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Abstract

Arbuscular mycorrhizal fungi (AMF) and biochar can improve the growth of plants. Research shows
there are interactions between them. A pot experiment was conducted to explore the effects of these
two materials on tomatoes in this paper. The experiment was arranged in a randomized complete
block design with two biochar rates (amended or unamended) and two AMF rates (inoculated or
uninoculated). Results showed that AMF increased the shoot dry weight, root dry weight and shoot
P uptake of tomatoes by 14.1%, 12.8% and 12.7%, respectively. Biochar increased the shoot dry
weight of tomato seedlings by 6.7%. The largest improvement in plant growth was shown in the
treatment of co-amendment of these two materials, which improved the biomass, P uptake and K
uptake by 20.9%, 18.8% and 26.1%, respectively. In this experiment, biochar did not increase AMF
inoculation and no interaction was found between them. In conclusion, both AMF and biochar im-
proved the growth of tomatoes and co-amendment of them performed best.
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1. 3]

TRRE, ARG KEIH, &R 7 RiEas . BRI EA, BRIC T HIRMAE S Fy. AR )
PG o N SRR 2 A [1] . B A F AR B 7 R o R 3G 20738, thah, i A L3 e 1 71
R SR T R [2] . ARV R IRV AN, FEAR X B IR E (<700°C) A1 G S B K
AT N IS B — MR BT, R Z R RBRL . ARV I E e R A EFE . & K
SRR, A5, BN, BE. RESR), SRELE 50%Ll . VIR EA A, EEERERR. HEANL WK
AR S Re i, B 2. BHE 7283 (CEC) R IIHF AL, WFFLREA, AEA R it F T $2 L3 pH.
EC{E, #m s K, (R mAistE[3] [4] [5] [6].

PR AR B 2 TR e SR R R AR R U S, Horh —REREEMR REBZ TR “ WK 45H 1)
MG BB . AR BB E F AR B AE e, f85 2 80% Il A AT AL AR AR [ 7] FEIXAN AR R
W, YN EERSE NS IR, B BRI R T G R [8]. AM BB AN ISR RS I,
JeH A P JLEK[9], (kT ER 45 M (T 101, $2 it At 26 AN AR A= P i 38 (3R BT BE 0 [11] [12].

Tt A LB e AN E BRI 2R, R AR B 0 30 PR E . —, fEIRE S HIE
FRAE[13]. A 090 s B AR AN A Pk da FH T A AR 7, R B0 22 068 38 00 1 A K 350 A TR R 32 1 12
BEERI[14] [15]0 ‘ATST28E R, MRV REE T F/AR R R B AR s, T 40 g 4=
VIR AL AR FIRES. SR AREETTEAME HR IR 1.200 1.24, 1.21 F1 2.67 f5[16]. H5E
RIL, EN AT PR TS TR 2 61.11%;  FE PR EE FRI T 254973 3 hi1 39.04% 1 22.26%; AR A Hik(4:
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C)& &8N 15.92% [17]; 0 HAMIR RESE A AR AR A4 3 [18] [19]. BRIk, AW TR BRI 1] -4 i
AR AR B AL AR, LRt n i A AN IR 7 R 8 R TR TR AR R AR g DA K S ] L
P& A RS, I R T IR IO A SRR TU M 0 2 ) 2B AR IR 7 WAL R

2. MB5ETE
2.1, il
2.1.1. $ikEY

& i (Lycopersicon esculentum Mill.), &yt 9 5,

2.1.2. ik EHh
DA B AR 5B O BE T ER #E 1 (Glomus mosseae), F A B Al K24 [ 222 Bt i = R Pe it . #MAIN&H
FFFHYMEB L AM E 1 K #2244 .

2.1.3. £ RIS ER

5% BT F A 9 9% (biochar) J5UBA T KRS FF . SLEEARME R W0 R . %08 0.297 g/m®, pH (H,0) N 7.78,
EC {5y 847 us/cm, L% B, #5259 %4 4.6 mg/kg, 162.0 mg/kg, 9.6 g/kg, A MR & &M 52.1
g/kg.

RGBT FH 2 T BOR A AR S (viv = 2:1) 6

2.2. W+

DA B HR L 1 (AMF) RZE P95 (biochar) y 37 i i, REGACFE R B AN R . LR E 4 Fhibee.
XFHR(CK). AM EE(AM). 4915 (BI0). AM E# MY R (AB), FHFALEIEE 8 K.

2.3. R HE

5T 2015 4F 3 H 12 H % 2015 4F 4 7 28 HAEdL i RERI HOGIR =T . £2RE TR b
R, DARTE TR A 5 3. GRR e A = 2:1 (INELEIFIEFBE 5T, BN 2.5 L KA.
Fefh AM OB 70 e VD s X ANEERN AL, BRI S R R 2RV R 30 min BT AR
VIR %4578 100 mL [ E NN (FE 22N 42 g).

XS B AN REAT R S, EEUH S SRR TR B R, R 4 bR, TR AE T KA
B i O TA] B P3G B PR o AR T AR 35 0 = IR A] 3 v NS TR BRI 3600 mL, 4% 1.65 g KNOs.
1.17 g Ca(NOs),~ 0.36 g MgSO,4. 0.28 g K,SO4+ 0.87 g NH4H,PO,4 23.25 mg CioHpoFeN,NaOg. 4.47 mg
H3BO4~ 6.09 mg MnSO4-H,0. 4.14 mg ZnSO,4-7H,0. 0.648 mg CuSO,-5H,0, 0.432 mg (NH,;)6M0,0,4-4H,0.

IR T 4 R 3R PR BN A 00 AR A IS, 8] 0 R B OR AR R 2 I 2R A — B X 32 A B LRI o
FEHAACHIE, ARG ARG SR RKE &, (REF LIS KRAE 25% /e f, MRHE KK ERERFRE R
K 1~2 %, #hFEKGy. R RERERINME, IR EIRE.

24. MEMBSHE
2.4.1. EERINE

FAAEK 47 RIGWOGR. FABGRET, BT EE AR 7 BTk . Hh EEiEve 4%, HAREmRE
K, HHBFRPFRENE, ZERET 70CHMET 48 h EHTNETE., WEERTEE, AR
IKAUR R 2 RK T E RS, 25— /N RN B AR G, R E 7 RIARTBE 70°C HME
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FErP 48 h Ja BT T E, et ER R AR,
24.2. BEFTRAONZE

Bt A RE S AR AL . N e R AR 4 A BhEL IREBAGE, P e E R AT
O THIE, K. Caw Mg Fe. Mn. Cu. Zn. Mo JCE K ICP-6300 HiJEHE 445 B 11k K 4
FAEAL S HT o
2.4.3. BIR{ZEERNE

KH 5 mL 1%¥) HCI ¥ R AL 5 % 10%F) KOH 3 i A, 5 SR 0.05% ) & I 5 18 W e (6] 20] .

25. BUEG It S o

RIS EHE 4 E8 K Microsoft Excel 2010 #EATid3xF14bEE, FH IBM SPSS Statistics (Version 22.0)i
1T 2500, BEJERA LSD v: £ B & 3 s R 2= 23 #r(P < 0.05).

3. B/RE S
3.1 AM HE. £MRMEMLEEDENE R

SRHMK 2= T7 25541, AM E# A1 biochar 35 % 2 52w 1 & A EAIFH, M CK EAL, K7
N 14.1%F1 6.7% (7 1) 5 S A EEHEAT 2 B LLER, 1143 AM AT AB 731 b CK 391 15.4%F1 21.9% (1] 1(A)).
AM HHEBERBFRMVTE, WKEN12.78% (% 1); AM Fl AB 205t CK 340 19.4%F1 19.3% (/&
1(B)).

AM HH B ERERMEYE, WMEKEN12.73% (£ 1). AM F1 AB 45311 14.9%F1 20.9% (/4]
1(C)).

Table 1. Effect of AMF and biochar on shoot dry weight, root dry weight and biomass of tomato plants
F* 1 ERMEYRNEME EMTFE. RTFE. £YERFM

A Hb b 5 (gl k) R 2 (g/4k) A=Wy (gIRR)
AMF
Mo 23.14 + 0.56b 1.44 +0.05b 24.72 +0.62b
M, 26.46 + 0.58a 1.65 +0.04a 28.11 + 0.59%
Biochar
Bo 24.02 +0.68b 1.52 £0.06 25.73+0.74
B, 25.74 + 0.6% 1.58 +0.05 27324071
ANOVA
AMF 0.000™" 0.005™ 0.0007"
Biochar 0.049" 0.358 0.068
AMF x Biochar 0.834 0.349 0.856

T EYENGS RESME £ bREiRE R (mean £ SE), AREIFERFRRZEREZE(P <0.05); Mo ERAEM AM 2L,
M, FR1EF AM EE; By FR AN biochar, By & RHIA Biochar; “. ™. "I RAE 0.001. 0.01. 0.05 K
FRE, R ERRERANEE. TERA.
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Figure 1. Effect of AMF and biochar on shoot dry weight (A), root dry weight (B) and biomass
(C) of tomato plants

B 1 ERMEMRINER EHTFER), RTENFN(B). £4E(C)HIFNT

3.2. AM HE. £ EMm N, Py K IRITAEIFME

AM ELHE A biochar B#% T B AHE S E(E 2). AM. BIO. AB 7 HIB&{K 10.5%. 10.5%F1 14.8% (<
2(A)), AR A AR MR T 2 s (1] 2(B))
B A TS B 0 R G . AM LT RE B AN R ISR AR A 12.7% (K 2). AM. AB IR
B8 177.8 mg/HR AT 187.8 mg/¥k, % CK [ 158.0 mg/Ak 43 BN T 12.5%7F1 18.8% (/& 3(B))-
Biochar fElH & = 518 5 5.7%, HAR=AAIES CK 0 R 3 % 7 (3 2). biochar fil AM E 5 />
SR BRI Y BB i 12.3% 41 12.5% (4 2). AM. BIO. AB [ I & 73 5 A 4EFk 1046, 1047 AT 1192 mg,
B CK 1] 945 mg 73 54811 10.7%. 10.8%A1 26.1% (/4] 4(B)).

Table 2. Effect of AMF and biochar on the shoot N, P, and K concentration and uptake of tomato plants
7= 2. EIRFEY R ERM EER FEE N Py K S EMIRKERI

A NE&& N "= P&E P = K& QU The:s
(mg/g) (mg/ k) (mg/g) (mg/#k) (mg/g) (mg/tk)
AMF
M, 21.05+0.47a  481.4+8.13 712+0.10  1643+371b  436+0.80  995.8 +35.09b
M, 19.21+051b  488.4+8.21 6.95+0.08  1788+59la  423+092 1124.2+31.84a
Biochar
Bo 21.14+053a  487.0+8.41 7.06 +0.11 166.5+4.03  41.8+0.75b  987.8 +29.31b
B, 19.27+0.43b  482.2+8.02 7.02 +0.08 1756 +5.87  442+0.86a 11145+37.74a
ANOVA
AMF 0.015 0.549 0.156 0.003 0.234 0.010”
Biochar 0.017" 0.708 0.714 0.152 0.048" 0.009"
AMF x Biochar 0.269 0.321 0.606 0.898 0.909 0.624
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Figure 2. Effect of AMF and biochar on shoot N concentration and uptake of tomato plants
E 2. EIRFIERNENM ERE S E(A)FMEWRIE (BRI
A § 3 B 250 ) \
N - a
i 5 6 2 ¢ be
“af, @ B 150
g3 = 7 100
52 T 5
- g
A 0 T T T 1 (=™ 0 - T . T
CK AM BIO AB CK AM BIO AB
Figure 3. Effect of AMF and biochar on shoot P concentration and uptake of tomato plants
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Figure 4. Effect of AMF and biochar on shoot K concentration and uptake of tomato plants

Bl 4. ERFEMIR X E AR _E AR S 2 (AR E (B)#IFN

3.3. AM HH. EMRMEMRARERNOE R

HHZe 3 A&, Hefh AM E B AL AR YR B35 KT AR B R AR, T AREA AM 1 19403
BT R K, FAEBIRIMRER,

Table 3. Effect of AMF and biochar on root colonization of tomato plants

= 3. EIRFEYIR T EINRRIR LR

Ak 2 RgeR

CK 8.50 +1.94b
AM 26.63 +4.03a
BIO 6.25+1.89b
AB 28.25 +8.84a

4. &g

RIGZE RR, AM B MY RS D it m 7 & B3 E. K, AM HE R 14.1%,
VIR B 6.7%. PIE LRI, Biith EEST RS T 21.9%, HEMEE L2 H T AM EH A
AR BN R . BB AM B A R NN B 3R A S BT, 7T RLE B A IE AL AR
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Mo APHRARRERIINE AR T3, (H2 AM EREREARTEIIN 7 12.8%, XHRTEH AR 2 KA 21
HERIIN, B0 T 19.3%. & A AEY)E R ST ERLL, AM BEI T E, AB IIRBCR
e BRI, AM B AE YRR SE B, T ELE N AM B BE R A P A3 R U IR A
Jeffery S5 45 T 23 NG TAEWVIRAE FHBARES, R IIAE P A I P B HR P P REL o E 338 R R e i, DA
B ERM A e, AR R R FH B A 100 thm?, 359774 T BE0F I 72 0K [21] . Nzanza S5 7E R 1
(vbag N 5 thm?® (ZEI R, R ILAEIR T RS E AL A B A

AW R AM BRI BRAC T F A N B, (HR XA N ISR AR B . XAl g2 AM
HEMAY R AR T AEKE, MR T N2, BT NH; A NO; /£ H3 R sh itk i s, R ER
SIHIEDL R, X N ISR EANBH L [9]. AR BN T at kb B P S EC R E M, (2 AM H I RE(E
PRI, AEVmRAEHE T K SR . XATRE2 H TAMIRA S & H 1 K gk [22]. AR5
FRTHAYI R K 588 9.6 glkg. A HiEMEY R IR K, Aiitm K & =.

fRYF BT AM BB a7 AP RISEAIE, IR KRR LyE 7 AM N 3 ERINER . E4
g, AT AM AEEEAT AB LB 1R G A5 iy 26.6%H1 28.2%, AR RS m R AR G

5. &g

1) MEMERT S, AM R T A GE R R e gt A, HPERCRT &8, A
MEYE i, AM HEXE A KR E K. AM B IE Ae fedt B i R A, iAo
AR AR AT

2) MAEAEFFRAMON . EVIRA AM FREXE AR N BCER A R, HaE AM R fE
BN P IR, AEVIR REdR R K R .

3) ERAMRIZ AR I, AN HR B IRIR G T & T
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