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A B0 18 FH 40 04 T B 1 16S T RNASER . H
P 18S rRINAJE DX A [ AU CAE W) nifHAEE R 3647 28 12
AT R SR HE M & IR S BESCEk [ 17 ]
7o LATORSHE BB ARAS 19 Bk E A7 6 BE AR R, 15
#1072~ 107 6486 B 4 o N 7E SE R 2 S PCR
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Table 1 Primers for quantitative real time PCR and reaction conditions

ER:OE 375 Gk 51 F5 (5'-3") F R 22 3k
Target gene Primer Primer sequence Reaction condition Reference
i) 338F ACTCCTACGGGAGGCAGCAG 94°CTIAEM:2min, 94°CAEM:30s, [18]

55°CiE k30s, 72°CTHIILMHI30s, 35
AR T2 CHESmin®

Bacterial 16S rRNA 518R ATTACCGCGGCTGCTGG

W +Hiindd 527

FLR NSIF GTAGTCATATGCTTGTCTC 94 CHIAE M3 min, 94°CAEYE30s, [19]
Fungal 18S rRNA FungR ATTCCCCGTTACCCGTTG 57°CiH k30s, 72CHIIEM40s, 35
AMEER s HeJF 72 CHE IS min®
| 344F ACGGGGCGCAGCAGGCGCGA 94 CHIAE M3 min, 94°CAPE30s, [20]

Archaeal 16S rRNA 517R

[ AU nifHIE nifHF
Nitrogen-fixing nifHR
microorganism nifH

gene

ATTACCGCGGCTGCTGG

AAAGGCGYGGWATCGGYAARTCCACCAC
TGSGCYTTGTCYTCRCGGATBGGCAT

59°CiRA30s, 72°CTHAEM30s, 35

AMEH 3 572 °CHEH Smin®
94°CHIAEMESmin, 95°CAEYE1Ss, [21]
60°CiB & 30s, 72CHIILEA30s, 35

AEER; LR T2 °CHE S min®

ENote: D The PCR protocol consists of an initial 2-minpre-denaturation at 94°C, and 35 cycles of denaturation at 94°C for 30 s,

at 55°C for 30 s, and at 72°C for 30 s and final extension at 72°C for 5 min. @The PCR protocol consists of an initial 3-minpre-denaturation
at 94°C, and 35 cycles of denaturation at 94°C for 30 s, at 57°C for 30 s, and at 72°C for 40 s and final extension at 72°C for 5 min.

3 The PCR protocol consists of an initial 3-mindenaturation at 94°C, and 35 cycles of denaturation at 94°C for 30 s, at 59°C for 30 s,

and at 72°C for 30 s and final extension at 72°C for 5 min. @The PCR protocol consists of an initial 5-mindenaturation at 94°C, and 35

cycles of denaturation at 95°C for 15 s, at 60°C for30 s, and at 72°C for 30 s and final extension at 72°C for 5 min

1.0 pl, JOREXWFEKS ulo FRifE L A AR 3R
B, FIEEES A YO0E RPCR TR 5]
R 3 LS I
1.6 TIEEGEMENETE

- Bl M Oy AT OR AL AR B e ik, LR
Bk R W 5B K AR 4 - W3 < R TR
(4-MUB) #{7-&H-4-HREFLTR (MUC) #HfT
DGR, DR AR b S B T M. IR
6P ML ANEE > R . B -HI ARG (3.2.1.21,
4-MUB- B -D-Hij 4 Wi 11 ) . 2F 4k — W K fif i
(3.2.1.91, 4-MUB-ZF 4 —FE4F ) . ABEIF
(3.2.1.37, 4-MUB-B -D-AH¥it) . B-N-&
Pk i S 6 A9 B (3.2.1.30, 4-MUB-B -D-
O R A T ) . RYEBERREE (3.1.3.2,
4-MUB-WER MG ) Fsc 2 MR = IR (3.4.11.1,
L-RRR-T-RI-4-FREETRER) . F5 P
() SCF 53 i 3R s Wi 27 25 L S A MU o T L AR
RE S Lk [22] , IFET b RBk.

FRUL2 g¥ VR T4 o i 1 B AL 5 i A 4740 ml 50
mmol L™'EEERZE thk (pH 5.0) H9100 mlE L&
L, B TRER F25°C, 200 r min ' 20 min,
i - R S TS R . FH60 mlfY50 mmol L% R
G vl /b B 22 YUK T BRI R TR AL LY RRAR
L TR A B R o R A R E 3 IR
W, [FIEEE A AR Y BT R, 2 D) RE
FrA% ( Synergy™ H1, Biotek, [ ) 7EDGE &
365 nm AKEIE I K450 nm T 5E 5 K586
Ho MRIEbRAEM L BEAE R, AR50 BT A A 1 AR
HERN R E K F0.98,
1.7 iR

TR0 B (d FHSPSS 18.0 (IBM Co., Armonk,
NY, EE) #7800, RITPREER I 250
(one-way ANOVA) X HE (Duncan ) HZHEIL
BRI A A BRI ) 22 S B M (p< 0.05) o HIE
PEAP TR B R #h ( Pearson ) AH 350 B 12 i 4T 8L
PG 01 1
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Table 2 Properties of the soils after incubation relative to treatment and biomass of ryegrass

Jb ¥R pH A LB e AL
Treatment (H,0) SOC (gkg') TN (gkg) C/N

Tl A 2R EEp AR
Alkaline N Available P Available K

R AW Biomass of

ryegrass (g pot™)

(mgkg")  (mgkg') (mgke™)

Cco 6.86¢ 26.17¢ 2.38b 11.12b
Cl1 7.48b 37.89bh 2.83a 13.38ab
Cc2 7.75a 52.11a 3.13a 16.72a

236.5a 9.49a 57.63¢ 3.11+£0.70b
196.3b 8.62a 117.7b 3.34+0.62b
194.7b 9.12a 165.1a 5.24 £ 0.63a

i CO, XM L, EMFRISING 2% (5 LA ) 5 C2, AW RAA NG K 4% . [7) 5 Bds J5 AN 7] 57 BE 3R R A ] b
] 25 538 35% 8. F K. FlRINote: CO, C1 and C2 stands for Treatment CO ( biochar added at a rate of 0% as control, weight/

weight ) , Treatment C1 ( biochar added at a rate of 2%, low ) and Treatment C2 ( biochar added at a rate of 4%, high ), respectively.

Different letters affixed to the data in the same column indicate significant difference between the treatments at p < 0.05. The same below

(4% ) , BERAYERE T68%.
2.2 HYIRRMNTIEMEMEEHEN

EXFREAH G, CTALPRATAN G . 7l o 1 [ 0 R
LR R 8 T30% . 36% M 72%, %) H
BRI (E1) 5 C2Ab PR AR 48 45 41
SRS T50% . 83%F116%., M)k 5k 3 i 3%
FRAR T ECRE /AN e (F/B) , #2080 1 i g /40 s L
(A/B) o C2AbFRXFARTA . oty b A0 o] 0 5 e R = i
BRI C 1 K,
2.3 YRR LIREEEMEANE N

I 2F R, CIARFRTT B 4 7 b5 1 il . 2F 4
TR ARG . ORBEIEEE . B -N- £ BEAL A LA A b
R 1 0 I 1) 9% P S e ot R R T 25%
118% . 123% . 112%M14% ., C2Ab3T FikF5 45
ST AR S T61% ., 215% ., 148% . 114%F
20% . A5 R A BN 5L R TR A FE KB TC 2 . C2
ARBRR Y B - 250 W T RN 2T 2k OB I St S M
FETC, i Al S P C LR C24b B 2 [A] H4 E

BFERES.
24 WEVMFESLBEMAEFMR. BIEMEAHE
ek

YA Z M AN TR AR, EEPEPEMBAR I T 2%

TAR AT TAHOCHE ST . RIRRUE Y R L
B2 PER (pH. SOC. TNHIC/N ) 675 il i P iy
FHOCPERW, 0B ME AW Y 5pH. S0C,
TN, C/N. B -Hi%fiirmg. 4 “BKmmE. K
WG . B —N— & Mok o e 5 80 2 W G ) R ekl 1R
il S22 0 35 E A DG, T A g R i IR A G
(R3) o MR T 5 AR B R 2R 25 KA
TCARSEPEAN, A S m —8, HwF
55 - S b 2 e o R T N ) T A S

3 U i

AR R RN, mHE (4% ) W/NEFREFE
A ) ST IR VAN T 2 R . IX A P 3 BT D S R v
ME R, S Zhang®F TP IR IE A WAL 56 T
A T A v XK R P A — . TokE, BE
FAEY RS S L HEpH . AHLK . AR A
SRERAEVIER. WRTH, R ERNE 1
Herpr, pHAHE R AT DL EHEEHEP . K. MgHlCa%ds 57
SRR, RS PR S A 4 R s E A
PRI RIE R 7 R AR IR BT S v
+ ., AEYIEBE INASR T +4EpH 0.62 ~ 0.89
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Fig. 1  Soil microbial abundances relative to treatment of biochar addition
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Fig. 2 Soil enzyme activities relative to treatment of biochar addition

x3 WEMFESTEEFHER. BIEEMHEXYE
Table 3 Correlations between soil microbial abundances, soil properties and enzyme activities

Al RE O BRAL B-WAMTE AgETHDK B-AME SRR B-N-ZBEEIE MRYETERR

s o i WS Y RS AR g
MEEED  0.90%%  0.89%F  (.81%F (.78% 0.78* 0.87% 0.74% 0.35 0.85% 0.75%
HEFEY 0.04 0.19 -0.11 0.3 0.36 0.09 0.12 0.29 -0.01 0.19
WEFEY 0.86%F  0.84%%  0.82%%  (0.68% 0.82% 0.80% 0.66 0.52 0.77% 0.67*
P EnifH  0.90%%  0.94%  0.76%  0.86%* 0.78%* 0.82% 0.71% 0.15 0.85% 0.69%
e TSRS o

W Note: *, p<0.05; **, p<0.0l; n=9. M B -Glucosidase; @ B -D-Cellobiosidase; @ B —Xylosidase; @Leucine
aminopeptidase; @N—acetyl—B —Glucosaminidase; ©@Acid phosphatase; (DBacterial abundance; Fungal abundance; @Archeal

abundance; @Nitrogen—ﬁxing microorganism nifH geneabundance

W AR A W BOR R — 8oy T LN IR el &m0 RBOERSEE, AR T 20 Ay i 2 B R 4R
AYAA, AWmfEERUEY R R . B BUREOREE et A MU R AR Yy BRGS0 B,
R Z AU R TR A RE R (e (RBEYIAE R AP E A S LA
ML) MEmile, N EEBEYARMSE T PRI R B IEASE, Wil AR A
TR GRS 2L B, AEMRAORITE WS SR Z AT E IR AR . A R R
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THIEYE. Chens U7V RFGE & BURS FF A 5 5% 7T L)
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BRI IEVE . Bailey s 13 Uk WS A5 5
e T A ) B 1L 455 4 RS 4 T S 40 14
W BE F1, 32 T SRR AR W T e ORI RO,
W E T 2 R WA FEEA R R R, W
i, 78 LG B TR G A 06 B 45 4 % 1B A W) T 0
fiF . ESERRN I, TP L AT

4 4 ik

AR, RN RS AR BUR T 4
w U RERAEY R, FEANT AR RSE T L
SEFR oYK, JF RN T ANTE bR ] G A
TIEE RO RE R F I, W T 5 HEC, N
FIPEGALAR DG A MG 1R o SRTNT, X P eSO MOR (19 15
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Effect of Biochar Addition on Ryegrass Growth in a Pot Experiment and Its
Mechanism

WU Tao FENG Gelin ZENG Zhen CHEN Junhui’ XU Qiufang LIANG Chenfei

( Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, School of Environmental

and Resources, Zhejiang Agriculture and Forestry University, Lin’an, Zhejiang 311300, China )

Abstract [ Objective] Biochar amendment to soil has recently been considered as a promising strategy
to improve soil carbon sequestration and soil fertility. The aim of this work was to investigate effect of biochar
on plant growth and its potential mechanism behind, so as to provide a theoretical reference for the use of
biochar as a soil amendment in agricultural soils to improve soil fertility and enhance soil carbon sequestration.

[ Method] For this study a pot experiment was performed to investigate changes in ryegrass growth, soil
microbial community abundance and soil enzyme activities involved in C, N and P recycling as affected by
biochar addition. The biochar used in the pot experiment was prepared out of wheat straw through pyrolysis
at 350 ~ 550°C with limited oxygen, and the soil in the pots was collected from farmlands in the Tai Lake
Region. Biochar was amended into the pots, separately, at a rate of 0% for Treatment CO or control ( biochar
/ soil in weight ) , 2% for Treatment C1 ( low rate ) and 4% for Treatment C2 ( high rate ) and each treatment
had 3 replicates. Ryegrass ( Loliump erenne ) was planted in each pot and let grow for 90 days. At the end
of the period of growth, ryegrass was analyzed for biomass and soils for properties, microbial community
abundances and soil enzyme activities with the quantitative real-time PCR and microplate fluorimetric assay,
respectively. [Result] Results show that biochar at a low rate did not increase ryegrass biomass, but at a
high rate it did significantly or by 68%. Biochar addition, low and high significantly increased soil pH, soil
organic carbon (SOC ) , total nitrogen (TN ) , C/N ratio and available K content by 9%, 45% , 19%),
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20%, and 104% and by 13%, 99%, 32%, 50%, and 187%, respectively, as compared with the control,
whereas it decreased available N content by 17% and 18%, respectively.Besides, biochar addition, low and
high also increased bacterial and archaeal 16S rRNAand nifH gene copies by 30%, 36%, and 72%, and
by 50%, 83%, and 116%, respectively, and also significantly increased B —glucosidase (BG) , B -D-
cellobiosidase (CB) , B —-xylosidase (XYL ) , N-acetyl- B —glucosaminidase ( NAG ) andphosphatase
(PHOS) by 25%, 118%, 123%, 112% and 14%, andby 61%, 215%, 148%, 114%, and 20%,
respectively, but had no effect on leucine aminopeptidase. In most cases, no significant differences
were observed in chemical and biological properties between the treatments high and low in addition rate.
Correlation analysis demonstrates that abundances of all soil microbes (except for fungi ) were positively
related to pH, SOC, TN, C/N and activities of most soil enzyme ( except for leucine aminopeptidase ) .
[ Conclusion] In summary, all the findings in this study suggest that biochar addition can improve soil
fertility, key microbial communities in abundances and enzymes in activity, which may be the major causes
of biochar enhancing soil nutrient transformation functions and plant productivity.

Key words Biochar; Quantitative PCR; Soil enzyme; Microplate fluorimetric assay; Soil microor-

ganisms

(SRfE4wiE: HRM)

http: //pedologica. issas. ac. cn

S

2017-3-16 9:40:18 ’7



