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WIKLAIA . B, CRFER, RWFFRIERN, % +)2
JEUE TS FHAck . Bek., CekBEFam, THEEAck
BHLFE &8 H24.96 ¢ kg™, % 1.25 ¢ kg™'. 2
0.34 g kg™', Bf#A127 mg kg'. pH 6.24, Bekt
AP A EN17.39 g kg™ . RA1.06 g kg &
#0.30 g kg™, Bf#ZA117 mg kg™'. pH 6.44; Cck
AT S N12.08 g kgL 2E1.01 g kgL
4W0.24 g kg™ #4112 mg kg™'. pH 6.52, +
2 T2 mmii 5 H

PRV FR AR B I FORAS R, 75°CT ML
TEEE, BH0.25 mmifi, MA—ERHRE
ALY A LR Y 225 1 1,
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AbPE Treatment

e EAL B. CorBlfER0 ~ 20, 20 ~ 40140 ~ 60em + )2, ckfRFRIFTLH I, 0. 4R8I EREF L M R0, 4% 8%, Elh
TR 2 0 &AL B AN R FRE R R 25 % 3 (p<0.05) , F[A Note: A, B and C stands for the 0 ~ 20, 20 ~ 40 and 40 ~ 60cm

soil layer, respectively, CK for control, 0, 4 and 8 for straw incorporation rate, 0, 40 and 80 g kg™ of soil. Different letters in the

same soil layer represent significant difference ( p<0.05) , The same below

K1

AN TR TR R AT 3 FH -3 LA 3%

Fig.1 Soil organic carbon content relative to different depth of straw incorporation
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FNLE M FHE B 52110

R 2, REFFAS N B B4 o T 4 A R
B (HS-C) &, SA0MFA L, A4FIASKEHH
3 HN24.2%H156.8% , B4R B8ALH /3 % BO
AL PRI IN33.5%F186.7% , CAFICSALFE ) 5% COMb
PRSI T 62.7%H193.4% . KA. BRICHK )2,
VS TN 8 % Fi FF HS — C 1) AH X 14 i i 43 3ol J2& 4 % 7 #1 4b
TR XT38 12,445 . 2,645 R .55 o W AR ik
(HA-C) MIE Bigi (FA-C) &g+ 2
- B AT A 0 4 2 T i
& FFAA HE JE AL 44F ] HA-CHEB)Z H 3 (1)
B, TEBAALIE R N3.17 g kg™', B8ALH T H4.38 ¢
kg™, TTHA-CARXT I U BLAEC 2, Calb Bl
HENNS58.6%, C8ALPEIENNO5.9% ., FA-CIREEZ k4
] FRUEAECIE R,

FURW, BETE (380 A B8 I #S FF A b 2
HA-C/HS-CIULHA T RS 3 ry b
., HA-C/HS-CH L K/NAB>A>C, M+
B RARCRE, RIRIMFFARE,
(HA-C/FA-C) Fifi - 2T 3G m b8 F R IR
INFEFF R AL PR, ORE R E A HA-C/FA-C R L
Tk, K/ANAB>A>C, WIHRINFEE, i
V3 L 1 o A B TR

KO R (A LogK) VR A48 bR LLBLES N

P == |

r B HY

Tl R Ji A A8 0 B T 45 AL 43 (R G5 A AR E . — B Ry
RS (A LogK ) REWS WL 5 T 43 T 45 44 11
RTREE, B A LogKllmy, d W] H 43— 45 1 o
By RZ, A LogKii ik W Ui B 4y F 45 1 i 2
Ze U HORENIN KRS AT A AL BEAE L, RN R K
AP G, HARIFARY A LogKAE IS hn, 1 H.BE 25 45 n
il AT S 0 184 I S22 AR B R B, BB NS AT IS
S By 1) 4y T A T AR B T ) R . RIS
FROYALTE, Bl 2 UREE R BE N, SR M R
1) A LogKFEAR s A INFEFF, AS[R] 4 2 J6 58 0 45
H A Long(/J\J”ﬁ}?ﬂﬂB >A>C,

2.3 ARIREFRFLCHN TIEMEMEN I
2.3.1 AL SRS TR U N A P e
ey G A AR rp — P B S, SRAE
B AR B RN AL A B, Rl U2 e
JIM AR R . DN i A A R AN RB [R142 T A HLTT
) B K SF-, TEEL AT LUK W A 5 AL B ARtk
B TR 2SR S TR AR R S R - e R A A
W sZ ], Al LA B A RS A s, d R
LA SR s, A2 b, A4R
AR AL AT A O3 A Ak A B I 1 43 0 3 N T 14.99% Fn
29.2% , VWS RS FE X i S Ak U T PR AR K Y
TEHEVER . 7EBJZ 13 b B84 Bl o 481k A B BOKY
JNT39.6%, B4RBOMEINT12.7% ., CZ+HEid %A
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F1 LIREERESES HRMALogKAE L
Table 1 Variation of soil HS in composition and A LogK
55 R TR HS—C. I wmmmrac A M IR BLA LogK
L3 HA-C HS-C HS-C HA—C/

(gke) (gkg™) (gkg) (%) (%) FA-C HA FA
A0 3.85+0.34¢g 2.37 +0.03g 1.48 £0.27¢ 61.56 38.40 1.60 0.62 1.27
BO 3.76 £ 0.14h 2.32+0.58¢g 1.44 £ 0.16h 61.70 38.30 1.61 0.58 1.23
Cco 3.03 +0.23i 1.74 £ 0.19h 1.29 £ 0.141 57.43 42.60 1.35 0.55 1.17
A4 4.78 £ 0.16f 2.90 +0.34e 1.88 £ 0.23e 60.67 39.30 1.54 0.63 1.44
B4 5.02 £ 0.26d 3.17 £ 0.05d 1.85 +0.43f 63.15 36.90 1.71 0.66 1.59
Cc4 4.93 £ 0.06e 2.76 £ 0.21f 2.17+£0.72d 55.98 44.00 1.27 0.63 1.30
A8 6.04 £0.67b 3.73 +0.09b 2.31+0.32¢ 61.75 38.20 1.61 0.67 1.37
B8 7.02+0.17a 4.38 £0.04a 2.64 +0.07a 62.39 37.60 1.66 0.68 1.54
C8 5.86 +0.25¢ 3.41+0.08¢c 2.45+0.03b 58.19 41.80 1.39 0.66 1.36

e BPFEIIAFEFHERR2ZEFEFH (p<0.05) Note: Different letters in the same column represent significant difference

(p<0.05)

4% FEAT BIBJZ FICJZ i AL AR E TR AJZ A

BB 8E n, X AT RE S BAIC)ZE A PLaR K B
A
2.3.2  IEAREEIGPE MNEBAT L E S, +)2

WM FIRS, 5 AR IR FFABEAH L, Bl & S AT
VNI 18 3 A IR 0 M S AR v
0~ 20 cmtJZA4FTASKEHE 43 542 A0S il T7298.8%
f1319.3%, 20 ~40 cm+ ZB4FIB8AL B4 54 BO
W T 112.2%H1259.8%, 40 ~ 60cm+ )2 C84L H ik
BTG P e, BCOME N T 249.5% , s JnFs A1 fiE !

—
[~] (=]
1

it

=
=\
~

Ui

Catalase activity (0.02mol I KMnO, ml g™)

\S]

B0 B4 BS§ CO C4 C8

Ab# Treatment
12 AS[RITR BEAS AT T 4 5 40 Ak Sl 7%

Fig.2  Activity of soil catalase relative to depth of straw

A0 A4 A8

incorporation

o IR E (p<0.05) .

2.3.3  RENEEEIEYE  REMERSAEAE TRTA B0
RPN IR — . S
RS R A R . KA HIL TR R B R e LA BB
AP RBCR R IEARSE U L AR 1R TR A A
I, S IR AT A 08 v G 00 055 1 S s, O
HA 5RINFEFF AL BEA 5 B35 5, TRIN4%FI8%
T ) o M A 000 045 1 T 5 25 5 o AR AT R i A )
I, S R 1 3 P T 4% 2 B HES I A >
B>C,

05r
TN)
R B 2
z - a
#H [ e L
= T 03
%<
2
Bz 02}
2
2
g 0.1t
5
0.0 - 1 - 1 - 1
A0 A4 A8 B0 B4 B8 C0 C4 C8
Kb T reatment
(513 AN TR R BG ATs FI A 48 J lg 37% :

Fig.3 Activity of soil urease relative to depth of straw

incorporation
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Sucrose activity (0.1mol 1" Na,S,0, ml g™*)

[\S]
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—
T

S

. N . ) |
B0 B4 BS CO C4 C8

Ab# Treatment
El4 N [EIRBERS T3 F A S b s 4

Fig.4 Activity of soil sucrose relative to depth of straw

A0 A4 A8

incorporation

24 TEBEHSIERERSENXR

T RGE L HESN RS FE I 0 J65 5 o % 4 98 fify
PRy, X RS S L EHA-C, FA-C
AT . R ESAIEenT LIE Y, e
FALEAREF SHA-C. FA-CEW R EIEMX,
R, A E R AR R R
BNHVINEEE . KA. FERERE S HA-C. FA-CH
B IEAR G . A R R R, EAR
KR e & B s A oLy e se Jr, RBp
TP AR SR E, WS, XML
YRk o3 A ks . SRR S R A
FAFAE S E R R

X —2h

oo 10 ry=1.0904x+33221 04-y=01168x-0.1336 T 6~ ¥=13492x-09475
E =0.799" o = r=0.716'
oo b ’ e 03T T4 .”
HEE 6 5 oo #H .20, °,
£52 me B 02 R 3
®S ¥ 4 & Q7 5 oS
M o T, < e 01k = 2Z 2 (3
EE E = 33
i 2 EI 0 L L 1 0.0 ! ! I < 5 20 n n 8
R"Sd o 2 4 6 0 2 4 6 = 0 2 4 6
S IS
HIRER I HA-C(g kg™) HIRIR I HA-C(g kg™) IR HA-C(g kg™)
El5 L IEREEPE S5 HA-CRYAH DG
Fig.5 Correlation between soil enzyme activity and HA-C
’7;10 y=19519x+2.77 04ry=02109x-0.1962 T:D 6ry=2.1566x-1.1279
T gL r=0915" 2% 05 r=0740" o ¢ ERE r=0.649"
%_@O-J * _ﬁ% 0 ,é‘o"‘4 b4 % ®
BEE S E2E ) e :
e 8 E 4 = % Zm He 2’“ >
W o> EBJST o1 gy
SEZ £g o g2 :
E{tg g 0 L . 0.0 | L ) 3 g 0 . L .
o g 0 I N 3 0 1 2 3 2200 1 2 3
S e B = , S
=~ & HI FA-C(g kg™) & HE FA-C(g kg™) W BRI FA-C(g kg™
e R R RTE p<0.05 Flp< 0.01 K EARENE R (n=9 ) Note: *, ** Signify correlation is significant at the 0.05 level

and 0.01 level (n=9)
Blo  HHERg GV 5 e Bk (FA-C) YA SCHE

Fig.6  Correlation between soil enzyme activity and FA-C

i

FIEIRNN4% ~ 8% 1 T KA FF 12 18 48 1 1 Hk b
FEFFIA T A28, (H— B BT 8 e i fde k)

REAT L Al e e, O R A B A48 i
B R, AR RS AL R E R T A Lk

] RESE S RS AT BRAE T AR R ANE 53 3015 O A AT R 2R
R RR AR R /R 5 TR A SR el ek A R BB
AHUFMRIE, DA HLB R S R . X P

ARRE R A A RO AR AR Y
SRR + 2 PR KA B E AR, AR SCH
BLY kB 1o o AN 0 28 2o T 44T 1) RS it 2 A S 3 1
T AP S, RIS INFS AT R )Z A AL
e 2 £ I8 AR AT T R S - ARG ML AR 4T A 11
A ROEYE 22—

ARG E 2P, 8 AR IFA L
MHE%QTU$%EzMﬁMﬁ,EEIE%F
W Sk LA A R S 32, R R 40 i DA
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COJE AR, 3008 42 h T 38 MR AR o i i 1k
g, HRTAVRM R . A SCLI4% 8% I
FFR [ 28 1 44F 19554620 ~ 60 cm -+ 24 HLEK 4 %
BN ~19 g kg™, M0~20 em )2 R4 ~12 ¢
ke, X TIR)Z A HLBR S AL, g
%G 01 5 80 6 BE BOY A MLICHLE & A T
W A AL A . BT LURIR 2R RS —
T il - S 3 2 e I A 38 ol A T L Lk A T 15
FNBEw, 3 —J7 i n] i b 2 b B A LR, K
FE L3RI AE .

Fem &, Bk S IT A PL A,
23T 44F A R AL HEZE TR IR s AT LT R AR
129.3%, UtHIARH e A WU R 32 B, A
AR B AL B R L, X kg L %)
AN TR B A R A DX Bk b 3 38 2 A LT 5 ik
AR AR PR AE B B R AR A I Y 45 SR AR RS T —
ESQEN]N

AP A HFHA-CHFA-CH L, BEHA-CH]
BETFFA-CULH, HHEBREEAFH THA-CHHH
2, ERABRERS; MCEEAFTFFA-CIHE
R, AL ERMI, XS FAR MR,
DK ETRETEAR ",

- S A e 2 S AS AR AL R A S X - e
ek, BIERA | MY AURELRA IR ED
WAL B LT RS RS IR R, e/
Z—FKREAERMAN, H8RZEd SR, i
it . IO TG AT T T T e 24 e B RS AR I AL L v T
XPHE, RS AR A B TR S R AE IS T, ACHE
FEABIER] 73X — 4,

4 45 ©

e R BE R TR L3N E)E (0~20,
20 ~ 40, 40 ~60 cm ) UNN4%F8% i e £ KFH AT
T e A JE A B SR A4 5, R A I o b
T AF S o0 i A 185 o S 15 a4, B RS A i R
ARF HEAPIRGBR & FE AR BT DL
POHE I T A R &, H R T
Ry, T R R, e T R
I A UG L DR R IR O T I AR AN IR AT
LA ARG R )2 A DU R BEAR, X TR AU
AH ST R b A LR DR A ) i E AR
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EFFECT OF INCORPORATION OF CROP STRAW ON COMPOSITION OF SOIL

ORGANIC MATTER AND ENZYME ACTIVITY IN BLACK SOIL RELATIVE
TO DEPTH AND RATE OF THE INCORPORATION

Li Zhihong''

Jiao Lina'

Yin Chengcheng'

Wang Xiaofei® Xin Shiying'

Yu Lei'

(1 College of Resources and Environment of Jilin Agricultural University, Changchun 130118, China)

(2 Daging Branch of Heilongjiang Academy of Sciences, Dagqing, Heilongjiang 163319, China )

Soil organic matter, as a basic substance of soil fertility, is not only a major source of

soil nutrients, but also a critical factor controlling soil physic-chemical properties, biological properties

and various fertility factors. In China and other countries, soil organic matter in farmland is maintained

and raised mostly through incorporation of crop straw. Humification processes of the straw incorporated,

and accumulation of organic carbon, composition of soil humus and soil enzyme activities varied sharply

between soils different in depth of straw incorporation, and also between soils different in straw incorporation

rate. To verify the effects of depth and rate of straw incorporation on these factors. a field experiment was

carried out in a tract of farmland of black soil. In the field experiment, corn stalk packed at a rate of 40 g kg™

and 80 g kg™ soil in nylon bags was buried into three soil layers different in depth (0 ~20, 20 ~40 and

40 ~ 60 cm ) for 4 years of in situ incubation for monitoring variations of corn stalk transformation, organic

carbon accumulation, humus composition and soil enzyme activities. Results show that the addition of 40g kg™’

soil of the straw increased organic carbon by 31.8%, 96.4% and 171.1%, respectively, at the 0~ 20,
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20 ~ 40 and 40 ~ 60 cm soil layers, and the addition of 80 g kg™ soil of the straw did by 86.2%, 193.5% and
265.9 %, respectively; demonstrating that depth of the incorporation is conductive to soil organic carbon
accumulation, because poor aeration in deep soil layers slows decomposition and transformation of the
straw, thus favoring humus accumulation. However, in control (no straw incorporated) , organic carbon
declined by 29.3% in the 0 ~ 20 c¢m soil layer, but only by 1.8% in the 20 ~ 40 c¢m soil layer . The reason
is that soil enzyme activity is higher in the shallow soil layer than in the deep soil layer, and hence, soil
humus mineralization rate is much higher in the former than in the latter. Higher straw incorporation rate ( 80
g kg™ soil ) increased soil organic carbon and soil enzyme activity. As a result humus HA / FA ratio in the
soil changed greatly, towards improving humus in quality. Accumulation of humine acid carbon ( HS-C)

and humic acid carbon ( HA-C ) varied with soil depth, exhibiting a decreasing order of 20 ~40 c¢m > 0 ~ 20
em > 40 ~ 60 em, while accumulation of fulvic acid carbon ( FA-C ) in the 40 ~ 60 c¢m soil layer was more
prominent. The contents of HA-C and FA-C were in extremely significant positive relationship with catalase
activity and in significant positive one with urease and invertase activities. The above-listed findings suggest
that incorporation of a high amount of straw may quickly increase soil organic carbon content, and deeper
incorporation contributes to accumulation of organic carbon. Straw incorporation also alters soil humus
composition and promotes activities of catalase, urease and invertase. For comparison, after the four years of
experiment, the control was found to be much lower in soil organic matter content in the surface layer, which
indicates that renewal of soil organic matter in farmland is very important to maintenance of soil fertility.

Key words Straw return; Soil layers; Humus accumulation characteristics; Soil enzyme activity
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