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Abstract: As black soil is the important soil resources on bearing food security and ecological security in China, the carbon
emission characteristics and carbon library components of it has always been a hotspot in research of ecology. Fertilization is

the important factors influencing the black soil organic carbon input as well as its output, and the effect under fertilization
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need long time scales of inquiry. Our experiments were carried out in National Fertility Monitoring Net in Gongzhuling City
began in 1990, we intended to clarify the soil carbon emissions and its mechanism under long-term different fertilization. Six
of the fertilization treatments were chosen including: no fertilizer ( CK), only chemical fertilizer application ( NPK),
combining chemical and low levels of organic manure (NPKM1) , 1.5 times the amount of inorganic and organic fertilizer of
NPKM1 (1.5 (NPKM1) ), combing chemical and high amounts of organic manure ( NPKM2) , and inorganic fertilizer
straw ( NPKS) , to analyze the changes in soil carbon dioxide emissions ( CO,-C) and the soil carbon library included
dissolved organic carbon (DOC) , microbial biomass carbon ( MBC) , particulate organic carbon (POC) , readily oxidized
organic carbon (ROC) , soil enzyme activity beta glycosidase enzymes (BG), B-xylosidase ( BXYL), cellulose (CBH) ,
and acetyl beta glucosamine enzyme ( NAG). The results showed that compared with CK, all kinds of fertilizer processing
can significantly increase the chernozem soil carbon emissions (P<0.05) , and among these processing types, NPK carbon
emissions is about 2633.33 kg/hm’, significantly higher than the CK treatment by 37.36%. NPKM1, 1.5/( NPKMI),
NPKM?2 significantly increased soil carbon emissions by 71.81%—88.51%, and the effect was best;. NPKS significantly
increased soil carbon emissions by 56.32% , and three kinds of long-term organic and inorganic fertilization treatments had
no significant difference. Relative to CK, NPKM1, 1.5 (NPKM1) and NPKM2 increased the DOC content by 16.07%—
56.34% , enhanced MBC content by 128.84%—185.77% , improved POC content by 128.84%—497.45% , and increased
ROC content by 841.03%—1145.94% content significantly (P<0.05) , respectively,.the/effect of 1.5 (NPKM1) was the
best. At the same time, organic and inorganic fertilization treatments can inerease NAG, BG, BXYL, and CBH activity by
313.22%—452.65% , 313.22%—250.74% , 159.08%—273.32% , and 72.21%—273.32%, and the effect of 1.5
(NPKM1) is also the best here. Soil carbon emissions were significantly correlated with soil activity and soil enzyme activity
(P<0.001) , shows that fertilization could change the composition-content of soil carbon library and soil microbial activity,

which resulted in the difference in the soil carbon emissions.

Key Words: long-term fertilization; soil carbon emissions; soil carbon library components; soil enzyme activity
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A KA 2 AR R T ] 2 T b R A A O W R L R Mk PR T T K AT
GO AR TR I O W D | AR AL IS ARG R A P BRHE R B L P 4153 5 Tl
AL Z ZRGEWTFE , A SCLAE S AT 26a 1Y [ 28 0 AL 555 A i M 00 R 2 20 A3 7 (o7 108 -
8, TR R RS AR T - ERRHEL | S M e 5 - SR TG 1R A w7, LA SUD Sy S5 303 - DX Tk ok
HERE AL 3 ) 5 P BRI

1 HESF®

1.1 5 X HEAL

TG AT [ 5 R A B 7 5 R s ) e b 2 R4 2 SR T B B B R 5 DU 42 v IR TTURR A, b
SRR A X AR 4—5°C ,4—5 A PPRIER 7—16°C ,6—8 AR SIRAE 19--25%C.,9 H I 7E
16°C 2 A7, ot i SR 34°C , Bl -35°C , A RAHIEAE 2600—3000°C |, 4[4 7K Bt 450—650 mm , 4F- 784 1200—
1600 mm, TLFEH 120—140 d, H—4E—FEWRFERAIX .

RIEM 1990 TR, PT4A 1 (0—20 em) MFALHR ] . 8 1.19 g/em’, AHLIK 13.2 g/kg, 2R 1.4 ¢/
kg, AR 11.79 mg/kg, AP 158.33 mg/kg, pH {2 7.6, H [ £F/K i 35.8%, FLBRSE 53.4% , Kiki 7 &
(<0.02 mm)31%, PR R F K (Zea mays L) AR I TF AR LA AR K M 23 12 1991—1994 45
FFEE 1351995—1996 4F & 7 51 304; 1997—1999 & 7 Hi 209; 20002003 J&VU % 25;2004—2005 & 7
209;2006—2012 K £BHA 958
1.2 Rt

AR PRI E AR Y 6 AN ALBRIEAT 40T . 1) X BEARFE ARG CK;2) Huitifb AL NPK;3) (ALK & A L
L NPKM1;4) 1.5 f5 AL IR A HLAE 1.5NPKM1 ;5 ) f AR ECHE &5 2 A HLAE NPKM2 ;6 ) fLIE FLHE A5 #F NPKS,
FHAEPERAL EULER 1, 358/ X IR 400 m? i I A 5236 F 1990 4F 46 S50, (H f T 244 9 4~
A — R I A S ER Y R R B E A, L, R X — o5, AR BORE R X35 /N DX 43 B 3 A4S BRURE X 43 311 HR
FE, AHLAE(M) AR BEAL F 2005 455 e A 2F 2658 Oh B OKAEFF . 4540 B1 A Bl 40 AT 428 b iy 76 4 JEe AR — vk M i
ALRIE 13 3R RTHIEIRIE , 2/3 T, A HLICHLECHAL P b 4= 25 F R IGR A it A Hb 5L, R FF 8
FH AL B K T —4F B VE RS AF N BLRS AL, F AR T IR 2 N TR, T40 2 4F 6 H T f) a8 AR A0 T 22 94 v
SRIG T+, FEMOGRIS £ A0 B PR LS em , Jf AR E — iR 1, #EFPEFRIZERRAE 4 H 21 H—4 H 30 H Ik
AREFRIRZ 9 A 21 H—9 A 30 B, A=A W 150d 2247, FE % 8 6 JTkk/hm®

x®1 ZREREE

Table 1 The rate of fertilizer application of each treatment

. [+
ﬁ:imem N (kghhm?) P205/ (kg/hm?) K;0/ (kg/hm) Manuij;(L?/Ehmz) Slrawi? Tj:hmz)
CK 0 0 0 0 0

NPK 165 82.5 82.5 0 0
NPKM1 50 82.5 82.5 23 0
1.5(NPKM1) 75 123.75 123.75 34.5 0
NPKM2 165 82.5 82.5 30 0

NPKS 112.125 82.5 82.5 0 75

CK: NIt No fertilizer; NPK ; B Z B 4P AT Only chemical fertilizer application; NPKM1 ; JGHLAC Bt Jiti /% i 4 HJLAC Combining chemical and low
levels of organic manure;1.5( NPKM1) ;1.5 5 JCALAE BT jiti K 1275 HLAE 1.5 times the amount of inorganic and organic fertilizer of NPKM1;NPKM2: JG
HILAE B it 755 5 A ALAE. Combing chemical and high amounts of organic manure ; NPKS : TCHUIEBCiEFE FT Inorganic fertilizer straw ; F KAEFFFHIA HLAL K C
N LA 66:1 12601, & Ak 7.0 g/kg A1 5.0g/kg
1.3 WESH 505k
131 EHERA R

T 2015 4£9 27 HAEMIWOGRIG ,SRAE 0—20em 122 1A% R B I3 R 3 AN IURE/N X T4/ N XS AREAETE
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5 SESRAERE S A IS S i RS T R E . KA HLEK (DOC) A 0.5mol/L K, SO, =4 /5 H
MWK B A (TOC( Total organic carbon)/TN( Total nitrogen) ) H 43 #H1{L ( Multi N/C R205 3100, 7 HS £z ) il
SE ORI LA (POC ) 22 SR Sg/L 7 i W 2 40 43 HB00L 5 B 2B 9 ik ( MBC) 00 52 SR FH 4 1) 2B 7 4
2 B HSEH TOC/ TN F Sh M I E ; 5 S Ak A HLER (ROC ) I 52 R FH 333 mmol/ L B BRAR A1k
1.3.2 - IEEG TSR e

ASTIGE H TS B 4 b - SRS P A0 A2 2R FH 2GR ARSI B A TR 96 FLAMRIAR 43 [X 4 43
RGP+ G PR B R AR RIS DX G2 PR+ DGR X T + 2% R DX Ao TR+ S 4 DX e
TR ADCIRA X5 FU A il 48 3B MO BRI S F 1 g T 96 £ 8 F 200 mL ¥URPH, It A K B IT
R HIH 50 mmol/L BEFRZE MK 120 mL , 72 7 il £ B T 3B O 5 SR R I 0 47 9 o LA S Rl i FH 8 3 1
FE MR A 2 BT I A © 255 0 DX BRI v | A% 48 I 8 4 O B M EC T I A B A, SR TN A e IS i
T, I R BRI D C IR TR 25°C I BT FRAA R S% , 15 9% 4h J& LA E
1.3.3  HHEPI R A E 5 3 CO,-C HEB R E

- ST 9 3SR FH % X G I R Li- 8100 ZLAMTARS AL (IRGA) MIAE, kT 9/ X 4 43¢
FEM T, 8t T2 8 PVC e T = 540 3l i it il 114 J6 0 I W 3 i gy, Bl I o = 38 1) PV C
FLHE(EAR 20 em, B 10 em) HEA 38 BRSSP TR IR 3 em, ASTIGIUAE )R 2015 4, ELA
E B 2, FANE H 9.00—11.00 HE17, % BeAst ] + 38 5 B MIX R, B/NX AN AE 3 K, SR H:
SERMEAE A IZ U ) IR IGH R VR A R Y R R R RO ORI T S B M 2015 4R
A DS T AR G0l ) DL 1, IR A 5 3 BB CosHl Ay T, AR

X=R,x3600x24x12x107

n =last

CO,-C(kg/hm®) = D X, + X\, pXN + X;\, X N +... + X,,, x N

+n
i = first

Kb, X o BIER K CO, Bt (kg/hm?) |, Rs A INRE 1) T80 3% (pumol m™> s71) , 12 2 CO,-C Y EE /R i
(g/mol) ,3600 FI 24 JHfE REL, @ A LURINNGE TIERFIGH R n s — U UEIIE . N AR I Z
[ R R %) RS0, A0S R R S MR 114) e PAY i 47 A (1) B - S P R A
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e T 42
45 — “FAAR
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Fig.1 The precipitation and average air temperature during the growth period of crops
1.4 Fdnab

RIS HE R FH Microsoft Excel 2003 F1 SAS 9.1 #4470 BS54
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2 EREH

2.1 RKIPAS R it AL Xk - 3t SRR HE R A5 i
EIANTALAH L, REAHE SR it 0 1 S a A HE 4000
R (K 2) , KGR (NPK) |, FKAE 3500 + b

B A R 2R 2633.33 kg/hm?, B = T CK 3000 |

£
A 37.36%, THRRIGA URRMBH O MMB AL 55 20| o
T CK 43 56.329%—86.54% , b 1.5 (NPKM1) Fl g% ?‘;zz
NPKM2 f) 1 3 mseHE il i 2 T NPKS Ab#H % ol
22 KIPRRIGIERIE T LRGP © g0 |
LA .

CK
NPK

KA HLICHLED it AT LA 25 48 v s m] s v A AL
fe o i (1 3) , KA ALICHLEC it 1= 398 T i A LA &
BT 16.08%—56.34% , FHod 1.5 ( NPKM1 ) 4b 3 (1) Kb BE Treatment
R ALK % i =, F 515.56 mg/ke; KN AE
AL BRI AT AR i AAIR, O 329.76 mg/kg,

T PR AR IR RN K B G HILIE AL LA B RS FF 34 H 2 RE
I 2R A ik & (18] 3) , 1.5 (NPKM1 ) 4b 3
BT Py sk 5 st i, A 327.91 mgy/kg, FH HL i AU WA S s SRR Wk B i 77.86% , KIMA LTS
HLIEC Tt ARG 340 FH i 2 4 vy T 33 P 1k 128.84% —185.77% .,

NPKM1
NPKM2
NPKS

1.5(NPKMT1)

B2 KEAREEREET 5 R RHEMHE
Fig.2 Changes.in soil carbon cumulative emission characteristics

under different fertilizer treatments

x2 AREERERETHEFREZRTNL/ (pmol m2s™")

Table 2 Changes in soil respiration rates under different fertilizer treatments

Ab B H I Date

Treatment 6—23 6—25 6—27 712" 7—14 7—21 7—23 8§—2 8—15 8—16 9—1 9—19 9—27
CK 2.44d 2.61b 3.2¢ 3.26b 2.81d 2.8¢ 2.21c¢ 2.43d 2.6f 1.97d 2.05¢ 1.7¢ 0.93b
NPK 3.68cd 4.19ab  5.4b 4.03ab 3.32¢d  3.1b¢  2.81bc 3.43c¢ 3.5e 2.58¢ 2.92h 2.3b 1.42h
NPKM1 6.08ab  4.89a 6.7ab. 4.71a 3.51bc 3.5ab  3.25ab  4.43ab 4.4¢ 3.24b 4.30a 2.7b 2.07a
1.5(NPKM1) 6.18a 4.34a 7.7a 4.77a 4.15a 3.6ab  3.46ab 4.95a 5.0a 3.90a 4.52a 3.3a 2.03a
NPKM2 5.38ab  4.52a 7.8a 4.96a 4.22a 3.8a 3.86a 4.65a 4.9b 3.57ab  4.16a 3.8a 2.47a
NPKS 4.57Tbe . 4.28ab  6.9ab  4.81a 4.07ab  3.2bec  3.10b 3.64bc 3.8d 2.78¢ 3.22b 2.7b 1.36b

[ S AN [6) 57 B 3R 7RAL B H) 22 53K 5% Wk 7K T

KIAAHLITCHLEC it BE 9% 5 3% $2 & 3 Ok A Lk & =, 45 R & 3 iR, 1.5 (NPKM1)  NPKM2 Al
NPKM 1 &k 3 38 50k A ALBR & 7 W 35 5 T NPKS A3 157.62% . 169.63% F1 73.37% , % % %5 T NPK kb B
387.95% 410.70% K1 228.37% , i % i CK AL B 470.84% 497.46% 11 284.15% .,

KA MLICHLIC it LA B A% FF 3 A9 it FH AE 08 W 35 32 3 5 S A A WL i & &=, ani&l 3 BFR, 1.5
(NPKM1) NPKM2 NPKM!1 F1 NPKS &b 2 13 &) S8 A6 A HLak 7 i & 3 5 T NPK 2L B 659.90% ,473.93% |
522.81%F1371.61% , i &% T CK ¥ 1145.94% 841.03% .921.17%F1 673.25% .

2.3 RIS jite AT 15 it T SRS 1 i AR 1

ANTR] i JE Ak B X - 498 il 1 P K R s T AR PR v BRI A M T G ( BG ) (A SRMERG ( BXYL ) (4F
Y- Z W (CBH ) | LEIE B A5 M NG (NAG il ) 4 FPEES PRI DL 1.5(NPKM 1) Kb B AR 57, (] —Ab BT i 4 Ff
it DL BG B M I, NAG R 5 P fe 1K

KA WL ICHLEC it FOFS ARk FH RE S 5 2 48 = T4 NAG FETR AN &l 3, %30 1.5(NPKM1) > NPKM2 >
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Fig.3 Soil active organic carbon under long-term different fertilizer treatments

NPKM1 > NPKS > NPK > GKy i 1.5 ( NPKM1) &b ¥ NAG F % ¥4 37.39 nmol ¢ h™', 1.5 (NPKM1) |
NPKM2 NPKM1 F1.NPKS ZEERIE 2 = T NPK AbFH 260.56% ,179.60% ,169.59% 1 77.14% , @ # =T CK AbFH
452.65% 328.56% 313.22% F1 171.51%,

YIS )i B 14 B (% 2 1 £ 398 CBH S M, 2PN 1.5(NPKM1) > NPKM2 > NPKS > NPKM1 > NPK
> CK, H:f 1.5(NPKMI1 ) 43 CBH 514 58.19 nmol g h™', &5 THAS AL, 1.5( NPKM1) NPKM2
NPKM1, NPKS FI NPK &b 3 1- 3% CBH B % M 2 % & T CK AL 3 193.53% . 111.09% . 72.21% ., 86. 66% i
38.29%

R AE F 35 BXYL BEiE R ¥ 1.5( NPKM1) > NPKM2 > NPKS > NPKM1 > NPK > CK, H.H 1.5
(NPKM1 ) Zb & P 62.81nmol ¢ h™", i 2/ TH AR A AL 3 ; 1.5(NPKM1) (NPKM2 \NPKM1 Fl1 NPKS b3
CBH BEEVE W 2 7 T CK AL 273.32% ,189.98% (159.08% F11 184.21% ,NPK AbHH + 3 CBH BET5 M W2 & T
CK AbFH 77.24% ,

K WG AE T +45E BG FE1G MER P H 1.5( NPKM1 ) > NPKM2 > NPKM1 > NPKS > NPK > CK, H:# 1.5
(NPKM1 ) ZbBEYEPE A 257.36nmol ¢ h™',3 A~ HLICHL AT AL B 2 3% 55 T NPKS Zb P 45.16%—121.89% , .
F T NPK ZbEE 45.67%—122.67% , .3 &5 T CK 4 BE 129.46%—250.74% .,

2.4 IERRFHERCS 15 A LK LA S - SRS P 2 R] A AH SR S T
X T AT A B A SRR HE I 5 - S P DL S A TR Pl 4 oy =2 TR AR DG M R AT T o, A5 SR ANk 3
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JIr , £ 3 N ) Jite A 55t T 1% 398 e HE ik 5 1 4 300
ROC,DOC, POC, MBC 7 & ¥ 2 M & 3 4 5 (P <
0.001) , 513 BG NAG ,CBH .BXYL [ 4 2 Ja] t, 5
e E A G (P<0.001) , 7T UL A= $F Rk HE il 9 6 7 37 1 3
AT e B A 43 5 RO W i v S R A Y

B
5 urﬁ‘l o

8 NAG a

250

200 r

150

e

Soil enzyme activity/(nmol g™' h™')

100 |

50 +

3 e

3.1 IR [ it S Ak 38 XoF P A Al I TS e ) 52

AN ) FH ] 457 SRS it X6 - 98 I 1 53 48 1Y) 5 e AR
R RASSOAS T i FES Ak 380 i) - 8 i g ek 25 5 B B
Jite AT ATLIE RIS A3 DA R B it £ A 3 e 4 v - 1
W H A FHATIE T RE S 0 B W3R AL R 8 A0 IR, OF HL H4 KEIREHEARHE T+ iR E
FEFFUIRE S BHEE A+ REOS Pk + A E WK+ 8 &L Figd  Soil enzyme activity under long-term different fertilizer
FLBEE AT 32+ S04 A5 HUIEA FH Lz fyyp treatments
A AR TR R U B A 9 EA L PO PRI B GRocosdase) s DXVL AR BN (-

. ) A . xylosidase ) 3GBH N £F 4 & i} ( Cellobiohydrolase ) ; NAG iy Z [ i
MO AEREAALRE N T RO RAEER R AU o)
Jit T~ % - SRS P A i L 106 Y 3 v B B R LA
BT K, DT — 25 G a0 i 407 At 235 SR o 1 o o S AR 2 X /N2 - ROKBEAE TR
Fi H 1 A SR e SRR A HEDN 2 P AN [ 179 2 A oA TR DA R A 5 2 S B

309 PR AR IR - SRR HE A 2 TR R A AL PR o - 38 A W s i S LA B i 21 o — % Z A 9T 6
2R ARSI IE AL BT R AR AR I FH (515 1 A - 58 b RO SR AR SG U8 1R B, A R Ab 5T
T AR TR R AL SRR (U2 1 TR AL B R P 2 AT R0, (A5 7 - 0TI 40%—64% ) I AR IF I
AHXT NPK AL FRAE5S 9 H NPK Ab3 4 FhEEE PR T CK ACFE , AR Mpid vk | AEORANE B 1) NPK AL B+
SRR R 35 = T CK AR,

1.5(NPKM1)

Kb ¥E Treatment

RI EERHMS T EFREEVRREAS L IEEE 2 EAHE

Table 3 Correlation coefficients between soil dioxide carbon emissions and soil activity carbon as well as soil enzyme activity

Jehn CO.-C ROC DOC POC MBC BG NAG CBH BXYL
oy 2 Readily Dissolved Particulate Microbial Beta Acetyl beta Cellulose Beta
Indicators Carbon . . . . . . .
o organic organic organic biomass blycosidase  glucosamine enzyme xylosidase
dioxide-C
carbon carbon carbon carbon enzyme enzyme enzyme
CO,-C 1.000 0.880 " 0.664 " 0.812*" 0.824 " 0.841 " 0.900 ** 0.823"" 0.874"
ROC 1.000 0.673 " 0.809 ** 0.829 " 0.858 " 0.956 " 0.859"" 0.871""
DOC 1.000 0.701 ** 0.585" 0.810*" 0.715"* 0.795"* 0.624"*
POC 1.000 0.653 " 0.819"* 0.873** 0.793 ** 0.736""
MBC 1.000 0.809 ** 0.818"* 0.821"* 0.845""
BG 1.000 0.915"" 0.873"* 0.835"*
NAG 1.000 0.906 ** 0.863"*
CBH 1.000 0.884""
BXYL 1.000

CO,-C: 13— S ALIR-IHE & Carbon dioxide-C; ROC ; 7 S AL HLAK Readily organic carbon; DOC ; /K ¥ 4 HLAk Dissolved organic carbon;
POC ; Uk A BB Particulate organic carbon; MBC ; 4 %) microbial biomass carbon; BG : B-#i 2411t} Beta glycosidase enzymes; NAG ; Z. it 5E B-7
HiWHMERG Acetyl beta glucosamine enzyme; CBH : £F 4EZ iff cellulose enzymes; BXYL: AR M, B-xylosidase; ry o5 = 0.468 , 7 o; =0.590,n = 18; * FIR
MR, + o« TR ER
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3.2 RIS [ it A1 it X 305 P 8k P 2 ) 5 )

- BB R A A AT R LR S i ORI K 5 SR A LA Sk = e A 3 P RE R DL
ISR I E S S R AR Ak AR Y MR AR ) 2T R - SR W AR
WFFE R, SR AR L, w5 A HLAC B it | 6% e A AL AR FC it 5 FF 34 R Bl 2 0 e Bl 4 v A L 481 0
51.7% 41.9% 11 22.4% , 58550 L, BB + 2858 6a ML AR AL BE | + 3R W e B I 4% , K P MUK
WAT I R4k, 6a A HLICHLELH S 38540 B B 38 N 109%—46% , K % AT HLER IS N 56%—85% , A< A1
R B AR AT T A W R RK 5 A ML A A Tt , 1T BB B T AR E A F o - 4 A TR e
U8, KA HLICAHLBCHE ARG FFA H 538 4 o 30Uk W ik 128.84% —185.77% , I ] g2 i T Al g
BHUE T R T e Gl Y 0 IR, 78 LG ALt X 2 A 35 P 0 2 o B s A -, 7 L
JEL it FH LR 0 1 e rp SRR A, B R R A ) 22 R 5 e T s o R i A R A AR
Tt [ st e S AR 0 0 v A R SR R R AR O e ) R S TR MR R % T A T
3.3 KAt AR X 1 SR meE s M 0 52 i

3 T A R R AR R A IR RS ST S8R, SRS R 1 = IR BE A B e b R W A R 5
JE AR AR RN AR R AN A0 K Rt AT TS A s RS AR S AR R AN £
HESAY it e BEE S 5 VS5 R4S H DL R R A R A1) 25 5 5550 i B R [ (AR T 35 AR5 P K 14k
NEAL P 24 T RS M, AT R SE B TR TR EHL R E— R LR T IR A L, AR YT
O T RIS, A0 KA HLJC PG Bt ARG FF I8 T RE U8 5 2 3 v TSR B S M, S0 A5 e A
PP R A HURREA IS, BIRTAE A T B B, TR A SCHT LA i A 3SR A R AR R, b 2 Bk
I A Wy T DR AR S SR 0 BeKe 517 RIRST 2 WA RS s ARG A Bk T B R A AR
i SRR Peruce 25 PY BFFE A A RS AT A FH AT D 3E a2 28 e K B S R (V) PRt SRR P, AR
PR RS AT F T 4 S S A T AL T ML it b B M B TS R AR R Bl W BT A 25
[

3.4 TR HE R S RS P A UK AR LA - S T 22 8] A AR D& T

WF9E 3 HE 5 380 PR PR TR0 A 56 DG 2R, T LA A8 45 38 20 40 40 1 -+ S b HE AR S v ) B
PE 2 i B - SRR ARG PR R LR e AR IS, - SRR A S Y DR 2R 4 o S A S A
St X S AR A A X A5 Y G 1 SR P S - SR W R | T A M LR S AR S b e
AR —EL, T R 2O B 5 U FE B, KRS - LT P I 5 AR ) R R A S A O OG AR R T BE PR T
KA 2E R TE, R IEORHEC R 5 5 S A AU & A DG A i, LR TR W e, 55 /K A HLARAH G
PEEAR, HE DU PT RE 2 Tk e ) FE B RS (R 00 25 53 T 3K, Kuzyakov 251 AN 3 A 0 76 sl it 2
Wy e 38 AT LA A S LR A e Ak, SR - e [ B A AR JLRP A WL, G2k 9 4 1 Sl o i ) 23R v B A L
S, AN A A 9 HE R S A B A 2 22 [RIAH G PR AN — 2 Rl IESE T Kuzyakov SERL AT

- B HE - - S 2 1) (1% DG e 5 S RE O I A R v 25 AR R R 5 A G R P 1) N A
5 R MBI 33 BERE 5 ] DL A 7 o A AR AT — RE RO R SIS Y e LRI 1 S
WG TEE RBUBFFE H AT A g — AR50 b - e HER S BG .CBH \NAG BXYL i i 445 52 btk 25 AH
23X 5 Gispert 25 FEPHHE A X AR - oo A O 2 - HE0F W 5 4 SRS 1 5 R AT AE 458 — 2, B 0
W 5 1 B APHETT A 2R BB RR BN AT B IE A OEOE R L 2l A g B P 5+ HE B-
AT AR A 0 B A OGS T BE R VR 2 A B Ik I A SRS 22 g RS IRk, A G
- BTG 5 A T Y 06 BRI T E— 2 AR AR

4 Zig
ATRI AR IR AEARICH X, S AL AL B R LA S 2 1 28 - E B AP I it (P<0.05) , AL L,
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KA HLICHLRC i B85 2 30 - SRR HE i 71.819%—88.51% , si R duc ok W fib K RS 1345 FH A 280 b 2488 Jon
IR 56.32% , K] St A AL BRERHE T I £ 2633.33 kg, 3 37.36% ; K WA HLICHL L jiti BE
i B AR R R PR RR I 4 A i S R M (P<0.05) 5 3R HERL S A ST R AR A A 4 4 LA R 1 3 B-
HI BT ( B-glucosidase ) A M ( B-xylosidase ) , £F 4 % [if# ( Cellobiohydrolase ) F1 Z, [t & B-%) %5 B fiz fi
( N-acetylglucosaminnidase ) 1 P4 S 4% 5 5 AH G (P <0.001 ) |, 158 BH Jite A 38 1 2 2% - 398 oF 0% G 90 9k 28 5 12k W s
PERZ A - EhHE R , BLZ5 T8 REAS A AR b B8 4 Ml DX ) 5 B A A R A — e i B S (U KA Tl bt
JETR A 3R 22 S BOR A P IE FH AR RE RS 0 25 435 - 33 [ e vk 1 HGE il Y AR FH i =8 U Hile o
MW ZAL . AR VRS 5 IF R 252 00 T IERAIGER  (HRAE Y AR 5 A SENF IR ) A - S iR AR s At
BRI B Z RGEHSE A A R AE R VYT 3002 (% 2 e AL AT DAE A 5 A A 25 R Ge ik 1
ANy
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