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Effects of different straw returning methods on labile organic carbon distribution in upland meadow soil

LI Yu—mei', WANG Gen-lin*", MENG Xiang—hai’, HU Ying—hui’, WANG Wei', LI Jian—ying', ZHANG Dong-mei’

(1. Institute of Soil Fertility and Environmental Resources, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China;
2. Institute of Animal Sciences, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China; 3. Mudanjiang Branch of
Heilongjiang Academy of Agricultural Sciences, Mudanjiang 157041, China; 4. Daqing Branch of Heilongjiang Academy of Agricultural
Sciences, Daqing 163000, China; 5. Institute of Agricultural Remote Sensing and Information, Heilongjiang Academy of Agricultural
Sciences, Harbin 150086, China)

Abstract: This study used field positioning experiments to clarify the distribution of organic carbon under different methods in which straw
was returned to upland meadow soil. The labile organic carbon components of three deep soil layers in each treatment were compared to
summarize the changes in soil organic carbon and labile components under different tillage and straw return methods. The results showed
that the mineralization and decomposition of organic carbon in topsoil (0~20 cm) was accelerated and its content decreased under frequent
tillage methods. This content increased in the same layer under no—tillage straw returning; tillage with straw returning increased the
accumulation of organic carbon in the middle layer (20~40 ¢cm). Continuous tillage with straw returning improved high and medium labile
organic carbon content in this middle layer and the soil carbon management index. Furthermore, shallow tillage with straw returning

increased low labile organic carbon in the surface and middle layers significantly more than that obtained when deep tillage with straw and
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no—tillage with straw were used. However, the difference in the soil carbon management index under tillage with straw returning treatments

was not significant in the short—term experiment. Our results indicated the high and medium labile organic carbon levels in the soil were

sensitive to changes in tillage depth while straw management methods mainly increased the content of low labile organic carbon and was the

main reason for the increase in maize yield.

Keywords : meadow soil; labile organic carbon; straw returning; tillage; soil carbon management index
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N, 129°58" E) , &t iy K fili v 2= XU, 487 2 <l
5.9 °C, 47 # F& 5 & 500~600 mm , - 34 35 3 FLE
2 300~2 500 °C. 427U Ky 7 48 i 0 2 ) +, 0~16
em & 2 EURCIR, SRR R T - B AL AL R
SR AR 112 g-kg ! BIA# A 101.55 mg- kg A RO
26.50 mg-kg™ A 130.28 mg-kg™!, A HLHK 10.95 g-
ke, pH 7.93,
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1%, R FF RHAEA FH STS F1 DTS A FEIE I T 40~60 cm +
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4.3% A5 3 Fhid W 5 0] 22 5o i 2
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A (E ) o SV b, e Pl & bl 1 2 R
D) T e S S 7Y S I 2 R S 1R N S N i Bl
0~60 cm |- )2 A7 HLARF- 34 7 1 25 A K, Hovr STS
DTS T3 LR -2 & 5 11.79.11.28 g-kg ™', 4351
BDT . STHIM 1.41.1.65 g-kg ' F10.90 . 1.14 g-ke ™', T
NT 5 NTS Ab P22 R K . TCIRFEFF 2 ik H 4 25
FIFIBEREAR T 0~20 em 2 HUBKR & . Hodp  FEFF
ANid HARFE ST 5 DT A BLAK % f 4 NT 4351 5 2 B AR
1.05.1.95 g- kg (P<0.05) . F&FF 14 H 4L B STS . DTS

®1 AEGETEEMIBAIERNTE

Table 1 The soil basic physical and chemical properties and yields under different treatments

0~20cm

20~40 cm

40~60 cm

=

Tﬁf— A ek 2 KE A e 2 KE A el 2 KT ijeﬁ/

mens TNV TPLTK/pH o BD/ TN/ TP/ TR pH BD/ TN, T TKE pH BD ()

(g-kg™) (g-ke™) (g-kg™) (geem™) (g-kg™) (g-kg™") (g-kg™) (geem™) (gokg) (g-kg™) (g-kg™) (gecm™)
NT 097a 0.68¢c 21.14a 7.8la 1.54a 0.70c 0.75a 19.25b 8.17a 1.5la  0.6lc¢ 0.65b 19.97a 7.99a 1.41b 11 163.15a
ST 0.98a 0.75b 21.18a 7.89a 1.26¢ 0.78b  0.62b 22.21a 8.0lab 1.55a 0.62¢ 0.61b 20.92a 7.89a 1.48ab 10 694.28b
DT 096a 0.80a 20.19ab 7.78a 1.29¢  0.89ab 0.74a 19.46b 7.87b 1.50a  0.75b  0.65b 18.30b 8.08a 1.49ab 11 360.49a
NTS 0.98a 0.82a 19.12b 7.90a 1.56a  0.81b  0.75a 19.96b 8.07a 1.44b  0.69¢ 0.64b 19.03ab 8.12a 1.39b 11 263.78a
STS 1.05a 0.74b 20.44a 7.82a 1.38b 1.04a 0.78a 17.87¢ 8.04a 1.49a 098a 0.79a 19.44a 8.07a 1.54a 11472.30a
DTS 098a 0.84a 19.12b 7.83a 1.40b 0.91ab 0.73a 17.85¢ 8.07a 1.50a 0.90a 0.77a 20.69a 8.05a 1.56a 12 181.72a
T [FAA )N FREFR R AL B R] 22 57 125 (P<0.05) o R 1A

Note : The different lowercase letters in a column indicate significant differences among treatments (P<0.05). The same below.
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A B 7 5 A NTS 430 ) B 0.85. 1.11 g - kg™ (P>
0.05) . A FF I FH TR BE [R)AF 52 M -+ 5845 MUK 5 &, 7
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2.2.2 R MEA HLRR LK
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DTS NTS 23 5311 0.16 .0.13 g- kg™, H1§ 4 19.75% .
15.48%. 20~40 cm 1+ )2, STS #: DTS\ NTS 43 51 34 Jin
0.36.0.55 g- kg™, #1F K 35.64% .67.07%. 40~60 cm
+ 2 ,STS 5 DTS A B L-LOC & - th 5 — & T, 2
ZERAK,

T BB 0 T R IR PR SN, R AT RS FF

2 T OmbNT EREST @REDT §AHEENTS 5 RBIEHSTS  [DREEH DTS

= a

&0 a4 b ab ab a a

< 127 — b
i = — c g4 e —] a
ol AN = el = b b b be=a
K3 v — N
=c 8 7 — 7
e NN = NS
ples 7 — 77
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0~20 20~40 40~60
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The different lowercase letters in the same soil layer indicate significant differences among treatments (<0.05). The same below

E1 ARE4AETHEANRESE

Figure 1 Soil organic carbon contents under different treatments

x2 AEAETEEEFENHREHAS S E (g kg')

Table 2 The composition of soil liable organic carbon under different treatments(g-kg™")

b 0~20 cm 20~40 c¢m 40~60 c¢m
Treatments H-LOC M-LOC L-LOC H-LOC M-LOC L-LOC H-LOC M-LOC L-LOC
NT 0.45¢ 0.78¢ 0.82¢ 0.35¢ 0.47d 0.86¢ 0.31d 0.29d 0.65¢
ST 0.32d 0.90a 0.89b 0.43¢ 0.91b 0.90¢ 0.54b 0.63b 0.75b
DT 0.57b 0.97a 0.55d 0.65a 0.92b 0.87¢ 0.70a 0.62b 0.54d
NTS 0.52b 0.75¢ 0.84¢ 0.36d 0.49d 0.82¢ 0.25d 0.33d 0.61c
STS 0.60a 0.81b 0.97a 0.58b 0.77¢ 1.37a 0.46¢ 0.58¢ 0.89a
DTS 0.59a 0.85h 0.81c 0.69a 1.38a 1.01b 0.38cd 0.72a 0.93a

T - H-LOC ARG PEA HURR , M=LOC UK iE M A LA , L-LOCAUFRARTE PEA HLAKR .

Note: H-LOC stands for highly activated organic carbon, M=LOC stands for medium activated organic carbon, and L-LOC stands for low activated

organic carbon.
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(P<0.05)., DTALBEEXF H-LOC By 520 K F ST FINT 4b
L OJCHIE 40 em PUF )2 SREFFA H &4 240,
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20~40 em +- 2 DTS STS # NTS ¥4 1§ 5 91.6%.61.3%,
40~60 em 1 )23 IE 53514 45.4% . 79.3%.
23 AEBMEHAXTLEGNRES
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AR 45 TR B At 1 7 V5 - 3G MLmsefiti 1t , MAIA
3ATLLAE il 3AE AR BHE 55 FF 6 1 AR B, 0~
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(A) . &
- 10T O#HEAREH =
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2 81 DRSFFE
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2 6
g
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IH 4r
&

21
a a a 4 a 2
el CpE TR
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1M HLIK 4L 2> Labile organic carbon component

60 em 1A HLERAE A SR STSSDTS>NTS>NT>
DT>ST, 5 STALBRAR L, STS I DTS &b F 14 % /K,
53524 20.9% Fl 17.9% , FL Uk A NTS I NT, 415 53 5]
M 13.6% F19.1% , 1T DT 5 ST 8] 22 A8 K

NT 5 NTS &b P il T 14 22 3 4E R 40 5h - 48, 4
T P 1 B 22 IR A O 3, 1H.0~20 em A HLAK
fith i o T BHAE SRS AT BHAA I RS FF BHAHA HH 3 i T
20~60 cm 2 A LI & . FHd,20~40 em £ )2,
DTS, STS % NTS A HLAk fiff 1t 43 7l 3 hn 3.52.3.12 ¢ -
hm™,40~60 cm +)2¢ , DTS STS % NTS 43 MLk A it 53
SN 3.78 .6.54 t-hm™; FEFFAN I HH A0 B + A Bk
JEAB AR AL LLFR)Z (0~20 em) 4 35, FEFFBIFEL )
A PR AR 2R A A )2 (20~40 em) , IF
A 1] T2 (40~60 cm) FERS AU H
2.3.2 SR PR 3 O i i

AN T) kb % + 3 LOC 443 1 it B A — 5E 52 i)

121 (p) a a
(ETE=
= 101 O %k No tillage(NT+NTS) 7
v . /s
= [ % # Shallow tillage (ST+STS) 7
\i/o 8r R Deep tillage(DT+DTS) 7
=}
=
S
m o4 Z
&z 7
2t ‘ %
b ab a p ab a a 8 a 7
il 777, 7
H-LOC M-1.0C L-LOC soC

IS PEAT HLERZH 53 Labile organic carbon component

i) —2H 23 A R/ING TR FoR A B R 22 53 (2.2 (P<0.05) . Al

The different lowercase letters for the same component indicate significant differences among treatments (P<0.05). The same below
B2 AEAETHEEEENHRASSE A ARBFLEFXXNBVERASHIZIE;B: ARHEREXBVRAS M)

Figure 2 Soil liable organic carbon composition contents under different treatments (A : Effects of different straw managements on organic

carbon component contents; B : Effects of different tillage depths on organic carbon component contents )

120 1

“ O Nt BB R NTS L, 2 oa

E o} O&@IST B ®mBkHsTS N = S

z VEIDT [ YRB&H DTS T d %g :
g 80 _}’2—7 —
® e 7 —
=z 7 —

k7 7, —
§ g 601 N\ =
- . a ) [ ZN=
T i S N W b oa ZN=
+H -8 : —] ¢ f—ﬁi L b b AN

< —— — —]

& 20f 2 — — % § 22 —

° N\ = —] AN

= 0 7 —] —] ANNE

i 0~20 20~40 40~60 0~60

+JZ Soil layers/cm

E3 AREAET LIEFVEREE

Figure 3 Soil organic carbon storage under different treatments

—272—

http://www.aed.org.cn



X% . BREHARNNEMER L EEAVRAS BN

2021438

(F14A) . 138 H-LOC fifs it i 7 BHOBH IR 4 1 18 o 522
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Figure 4 Soil liable organic carbon component storage under different treatments(A : Effects of different treatments on soil liable organic

carbon component storage; B:Effects of straw managements on soil liable organic carbon component storage; C: Effects of tillage depths

on soil liable organic carbon component storage )
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Table 3 The effect of tillage on SOC component contents , storages and yield

| A HLBRZH 53 7% i SOC component contents B AL 5% 5 SOC component storages B ke

ltems soc H-LOC M-LOC L-LOC S0C H-LOC M-LOC L-LOC Maize yield
FEFFIARH (S) ns ns ns * ns ns ns ns *
BHEREE(D) ns * * ns ns * ns ns ns

SXD ns ns ns ns ns ns ns ns ns

H HFRR A R 2 (P<0.05) sns TR TG 5

Note: * indicate significant effects(P<0.05) ;ns indicate no significant effects.
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M CPIFE 53T (6 4) , R ST AL PR 20~40 em -
JZ CPI<1, HA AL HE CPI> 1, Al —BkE T T B AT A
AL PR CPLR FREFFAE HAREE . 20~60 cm 12,
T AT BIAF A I K F NTS, H STS F1 DTS 4k 7 (1 40~60
em 1 )2 CPLEL iy s LAG B0 B W, 45 4k B - B Atk e
T B 1 20~40 em )2 e R, 40~60 em 2 Ak,
FFAIE H2FF , DT 4L B 20~40 em + )2 LI
T FF BHAEA FH L 5 T 20~40 em + )2 LAE, DTS #1STS
BENTS 214 55 0.15; CMIFE B A £ 11, A5 AT AN 8
& T, % 2209 ST DT 4L 3 0~40,0~20 cm 12
(1) CMLEE NT A FEA RS . AR FFE H 7 200
)2 CMIFZ IS K (HFSFF BB A B 2 2 1 20~
60 cm 1 )2 CMIE , H A7, 7F 20~40 cm 1 2, STS I
DTS % NTS - $E 5 1.01, 7 40~60 cm + )2, STS Al
DTS % NTS -4 $ 55 0.46, i %% + )2+ STS 5 DTS 4k
FCMIAEZERA K,

3 iie

3.1 FEFEE T X T IEF VR R

R FF o R Bl R, SR N - A PR 1
HEOR R AT b TR e st e A by 4 g 0
R SRS R iSRRG RO A RS A L
FH SRS T et g (0 SR S 7 ARSE R,
T 2 B A A 0 B S, - R A R

R4 FELET L EREEEER
Table 4 Soil carbon pool management index under

different treatments

TR R

Soil depth/em Index ST bt NTS STS DTS

0~20 CPI 1.197 1.183 1.078 1.149 1.195 1.170
L 0240 0.220 0.240 0.230 0.240 0.250

LI 0952 0913 0992 0966 0.971 0.983

CMI 1.14 1.08 1.07 1.11 1.16 1.15

20~40 CPI 1.143 0983 1.180 1.241 1.339 1.325
L 0270 0270 0327 0275 0422 0423

LI 1234 1247 1291 1254 1926 1.932

CMI 141 1.23 1.52 1.56 2.58 2.56

40~60 CPl 1278 1282 1302 1311 1.529 1.360
L 0.156 0.161 0209 0.130 0.178 0.188

LI 0.769 0.793 0.883 0.639 0.878 0.928

CMI 098 1.02 1.15 0.84 1.34 1.26

T« CPI-R R, L8 S5, LI 22 0 P i, CMI- A
R
Note: CPI-carbon stock index, L-carbon stock lability, LI-carbon
stock lability index, CMI-carbon stock management index.
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