liaoning University of Technology, Jinzhou 121001, China)

Abstract: China has a vast acreage of cropland for plastic-shed vegetable production, in which carbon sequestration and
greenhouse gas emission reduction achieved via various optimized farming practices are of great significance to the green
agricultural development of the nation and of the world. In order to clarify the effects of fertilizer application and straw
returning on soil organic carbon (SOC) in plastic-shed vegetable production in northern China, a long-term field experiment
initiated in 2004 was conducted in Shouguang plastic-shed vegetable base. In this experiment, 6 treatments were set up to
study the change rule of soil organic carbon under different fertilization and straw returning measures by measuring and
analyzing soil organic carbon content, storage, carbon conversion efficiency of organic materials, and carbon fixation rate of
organic matter. The treatment included control (CK), organic fertilizer + straw return (MS), organic fertilizer + optimized
nitrogen (N) fertilization (N1M), organic fertilizer + conventional N fertilization (N2M), organic fertilizer + optimized N
fertilization combined with straw return (N1MS), and organic fertilizer + conventional N fertilization combined with straw
return (N2MS). The SOC contents and stocks at 0-30, >30-60, and >60-90 cm layers for pre- and post-experiment were
monitored. The results showed that NIMS treatment could significantly increase soil organic carbon content in 30~60 cm soil
layer (P<0.05), which was 40.5% higher than that of N1M treatment, while under N2M treatment, the effect of straw returning
on SOC increasing was not significant. N2M treatment significantly increased the soil organic carbon content by 47.0% for
0-30 cm and 17.3% for >60-90 cm layers, compared with that of optimized N fertilization (N1M). With the application of
organic fertilization and straw returning, SOC contents in the 0-30 cm layer increased with the increase of N fertilization
application, and the increase of SOC content was at the order of N2MS (106.5%) > NIMS (64.2%) > MS (39.9%). In the
0-90 cm soil layer, the highest SOC stock was 115.5 t/hm? for N2MS in 2015, followed by 110.5, 104.0, 101.7, and 98.0 t/hm?
for N2M, N1IMS, MS, and N1M treatments, respectively, and all were significantly higher than those without organic fertilizer
(CK). the SOC sequestration rate of N2MS in 0-30 and 0-90 cm layers was 1.85 and 3.74 t/(hm*a) respectively, which
indicated that for intensive cropping like plastic-shed vegetable production, deep-soil carbon stock should be accounted for
national carbon quantification. In the 0-30 cm soil layer, the organic material carbon conversion efficiency of the scenario of
conventional N fertilization was significantly higher than that of optimized N fertilization, in which N2M was 204.9% higher
than that of N1M and N2MS was 130.3% higher than that of N1MS, which indicated the increase of N fertilization rate was
helpful to improve the conversion efficiency of organic materials to SOC. In the 0-30 cm soil layer, the carbon conversion
efficiency of organic material in N1M treatment was 35.5% higher than that in N1IMS, and in N2M it was 79.4% higher than
that in N2MS. In plastic-shed vegetable production, straw returning reduced the conversion efficiency of organic matter to
organic carbon, and fertilizer nitrogen and straw returning have no positive interaction on organic carbon accumulation, due to
the high level of organic fertilizer. In China, the carbon sequestration efficiency and carbon conversion efficiency of organic
fertilizer and straw in plastic-shed vegetable production should be further improved by optimizing chemical and organic
fertilizer inputs.

Keywords: soils; organic carbon; straw; plastic-shed vegetable; nitrogen fertilizer; deep-soil; conversion efficiency of organic
materials



