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Effects of maize—green manure intercropping on soil carbon
pool fractions in farmland with cinnamon soil
of Northeast China
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Abstract In order to explore the effects of intercropping green manure on soil carbon pool composition and
carbon pool management index in the cinnamon soil area in Northeast China, the conventional monoculture of

maize (CK) as the control, maize 2: 0 monoculture (MC), maize intercropping alfalfa (MA), maize intercropping

Wi B ®: 2025-07-30

EETH.: BRESAMHELITRTE(2022YFD1500600,2024YFD1500300) ; E 5 B AR ZE £ T H (32071976)
E—1E#&: FFECORCID:0009-0001-1610-474X) , i £ #F 5T 4 , E-mail: luoziheng22@syau. stu. edu. cn
BWAEE : ZH(ORCID:0000-0001-6217-9614) , B ¥ #F , T EMNERIEH B X, E-mail: jiangying@syau. edu. cn



0 LN ES I Y NS S 4

hairy vetch (MH), and maize intercropping common vetch (MP), thus five treatments were employed in this study
in 2023—2024. The content and storage of soil organic carbon (SOC), easily oxidizable organic carbon (EOC),
inactive organic carbon (NLOC), particulate organic carbon (POC) and mineral-associated organic carbon
(MAOC) in 0-40 cm soil layer were measured. The distribution ratio of soil organic carbon and soil carbon pool
management index (CPMID) were analyzed to reveal the variation characteristics of soil organic carbon content,
storage and carbon pool quality under different planting patterns. The results showed that: 1) SOC content and
storage of intercropping green manure treatment were 2. 27%-26. 42% and 0. 28%-32. 85% higher than CK
(P<<0.05); 2) The content of EOC, NLOC, and MAOC in the CK treatment was 5. 68%-54. 69% .3. 49%-28. 89% .
1.27%-19. 14% lower than that in intercropping green manure treatment (£P<<0. 05). The reserves of EOC, NLOC,
and MAOC in intercropped green manure treatments were18.81%-112.98% .0. 52%-36. 13% .4. 84%-29. 76%
higher than that in CK treatment (P<C0.05); 3) Compared with CK, intercropping green manure treatment
increased EOC/SOC and MAOC/SOC, while MC treatment increased POC/SOC; 4) In the 0-20 cm soil layer,
the CPMI of MA treatment was 17. 43% higher than that of CK (P<Z0.05). In summary, intercropping green

manure measures is an effective measure to increase the organic carbon content of farmland soil and improve

2025 4F 45 30 %

the quality of carbon pools in the brown soil area of Northeast China.

Keywords maize; green manure; soil organic carbon; soil carbon pool management index; carbon pool

quality
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Fig. 2 Schematic diagram of crop planting in mono and intercropping system
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Fig. 3 Effects of maize-green manure intercropping on SOC content and stocks
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Fig. 4 Effect of maize-green manure intercropping on SOC fractions content
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Fig. 5 Effect of maize-green manure intercropping on SOC fractions stocks
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EOC: Soil easily oxidizable organic carbon; NLOC: Soil non-labile organic carbon; POC: Soil particulate organic carbon;
MAOC: Soil mineral-associated organic carbon. The same below.
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Fig. 6 Effects of maize-green manure intercropping on the proportion of soil organic carbon fractions in SOC
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1 MAOC/SOC Lt i e 3 $2 Ft , 1 POC/SOC [t i
i E PR (P<C0. 05), R W 2 Fp kb P35 45 BY T2 b A
B 0] 554 £3 8 190 W) 45 6 B % Ak s 7F 20~40 cm
+JZ MA MH Fl MP 43 ) EOC/SOC H 1] &8 3 5
T CK, ifi NLOC/SOC L il i & % {& F CK
(P<<0.05) , i W [a] A &% A 4b B 75 TR )2 4 48 vp 38
TR RIS YR 4y L] . 2024 4F AE 0~40 em + 2
H CKAREL ) POC/SOC Ee i3 MA \MH F1 MP 4k
P P 3. 92%~43. 76 % (P<<0. 05) , 3¢ B & M
B 4b R BE 5 4 POC A R R {8 H: JR 55 ok R 4%
P e MBI MH 4 3 ) EOC/SOC % A b 21
WFEARE 12.75%~52.53% , NLOC/SOC %% H b

fib 3 5 2 FRAR 3. 48 %0 ~14. 04% (P<<0.05) ; MP kb
B MAOC/SOC 43 ) be e A 4b 38 &5 0.33%~
20. 93 % (P<C0. 05) , 3 B[] 1 &7 35 9 W2 7E A2 #E A AL
I a6 8 KA R A B EEN A TR
JE Tk T 235 1 ) O Ko
2.4 TEHmEEERHY

2023 1 2024 4F 0~40 cm + J2 A [ 4b B 1y + 4%
T P 3 BB e 2 48 A e B T B e ORI Bk A A 4L 4
R B M W3 25 5, A &L A B (MA  MH Al
MP) i 2 2 T+ 0~40 cm £+ )2 A9 CPI A CPMI(E 1,
P<C0.05), 20234F ,7£ 10~20 cm + 2 MA &b 3 iy
CPT ¢ 3 i b #1125 2 /5 8.47%~31. 96 % (P<<
0.05) ; MH &b BE7E 0~20 em + /2 19 CPAT % CK #

1 20237012024 F ERFZIEEEN L EERESEIRHNEZIE

Table 1 Effects of maize-green manure intercropping on soil carbon pool management index in 2023—2024

il J2E 5% 2

Carbon pool activity

TIEWE /em Ab 3

e J2E 1 32 45 K

Carbon pool activity

e )26 A P A A

Carbon pool management

ik % 4 20

Carbon pool index

Soil layer ~ Treatment index index
2023 2024 2023 2024 2023 2024 2023 2024
CK 0.31b 0. 24c 1. 00b 1. 00c 1. 00b 1. 00c 100. 00c 100. 00b
MC 0.44a 0.27b 0.81c 0.83d 1.44a 1.12b 56. 38e 74.39d
0~10 MA 0.33b 0.27b 1.27a 1. 20a 1.09b 1.12b 117.19a 107.72a
MH 0.44a 0.32a 1.10b 1.11b 1.44a 1.31a 76.19d 84.95¢
MP 0.31b 0. 26b 1.07b 1.12b 0. 98b 1.07b 109.17b 104. 4ab
CK 0. 25b 0.18¢ 1. 00c 1. 00c 1. 00c 1. 00c 100. 00c 100. 00b
MC 0.33b 0.19¢c 0.97¢ 0.79d 1.33b 1. 03¢ 73.59d 76.85¢
10~20 MA 0. 24b 0.21b 1.28a 1. 20a 0. 98¢ 1.15b 130. 73a 104. 12a
MH 0.45a 0. 30a 1.18b 1. 03¢ 1. 83a 1.69a 64.65d 61.05d
MP 0. 25b 0.19¢c 1.18b 1.13b 1.02¢ 1. 04c 116. 33b 108. 79ab
CK 0.18c 0. 14d 1. 00a 1. 00b 1. 00c 1. 00d 100. 00a 100. 00a
MC 0.19¢ 0.17c 0. 86b 0.78d 1. 09¢ 1.27c 78.90b 61.43b
20~30 MA 0. 20c 0.17c 1.09a 1.21a 1. 14c 1. 24c 95. 36a 97.50a
MH 0. 40b 0.32a 1. 02a 0.97b 2.28b 2.37a 44. 98¢ 41.06d
MP 0.51a 0.22b 0.77b 0.92¢ 2.8% 1.65b 26.78d 56.07¢
CK 0. 15d 0.12d 1. 00ab 1. 00b 1. 00c 1.00d 100. 00a 100. 00a
MC 0.21cd 0. 15cd 1. 07ab 0.95b 1.41bc 1.21c 75.87b 78.54b
30~40 MA 0. 26bc 0. 18bc 0.90b 1. 24a 1.70b 1.48b 53. 26¢ 83.96b
MH 0. 39a 0. 25a 1. 10ab 1. 15a 2.5%4a 1. 98a 43.13d 58. 36¢
MP 0. 36ab 0.20b 1.17a 1. 19a 2.40a 1.61b 49.03cd 74.04b

T CK: R H AR MO 5K Tz AR s MA L JOK (| 2B B MH 0K | B0 7 MP 00K || #5835 A F/NE T U 4 Bt

] 2% 5 B 3 (P<<0.05), FH.

Note: CK: Conventional maize monoculture; MC: Maize 2-0 monoculture; MA: Maize/Alfalfa intercropping; MH: Maize/Hairy vetch

intercropping; MP: Maize/Common vetch intercropping. Different lowercase letters indicate significant differences among treatments

(P<20.05). The same below.
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2025 4F 45 30 %

BT 33.33%~83.00% (P<<0.05) , 13 W & #1241
A ) il T T AT ) SR I AL B s MA A B
£ 0~20 em 1 2 # CPMI% CK B #4255 4. 40% ~
7.72%(P<<0.05) , KW LA B THAH)Z LR
W . 2024 4F,0~20 cm + )2 MA AL CPA
A CK i 12. 50% ~16. 67 % (P<<0. 05) ; MH 4k 3
1E 0~20 cm + )2 9 CPAT % H Al 4b B 55 16. 96 %~
69.00% (P<<0.05) ; MA Hil MP 4b ¥ /£ 0~20 cm +
2 1 CPMI # CK 4 5l #& & 4.40%~7.72% .
4.12%~8.79% (P<C0.05) , 1% W] 18] 1 5 46 & 45 1
7 5 9 A R B P I B TR LSRR AR B
MARE ,MA MH il MP A&b 3 #5 CK 4 B3 in 7 +
HE 0~40 cm + 2 9 CPA Ml 20~40 ecm + 2 Y

CPAIL, /> T 20~40 cm + 2 # CPMI(P<<0. 05) .
2.5 TEEVBRAS ST ERETEREHMNME
X

T A LR 4H 43 5 ik PR A B AR B AR OG5 A
gERFW (7)), CPA 5 EOC EOCS & i & 1F #
K, Y A AR PR 0 MR B A2 U A AL
I3 & R 5 CPICER NLOC) #1 CPMICER EOC .
EOCS NLOCS) 5 H Al + 56 HLAK 2 > it 1t 522
FEIEM X (P<<0.05) . i, CPATXT 34 MLAk 41
73 (SOC, NLOC, POC, MAOC) Fi fif H (SOCS,
POCS. MAOCS) ¥ i & B i B & 1 40 ¢ ¢ &R
(P<C0.05) , ¥t W %5 = 1 4 He a2 15 ERE 06 S 50A
BILIR 41 i o 1 B A1

LB
Correlation
coefficient
soclsc® OO O O ® = @ @ 200 ® & 1
EOC |oss Boc © @ @ @ . 2 ® @ = ®0 o ¢ 08
NLOC | 055 NLOC & % ¥ ® @ @ ® @
POC 070 051 poc @ @ & . * x @ @ 06
MAOC | 066 068 MAOC. % % ‘ 2 © @ . .
sS0CS | 050 089 socs @ 8 . 2 © @ . . 0.4
EOCS 0.98 067 054 EOocS % @ . . 2 . ‘ ® @
NLOCS NLOCS x % ¥ ® % @ 02
POCS | 0.5 0.89 POCS (3 x ® ®
0.0
MAOCS | 060 0.61 097 090 0.64 MAOCS * & o ‘ .
CPA 0.63 0.64 CPA ® @ ‘ . L 02
CPI CPI * -
CPAI |-052 049 -0.43 -0.40 0.60 CPAI. ® 0 « = -04
CPMI | 0.66 0.53 | 0.56 0.47 085 cPMI @ & *
EOC/SOC 0.66 0.66 1.00 0.59 4»4(EOC/SO‘ ~05
NLOC/SOC -0.66 -0.66 -1.00 -0.59 -1.NLOC/SOC
-0.8
POC/SOC |-037 -0.49 0.86 -0.75 -0.51 -0.87 POC/SO’
MAOC/SOC 086 0.75 0.87 -1.00 M0¢/ _10
S E FE S Q% <& 0%68' & Q®%0 &
<~ NS ‘O %\) @ (O8Fe) 0\ OO\ o)
< \) <
%
&

SOCS: B A HLEkAF B s EOCS : 14 5
W25 5 3 LAt o
SOCS: Soil organic carbon stocks;
POCS: Soil particulate organic carbon stocks;

MAOCS: Soil mineral-associated organic carbon stocks.

AL WU A B s NLOCS : 3178 A DL 6 b s POCS « + HEBUR S A7 HLER % B s MAOCS : + 3
216 R 553 B 2 T0 A SR AR G 18, P P B0 R BT R/ AR 56 RBUKF o

*FRAE P<<0. 05K VB3 .

EOCS: Soil easily oxidizable organic carbon stocks; NLOCS: Soil non-labile organic carbon stocks;

Red and blue color represent positive and

negative correlation, respectively, the number and size of circle in the figure represent the correlation coefficient. * represents significant difference at

the 0. 05 level.

B7 TEAVBRESSHK

EREHAEXE

Fig. 7 Correlation between soil organic carbon fractions and carbon pool management index
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5845 R — B R R VE SR I8 2 4 5 T EOC/SOC
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HAAIF 5T R B, (B AE SR AE X SOC 45 21 43 1 3h 45
TR 253 6] 43 A B0 HLAT W 25 52 ), L N AR RN 32
R L AE B T e S e R MR P T i S AT
J3 3% — 3o B ) BK Bl AN R e 4 3 1 B R 4R e T
PEA BLAK 2 4 Lo ) S BT AR I R B, PR IR
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