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Effects of biogas slurry and AM fungi on growth and heavy metal accumulation of licorice plants

HOU Shi—ji, LI Tao, LIN Ge, CHEN Bao—dong”

(State Key Laboratory of Urban and Regional Ecology, Research Center for Eco—Environmental Sciences, Chinese Academy of Sciences, Bei—
jing 100085, China )

Abstract: Licorice( Glycyrrhiza uralensis Fisch ) is a widely used Chinese medicinal herb. Due to irrational exploration of wild plants, intensive
cultivation of licorice plants becomes a popular practice, and technological development for promoting plant growth and ensuring product safe—
ty becomes an urgent need. In the present study, a pot experiment was conducted to investigate the growth promoting effects of biogas slurry
and arbuscular mycorrhizal (AM ) fungi on licorice plants. Biogas slurry was applied at different dilution rates(biogas slurry/deionized water, v/
v=10/0, 9/1, 5/5, 1/9, 0/10), while licorice plants were inoculated with/without AM fungus Rhizophagus iniraradices at each biogas slurry appli—
cation rate. The experimental results indicated that licorice roots could be well colonized by R. intraradices with mycorrhizal colonization per—
centages ranging from 25.0% to 48.4% which decreased with increasing biogas slurry concentrations. Mycorrhizal inoculation significantly in—
creased plant biomass(by 171%~271% ), P concentration(by 64%~143% ) and leaf chlorophyll content(by 98%~127% ). On the other hand,
application of biogas slurry also noticeably increased root P concentration, leaf chlorophyll content, soil organic matter and P contents; but in—
creased plant and soil heavy metal concentrations. Under biogas slurry dilution rate of 10/0 and 9/1, Cr, Cu and Pb concentrations in plants ex—
ceeded safety limit, while mycorrhizal inoculation significantly decreased plant Cr, Cu and Pb concentrations to meet the quality standard of
herbal medicine. The study provided solid evidence for the growth promoting effect of biogas slurry in combination with AM fungi on licorice
plants, and supported their potential use in intensive cultivation of this medicinal plants.

Keywords: licorice; biogas slurry; arbuscular mycorrhizal (AM ) fungi; soil fertility
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Bt J5L - RE Ir i BE O EA TR IR KB (©Co,y HH2K 25
kGy) . 3538500 L ERIA b (3 2 mm )34 5
o 11 WRAT R BRAERRNE B, SO 487 R4 it
TRA BRI

TRWORIE  THWR N ST AR X SRR 2 Wi 4
JHE DXl R0 A 5 d7 3 43 1 HE A AL AR 2l DR AR &
P 3 B8 5 15 ) AR . TEI pH 7.6, AL R
0.46% , i 259 mg-L™, M 1146 mg-L™, £ 185.8
mg L7, 4 276.8 mg-L™", 4% 313.0 mg- L™, £F 62.1 mg-
L, 4% 0.036 mg- L™, fif1 0.023 mg- L™, VAW U85 4 55
FEZEVRK I (121 °C, 30 min) 5 .

1.2 R 5&igit
1.2.1 FEAp AL BRI AL P

PIAFE 700 mL (9 PVC & (04 7 cm, 5 19 cm)
RS o R PR AN 800 g -3 20 g 42
R, AR SR AL BRAE A 800 g +-3EF1 20 ¢ K
A TR RN, FRAS N 15 mL B RNEW , DRI
AM HLTH Z A PRI B2 Fp i 3G AR — 20 ks

H R R L 2R PR, A G Rl 3 URp 7, R
J5 2 SR A B — R . A RS 25 d TG,
10 d $% AN [RIVA R B FL IS I — R TB R, ARRETn 10
mL, ZEAR ISR S SE AN 5 K, i — I IOk
10 d 7. RIS 5 ANTAWRR R, TR RE EL
(TR 2 B TR FRE ) 43518 10/0.9/1.,5/5.1/9.,0/10,
2 B8 A FHE I K AR 1E GB 5084—1992 , VWi & L
VIR F oK R BLEL ) oA 10/0,.9/1.5/5 B %R R
H RS R AR, A e X — R R
S B B A P S Y A A R E
SYRTEAR . FERE NIRRT Bl R AR L TR (My—
corrhiza ) Fll A 22 5 55 B8 ( Control ) ZbF o B 410 4~ 4b



eI 2, 5 VRO B DB AR LB 52 K T RO B0 1467

MRS 4 R B AR T T Ak 5 4 bl
PLHRS HLAE i i S Ak
1.2.2 5

RIS TEN A A 7 1l ) = N R i
&k 25 °C/20 °C, HRIGHRIS[E] 16 h, JEiR%y 700
pmol - m2+ ™ AHXIREE 60%, 4 H FRE DK {4 1- 458
15%1) 55 7K 15 CR 29 H AR K 21 60% ) .
1.3 MEERRFE

AR 75 d )5, 2 opk AR & |, IR
TFE . FEPIRE S S KT, OB AR R
(0.5 g) HYERARMZ YL 3 B2 AE , o OB i i 1 (0.5 )
FAFEME R 2= & e, FERAE AR L T 105 C%
30 min, ZRJ5 T 70 CHET 48 h F1H H 5 FRECT
M e R SR A LA E o AR 4
J& (Cr Cu Ph )& J3 040 7 >R PRI 19 A 204 16 i i
AbFR , TICP-MS (7500a Agilent Technologies, Palo Alto,
CA,USA)#ATHE b 3 Br , [R5 — R 1)
BREARM (GBWOT603) #4540 Bids . HHRIR R
MR YL R R Trypan blue G 8 — 4546 1IN, F
5k S AR R AR R Y™

AL R E S R A A . 13
EBEAE 4 )8 (Cr.Cu Pb) & & R R W i T RE
ab BRI, ICP-MS S THE S 74T , [RIESE R FH o ] b 5
P27 Bt i3k ) BRAL 7 B PR 50 i () - AR A
(GBWO07406) )1 743 M1 B
L4 BUESW
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*1 FAKETHERREEER
Table 1 Mycorrhizal colonization rates of licorice plants under

different experimental treatments

VBB THAZYLZ Mycorrhizal colonization rate/%
Biogas slurry to deionized
water(V/V) $%Fh Mycorrhiza %t H# Control
10/0 25.00+1.03d 0.00e
9/1 30.09+1.14¢ 0.00e
515 31.25+1.24¢ 0.00e
1/9 39.96x1.51b 0.00e
0/10 48.43x1.32a 0.00e
I ok
BS ok
IxBS sk

T I= HERNAL B, BS = AL, IxBS = 22 HAE A 5 ##P< 0.01; 3
EEARICAN R P RER R AR RLAL B2 1) 2 57 i 35 (P<0.05 ).

Note: I=Inoculation,BS=Biogas slurry,IxBS=Interaction;**P<0.01. Dif—
ferent lower—case letters following the means indicate significant difference

between treatments( P<0.05 ).

22 EMAEKEBEFRRRL

SMA T A A R T R A Y vk
JEE R R 2 i (1) ARV B R, A Ak
PRI L 3BT 8 R R T b BB AR R
W J i 2 22 5 0 BEA HE 40 ) 4R 1R 264 %0~
330% .39%~256% .22%~128% .127%~156%F1 98%~
127% ., THWAL PR 2558 5 17 AR R B i | i
R, AR EL 10/0 F1 9/1 KEFETR MR 2w FE A
a0 T LR R S K Ak
FRFNAS AW AR R A1 i B At e
SR T RATERELHAER(E 2), IBBEHRELL 10/0
F19/1 AbBETT R A BEAR 2 AR W i B b b ARl
2R I, VRO RE L 10/0 A BT R
b PR IS R 1 2 i T AR I SV A
FEVRIRACEER |, 22 Rl A BRI RE AL H1 2 [8] () 22 A7 He
TR B VR AL B T B 25 57 0 B 3
23 EKEEEIRE

SMVA T H R R 3 R0 EE 4 TR R R VR R
T miTbEr, IR RAC PR 35 Cr Cu A1 Pb 3k
FEAY BT T 10%~107% .55%~209%F1 23%~480% ,
MR &R Cr.Cu 1 Pb ¥R 2 4 R T 19%~110% .
17%~172%F11 50%~343% (3 3) ., 5 IAHRT I, R AL
PR E AR T RIRR P 3 Fh 4R M, 3 Cr,
Cu 1 Pb ¥ BE 4> BIREAR T 27%~40% 22% ~70% Fl
22%~38%, HiZ Cr.Cu 1 Pb ¥/ HIFEAR T 21%~
31% .8%~20%F 18%~22% (3% 3).
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{1 %88 Control E2 4251 Mycorrhiza

HIE BTy AN R R b B2 (8] 22 5 .35 (P<0.05) o R IR S5V AL BRACE A T 30, B A A B — AT 2 F LA, IR RVNG
Fhk(a, b, o bR B2 ] 22 57 10 P . YAE HAE A BT, LI/NS F 8k (a, b, e )FI(a’, b, o+« ) 53 BlFR R FEFRIXT BEAL 2R
AR AL B 2 18] 1422 7 2 s LA # AR s AR R TR VAL BT SR ARG et Ak B2 8 Ay 28 S S 28
Note: Different lower—case letters or symbols above the columns indicate significant differences between treatments(P<0.05 ). When there were significant
interactions between mycorrhizal inoculation and biogas slurry treatment, multi—comparison(LSD ) was performed across all treatments, and lower—case
letters(a, b, c¢+++) were used to indicate significant differences(P<0.05) between treatments. Otherwise, in condition that the interaction was insignificant,
multi—comparison was performed within certain treatment, while lower—case letters (a, b, ¢+++) or (a’, b’, ¢'+++) were used to indicate significant
differences( P<0.05 ) between biogas slurry treatments under the same inoculation treatment; # was used to indicate

significance(P<0.05) between mycorrhizal and uninoculated plants under the same biogas slurry treatment

B1 AELETHEZEGKEYS(A) BREB EMHAMHEES2(C)
Figure 1 Plant dry weights(A ), P concentrations(B) and leaf chlorophyll content(C) of licorice plants

under different experimental treatments
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Table 2 Two—way ANOVA outputs of dry weights, P concentrations USRI AL TR 2 B T 3 WL 4 2
and leaf chlorophyll contents of licorice plants B BIIE RE A B 5%~21%F1 5%~28% (5 4), 4
HoEA RAR S HEEEE AR Rt b3 AT R R L 9/1 .5/5 1/9 7K i 2
R EhE o e f:ljﬁL 2t *E{n(&%iptlﬁ S5/5 F1/9 KR B 4R
Shoot dry Root dry Shoot P Root P Leaf chlorophyll = Ti%ﬁ’ﬂl}ﬁﬁgo
I we*lfht wt:fhl conce:;ratlon conce:lratlon co:t:m %ﬁﬂ?ﬁ?@%ﬁ%Tiﬁ%*ié}%ﬂ%Fi ,ﬁiﬁéCr .

BS - o o . Cu F1 Pb YREE 43 &5 T 1%~11% . 1%~14%F 2%~

ns
MBS ne % . - 159% (42 5 ) BERMAb T 1M T A it TE R LS00

e T= AL BS= AL B IxBS =5 1 A RP<001 P 3 i

0.05, ns, NI .
Note:I=Inoculation,BS=Biogas slurry,[xBS=Interaction;**P<0.01,*P< i«itgﬁéd:%ﬁﬁ'\‘ ﬁﬁ}zﬁ?ﬁ ?&ﬁ%‘ﬁﬂ ir-ﬁIJ T AM E%Xﬂ'

0.05, ns, not significant. ’ S

3 AEAVNBETHEEERERE

Table 3 Heavy metal concentrations in licorice under different experimental treatments

TR Mo L3P FE 4 IR Heavy metal concentrations in shoots/mg kg™ AT JFHSE Heavy metal concentrations in Toots/mg kg™
Biogas slurry to Cr Cu Ph Cr Cu Pbh
defonized water i f i e i Al R e i Bl L
(V) Mycorthiza Control Mycorthiza Control Mycorrhiza Control Mycorthiza Control Mycorthiza Control Mycorrhiza Control

10/0 8.90+0.32a" 11.30£1.77a# 19.10£2.10a" 23.30£5.08a# 8.65:0.61b  11.30£1.96a  9.93+4.90a" 12.80+5.68a# 1845:3.14a" 22.08+341a#t 9.43£1.43a" 11.08+1.58a#
91 8.15:047a" 10.83+1.35a# 11.23:382a" 19.1342.12b# 6.28:0.85¢  8.50£145h  9.65+3.37a" 12.65+6.97a# 17.45:049b" 20.30:4.17a# 8.93£1.09a"  10.50+2.16a#
515 6.10:0.37h"  8.53+1.46b# 1348+2.96a" 17.18+4.13bc#t 3.30:0.54e  4.55:0.85d  8.20+4.45a" 9.95:3.72a# 1133+1.19¢" 13.35¢1.07b# 6.38«1.81b"  7.50+1.11h#
19 5.18:043b"  6.03:0.21c  9.33x1.3%'h" 11.68+2.38c# 1.97:0.85f  2.40:0.73e  6.00£4.56h" 7.28+2.35h# 8.78:0.76d" 9.50+1.55¢#  3.0820.18¢’  3.7520.59c#
0710 5A43:1.14b" 5471012 7.3820.39b"  7.5520.55d  1.83:046f  1.95:095(  6.13:1.96h"  6.10£133¢  7.98:0.08d"  8.12:0.20c  2.33x0.03¢"  2.50£0.05d

I * * ok ok ok ok
B * ok ok * ok *
IxBS ns ns * ns ns ns

T I=4ERI A B, BS={R AL B, IXBS=22 HAEFH ; ##P<0.01,#P<0.05 , ns , AN . 3 ; 5] — 51 o P £ {5 A VE AN [ B 3R b L2 [ 22 7 b 35 (P<
0.05), YHEFMAL PG THRAL BEAC TAE ] R I, T A B GE — AT 2 0 HUEL, AR NE 8 (a, b, o bR b B2 ] 22 5 B . A HAEH]
ANRER, L/NEFEE(a, b, e )F(a’, b, ¢+ ) 43 BAmos HE R ARG B AL B R AN ) VA AL 28 18] 1) 22 5 5 2 1 5 LA # A7 A ) VR VRUAL 34T b A vt e
SEFRZ A2 S A R IR

Note: I=Inoculation, BS=Biogas slurry, IxBS=Interaction; **P< 0.01, *P< 0.05, ns, not significant. In the same column, different lower—case letters follow—
ing the means indicate significant differences between treatments (P<0.05). When there were significant interactions between mycorrhizal inoculation and bio—
gas slurry treatment, multi—comparison(LSD ) was performed across all treatments, and lower—case letters(a, b, ¢--+) were used to indicate significant differ—
ences(P<0.05) between treatments. Otherwise, in condition that the interaction was insignificant, multi—comparison was performed within certain treatment,
while lower—case letters(a, b, ¢+++) or(a’, b’, ¢'+++) were used to indicate significant differences(P<0.05) between biogas slurry treatments under the same in—
oculation treatment; # was used to indicate significance (P<0.05) between inoculated and uninoculated plants under the same biogas slurry treatment. The

same hereinafter.

x4 AE/ETLHEAINRREHEE

Table 4 Soil organic matter and total P content under different experimental treatments

THR FE L Biogas slurry to + B ML Soil organic matter/% + 584§/ Total P concentration/g- kg™
deionized water(V/V') 128 Mycorrhiza X5t BE Control $%Fh Mycorrhiza X B# Control
10/0 2.62+0.05¢' 2.53+0.10¢ 0.36+0.03a’ 0.37+£0.03a
9/1 2.71+0.07b'# 2.54+0.07¢ 0.34+0.02a’b’ 0.34+0.03ab
5/5 2.56x0.08a'b'# 2.29+0.04b 0.32+0.01b’ 0.33+0.02bc
1/9 2.45+0.17a'# 2.15+£0.07a 0.31+0.01b’c’ 0.32+0.03bc
0/10 2.16+0.06a’ 2.04+0.09a 0.28+0.03¢’ 0.30+£0.02¢
I *k ns
B sk sk

IxBS ns ns
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Table 5 Soil heavy metal content under different experimental treatments
VBT Cr %% Cr concentrations/mg - kg™ Cu )& Cu concentrations/mg - kg™ Pb #J& Pb concentrations/mg-kg™
Biogas slurry to HeF Xt Xt R X1
deionized water(V/V) Mycorrhiza Control Mycorrhiza Control Mycorrhiza Control
10/0 121.45+18.65a" 121.88+8.14a 144.23+3.02a’ 145.55+6.71a 148.32+65.83a’ 149.14+44.14a
9/1 119.35+1.81a’ 120.67+26.74ab 142.25+9.86a’ 143.63+2.98a 146.63+39.24a’ 147.23+£20.87a
5/5 114.20+12.55a'b’ 116.09+14.96bc 135.30+6.84a’ 136.95+6.24a 136.53+33.50a'b’ 139.83+28.01ab
1/9 110.85£11.27b" 111.45+12.05¢ 127.50+6.82b' 129.99+8.86b 131.63+10.67b’ 131.89+18.65b
0/10 106.00+2.38b’ 110.28+6.39¢ 127.90+8.09b’ 128.25+9.27b 122.85+21.92b" 129.90+28.09b
1 ns ns ns
B ok * *
IxBS ns ns ns
HEMRRGE D XTERH TRRPE SR HAERRITE QRN A 8EA Z05 A X 5y

Jini TR AR R T BRI TP T Y
4R SR PO AR E R R B A R B
AT EEAMEIE A AR 2T R, B SR O 2
) e AM ELPR A K AR ML AR I R & HLAT B
R 5y — T, A R MR ) AR AN AM L
Y A PR s R AR L2 R i
AR TR IR IT AR 56 30 AM R Gy, 5
RIEN AR E R RS OU T, TR YR A g +F
TE 25% /247, 2RI AM LA EA BEom i it 1 e
SV B AM AR F 0 R R B A AR A
FH PP b BRI B A s T A AR (] 1A), 5
ZHMRZA & AM FLIE L 1E F AP A K o 45
R—H>, ZHFE R, AM B XHEY e A 1
5 GRS SRR OV AT 432, AM ARSI
22 0] B4 SRR TC AR | 7] s TR AR 430 4 (A
MR G AIA ML S5 )t RE ™ fb A MLEE , R BB A5 15 Bl
5 FAEY AR R FTaT (w28, Hh b 2 5 25 42
R AR AR R R (& 1B) , o ARG Hh fi
BT AR AR AEAE R . S — O R G ERE
R K A AR P B SRS R , A S F R 55
5t SRR SR E ARG, ARSI R IR, TRAR AL
AR R RRE R R R AR R S BRI R A YOG B
YRR, ARG Hh e A Ab B B3R T e R
S (B 1C), BARHE Y A KA A B LSRR -
FUSTER IR FELE 10/0 F19/1 0B F HHAR £
Bk B 2 T v (IR 1B, {H B it VA RO R (B
PP H R AR (- 1A), XATRERH THBRTP IS E
G JE X H FAEA AR E AT, — e B ARG Tk
LS FRMBAER . WA BRI EZ IE
HLEL A AN 2 AR A RS 3 SR TEAILFR 4y ) | T

Feore Axd, i it VA AR SEAE P A K BV 4T 02
AN BAR R AR AR rR U IV AR AM L
DAXTHR R AE i AR R DA SO Fr a8 S i 3R
PR B A HAR N, TERWETREALIET ,AM FLHE
FIAE A O R i 2 (R 1), R BITR A AM EC T fig
P EfE SR A . KEMFE R, BT AM
XTAE A AR AEAE ) F 2 SR AR B A G, ks
FRIE B S R IR R SRR T LT
AM  FL R AT 38 2o X6l 0 AR R 0 T IR S B 3 L7,
BRCE MY E SR, AR AR

VER—FPgy AR, H e 2 F B2 B AT
b, PR B R A o S R R G S A 4
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