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Effects of different rotation modes on the concentrations of soil activate carbon fractions and characteristics
of carbon mineralization

LIU Xuan', PANG Ruyue', ZHAO Jian®, SI Tong', WANG Yuefu', ZOU Xiaoxia"", JIAO Yanlin*

(1. College of Agronomy, Qingdao Agricultural University/Shandong Key Lab. of Dry Farming Techniques, Qingdao 266109, China; 2. Yantai
Academy of Agricultural Sciences, Yantai 265500, China)

Abstract: To assess the effects of various planting modes on soil active carbon pools in field experiments, four rotation modes were applied
with continuous cultivation of peanut(Arachis hypogaea Linn.) (CP) as a control. The four rotation modes were as follows : spring peanut —
winter wheat ( Triticum aestivum L.) — summer maize (Zea mays L.) rotation (P—~W-M), winter wheat—summer maize rotation (W-M),
winter wheat—summer peanut rotation (W—P), winter wheal—summer peanut — winter wheat—summer maize rotation (W—P—W-M). The
concentration of soil organic carbon (SOC) and active carbon fractions such as dissolved organic carbon (DOC) and microbial biomass
carbon(MBC), and carbon mineralization characteristics were assessed. The results showed that compared with CP, P>W-M significantly
increased the content of SOC (52.7%~53.3%), DOC (13.3%~344.8%), and MBC (25.3%~101.4%). W-P significantly increased the
content of SOC in the 0~40 cm soil layers (39.3%~46.8%) and that of DOC (271.4%) and MBC (44.3%) in the 0~20 c¢m layer. The
concentrations of all carbon fractions in the W—P—W-M treatment were significantly decreased. Carbon mineralization in all planting

modes was consistent with the first—order dynamic model. Lower potentially mineralized carbon (C,) was found in CP and W-P, while W-
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M and W-P—W-M significantly increased the value of Co/SOC. In conclusion, P>W-M and WP can increase the concentration of SOC

and active carbon fractions, reduce the potentially mineralized carbon, and improve soil organic carbon sequestration.

Keywords : peanut; rotation modes; dissolved organic carbon; microbial biomass carbon; carbon mineralization
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B R, B A TRl e 2 b R A it A
Ak A B, BRGNS 1 R AR E A ) 48 A AR X
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Table 1 Field management measures for different crops

FED Rl AT IE B BRI Jita JES HEIK o R BiA
Crop variety Row and plant space Amount of fertilizer applied Amount of irrigation Pest control
INAE 7H#E 18 cm FEHE - 750 kg hm™4 A ; T TRt Ntk R 75 4F
M4 1212 IR T W i : 300 kg-hm 2R3
£k F7H#E 60 cm FEHE - 600 kg hm™4 A ; T e ULt R IR 3 4 L KR 5
208 P 25 cm KB ETIETE - 300 kg -hm ™ JRER R T HA I AR 3 B T A SR
AL 2257 80 cm, /MTH35 em, Bk FEAE 750 kg hm> A HE T e MGttt FRL AR 735 4 1
EHE22 H 16 cm Jei S it 5 B A B
A ZE 9% 80 em, /M THE 35 em , B FEHE 750 kg - hm 24 A5 HE G T ST 1 L R 75 75 o
AT #i 14 cm J BTt 2 B B 1A B
F2 AEBEEXFEFEHAE (kg-hm™)
Table 2 Straw returning amount in different rotation modes (kg+hm™)
LR 20194F 6 H&/NA 20194F9 A H 4K 20204 6 J1 & /A 20204F9 A H 4K it
Rotation mode Winter wheat Summer maize Winter wheat Summer maize Total
Ccp 0 0 0 0 0
P—>W-M 0 0 744.44 330.29 1074.73
W-M 768.25 462.62 736.46 338.83 2306.16
W-p 771.77 0 751.99 0 1 529.76
W-P—>W-M 759.27 466.01 730.26 0 1 955.54

T CP AL — 41, PoW-M W B AEE /N~ F R TAE = AE , W-M A/ R K 4RI, WP A/ NEE ~ AR — 4R P A,
W-P—W-M R &/NE - R A& /NE - TP R

Note: CP, contin
rotation ; W—P, winter

1% WHART]

uous cropping of spring peanut; P>W-M, spring peanut—winter wheat—summer maize rotation; W—M, winter wheat—summer maize
wheat—summer peanut rotation; W—P—W-M, winter wheat—summer peanut—winter wheat—summer maize rotation. The same below.
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1.4 iR IE

K Excel 2016 #E47 5504 0 48 341 1155 A 14
JH DPS 17.10 #E47 5. [ & J5 22 53 1 (One—way ANO-
VA) Fll Duncan £ H % (P<0.05) , F Origin 2021 i
17— 12 0BG, B3R 8t o F 2948 45
2

2 HRESW

2.1 AEHEREEXT LIESKEREFENZN
23BN T EERVERB N 3 5K A &
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T AN T A 25 5 0 R b 3R LA VR 2 (20~40
em) THE L T CP R, B AERAPT L2 &K
R TR B2 3R 3.9~4.7 A~ H 43 a5 F1 2.9~
51 A 4L 0~20 em 2L W-PFI W-P—>W-
M A A (8 5.2%) ,20~40 cm + 2 A P>W-M
B AL (4.6%) . 5 CP B I, P> W-M i 0~
20 cm 1 20~40 em 1 JZ2 25 5 43 1) 2 2 BRAIK T 2.7% F1
3.7% ,W-M Fl W-P iz 20~40 cm + 2 25 8 B F R
T 21% M 4.7%, [HW-P->W-M#X B EHRET
20~40 cm T 24 H
22 AEEEREERXNT LIEENHRSENTN
AT AL AR 0~20 em 4 )2 A HL

W o i B 5 T 20~40 em 12 (CPRERRAM) o &
A F A LK S P> W -M Al W-P A5
=, 5 CPHIRA L, P> W-M  W-P 8 0~20 cm Fl
20~40 cm £ J2 4 A MUK 5 540 B T
52.7% .53.3% F146.8% .39.3% ,{H W-M f 2, 15 CP f&
RLBELER, W-PoW-M#E R 20~40 cm + )24
BUARS 75 i 45 CP ARt 2 AR 1 25.8% , AN F T8 )=

TIEA PRI R
23 AEEREEAXN LEATAEANKRSEN
0

F P12 BT, AT P LB 5 B R CP K 0~20
em +J2 B MK T 20~40 em + 241, A KR 0~20
em T2 B FHEHT 20~40 em + 2, F W CPHE R F Al
VEEAT MU 5 IR 2 TR . 5 CPRUAH L,
B AR 0~20 em - J2 0]V A ALK G 0 48.7%~

- O 0~20 cm
'ep Aa O 20~40 cm
o 12t ~=Ba i}iBb
iH g 1
<T‘E[ % 9r Ab Ac Ab Ab
ﬂé o Be
SE 6f Bd
%
o
.5 3l
o
o
0

CP P->W-M W-M W-P W-PHW-M
48 4F 30 Rotation pattern

ANF) R B 27 (] — b BAN [] 1 )22 (8] 22 5 W 25 (P<0.05) , A JF/NE
TR — L2 AR AR PR 25 5 2. 25 (P<0.05) . Rl
Different capital letters indicate significant differences between soil layers
in the same rotation mode at 0.05 level, and different lowercase letters
indicate significant differences between rotation modes in the same soil
layer at 0.05 level. The same below.

Bl AREREEXTEFNRIE

Figure 1 Soil organic carbon content in different rotation modes

R3 TERIEEXTEESKERFE

Table 3 Moisture content and bulk density in different rotation modes

N, 4885 7K 2 Soil moisture content/% +3%5 F Bulk density/(g-cm™)
Rotation mode 0~20 cm 20~40 cm 0~20 cm 20~40 ¢cm
CP 9.9+0.1Aa 9.7+0.8Aa 1.86=0.02Ba 1.900.02Ab
P—W-M 5.4+0.1Ac¢ 4.6+0.1Bc 1.8120.01Ab 1.8320.03Acd
W-M 6.0+0.2Ab 6.2+0.1Ab 1.8620.02Aa 1.8620.03Ac
W-P 5.2+0.1Bd 6.8+0.3Ab 1.8420.01Aab 1.8120.02Ad
W-P—W-M 5.2+0.1Bd 6.8+0.3Ab 1.86=0.02Ba 1.95+0.02Aa

VE AR E R IR [F] — b AN [] )2 18] 22 53 1.3 (P<0.05) , Al /NG P BEFR R[] — 2 )2 A ) 4b B A] 22 5 25 (P<0.05) o T I

Note: Different capital letters indicate significant differences between soil layers in the same rotation mode at 0.05 level, and different lowercase letters

indicate significant differences between rotation modes in the same soil layer at 0.05 level. The same below.
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B2 AREEEXTETAEENHREE
Figure 2 Dissolved organic carbon content in

different rotation modes
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CP P->W-M W-M W-P W-PHW-M
48 {FH30 Rotation pattern

3 ARBIMEEX T EMENENERSE
Figure 3 Microbial biomass carbon content in

different rotation modes

1% WHART]

AYER S RS CPRREUCE 25 5, (H20~40 ecm 12
HE TR T 20.6%. % F,P—>W-M Fl W-M B A
FITF 0~40 em -+ JZHEY A Yt & AT
2.5 AEEBIEER LIEENHRT LA
2.5.1 A HLERE 1L R K B i

ANFAEA SRR R fL R AR DL R 4, 25 FE VAR
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M>P—W-M>W-P>W-P—>W-M>CP;20~40 cm 12 K
W-M>W -P—W-M>P—W-M>CP>W-P, #} %% 28
K WML AE 0~20 em F1 20~40 em 1 BRIk &
P 5 2 T HAAR L, 20518 561.92 mg- kg F1454.39
mg-kg ™, T HAAAER = A WL 33 0~20 cm
CP i 2T b B Ik N 413.11 mg- kg™, 20~40 cm
WP R b i Rl 323.95 mg-kg ™'
2.5.2 A HLERT 1k 3l )R

IO FH— G 5l 25 RS AS R e VR AR 0RAS [R] £
J2 3G HLak R LB I LA, a5 R A S Br
N LA TR R 120.882, 1k B T Il K
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120}
90fg
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30F
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rate of organic carbon/(mg-kg™'-d™")

0 L 1 1 1 1 D 1
1 3 5 7 10 14 21 28
14570 8] Incubation time/d
1507 20~40 cm

120 1

rate of organic carbon/(mg-kg™'+d™)

A LR L3 2K Mineralization

10 14 21 28
F7 8] Incubation time/d

|

- CP ®P->W-M -O-W-M -4 W-P -6 W-PHW-M
4 REREER LEFVRY LER
Figure 4 Mineralization rate of organic carbon in

different rotation modes
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Vo 7E0~20 em T2, WA MMARBRIZH (K 4) WK,
25 15 5 HEWE AE B AL LK i (Co) A T 415.66~
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Figure 5 Fitting curves of soil accumulative mineralization of organic carbon in different rotation modes
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Table 4 Parameters of the kinetic equations of accumulative mineralization of organic carbon in different rotation modes

+)z Soil layer  #&4FE#55X Rotation modes Co/(mg-kg™) k R ColCsoc
0~20 cm cP 415.66+42.64h 0.097+0.021ab 0.926 5.29%=0.3%h
P—W-M 463.29+38.31ab 0.150+0.034a 0.882 3.8%+0.1%c
W-M 527.53+34.12a 0.158+0.028a 0.921 6.7%+0.4%a
W-P 437.50+23.66h 0.160+0.024a 0.945 3.8%+0.1%c
W-P—>W-M 468.94+43.72ab 0.087+0.017b 0.954 6.3%=+0.4%a
20~40 cm cp 339.12+29.75he 0.134+0.030a 0.895 4.8%=+0.3%h
P—>W-M 348.20+26.86bc 0.160+0.034a 0.883 3.2%+0.1%c
W-M 441.96+21.79a 0.142+0.018a 0.965 6.7%+0.4%a
wW-p 311.45+24.45¢ 0.137+0.028a 0.906 3.2%+0.2%c
W-P—>W-M 374.27+29.90b 0.168+0.038a 0.882 7.1%+0.3%a
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Figure 6 Heatmap of correlation between soil activate carbon fractions , characteristics of carbon mineralization and environmental factors
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