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Abstract: [ Objective ] To solve the problems of soil organic carbon deficiency in the subsoil layer and the yield of crop straw

being too large in volume to make full use of in farmlands of black soil in Northeast China, a long-term (2015—2018) field
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experiment was carried out. [ Method ] The field experiment was designed to have three treatments, i.e., CK (no straw returned),
FS (returning of chopped straw) and KL (returning of pelletized straw), and three straw returning rates, i.e., Rate 1 (15 t-hm™),
Rate 2 (45 thm™, 3 times as high as Rate 1) and 3 (75 thm™, 5 times as high as Rate 1). The straw was deeply incorporated into
the subsoil layer. Soil samples were collected from all the plots separately each year for analysis of soil organic carbon content,
organic carbon structure and soil nutrient ratio in an attempt to find out a way to turn waste into treasure and hence to promote
sustainable development of black soil. [ Result] Results show: 1. Organic carbon content in the subsoil of the treatment plots
varied in the range of 2%-20% (1 a), 5%-27% (2 a) and 1%-18% (3 a). The effect of straw returning raising organic carbon
content in the subsoil was significant and improved with increasing returning rate and the effect of the treatments the highest in
returning rate were the most significant and particularly in the second year, which indicates that organic carbon accumulation
occurred mainly in the second year. Two-way variance analysis shows that straw returning rate was an important factor affecting
soil organic carbon; 2. Nuclear magnetic resonance test shows that at the end of the experiment, the organic carbon in Treatment
FS5 was found the highest in aliphaticity, while that in Treatment KL5 the highest in aromaticity, indicating that chopped straw
is more likely to promote formation of organic carbon of alkyl carbon chain, while pelletized straw is to promote formation of
organic carbon of aromatic hydrocarbon type; 3. In Treatments FS5 and KL5, soil C/N and C/P ratios increased by >10%, and
C/K ratio did by >20%. The effect in Treatments KL was short and instant, while that in Treatments FS was long and slow.

[ Conclusion ] In a conclusion, deep incorporation of processed straw at a high rate can significantly increase organic carbon in
the subsoil layer and help keep soil carbon in balance with nitrogen, phosphorus and potassium. It is, therefore, a feasible way to
build up the black soil in thickness and fertility and to solve the difficult problem of straw returning in Northeast China.

Key words: Straw returning; High dosage; Black soil; Organic carbon; Subsoil; Pelletized straw

+ A WL ( Soil organic carbon, SOC) i+
AN 60%~80%, 2 13 T2 H AR IT
HAE ATy . SRR A0l TR & SR 55 )5 T
Bl WL Em B AR, SRR 2R i TR
Wi AeE, EHRSE, SBOh TR, —EKW
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B, RIEA LR S B E, HR R ] 4R
HERFR A AR Y, SR B R AR DL R R
A HE 5 i v A N 2B R R BRI . B A TR
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LEBFEFIE SR R teah, AR K
R REERET S THHZ, AT UG 5 8 5 A AT
i T I AT e 2 DA o i 3o 30 L e 86 A i 2 A (] T 52
WA B R A LR B R Tk, AR E .
R SRR A TR AR AT BURE 5 R 4 R AT TR
b IR, HEZE 3 AEWMEHXNE AR LA YLk
LA HURR 55 5% 0 LE B B2 0, DT A ik 2R 2R I 3t
DX K il AT A X L K I AR 22 AE T3 AR i) e 4 3

AT A
R S RS WIRES

1.1 FARXEER

M ] 52 AR B T 2015—2018 AEAE 5 Ak A &2
AT P EE (124°43'E. 43°36'N) #E47, %Mk
R TS, AR R R . Y AR SRR
A, MREMEY EZ R K, K. J&E R KR
A, EERIR 5.6°C, KR 594.8 mm,
TCFEH 144 do 150 Hb - A AR - BRE

KX LUIEHE . BB 3. HHEEREEE R I 1,
1.2 Rt

AR S TR S PR AR AT, DU
b A T RS A AR SR (R IBOR S
Mo BB R, RAEZAN 15 thm ), AMAIEE 1%
(15 thm™ ). 3 f55& (45 thm™? ). 5 58 ( 75 thm )
3FEEEEALTR, JELIRSAFANIAH (CK) SAXTRR, it
7 AR, BEAARER 3 WEE, L% 21 ~HB,
BEMLIXZHHES), BASHB K 4m,. 58 4m (6 2)
3t 16 m* o HEIRRSFFEC 24 Hb K ISR s i s KB
Wy JE I EoRAEFE, KIEN 10~15 cm, f5=H 0
FIFEFF B A YA BB &0 H He . Rl e
K BFERF o3 RSy, — &R0 K Ja AR oK A i
FEAF L HALF (FS ), J5—&Bor A&k HC-2000
AU AU RS 2 mm i, 42 H8 30%~35% LL A4
WMZEMK, HiFE451)5 H FTHBCX350 RIFFFS
FFBURL AL R I3 4 4 mm., K JF 4~6 cm BUERIR
AR, BRRSFFIURE (KL ). #5385 A0 #1455 LUK H
g 2 iR,

F1 I T IEE AR MR

Table 1 Basic soil properties of the experiment field (Oct. 2015)

N A APk B B AR AL
et T2
pH Bulk density/  Organic carbon / Total N / Hydro-N/ Available P/ Available K /
Soil Soil layer/cm
(gem™) (gkg!) (gkg')  (mgkg')  (mgkg') (mgkg™)
A+ 0~20 5.94 1.40 11.40 1.02 120.80 22.26 138.5
Black soil 20~40 6.70 1.53 0.75 94.12 11.28 129.4

x2 FRLEMBERECEARNSHE
Table 2 Method and rate of straw returning relative to treatment

FEAT I

Jb Szl
Straw rate/
Treatment Way of straw returning

(thm™)

CK FEAFANIE H 0
FS1 FARFEFT Ry FRL H 15
FS3 FARFEFT Ry #EL H 45
FS5 F KA ARy AL H 75
KL1 FARFEFT WKL H 15
KL3 FOKFEFFURLIE H 45
KLS FORFEAT BRI H 75

FE 2015 4F 10 7 17 #E F R IBOGR 5 SEhtfs F B
W ISR B B4 B3 A FF LA RS AT J0RE F2 1 T H 215
B TAA/NX R, R BEA (D1%>92 kW)
B H B YEA 30~40 em +JZIREE, OBRERS AT LA
R REAT UL L2 B R WAEZ M, ) 3 AR50
[ AR B AT AT AT RS FFAE T, B4R TR IR R R 15 B
AR R REFE . 2 PR ) RE N R OK A — AR — 2
i, HKE KA E 85, F 2016—2018 4F 5
APIATHEFr, RSN 67 500 HR-hm?, #&Fh
AT T O T PR SE A , it FH o 4 N 225 kg-hm ™
P,0s 75 kg-hm * F1 K,0 225 kg-hm 2, FrP#iAr . 40
JE— A, BAE 30%3E0E, 70%4k 1 E, 454 B
4y T ) A8 55 3253 3 7 EOR AL F 24 4F 10 A 97
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3, FEAENCRI AT KM 7= DA K A SR R4
1.3 MEEREF*E

2016—2018 4FiELE 3 4R E R (10 H
1), e B 2R S 5 4 9 R B 0~
20 cm. 20~40 cm T2 +FE, %%TW%%%%
ARG, HEE 2 mm G, 2 A [ EH4877 0
=X T M. E B R bR A E i%ﬁ
HLTE R B B R A s 220k P B
B B ACR Y H0OE s A R0ER AR B BT L (05
SRR SR F G e TR,

A PURRES BRI L PO R R Y
HL 2 R R AR A A5 Pl B A T Ak B b 2 R B R TR
HARFE IR R, W=k T (575
&) BT AKX AV400 A% g L PR AY
( Bruker, Switzerland )l % , *C BYIEHRAZ N 100.68
MHz, J&fi HESZE N 5.0 KHz, BMBEH 2 ms,
PEERIHE] Sy 5, Brd il 2048, W B 5 A G
HHR A3 4K 4 TopSpin 3.5.b.91p17, Hidr (0~45)
S AU e LR, (45~110) & fCEREbEFEMK, (110~
160) 8 fREFH TR, (160~220) & fLFRHHI,
XAV 91 L DAY 118 0 {1 3 A 78R 4 ) WA 8 A P AR T
W RERI 2SR b H . Rk A e Sk ( Alkyl C:
O-alkyl C) F/n o fLa % (HI ). J5 & B MR ILE
LT3 = 7 Wty (1

Aromatic C(110-160)0 <100

757 (%) =
0% C signal(110 - 160)3

TSI (%) = Allphatlc C(0-110)6 <100
Csignal(110-160)6

2 4 R

2.1 WA TEFNBRESENZIE

23 HEEFFAE 3 a AFAFET 0~20 cm 5
20~40 cm B4 )2 SOC WAL Il . LB & BE,
FEFFIAH 3 4 [A] % 0~20 cm SOC A AR T2 B 520,
2016 FFEIFEFFIAH 1a J5, X FS5 Ab3E SOC & it ik
FET CK 10.52% ( P<0.05), TWiltbsh 5 FhfsFTic H
AhEEYS CK JFJC 3% 25 55 2017 4F FS5. FS3., KL5,
KL3 # 5 E 25 SOC i, MR N 5.5%~7.5%;

2018 4F{Y FS5 4 ¥ Ik 3 = T CK 8.22% ( P<0.05 ).
FS5 AbFAEMSAE 0~20 cm 2SI ) SOC 14
KR EZIEH T HIEX KRR AN AR,
BN B0 B2 B RS FF R T o R R R il ) 3R R
B, MImifE#E 0~20 cm -2 SOC M35 .

FEAF LA T XF 20~40 cm -+ J2 A HLERIZ TH5L
N 2016 4F, 5 CK AL, Bk KL1 4k, Higx
5 PG AR H AL FRIA 4R & SOC & &, Hivb KLS
#) SOC MK H A m M 21.31% ( P<0.05), FSI #K
KK N 5.35% (P<0.05); 2017 4F, 20~40 cm i
JZ SOC HaiE =T 2016 4F, F5FFi4 HANFE SOC &
ﬂﬁ%%?cx,ﬁMk$UIQ1mﬁﬁ5%%
( P<0.05), FS5 &5 H 27.33% ( P<0.05); 2018 4F,
{UFS5. FS3. KL5 W& T CK, HIEK AR5
18.37% ( P<0.05 ). 11.60% ( P<0.05 ). 11.73%
( P<0.05), HIARREM SOC K RAEME, 2017
AP 25 T 30 T Ao L R 23R 30 0 e ey, R W 3 H
JE 5 2 A A LR B B R R
22 FEFEESXTEFNROZME

Xof A TR) FH AN )R AR IR 25 1 AL SRR AT L BT A
i (F£3), M W&EREHN 1 F5EE, 0~20cm
T2 SOC & FE AR AR5 8 B #F 8] O JC b 25
Z5, XF 20~40 cm 22105, L 2017 M FFS
A H SOC &l m TR PRLA I, HiEh
11.5% ( P<0.05 ). i M4k 3 58, 0~20 cm
+JZ SOC & EAEREFFORL S by W FE FF 47 0 B &
Z5, MXFF 20~40 cm +J2, BHRERSFFAE HAE
2017 . 2018 4F & #F TS A MUK AL O 9.8%
(Rﬂ%)8T%UMmﬂ FEFFRLIA R SOC

HERTE 2016 AEBOMPERE AL HA £ 5 0 22 5
iﬁﬁumiﬁﬁSA%ﬁ02MmiFﬁmm
R EREFFEE TR SOC & & &R T
FFRURL A T, 351 R 8.1%( P<0.05 ), XFF 20~40 cm
+ 2, BEERSFTIA T AE 2017, 2018 4F B 25 5 TR FF
WRIA H 7.6% ( P<0.05). 5.9% ( P<0.05), FEFFH
A H SOC 2t BAE 2016 4EEUBYFEFRS AT M A 42
EHESARE . B WWE 20~40 cm 1V #F
JEVEEIPY, Bl I S R A AE K, RS AT A
Gy 638 W I A 4 v = 38 MLk
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Table 3  Soil organic carbon content and its increase rate relative to treatment

T 2016 4f 2017 4F 2018 4F
b3
Soil layer/ HRR R R
Treatment SOC/ (gkg™) SoC/ (gkg™) SocC/ (gkg™)
cm Increase rate /% Increase rate /% Increase rate /%
0~20 CK 11.06+0.08b - 11.31+0.06¢ - 10.71+0.22b -
FS1 10.85+0.25b -1.93 11.60+0.16bc 2.56 11.25+0.14ab 5.01
FS3 11.34+0.08b 2.50 12.07+0.11a 6.75 11.30+0.17ab 5.54
FS5 12.22+0.08a 10.52 12.15£0.12a 7.46 11.59+0.32a 8.22
KL1 11.13£0.17b 0.66 11.54+0.14¢ 2.00 10.85+0.17b 1.28
KL3 11.21+0.19b 1.33 11.94+0.17ab 5.54 10.78+0.23b 0.62
KL5 11.30+0.20b 2.14 12.10+0.10a 6.96 11.10+0.04ab 3.64
20~40 CK 7.29+0.11e - 8.61+0.06e - 7.84+0.22¢ -
FS1 7.68+0.10cd 5.35 10.16+0.08b 18.04 8.22+0.07¢ 4.89
FS3 7.92+0.10bc 8.69 10.34+0.11b 20.05 8.75+0.15b 11.60
FS5 8.76+0.12a 20.12 10.96+0.12a 27.33 9.28+0.07a 18.37
KL1 7.4340.07de 1.92 9.11+0.06d 5.85 7.9140.18¢ 0.89
KL3 8.12+0.10b 11.39 9.42+0.09¢ 9.41 8.05+0.14c¢ 2.64
KL5 8.84+0.06a 21.31 10.19+0.06b 18.35 8.76+0.08b 11.73

H: [F— LB LHF/NEG FARAR R AP 22 5 535 (P<0.05)

treatments at level of 0.05. The same below.

2.3 TETAEX TEEIHRNZIE
MAEFIESMIER, BN E & X SOC 1
WA LAEH (2 3), 0~20 cm +)2, SOC #H3t
A2 I RE RS A 4G R T IR A, Hid 2016 4F
FS5# FS3 5 FS1 5 7.8%( P<0.05).12.6%( P<0.05 );
2017 4F, FS5 5 FS3 43 5il%¢ FS1 {7 4.7% ( P<0.05 ).
4.1% ( P<0.05), KL5 5 KL3 4% KL1 = 4.9%
( P<0.05)., 3.5% ( P<0.05); 2018 “FAHFRIFEFIEE
ANFEHEB TR E 25 . 20~40 cm +)2, SOC &
BEAS FE 38 i 42 28 ( P<0.05), FRHUNTE 2016 4F,
FS5 73 5% FS3 5 FS1 & 10.6%. 14.1%, KL5 47351
A KL3 5 KL1 & 8.9%.18.9%, 1 KL3 W4 KL1
9.3%;2017 4F, FS5 43 % FS3 5 FS1 1 6.0%.7.9%,
KL5 73 3% KL3 5 KL1 & 8.2%. 11.9%, ifij KL3
A KL1 & 3.4%; 2018 4, FS5 430l & & T FS3
5 FS16.1%. 12.9%, FS3 4 FS1 & 6.4%, ifif KLS
3R KL3 5 KL1 5 8.8%. 10.7%. "l W, B
R A ARG, A DR T IR s 2, B

, FId. Note: Lowercase letters represent difference between

o e A A A I A4 AT LR AR RN
24 BHEESERTAENZTERN
Xof il R I 265 5 G AT ) o VP o i PRI 38 B A 728

SyMT, R 4TI, 2016 4F, MIETREMES, &
FEH R 2 A+ 2 Lk 052wk o B
(P<0.01), X5 SCREFF &t id 1 Gk 25 2 s 1 48
AR S ALY, RS SHES 2 ~HEA
A2 B 2 IR B2 (P<0.05), 2017 4, F5#F
JEAXT 20~40 om 2 M % (P<0.01), FEFF
FHEXF 0~20 cm 5 20~40 cm + )20tk o %
(P<0.01), iXJ& i TREFFERHEE 007 B 46 GFfE 20~
40 cm )R PY, 0 A FH A2 B R A R A
FEEETE 0~20 cm L2, HMXF 0~20 cm )27
HRFERW, 2018 45, LA . B2 S
FE A HRALXS 20~40 em 4 JZ A HLER & 5 52 i
B3 (P<0.01), FMFREFFEHILIA H 5 X WHEHZE 1
AP R, —IRERFFAH 3 45 {56E
FrEHE 24 HLBR AR 2248 5
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Table 4 Two-way ANOVA analysis of the effect of the interaction between straw morphology and straw returning rate on SOC

} FEFPE - &
FEFPES FEAT
a0 T2 Straw morphology x Straw
Straw morphology Straw returning rate
Year Soil layer/cm returning rate
F P F P F P
2016 0~20 6.66 0.027 4 20.47 0.000 3 12.81 0.001 7
20~40 0.03 0.8622 135.54 <0.000 1 4.64 0.037 6
2017 0~20 0.50 0.4959 7.81 0.009 1 0.04 0.956 4
20~40 245.90 <0.000 1 93.40 <0.000 1 1.88 0.202 6
2018 0~20 8.97 0.0135 1.63 0.244 5 0.06 0.944 9
20~40 73.64 <0.000 1 65.40 <0.000 1 7.90 0.008 8

2.5 PC BEEIRE AR HEABRERRRITE
F AL R IL R AR X ARG AR 3 4 5 . fIRA%
AR B I MRS R AT RAE, B 1 R4S
FHT, FEFF A HRRAE G = B v TR IR, &
A RES B R LR S . UHEE R AL
WA PC-NMR A9k B a I AE 0~250 Z [A], X
4 AR L HE PC-NMR fb2E 07 B i, 76 B i
WETS 4 F SR ERER ARG, RIZENIRS 0~
45 FoRBEIEmR, 45~110 FRALEFEHK, 110~160
FORITFEM, 160~220 FRRILM, Kl 1 FKANED
B LA e & SR BR WA 5 ek, R Rt (R %L )

B Aryl C

Carboxylic C \
CK \

B, J7 FBRAR T iR, Ul M A BLaR O DA
WEEER 0 3, 55 B I ARAEA HLER 5 A T2,
X — 7 T AT BE R T R O S LA
NE, BT ARBR PN, &
PRI, 55 —T7 i ol T 25 AR 2 R AR,
JEHRTAEZ L RBUETR TR, S ECE O7 &k
BT S WL KA A SN Y HR B AR T
LA 1 X A HUBR PN R 25 R AT E
Br, S5RWK S PR, 5 CK AL, BFFRILE I 3
ARSI TSR e B B A A HLBR S5 H TR Y Ee T
BEAR T B R0 5 L, X 5 R AT AP e 0B HE 1A

St Stk
JFE O-alkyl C

A

FS1 fi 1
| \l A S Yok A
A AR VAN AT i o LV i Py L‘w"‘ﬁ'w-’\.\f"w”‘m
KL1 A
] [1‘\‘
Y
FS5 i A | A A
A e Ty '-“\,~-J'V—“..,,/ﬂ‘-\,~l‘f e TRNS NS A
N
KL$ A W Nrn
WW\J\,W\WWM - S AL WL Ve DR e
T T T T T T T T T T T T T
BC 400 200 0 =200

leeahE:7

Chemical shift (8)

1 AR FEHZ (20~40 em) +HEA LR PC BrE LR K

Fig. 1 '3C NMR atlas of soil organic carbon in the subsoil ( 20-40 cm ) relative to treatment
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AP, A, FSS AbBIAAE—E R LR T R
B (BRI BEITFERA G, RUIKEBRRE AT
S X - e WL A BB E, AF— e R LG
AT A PR T AR E 4L, SR T KLS i 5 2 A,
EREMIR R AL (R S5 ERA G, i
5 7 45 8 S AR B AR, 2 RS A AR B R
MG B A MRS i o (RAF RFSFRE I 3 4F
Ja A LR I 05 7 B DL SR A0 B A CKO A TR IRH
22BN G ot TR 5 SEUBE SRR Y AR R e TR A Ak
FRECCHD) B AIK, FSFF4 B S Y4 5280 H BREAIG,

TR WS BN T AT E R /3 i Lk, Jrp
oy AR Ak 3L A AU s B8 o T RS AT IBORE , iy 2 iAS H
) AT i 2 v TR IR
2.6 AREAETLEE SOCS TN, TP, TK LAl
XE
+ N IR A B R 57 3 U R AT R
J W AR SRR B AR AR, RS IS SOC
KEHNN, SXFFRITCE LUV B o 38 X
AFEAEFT A K EN R AL (C/N). ikt
(C/P). BEPLL (C/K) B LLA i an& 2 s

F5 BHEREAMNETIHE (20~40 cm) HIEBHKRE BB 2R

Table 5 Relative abundances of organic carbon functional groups in subsoil (20-40 cm) determined by '*C-NMR

) AR BB @ Ut B
Wb FRIERR Carbonylic C J5 7 Bk Aryl C BEHRR AlkylC  F5HIE RICBE
O-Alkyl C Alkyl C : O-Alkyl
Treatments [220- 16018 [160-110]6 [45-0]5 Aromaticity Aliphaticity
[110-45]8 C
CK 10.8 7.0 46.6 35.6 7.8 92.2 0.76
FS1 12.7 59 58.1 233 6.8 93.2 0.40
KL1 20.3 4.9 47.5 27.2 6.2 93.8 0.57
FS5 9.5 5.1 63.2 223 5.6 94.4 0.35
KL5 12.9 11.1 52.6 23.4 12.7 87.3 0.44

2016 4F, 0~20 cm 2, U FSS kb i 45
158 C/N, 5 CK A LIS IE 7.8% ( P<0.05), i 20~
40 cm HJZNFEH K KL3, KL5 @& & 1 N
7.5% ( P<0.05). 13.2% ( P<0.05 ), AJ W&k A
55 VARED B 2 4R i R O/N 3452017 4
FEAFIS AT 0~20 cm 43 C/N JC 2 5200, X 55
—AEFE AT HO6 2R B R 56, 20~40 cm
+ )2 BAR B RS FEAT A3 i 3 O/N AT R
{HAY FS5 5 KL5 5 CK 7 & & 25 57, ¥4 Wik 2 6.8%
(P<0.05), 6.1% ( P<0.05); 2018 4%, 0~20 cm t+
B C/N BERSFF SR i s, (15 CK Jf i
FEF, 20~40 cm, U FS5 AbFE R 24 5 /N
12.3% ( P<0.05), 3% 2 K Ry K i By i A3 HH 5 350
JEMIIER, JEHIAA 4R . KRR LY FoR R
o1, ISR A HLER S 57 2016 4 5 2018 4 0~
20 cm.20~40 cm 2 >+ 2 C/N 2478 9~10 JulF N,
IMii 2017 4F 20~40 cm +- 48 C/N 3 0~20 cm £ fir$z
i, 7 T TR R R R 2R 2 A 1R

A, Ji—TJr HSE R RS Z G,
RS AR A PR &R, HRT C/N.

2016 EFEFFRIEA X 0~20 cm +)2 C/P &
W, T 20~40 cm +J2{UA FS5 WERE +
g C/p, HlEN 8.8% (P<0.05); 2017 4F, FEAFib
X} 0~20 ecm 3 C/P IR E MW, X T 20~
40 cm, 5 CK AiLt, FS3. FS5 M KL5 #Jfg i & #2
f M o/p, BEIEAHE 11.5% (P<0.05). 10.4%
( P<0.05). 9.9% ( P<0.05); 2018 4F-, Y FS3 5 FS5
A PR E R HE C/P 14.2% (P<0.05). 19.7%
(P<0.05), UL C/P Ay 8 i Bt 145 FE 0] 326 4 2 155

i A e b O C/K 48T BA L H . 2016
£, FS5 AbHRE FEIRE 0~20 cm HE+HHE C/K
11.9% ( P<0.05), T1Mj 20~40 cm +JZ, FS5, KL3,
KLS5 #% CK & #5 + 3 C/K 11.9% ( P<0.05 ).
8.5% ( P<0.05). 8.3% ( P<0.05); 2017 4E4&4b3f
X} 0~20 cm + )2+ 3 C/K TR EFEHW, XFF 20~
40 cm T2, I FS5 B m T C/K 22.3%
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Fig. 2 Effects of different treatments on C/N, C/P and C/K in 0-20 cm and 20-40 cm soil layers

( P<0.05); 2018 4%, {¥ FS5 X} 20~40 cm + 1% C/K
AR FEEE, HME N 22.1% (P<0.05), % ]
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A TV R] (8 40E 4 DA KA FF FH 0 1 8 00 77 28 7 484
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£6 0~20cm 5 20~40 cm T EHIEF S IEHRIEIBY Pearson HHX

Table 6 Pearson’s correlation analysis of soil nutrient indexes in 0-20 cm and 20-40 cm soil layer

+J= E{EL 2
SOC N TP TK C/N C/p C/K
Soil layer /cm Index
0~20 SOC 1
N 0.550 7** 1
TP 0.1819 02355 1
TK 0.435 2* -0.270 7 —0.176 3 1
C/N 0.823 9** -0.0190 0.053 8 0.706 0** 1
C/p 0.673 3%* 0.260 0 —0.603 9** 0.491 1* 0.633 3%* 1
C/K 0.472 9* 0.752 0** 0.338 7 —0.587 1%** 0.0550 0.122'5 1
20~40 SOC 1
TN 0.3672 1
TP —0.081 6 0.528 2* 1
TK 0.876 0** 0.071 0 —0.205 5 1
C/N 0.871 5%* -0.132 4 —0.382 6 0.902 9%** 1
C/P 0.874 2%* 0.039 4 —0.553 0** 0.840 6** 0.920 0** 1
C/K 0.965 1** 0.496 9* 0.008 5 0.720 3** 0.763 1** 0.796 8** 1

*, P<0.05; **, P<0.01.
3 3w

3.1 HBHFSELEEXLTEFNRNRERAIER

TAFEAFAEAH 40%~50%M TR, &%
AU FER A ARBFIE R, R R H
XF 2 A+ 2 BRI AR S, (HXF 20~40 cm
AT 2, IR AR — AR PR T IR BE A TE 2%~
20%, FRTHOREEZREFF A W R A
R AR S T B RS A A A A] i v A Pk
i, P EPYR B ESMTERHE, &R
i H 4y ) RS AR OR IE B4R T 4 A HL R
7.09%. 5.87%, HEICHAEPIEATT 3 AEMFSFRIA H
I & P 13 500 kg-hm 38 4 4 500 kg-hm > if [
PN R SR ERIR T s )
3~5 cm FYRSFERSFF LA 18 000 kg-hm 2 34 [ i BE B &k
FHitm AR R e RS E, WEARMR S
ISR, X BRI FEFFRRA L (65~85)
e, BHEMBEL (10~12) WK, B SikE(%
1) = 8RN A AR P 5 AR T & B (e e A L i
Tl EA A W K BB L, BE IR FF A 42T
FEACTE Z I 5, AT B A ML e P

SMEEAT AR R, R E AR TR, EHZE
TIHEAPRRAEEAN 10%~20%, HAEE AT ILAER
T g ARG IO WiASCRE ST A, M — kb sE
Jite 3 % 34 AP )2 - A HLRR B 57 3% ~20%,
5 fE AR A3 12%~27%, H25 2 A s i ,
95 3 AETFIR R, AT LIS MRS FE AT R SR A AR AR R
PGS - A7 LA () 4 T3 BBl e AR — 3%, IR B 2 b oE
F—Jr AR T 2 AR R RIS X A HLaR Y K
e, HATPREN ; s — 7, — UM S
A R T AEAE BT E R Sh S adR, H
WENIIY I, A AT

il AT 2 1) B ) — B 2 i, — R
RS FF I N R AN, ASFTAED LR LA
Kty T REEH R TR A LA I, M
Rk i o) ZETH AR HIRRER, S TR A E AL
AHIFFE 14 R AL A 48 it AR 4 M i e 1 55— [ A8,
BRBFRAF HEARRIRZ, MY T 0 AR,
AFZURAEY) G R AR T BRZ . TR AN
B, FRATAE Y M P IE it A Y SR T AT A 3R
55, H DAAE g BORE ) A 2R A7 A 9 e O o & 3 - A
RMBETR, RETREE T AR TR RE
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Fig. 3 Distribution of chopped straw ( a ) and pelletized straw (b ) in soil after deep-buried

32 BHASELHMEHREHEEZNT

BC B LIRS B A ML 5 o R
S FBEZ —, WEHIRIE SRR T2 T
US55 B, I ALZE LA (1 T 0 fie A% e Ak 1)
HREAT s DA e i) FR 3 w8 B LU AT SR AR X 7 (4l 1%
AN AR5 P A A R 2 A R I
P B s ELAT 338 1) bt Sk 5 b S5
Uk BHAS FT 34 HH R 04t vy 1 98 LA 726 A% R 2L i v 1)
M R AR . KL1 AP REILIR S 2k 5 CK
BOMFRRL, S E AR WO A, Kt R
TAEFFAR H 224 J5 X - A ARG 1) 52 1) 850 S 3% 8 Dk
55, A5 R LKA LSS F A — B, B
WEL KRR, X RS FHEAR Gt AR
T ROy S B g A T 2 B
R A LT AR R A A 3R
B 5 B RWOIE A AL S Y KA S,
WG THEDIE SR AN KRR AR
VLR AR TAER R, TS B W LA K A sk A . oy
WA AR 5, SR AL AN R 2 it B BE A A AL
JRAEARPY, 55 4 A HLIT A 20 8 S 2540 2% )

M. AE AU RO R, PRSI A LR
M FE AL TR %L (HI) 76 0.3~0.8 Z[0], XAF& 5
HHEE AR EGER (0.2~1.11) BY, FEFFEHG
MR TR AR R, XRUIFSHE L 25 T
— B R, AT RA AR A YL
Z . WAk, LA HTr LA Bt 45 R R RE
VLAY 7 LA AR I M), A3 IR AR AR 2R
HAMEAE B — (FK), BiETr XL SMEA
B B INA B A X - A HLBR R M BRI N 3R o A
WE5EH BR KLS 2 FRAD RS AT I8 D7 Atk o LEREAIR,
X )RR T AT LA LT W 07 A 2
AIEE , G AT I SN e e B A AR
(R 4T, RS AURE S 10 5 e B R v 2 DR Hy
T AT AIURE A 1 8 o (9 B A R AR, RS E AT L
B A S X 2gid T — Bt e B Ak, BT I
T B T7 Bt o [RIF T ERZE P R BROK AL B W05
R, FORM R IR R AR, AR £
RGP AR PR FEIn, IR DT B 75 H2 AR X g
PSR LK A A R T HLBR AR
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A MUK, (HE T A HLER P sh A i
AT 30 P9 e Al SRR R G A PR, TR FE
B SRTEIR H 3 A4F 5 % -+ g MLAs & 4R T e A
fiX, [ABEME A MRS A E T = .
33 HEASEXHEXTERS LGN

T AR AR AT 1 st it P 5 SR A AN B
J&, “BRIEM BURAFAE . FRFEFAAE A iR A AL
Y (C/N 2k 65~85) i AR -3, Sxf 4
AW BRSO U RO R Y AR A
FER A = 2RSS 148 C/NL C/P. C/IK A —%E
FREFHL RS, JUHX 20~40 cm WHHEA B R4 F
BN, Horp, 88 C/N K 9.0 247 ETHE 10.0~
11.0, RHLWESETA. — BT, HHEEEH
) C/N f£ 15~25, ULBF A LT HEAE SR, ThidE
AT HHE CONARFXGE, A —ERE LAT
AHUFR R ENT Hod O/N B AY 55— S5 R P
T KA RS AL Bt A (A R AR I, R
C/N A%, tboh, FEFFRUIEAGEE TR /R
AR, ke T RRRA, X0 T R T K
THBRER 15 Y DL J KR NLO TR % 200 1Y 25 fig 34 B A
B S REFFURIA A 45 A K R e K B 4 T+ 1
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o7l A ok, TR AE , AR IR TE 0~
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P )f I BE 25 . 11 Pearson M43 Al LI MY,
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FH 3 5 5 B 7 0T DA E 37 43 e P4
I 2w IR KR
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