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Abstract

Aims It is still unknown whether arbuscular mycorrhizal (AM) fungi could increase calorific value and carbon
content in plants. Our objectives in this study were to (1) determine the effects of two AM fungi, Glomus intra-
radices and G. versiforme, on biomass, calorific value, carbon content, and ash content in black locust (Robinia
pseudoacacia) seedlings; and (2) assess the effectiveness of G. intraradices and G. versiforme in affecting bio-
mass and energy accumulation in black locust.

Methods Three treatments were performed: black locust seedlings, including inoculations of seedlings with G.
intraradices, G. versiforme, respectively, and no inoculum as control. Seedlings were grown in a greenhouse for
14 months following treatments, and then their biomass, gross calorific value, carbon content, and ash content of
the roots, stems, and leaves were measured. Ash-free calorific value, energy accumulation, and carbon accumula-
tion were calculated.

Important findings We found that inoculations with the two AM fungi increased the biomass, calorific value,
and carbon content in black locust seedlings. The accumulations of biomass, energy, and carbon were 89.61%,
102.20%, and 93.30% greater in black locust seedlings inoculated with G. intraradices, and 91.34%, 94.19% and
77.21% greater in those inoculated with G. versiforme, respectively, than the controls. Both calorific value and
carbon content were the highest in seedlings inoculated with G. intraradices; and the gross calorific value of
roots, stems and leaves were 7.72%, 8.94%, 8.41% higher, respectively, in seedlings inoculated with G. intraradi-
ces than the controls. Glomus intraradices was found to be more effective than G. versiforme in enhancing calo-
rific value and accumulation of energy and carbon.

Key words arbuscular mycorrhizal fungi, ash content, black locust, calorific value, carbon content
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KpyHy, BERer = KEAEY &, AR T
M BA MRS . B, ARBREIEEYI )
1Z WA A R AR AR

REUFAELY) B AR AR D e I kR, LA
B B T R IR AR ) e P BRI R (0 AT R bR (FF
WA, 1999). A T HGINAETRE, TG EAR TR ey
P& v BEVE R ) (1) A ) i B ARAE S DG B ) (Luo &
Polle, 2009; %%, 2012). A= & FIHUH 52 % Rl A
FOFELAEY) . KT RS 5w (B N A
2% 2005; Ghimire et al., 2009). M4 R 25
(arbuscular mycorrhizal fungi, AMEL )/ + 34k
VIR A R o, et R s EREYI R E IR SOK
SN, PR, P A R R SR ()
THRERIER N 2, 2007). {HAME B GE 15 3 GEJR AE
YO AE R B e, e 28O0 REVRAE A HE AN Rk
FOAR 58 (R AR A 5 vp 25 R 11 A B e ) BT
(RN, I A i) S i A T

7l ¥ (Robinia pseudoacacia) & H % 1) AEVE MK A
Pz —, Eafn) iz WERE, HAKR®E, rig
L5 (Griinewald et al., 2009), HEAJ LLE Ky £F4E 0k
A, AT DU T30 P A A0 fa i W) S
£ W4 (Balat, 2010; Gonzalez-Garcia et al., 2011,
2012), HAEBEEKNALTFME. REZRXEBUEY], AME
P RE S IR 8 R 3L AR G R, ek IR ) 5 7=
W SR K (Olesniewicz & Thomas, 1999; Tian et
al., 2003; TS, 2011). (HIXLetfoy 3 i (e
26 FHII4h i, #R DS AMET 518 FHY)
LA AT A B ORI LA B8 e R AR 4 v 5
AMEL R LA 1440 A A, WF9T T AMEL B 6 ) B 41
HIAES R AE. FE. KB, REE K
FR BB, U SAMER S5EY) 3 E
BRI ] 5 AM L B R A AR Ko A T AR A i i3k A
FH, FF 53 ol 422 Tl 93 ol AL B8 08 SR AR A K PR AN
[F) 50 R, LAY g AM UL TR 75 R J5ERR AL 1)
FHER LB AR B

1 MRFAE

1.1 R

PR A RS2 A o R RRR R AR T
RMEFRE 2 IO X ) SRR o N — 2
LR 1% KMnOL# I #:10 min, HJGHE/K
MYEIE, BT ENR R EAR b, £E25 C R IRAE

2F, MR R K E— IR, HEKRZE.

AM L B 771 f G 5 T AR B 8 7R
IR T B AL, 23 Sl A AR A Bk FE 4 (Glomus  in-
traradices) fil i K ERFEFE(G. versiforme), 2 #1(50
g B RGBT BT

PERA I U R RA Y. TR AT
JERMEHE K2 R X 240 % )2 +(0-20 cm), pH
75 (LK=1:2 (W:V)), & &N AHLR17.56
g-kg™. HRES55 mg-kg™ A RKEL9 mg-kg T AT Rk
#1232 mg-kg™. WY 5 32 mmiE, Y BEE,
5111 (V)BTRS 121 'CKI#2 hig
%

1.2 Rt

20114F4 H F A)AE VG AL AR MBI K 2R 7548
R, MNP (EEAL16 cm, HEEL7 cm)dEA
1.5 kg K I, FERERI R 2F— S MBkiA T, )i
HE10K )5, REE bk, FEF, AEfldFh 7~
5 cmibfFi20 g AMELE B 7, JLEFIG. in-
traradices. #FHG. versiformeFIAN R (% )34 Ak
L, REASACERA07E, BENLIERS. THE T, AR
W, JELE12-35 C, ¥ 40%-85%, Hf K E I Ah 78
H>k7K100 mL, % )HHe—kHoagland'& 75, %
100 mL. Hoaglands 7% (X1 2k MR N, fe, 2007)
431K KNO3 5 mmol-L™!, KH,PO, 1 mmol-L™,
MgSO, 2 mmol-L™, Ca(NO3), 5 mmol-L™, HsBO; 40
pmol-L™, MnCl,-4H,0 10 pmol-L™, ZnS047H,0
1 umol-L™, CuS0O,45H,0 0.5 umol-L ™, H,M00,-H,0
0.1 pmol-L™, CyoH1,0sN,NaFe 20 pmol-L™, 7
pHA6.0. AK1440 H G, BEAN LB RENLIE 3 M
SE MR HIZE, BRI, B, BVE. Bk
K
1.3 MEFE
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S RRAR I A R A e T4, DA ] [l B
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Hayman, 1970), #i8BLEH . Jett, REERA, H
A X ANEIE G v AR G e (7 W AR 4, 1997).
132 4#=g

WA SE I Bl . MK, BRJE 2 S i
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K HIOR2010P1 34 H A4 3 &= #{ (OR2010, [
VR TR BE AN 8 18 45  BR 2 l )I s ARA, A i
FH 2 H R (A (26 470 + 20) J-g )R EEHEAT 5 52
FRRAR 25, AR E S, 2ol BIF S i 100 H Jif,
YERIFREFE AR 1.000 0 g, REFEMER 3K BRI
A3 E SR E B AR, BIFRERRE 541,000 0 g, 17E
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(fifi-1: ©., 2000).

LK 5y AL (KI-g7)= T T A (k-9 (L~ 2K 4>

REE A R=RAEY R xR T EH A+ 2 ) x
2R EEIE + 2 A x I E A
134 BkE

K& Eliqui TOCI (Elementar, Hanau, Ger-
many) 73 A AN E B i, BTSRRI . 25, i
WHEE IF1L 200 H 0, FRIXS mghedh, BEAFEM H 3
Ko

W R =R AE D xR i+ 2R B xR
iR X Tk
14 HXUHESHIELE

KHISPSS 16.04 A1 % 1A 56 B 4 AT HL I R 7
#:43¥71 (one-way ANOVA), 418 #E4T Duncanf 4,
PAp < 0.0524 & 3 72 5+

2 R

21 AMEEXRIRE KRR
ANFETl TR AR B AR S B AT LR B AM LT

RGN, T4l AM EL TR 1) 3B AR S35 FE 1 T
BRI, A Pk 3 i A b 3 BR 2 2 1) 1 K TR AR AR
Yoo )L T78%M161%.

FEAT AM TR (1 30 B 5 AN B AT o) A B, I
T e S AR PR AR AR 5 R S (p < 0.05) (K1),
W AM ECTE (2 3E T RUBR I A o PR Py BREE R A
Hh e Bk 2E F7 (0 R R T R b R 38 0 88.46% Al
112.08%, Hh 2= LE G 08 01 21.81% F132.72%, &4
Yyt LG A 0 T 89.61%1191.34%, AR 737l Lk
f W T 127.77% F1142.23%, 2T HE 4t E T
137.64% A1 121.91%, M- T & $2 & T 45.05% Fl
42.82%. PPIAMEL B HIBRAR s LU ) s i A 52 2% (p
<0.05). F34h, TERTRIRE AT S A = R 25,
T AEE R 7 TH, PR AM TR 2 08 B 2
(p > 0.05) . L P 2l AM B R #0481 oA 7 v,
RN P BRFE 23 (1) (2 0E A B A T Hh R sk 3 5
22 AMEREX I FEHRENER S RERNZ I

PR AM EL B 35 5 2 46 v 1 R =S A )
PR K B (p < 0.05). FLFIHR N IR F5 5 4
e BRAE T 1 MR 25 T A 20 Sl o) v 1.8.94%
F15.83%, (1T H AR = i 8.41% F16.69% ., I A
AM EL B A 25 (1 25 Ik 43 FAME $2 71 8.39% F115.98%, i
- 25 2K 2 FE 312 718.11%4115.76% . % A BRFE %7 1
FHE TR T EHVE A LK #E (p < 0.05), R
(T B A BE o B R 5 7.72%, 25 Ky P 3
8.12%., AR MY, A ERFEFE XS AR (1T T HE RN 22 K 4y
PAE B AW WA (p > 0.05) (22).
23 AMEEXMRIBHRIKS 2 EHEIT

TIPS PN Bk 2 5 I 4 v T R AR I

R HARLH T MA AR (AM) R R Hm . 2R, MREERR . 25, TSP bs R %)
Table 1 Rate of arbuscular mycorrhizal (AM) fungi colonization, seedling height, basal diameter, root/shoot ratio, and dry weight
of root, stem, and leaf in Robinia pseudoacacia seedlings (mean + SD)

MY E A B9 57 R PR R i
Plant organ Glomus intraradices Glomus versiforme Control
B2 Y% Rate of AM colonization (%) 78+3° 61 +4° 0°
Hi = Seedling height (cm) 343+32° 38.6+3.7° 18.2+1.2°
125 Basal diameter (mm) 6.7 £0.3° 73+04° 55+0.8°
5 Root/shoot ratio 0.73+0.19° 0.81+0.12* 0.58 +0.25%
T-# Dry weight (g-plant™) M Root 8.30 +1.42° 8.87 + 0.86 3.66 +0.94°
2% Stem 4.23+0.49° 3.95+0.35% 1.78 £ 0.64°
i Leaf 7.18+0.57° 7.07 £0.47% 4.95+1.03°
Pk Whole plant 19.72 +0.50% 19.90 +0.51° 10.40 £ 0.76°

BT AR RER R 7 5 8 (p < 0.05).
Different letters within each line mean significant difference (p < 0.05).
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2 KRR EC TR R PR A) BT E RN 2 A3 B R S0 (P S (b v 22)
Table 2  Effects of arbuscular mycorrhizal fungi on gross calorific value and ash-free calorific value in Robinia pseudoacacia seed-
lings (mean = SD)

ek Er A kg4 Mg kg RIS
Plant organ Glomus intraradices Glomus versiforme Control
THEHE Gross calorific value (kJ-g™) ¢ Root 14.50 +0.24* 13.33£0.29° 13.46 +0.24°
2% Stem 16.80 + 0.13* 16.32 £ 0.24° 15.42 +0.12°
- Leaf 17.65 +0.16 17.37 £0.84° 16.28 +0.76°
FKAIE Ash-free calorific value (kJ-g™) R Root 16.52 + 0.40% 15.33 £ 0.47° 15.27 + 0.51°
Z Stem 18.46 £ 0.21% 18.05 + 0.29* 17.03 + 0.24°
- Leaf 20.26 + 0.23° 19.82 £ 0.07% 18.74 + 0.30°

AT AR FRER IR 2 57 18 3% (p < 0.05).
Different letters within each line mean significant difference (p < 0.05).

R3 MBBAR B U RLAD BN A7) R (K5 W (- (AR v e 22)

Table 3  Effects of arbuscular mycorrhizal fungi on carbon and ash contents in Robinia pseudoacacia seedlings (mean + SD)

ek Erast HE A R MR BRI RO
Plant organ Glomus intraradices Glomus versiforme Control
T Carbon content (%) i Root 29.63 +1.34° 23.45 +1.62° 26.04 +0.23°
£ Stem 42.09 +1.86% 39.16 + 0.64% 40.94 + 1.59*
n Leaf 47.81+1.51% 44,62 +5.77% 42.76 + 3.98%
K4y Ash content (%) #R Root 12.22 +0.74° 13.06 + 0.85° 11.81 +1.38°
£ Stem 8.96 + 3.30° 9.60 + 0.56% 9.47 £ 0.66°
i Leaf 12.90 + 0.31° 12.36 + 0.45° 13.11+0.87%
FEAT A R RER R 2 5 10 3% (p < 0.05).
Different letters within each line mean significant difference (p < 0.05).
(3), M HRERFE R AR TR S W (p < 0.05). 19.04%7156.07%.
PPt AL EEC T o] 3R AL P =25 ) 55 Tl A A 25 5 3 it

(p >0.05)

PR AM L B 0T S RRAR R PR A 73 5 B e
FRW(p > 0.05), TR A Bk FE A B 2 FRAIK T IR 2E
HIK 53 (p < 0.05),

2.4 AMEREXFI#EEERR RIRRINR LD ECH
A

FEPP AR P R A R b R R A W R T
PR RE A B AR R AR (B11), fRIpLRE AN R o)
53] bR R 5 H1102.20%41194.19%, % 2 A 243 il Eb
o B H193.30% 01 77.21% . M EILFT LA Y, SR
Rt A F E A A AEAR AN, 25 A iR . Fefh
AR PR TR 0 5 R L 3 TR 2 5 1 f) AR 1) e 0 o) o
KR AL 137.83%R138.70%, R A5 o 25k i ML sk
% 1 33.08% F130.80%; =5 1] fig & (' 22.34% Al
21.10%, =5k 5 24.02% F1122.83%; M- [1) fiE & ol
39.83%#140.20%, 1k (f142.90%F146.38%; 1Mt
WAL 250 WA RE a5 PRI B i 511 31.32%
17.44% F151.22%, fis o 5 bk o 1R 1 35 11 24.89%

PR L P RE I (e BE R A R AR K . ARG 45 R I8
N, FEFAMECER )RR AE Y & LT 2 AR AM
B RIRR A 245, UE IR KN (R (14 H)
Je, AMECTRDO IR AE AT AR A W] 2 R e b 8O, O
LR (88 £ $ Bl 2-64 H 4018 134 & (Tian
etal., 2003; {FiBEEEE, 2011). AMELE 5 ML A,
WERE TR A E, R LR IAME
PSRRI AE TR B 22 W, I FLIG I 1 el MR AR ) 2=
AR, A RTA g 77, i HAMIL B 1
S GURR JE — 25 o) b 40 n s o' B A
(Kaschuk et al., 2009), Kb fg G B &AWL oAl
W%, RN, AMIC R LRI A KA LB
iR BAT IR 2 1y i AR ) B R SOR IR P TRIRR, AT
FUH Tl AM L TR - 1) AR 4 Lo B 22 HH40%
DL, DRI RS i 5E 51 2 (R DR RERICO,, TEMUR %
(A AL JBT, Ao v ) ) L e e R S8 e 35 PR SR Y
% JiAh, AME TR RE LRI & P (KA &
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1032

L4243 Chinese Journal of Plant Ecology 2013, 37 (11): 1028-1034

3501 A a 8 B a
a . / b
T, 300 / T /
E ES
= =
5 8 200 B .2 //
= 200 b | A / / .
& £ 150 7 5 4 4
3 1
3 % g //,
> g
%D 100 @ 5 /
g O
] - .
: : I
R R R MR BRI X RN ERIER MR Xt
Glomus intraradices G. versiforme Control Glomus intraradices  G. versiforme Control
= il Root [ = Stem eZA It Leaf

BE1 MBI RO R4 i e A R (AR AR R (B) N . ANFNS P RER IR 2 57 5% (p < 0.05)
Fig. 1 Effects of arbuscular mycorrhizal fungi on accumulation of energy (A) and carbon (B) in Robinia pseudoacacia seedlings.

Different lower-case letters mean significant difference (p < 0.05).

Yy, F TR RERE) R ) AR R RIS T (WU et al.,
2013), [ AR TR . 25, AR A LR
RE B A0 IC o Fh T4 R AR 1) S AR L XS
iR 2, Bl LR BRI = BRI
FHABL AR {34

MY AME D IR 2 —, AR E, H
Z 2R ZE B, e R R ARER YOS R
I BE AR FIA KRB S5 . AMIT A (e Al
PIXINL PEER" BUE % 153 WO (Smith & Smith,
2011), 58 T A M 5 COL A1 A BH 4 5 RE 9 A
(Sheng et al., 2008), 7% T AL Sy 75, 46l
vy A 21 53 T 2 BROR 5T 28 5 19 0 (R TN R 4
2005; Luo & Polle, 2009 )%%, X iF i AMEL 12 5
T RPN . AMEL A A ZE AR (il
ok, 2001)tHREEE SAEA I AVE, 5 AR TR D) RE
ABL, Q8 0 = I NAE BP AR A, st T R 1)
P (U E R4, 2009; sl 2012).

WioE A WL ARy, E S R A
W52 22 T DRI 22 1R 56, 4510 G 4 6 5 Tl i PRI AT
(Kumar et al., 2011). 7EASTAL 2R AM EL B (1) ]
PR 1) 25 1k B (44.62%-47 .81%) 15 22 %5 i 4 1H- (1)
T R BT (FE %, 2008), fH 25 1) 7 B =
(39.16%-42.09%) HIIK T+ A A 25 75 ik & 1 — M v [
(46.2%-49.9%) (Lamlom & Savidge, 2003), iX }: %
B TR ARKFTA . AR KA A%
(AN [F) I G PR o I RRAR 11 55 Bk 2 (23.45%-29.63%)
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B A T BCRAR AHR R  ic it, H5 BARE AR 1)
T B (26.11%) (Fi 5245, 2008) 8241 . iX Al fESE T
LT A2 Ak, i B AE K144 H, AR T AL
FRBEARAG, 5 B ACHE AR I 25 7 A Rk 43 AH B,
175 5 SR A AR FH 45 ) 201 ol i 23 A 22 1R 22 38
(1o ARIEH BRI = AR, 5 RHAEKT
PG BRI A K IR BT AR 2 AR K, X il B 25 2 B (4L
Ay RNGE R A . AMIEL B 565 K FH A 5 1L (1
WIARAE RN B 0 f (s A A — 2B I

KOy AE R M A VPN M R S fa br (R
Yl%, 2012). HESCHRAGE, Koo HVE R 7
K A (BT HIEE, 2005). AMELFER MR FiC
F, AR BT E SN, AR A
SN, AEARE B R AM EL B 1) IR K 43 7
L5 AN Bl AM EL B 1 000 B 1) 2K 0 % o 2 AN J 3
17 FLAR P BRBERT PRI T RUBE 2 1R 20 15 1, IX T g
2T AMEL B AR (AR AR KPR, A BT
388 38R KT AR R R 2 A T TR R, B
LG BRI AR B

BT I PR B AM B 1 #1035 B i T R 1)
AR, PR P TR TR R M 5 B S 0o o AR ) i
AR B B R B R (R S AN R o AR P BR R
Ll Hh 26 BR 5 B 8 S 2 G IR S Y AR R AR
T EME. SRR LB ENER., XA fESAM
FLPRREY) 2 RO AH BN SRR OG, RN
BRIERF G A SRR, (R A, AR
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WY T 5 2B AM L TR PR A0 IR SR A0 5 3 1 it
) g s A

A A5 R 7k, AMELTE 55 B A A R
R P RE AR BN R AR R AR
TAERAME R R, RUIR A BRI R AR
BRFE AT SR AR R R 7 1 R AT A
IS 3o ASSCHFSY T AMEL B SR A 26 KR
(RISEIE, A4 R AM L TR 7E REVSURE 4 o B 1) 1
R S% . AME RS AL RESRI LB
DU R AE R B A B AMEL R IR e AR RO Wi, e A
FriE— 0TI, A BAES Ja REUE R BlR P BEA
FIAMEC TR % i A o i I

EE€WME BRERAAAFA£(31270639. 31170607
F#21170567). KT 5 # F= K 5437 A PA(IRT1035) A&
KA F A0+ R A A 4 (20100204110033 F=
20110204130001).
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