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THE: [ B8] 547 £ W R A A AR 3F T L0 A MUBE L0 5 Fe Bl 7 V0GR vm , IR AL A 09 2% BB TL 2 Rk 4
JE, ARILOERAEAL R RE, [ FE ] RAENRE, KERERIDH A (k). E K Zea mays 4T
B, FELRBELENANG EY TR (BRBIR) BAEF 6 M, X 2a BRI T LIEANBLA S . LEFHS K
o, HABEIRAD R B E A BALEREE, [ SR ] BT E R, AW RRL A IR F
AT LA o AR BB Ak (P<<0.05), 1% T LHak ROb sk b B 4 A R -, AR T A AUBE S g
B, HMH®N B ERS T 4% 4BKEE (CB). B-1,4-N-ZBER L H 4558 (NAG) #= 1 AL 4 8 (PERO) &1
(P<0.05); HEEFE4L, AWRRE FERALE ZE B B-T HEF B (BG) F 1 50.9%., 7 &8 A bk B
(LAP) #& 1 32.1%. NAG & 453%., BRPEAEE: B (PHOS) 71 40.0% (P<0.05), 5 #af4F 0k, 2R RS FE4F 6
AR T % B RACEE (PHOX) 71 28.6% #= PERO &1 22.2%, f2stiuBied B ¥, 5 EuF4FMk, £HR R
BARBTEART T KE; SEaFEAAk, AMRARRAFTENBLFH IR, S KEARTALHLTE YA,
PERO #e PHOX &5 E3E VB M B o4, AL, BB 22 F AiMX (P<0.05)., TASM AN LEHERBERES
. BRANAEB A Y LIEBERR A AFHIHEG T ERT, (4] SApHEedt, MR RS AN
MR T A A AR B LA D P LA S R B S, AR LR D MBS, MBI, TIEA RS
A B RS R R G BIC R AR A A, B2 K3 444
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Effects of biochar combined with organic amendments on carbon composition
and eco-enzymatic stoichiometry of red soil

ZHANG Lei, XU Yimeng, BAI Meixia, ZHOU Yan, QIN Hua, XU Qiufang, CHEN Junhui
(College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective is to analyze the effects of biochar and organic amendments application
on organic carbon composition and enzyme activities of red soil in arid areas, and investigate limiting
characteristics of microbial nutrients, so as to provide a theoretical basis for improving the stability of red soil
organic carbon. [Method] A field experiment with 6 treatments were set up, including a non-amendment
control (ck), corn (Zea mays) straw and sheep manure single application and their combination with biochar
(corn straw biochar). 2 years after the start of the experiment, soil organic carbon components, soil nutrient

mass fraction, hydrolase activities and oxidase activities related to carbon, nitrogen and phosphorus cycling
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were determined. [Result] Compared with the single application of straw and sheep manure, the combination
of biochar and its application significantly increased the mass fraction of soil organic carbon and available
nitrogen (P<<0.05), increased the soil carbon-nitrogen ratio (C:N), carbon-phosphorus ratio (C:P) and the mass
fraction of recalcitrant carbon pools, and reduced soil organic carbon activity index. The application of organic
amendments significantly increased the activities of [-D-cellobiosidase hydrolase (CB), B-1,4-N-
acetylglucosacosidase (NAG) and peroxidase (PERO) (P<<0.05). Compared with the single application of sheep
manure, the combined application of biochar and sheep manure significantly reduced the B-glucosidase (BG)
activity, leucine aminopeptidase (LAP) activity, NAG activity and acid phosphatase (PHOS) activity (by 50.9%,
32.1%, 45.3% and 40.0%, respectively, P<<0.05). Compared with the single application of straw, the combined
application of biochar and straw reduced the activity of polyphenol oxidase (PHOX) by 28.6% and PERO
activity by 22.2%, but had no effect on the activity of other enzymes. Compared with the single application of
straw, the combination of biomass charcoal and straw reduced the vector length. Compared with applying sheep
manure alone, the combination of biomass charcoal and sheep manure had no significant effect on enzyme
stoichiometry, vector length, and vector angle (P<< 0.05). PERO and PHOX were significantly negatively
correlated with soil recalcitrant carbon pools, C:N and C:P (P<<0.05). Redundant analysis showed that soil
recalcitrant carbon pools, C:N and C:P were the main factors affecting soil enzyme activity and its
stoichiometric characteristics. [Conclusion] Compared with the single application of organic materials, the
combined application of biochar and sheep manure can better improve the nutrient and the size of recalcitrant
carbon fraction in red soil in arid cropland, reduce the activity of carbon degrading enzymes, and alleviate
microbial carbon and phosphorus limitation, and can be an effective measure to improve the microbial nutrient
limitations and carbon sequestration capacity in red soil. [Ch, 2 fig. 3 tab. 44 ref.]

Key words: red soil; organic amendments; biochar; carbon components; enzyme activity

IR E R X R AR, (AL R S, RNEZ, AR5,
P 1o £ A WL AS A2 Tk TR P o X (R B bR 1 22 4 . e3P Al W] 4 2 Ji LA ROk % 1l 2= SR HE L 28 5 E
BRSO LR R R AL 2A 250 S5 880 M A HLBR AL A 1, AR A HLBRBL 43 1 S FEXT A1 53R
BE (A SRR B SR RRAE N 3 WL A 43800 43 R 05 e RDS M B Sl 4 0T, Ban , e AR R K R
AT 3RAS SR YRR D R VR 1) 200 S 41 A R A TS PR A o, T g 7R A MLAR 14 16 BR 1 N A
PrnT RIS BRI, A X3 - S 20 43 o o A3 BSOS Ak 6 T 3R R AR e E A R . ALY
BHA HOERHETE - LB REY = R AT R S RS AR RIS AL H T LI Jin - g
TEPEA AL TR, (B SR T e, SRS KA PR IR A 1) ok
IERIN T 5 nT 2 R R R A R RR U, B AR AR E R Y, RN R T R
B KT A HLYRS W) R 5 Bt X 3350 g ok B RO RIFSE (L 3 e it o - 39 2 045 et 1
Ko HA SR R R AR 52 1 A0 ff AL

e R A AT LS R R SR R IR B ), 7 3R (C). A (N). B (P) AW HLER b1
I R R B 2 A E IS T4, BEE DA AR IR A, IR A S L R R H
25 Z BN E AR S P A b - R M, O A S A T R T DL A s A 0 A R R SR
H SRR A M Z M AP O R, R A A W hg i AR o3 e PR B IR 0 1Y) 3 224
BT, g DAY SR AL 55 SR e AL A DG Y B-REI A WE T (BG) RNEF4E Wi /K Bl (CB); 5 AU ALARC N-
b E A A I (NAG) FISs E IR 2 LK (LAP); 5855 AR 6 10 e vk S M s 2 1 (PHOS). H
B, HIERGAE AR E AT 2 ] (BG+CB): (NAG+LAP): PHOS [ {f sk RAFAE Mrxf . & B
TfORGLO, AR R . IR C: NP FERERIUE DX E, 2950 10101, M EL (IR &5 0 R A9
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WA, DGR AR A . AL, BERREPIROL. AR R HERUEYSR A RGOS
A MU E TR UM, Y U WA TR R B A BRI, mT RB AR 2k sl B kil A HLT A 2, I
Some IR HEC T BRI T AR BRI . A LR R A LB R A AR KRR R, A
MR E DI RE R RN SR A0 BRG] . S tAE B, A=W o i FH 8 e 1 - S0 P e o o 0 5OR 8L 81 2 g )
Al ARSI A P BRI SR, 1 A LR R A 0 e AR | it P s () A 3 bR O 25 5
ANFAA BB T S5 P 37 53 BR R O S 5 = 8 HLAR A1 53 2 0] 1 5¢ RIB A AR R AR e 1, A
W, MRAFEAIREHG, R4 FEEA: S A TR R IE ARk, TR i R M 2T Sk 4 9K
S HLIRFSE PEIF 9T 2 G H 2L,

ARIFFRULEAK Zea mays FEFF . F2E 0t S H 5 AEY) BTR O 2 a 5 09 S 2038 s X 4, 4
B A DB ZH 73 LA S . AR O SC G PR ARk, WA A [) 2le B e it o) 2 b £ 1S58 G 2E 77 53 BR )
AR 5E M S I = ZER SR -, DA 3 i 2 i 2T ML e MR AR 22 1Kl
L ARG T
1.1 AREER

WFSE XA T W LA AN T 1 2 X AR AL A (30°15'N, 119°43'E), 3% X Jm@ I 7 2 XU s, A 4EREIK
o0 1420.0 mm, 4FEFHRIEN 159 C, 4FHHBIECH 1 7740 h, JCREWIN 236.0 d., FEHL 155 Rk
Wa kR bR B RLE, R0 AR BT pH R 4.74, AR A 455 g kg, 2% N 045 g kg,
HRAWE R 1.58 mg-kg™", HALH N 89.00 mg-keg ', WRAEE N 63.10 mg-kg o BPRL . HRLFN B R 4350 A
10.4% . 43.5% 1 46.1%.

1.2 Rt

HEHAS IR T 2017 4F 4 H, AUYEHEREOKRFEAFMAFEZE, Ll 6 DAbRE, fdh. X (ck, A~
ALY R . EOKRFE AR (). FFEHE (M) DL K bk 3 Fp b #1435 5 A=W Bk (B) B (G2 A
ck+B., S+B, M+B), ARbHIE 3ANER, VLXK AR DNXERR 6.6 m*, /NX[EEEEHR 0.5 m,
AHF5E FERFEFFR A REH, e R 10.2 t-hm 2, Ho&msE R 3.6 t-hm 2, FIEFNA4 Wy 5% 0 &
5K FE AT AL PR SRR A, M0 98 33.5 t-hm 2 Fl 8.5 t-hm 2, B 145 /N X - Sk AR B
S, A/ NXERH 60 em FE 1R A LR AL IR A L HE 40 em.

B A= B Ry BARFEFE 2, B B ORFEFFAE SR AL 450~500 °C PRAAFAEE T #4f#% 2 h &k, Jfid
2mm 0, &H. YT RIEARIH R, pH9.3, MM 4242 g-kg!, AN 102 g-kg", HBEN 1.6
gkg!, BHIR 2.6 g-kg!, BRALLA 41,74, FORFEF T MMk, ARRTEUIRE 1om &H. £K
T AT & 4Bk 352.6 g-kg ™', @A 9.2 g-kg!, WAL N 3832, I T EEN A IR SRY, HKEN
0.63 g-kg', pHS8.2, HHKHN 2943 g-kg', AN 21.7 g kg, MHEN106g-kg”, MR 11.2g kg,
WEED T . FOKFRE AN 2RI BT 0 B B S0 fE - 383810, TR RS 0~15 em -3 5)1R
A, I HAR AR AR K, RAS Mt LA AR
1.3 TEHEARE

2018 4F 12 1, 1EA/INX P4 IR T S0 R4 0~15 em H33E, PhEqoki . MR R L A AR IR 25 24y
FOMRAEE T REBEL, SRS 2 mm 7, 0003 6y 1 RFET 4 °C vkEE, JIETE 14
d NIE TS Y A Y MG v 1 EFRAAKTE, WE LSRR FR T2 R T
&, PRAFT=70 °C vKAE .

1.4 TEEZERSHT

ZZE P e, 3 pH # +K HE 1.0:2.5(F & ) A pH 11 (Mettler Toledo Seveneasy) il 5 ;
T ALK (SOC) K FHE K ER PR /MINIEIE ; 2R (TN) HPLRE ZENE ; HIE2EE (TP) FH i & li2-
BRARILINAE ; HHEARBE (AP) RABRIR QIR L, /0RENE ; H IR (AK) F A6
5 AR R (AN) IR B0 e . R 2 2B R /K vk D 2 2 0 A 20 20 A e 21 4 B . FREGE:
0.25 mm Fi X HHERE S 0.5 g, 20 mL B9 2.5 mol- L™ BRERTE 105 °C K /Kfi# 30 min, Ji5H 20 mL £5
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FoRPRIRERY), UK=Y R e S k414> T (LP 1 -C); FIARSRE7ESIE N 13.0mol- L™
BRIRIELEREF KM 12 h, FF7E 105 °C FOREE 3 h, EWIFES), FEAHZE 5000 r-min" B0 [ IOK A T 15 5
M g, RIS EI5 fkikdlsr T(LPIT-C); TEHEA PR (RP-C) 2 A WLk 5 5 7 (i 41 73 (1 25 .
o, MERE AR L 23 o 3 S LA Y L RO e R e g, A HLBRIE PR 5 (LPC) 5 -+ 38 S HLEk
(18 Lb 81 B R A BLA TG P 51
1.5 EEMNERESEETEBREST

AT E 5 Fp HHEOK AR EEEME, L4E B- AT I (BG). £F4E M /KM (CB). B-N-ZMEILA
SR IS (NAG), &R A SLIE (LAP), MRVEBERREE (PHOS). - HE/K fif B s M i 2 B SATY A-
CORK % 5k, BHRA BEAE YIRS WL A 25 °C 553540 h BIE 135 3 h, FE IO LT
W58 D C 2 =1 4-H BT AEH: (MUB) 5k 4-H 3FH T E (MUC) (7=, E R KA 365 nm,
BN 450 nm. A BREPEYI LA nmol- g'-h™' /R . MRYE DEFOREST ! f771k, DL L-3,4- 50K
AR (L-DOPA) NIKY, AL G 500 2 By & Ak (PHOX) Filid k4 (PERO) 1tk . R4k
BTG P L 138 1] S B (vector length, L) Fl[H) 5 fA BE (vector angle, A,), 43l F DL AR 90 A0 B
il AR S B LR L

Ay = arctan(X/Y).

Horre XFRRBe. BEPIEIOA TEHE, W) (BaotEcp)(Ep+Eco Epnos)s ¥ RN AU X 15
PE, B (EggtEcs)(EggtEcsTExactELap)o FEA B I B K BE SR n B R e B, [ 52 A B <<45° 1 >45°%
TN AR ] 5 oA B B o I ) e (0 B84 T e 348 o, e A A e IR o 1) ek A ) 84 K T 4 K
Bl 4 S B o o ] 7 88 1140 18 R/ NP1
1.6 EiEALIE

Sk H] SPSS 26.0 LLAT LY KL (OF). A= ¥ ot sic (BF) 1E g K, i 47 BRI R U7 22 53 M (two-way
ANOVA), ;5075 L4 AL AR 9 5 e it 100 1) = 3808 Joi 22 53 S BRSO 5 B PR3 07 2243 M (one-way
ANOVA) Fl Duncan ;25 5 FUESKG 30 AS [ Ab BRIA) 22 53 g 28 1k, W8 MKk P<<0.05; H-3Emn it &1k
PR S AR R A T4/ T (RDA) R Canoco 4.5 8045 R FH Ez R 3b (Pearson) #H 56 23 A ik 43
BrAHSEE, HEA T SURAG 56 2 3k o

2 &R

2.1 TEAFHRTL

5 ck ML, FEZE R A pH RNSR A TR A, RS AT RN T R AL, A
Yy S I T A MU R A T A, IR RS T A L R LL (R 1) S EREA P
BHHEL, A LR A W 0 e Bt 8 2 3 0 T 3 HLER A AU T i o8k, #2001 3 R L A
Hoo SHUBEREFFALL, FEFF-S5 AR 000 B b 2 0 T 38 4 SRR i /0 50 (P<<0.05) . WA E Ty
2T R0 . A LRI P b 2 S R, AR R - Ak E MR I (R A B
T 280 L R LU AT S 3 s, (R 25 S 35 28 HAE o
22 TEFHHBASTH

5 ck M E, B EIE AR Y O ARSI T S Aoy T L e A ML T R S8 A B A L
Yikk, AR OR S PR BN T E A PR R R, FRACE ML R R, IRE TR
HUBMERE MR A0 (2 2)0 WU R 2008 . A YL kel A 4 5 i F X = 3981 A BILB o i 0 50
e 2R (P<<0.01), T A 400 O o) X2 A 48 BSORT A WLAS I 18 B0 W S 3 5 i) (P<<0.01),
2.3 TEMEERESUETEHT

5 ek M EL, PR 2 W AR B A BE T TS MR 94.5% . B-N-Z Ik G 3 A A B A S bk
179.2% . i EACYIREEYE 39.8% 5 SRTGRSFF 0 4R B-AIATHT G ME 79.6% Flid E ARGV 48.6% (3% 3).
S REA AR L, AR T IO o 25 3 PRI W S A B S 1 28.6% . i FAL I EERE M 22.2%; SR
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Table 1 Effects of biochar combined with organic materials on soil chemical properties
JbF pH FHHLRAg kg ") L5 /(g kg™ L/(g kg™ R A (mg- kg ™)
ck 4.94+0.22 ¢ 4.54+0.17d 0.62+0.06 ¢ 0.21+0.05 b 45.35+3.61d
S 5.16+0.27 be 5.15+0.84 d 0.73+0.07 be 0.18+0.01 b 48.76+3.48 d
M 5.54+0.08 ab 7.23£0.84c¢c 0.99+0.23 a 0.31£0.07 a 58.88+6.64 be
ck+B 5.26+0.27 be 11.02+0.85 b 0.72+0.04 be 0.20+0.01 b 50.50+5.23 cd
S+B 5.29+0.20 be 12.02+1.27 ab 0.87+0.11 ab 0.21+0.02 b 60.77+8.53 b
M+B 5.80+0.14 a 13.13£0.77 a 0.92+0.07 ab 0.29+0.01 a 71.57£1.57 a
OF 12.56%* 12.28%* 9.20%* 15.08%* 15.90%*
BF 5.79% 254.42%** 1.12 0.15 15.55%*
OFxBF 0.28 0.50 1.30 0.78 0.91
asi AR (mg kg ™) HH(mg-kg™) BRALL B LL AW
ck 2.95+0.79 ¢ 100.44+32.71 ¢ 7.39£0.72 b 22.84+3.94 ¢ 3.17+0.80 ¢
S 4.08+1.11 be 108.42+33.18 ¢ 6.98+0.40 b 28.65+2.33¢ 4.10£0.10 a
M 8.89+1.61 a 219.70+40.56 ab 7.55+1.40 b 24.27+4.00 ¢ 3.23+0.11 be
ck+B 4.30+0.76 be 166.69+27.42 b 15.27+1.09 a 55.59+5.31 a 3.64+0.22 abc
S+B 5.69+1.95b 193.56+13.86 b 13.90+0.92 a 55.93+3.30 a 4.03+0.17 ab
M+B 10.10+0.21 a 251.18+13.40 a 14.33£1.65a 44.64+3.28 b 3.13+0.12 ¢
OF 38.76%** 21.64%** 0.65 430 6.78%
BF 5.93% 20.31%* 126.25%* 148.75%* 0.23
OFxBF 0.04 1.35 0.29 2.66 0.81

Vi ck. XFHR; S AHFFALEE; M. EFEALEE; B IS Y s, OF. GHLIWARIR F; BF. A¥E % KHF; OFxBF. YLk
S R A HRN . P BUE N P EEbRER . [EFA [R) F 1k R A [E) Rb i E] 22 5 .35 (P<<0.05). SR 5 24007
* P<0.050; **. P<<0.010; *** P<0.001,

®2 EWRRERAVMEIN L IEERE SR

Table 2  Effects of biochar combined with organic materials on soil carbon fractions

bE S ALERE S 1 (g kg™ D BRAS Mg kg™)  1EMEANIR(g-kg)  MEREMRISEUY  AHUBRTE R EU%

ck 1.16+0.08 b 1.45+0.08 ab 1.92+0.13 d 42.28+1.37 ¢ 58.72+1.37 a

S 1.47+0.18 ab 1.91£0.29 a 1.77+0.69 d 33.45+7.78 ¢ 66.55+7.78 a

M 1.68+0.24 a 1.70+0.41 ab 3.85+0.49 ¢ 53.31+4.54 b 46.69+4.54 b
ck+B 1.56+0.34 a 1.27+0.23 b 8.19+1.26 b 74.03+6.61 a 25.97+6.61 ¢
S+B 1.58+0.06 a 1.74+0.25 ab 8.70+1.17 ab 72.26+2.89 a 27.74+2.89 ¢
M+B 1.55£0.08 a 1.60+0.46 ab 9.98+1.28 a 75.85+5.21 a 24.15£5.21 ¢
OF 2.76 3.32 7.14%% 7.65 7.65

BF 1.81 1.03 210.61%* 160.25%* 160.25%*
OF=BF 2.83 0.02 031 3.69 3.69

Vi ck. XTHR; S ASFFALEE; M. EFEALPE; B. I Bis AL, OF. AHLWARIR T BF. A¥E % FT; OFxBF. ALYk
S5 BRI HRN . R PEUA R FIEEbREL . [HFR R 1R R AN [ A B R] 22 57 5 2 (P<<0.05). SRy 22400F

* P<<0.050; ** P<<0.010.

SEFEMLL, AWk BCE S 2SRRI B-A A B 1 50.9% . SR
PR P 1 TR Tl 0% 1 40.0%

I AP B E M 45.3% .

MR KA M 32.1% . B-N-Z BE%E
ﬁ%%%%ﬁﬁ3m%oﬂﬁ%ﬁ§ﬁﬁ%%:

AW RTINS BRI WE Y . 22 M S AL R A S A RS A B R s A LR X 2T 4R —
IR | B-N- £ Tt 35k S 5 7 2 e Tl A S A M s P S 5 AR TR ﬁm%ﬁm%ﬂﬁﬁﬁﬁﬁ
R AR AR BB VAT 28 R 58 AR
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Table 3  Effects of biochar combined with organic amendments on soil hydrolase and oxidase activities

Ab 3 BG CB LAP NAG PHOS PHOX PERO
ck 9.13£391 ¢ 1.64+0.27 be 3.11£0.62 ab 3.63£1.12b  55.27+£13.41ab  709.47+61.41 ab 1741.86+341.52 cd
S 16.41+2.00 ab  2.64+0.61 ab 3.42+0.69 ab 4.29+1.75b  49.90+10.89ab  875.67+97.78 a 2 588.16£279.97 a
M 17.76+3.42 a 2.16+0.68 abc  4.03+0.49 a 10.15+4.31a  73.04+17.17 a 699.29+202.40 ab 2 435.79+129.12 ab
ck+B 10.56+2.70 ¢ 1.16£0.75 ¢ 3.36+0.90 ab 4.88+2.88b  70.88+7.07 a 489.06£79.10 b 1433.27+4258.45d
S+B 11.47+1.39bc  3.06+0.85 a 3.26+0.36 ab 4.45+0.83b  58.40+2.66 ab 625.15+172.36 b 2014.58+133.39 be
M+B 8.73+£3.67 ¢ 1.22+0.47 ¢ 2.73£0.53 a 5.55+2.62b  43.85+15.84b 598.55+67.76 b 1672.53+371.10 cd
OF 322 8.72%%* 0.09 3.88% 0.80 2.25 10.90**
BF 8.82%* 1.24 1.88 0.79 0.09 10.37** 18.72%*
OFxBF 4.67* 1.78 2.48 2.24 5.79% 0.60 1.08

VLW . MBI MRS nmol- g7+ h™' . BG. B-#iAGWEE il ; CB. 4P 4R K EE; LAP. S E MR A SLKAE; NAG. p-N-£ R 54 4
Wi ; PHOS. ﬂ&mﬂ&m PHOX.Z & Ll ; PERO. il A LIl . k. XTHA; S. FEFFACEE; M. 28408, B. RN
YA ALEE, OF. A HLARIN T BF. ALY BN T; OFxBF. AHLIHR S5AEYRA ALY . % PEUE N (bR i
% [FFIARFHEFR AR AL TR 22 7 B35 (P<<0.05). XUHE 22400+, P<0.050; **. P<0.010,

5 ck ML, FANERS AT P U RERR AL | REERREE LA ] R, T BRI S AR L | R
Wi FE R ) R TC R (B 1) SR AR L, AR PR BCERS AT R E R T AR L s S
FHALL, ARV BORBCHEX B AT b e R R a2 . MU B T7 220 R
Az Wy St NS e B LUAT 2852, AT MLt P B L | BB LL . o) B SRR A B
LI EE S K (A E

8 rm _ 09
For=7.63** Fop=6.37*
p _FBF 2.84 Fy=5.81%*
2 Fora=1.00 B 0.6 FFoppg=1.12 ey
& Fy a v
= 4o a = a ®
& S Lt b ab 203y 4 b b
¥ b
0 0
ck S M ck S M
Josiil Ab ¥R
1.8 [Fp=8.60%* 120 Fo=4.57*
Fp=3.64 Fp=2.31
‘]R( 1.2 —FOFXBF:O'88 M 105 _F‘OFXBF:O'33
MU &
a L
ﬂﬂg bc be ab be ¢ ﬂéﬂ 90 a
T 0.6 z b
ﬂ[.Ji. ) a : : b =
0 60
ck S M ck S M
yosiil yosii

RESVIEX/ S I8 2

ck. XIS FEFFALER; M. EZFEAHEE, B ASINZEVITUR I . OF. AAHLYIEHA 7 BE. AEMBTUR AT OFxBE. AHES
AR AE HLA o ANF/ING SR RIS AN R AR BRI 22 5 i 35 (P<0.05). XK 35 2 43 #r*. P<<0.050, **. P<<0.010.

B 1 AWREEEAIGFT LR SR EAaERKEROGE AR
Figure 1 Effects of biochar combined with organic amendments on ecoenzymatic stoichiometric ratio and vector length and angle
24 TEUFERSHEERLFTELXR
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