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Abstract

This paper was to investigate the physiological response of sweet sorghum to heavy metals stress
and validate the effectiveness for phytoremediation of Cd-contaminated soils by this energy plant
combined with biochar and mycorrhizae. The test soil was collected from Beishan Town, Changsha
County, Hunan Province of China. The effects of three biochar additions and inoculation with Glo-
mus mosseae on the yield, sugar content and heavy metal content of sweet sorghum were evaluated
via a greenhouse study. The results showed that inoculation with mycorrhizal fungi and addition
of biochar exerted a positive effect in terms of the yield, sugar content and heavy metal content of
sweet sorghum. Both mycorrhizal and biochar additions significantly increased the yield of sweet
sorghum, up to 50% increase rate, which was achieved in the treatment of 1% biochar addition
associated with mycorrhizal inoculation. The addition of biochar and inoculation of mycorrhizae
increased the sucrose content in the stem of sweet sorghum, but had no influence on the reducing
sugar content. Taking into the yield, sugar content and soil remediation effect into account, the
treatment of 1% biochar addition associated with mycorrhizal inoculationwas recommended due
to its ideal performance.
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1. 5]

BCHARNGELFTLER, TE Cd MBATFEAA Cd . EEEETFJARC)HE Cd 5
FRNEEEY), REH Cd 7SS S E SR e br e —. R H 3 Cd RS ECR™ 5
FPEMEE TR, EEDERERNLAE ] (2] (EETIESILREEAR) B, £EKECd
MATEBRR RN 7%, AR B IS P 73]

T A R ] i ARG X, TRV G A S e T B, T K RE AR 2 RO
SR cd, WIFEREK Cd BFRRBAK E[4]. AREEHAGHEHIE Cd s R e g o R Ea Y&
BRI S BHAT, X Cd iR FENBERARGYEEE . WEEE. AWEEES] [6]. H
WIS RS B A SR IR MR LA S R IR Y, BB EFERK. SR T
B, AR o EIXRE— AN KT 3 LA B 20 SR S

DAASHE N S P 1) REDR AR P B B 4 i A ) R PR LI S, AR 7 w7 A AT U A 48 5 A
i, RESEE YR EIEE PR, C&EH 51 E PN E bR K 1)z 7] [8] [9]. @ ERA
ARRFIRAR, X L3 S E A RmBISAER, BN TR, FUb e 1 E &R s 2 i
HARMEY) Z —[10]. BF 703K B0 AR R o 3 4 B A AR B R USCVE T, R ZE 4TS e 3 W vR 2
SEERRAH R[] (AT, s RIS B2 RERM, G083 Ei sy
[12].

AT FUARL R i 2 0 e B YR T ok AT Cd Vo e IR B &, R R 7T 0 AR 4 5 5 AN B
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RXT & E R E N ESRIEE SR, AV SH ZOhME e Cd 3875 G n) U2 Rl 22 ik 4 .
2. REHMBRESFZE
2.1. Rt

R R EAW K EIL LA H, BERZE 0~20 cm, K TJE1E 2 mm i . 3R FE k1
WF 1. 8 (RIS AR F 8387 Qe RS AR EGRT) ) (GB 15618-2018), fEi{ 118 Cd & &
Ol 7 X B I (pH < 5.5, CdKRFE 1.5 mgkg ™), N 24K EU™H & it .

Table 1. Basic physical and chemical properties of tested soil
1. Il HIRE AR R

FHLR &5 Bk 24 e
- Syt pH -
(g'kg_l) (mg-kg )
P P A 38 4.87 2321 3.27 0.19 21.15 2.03

ARSI I B\ N H, A E 4 ADNEE, FEIUICE TR E M. 833 cd 59«43 3 kg,
FEFNEH R AN T 4 0, P S R B 2 Bk B R B ARAK, A 15 S K B4 D i K TR R K B 60%
AR A 120 Ko SEFPERINE G AR, HREH R AR T H W&, W50 FE 0
% 2.

Table 2. The treatment setup of this pot experiment

2. ARKEAERE

AhBm S BR XT3
CK — —
Cl — +1%
C2 — +2%
C3 — +5%
c4 100 mL #bJ B 771 —
Cs 100 mL b4 B8 711 +1%
C6 100 mL > 5 (R 711 +2%
C7 100 mL 55 (2 711 +5%
e RN E R BV IR EE T IS I ARV BUR R SR s b
T RIEY N

2.2. BmRESNE

FEf S RS, W R BYHOR R Ey, PER AR, JFHEE TR AR, BRI B
KK TS, S5 2B K 2~3 3, FHIROKARR TR K. BEFEJETE 105°C FART 30 min, J&H
T0CHA AT, 0 HIIE L B A R ER BT H . EARIR AR MRS R e RS B A
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YIRS, RN R LIRS, IR T, B, e LIS E.
2.3. BUEG it 5o

{5 R Excel 2013 SHE3E AT AT, FH SPSS ) r-test XTI E AT 2 2 B E 04 .
3. ER5118
3.1. EYPRAFERERE

P 3 NP TG ER PR B AN N AR 6t AR R AR e R, SEIRER I, AR TR B
BRI AR AA RIFR R, JFERIEES R (p < 0.05). 7EHFhEE TG EREE R 17 AL 4504, Bl
FHHEWFR AN RN, & e R EAR IR R, DL S%AEYI R KR B R K. 75 AR BE P ER T
A B AL EEZH ) At AL ARG 45 B . IX R B, AR S N 2 0 JBE G R T 2 T o e AR R

Y, — iR BEAEE DR IS N A A2 1 TR VU BRI B 1 Bl B I AR AT A, 55— D TR AE MR (KA R g
SECT VRIS L E M E I RIS S

Table 3. Mycorrhizal infection rate of sweet sorghum root under different treatments

% 3. TELE THESRRARRERE

ab3 T HR/ % BHR%
R 7.93+1.39 47.7+3.89

FHESE + 1% R 8.35+2.48 472+548
HER + 2% LR 6.92+1.56 35.8+3.76
FHE S + S%AY R 5.55 +0.68 28.9+2.97

3.2. EPIBUR MR MERX S RE KR

HI4C 4 AT, FERCREEPUERBE R WA 25 P T, DU/SASIR) AR B PO e S b b 38 3 (RE AT #8870 B A= 2 W
TN, B T AR IR AL (p < 0.05), X5 ARTE T MITBK I AE[13] [14] K T4 RAH— . 18
PER B IR S BARIR G R (0 R DA 2R, X2 UM AR AR R 5 1 BRI REAR I A1k,
MRER A B P KA R 22, 37K T A ORI AR, RE 2 25 (e RS B R AR 23 AR [13] [15]
[16]. PCEGHH RS R 50 T E AL, RAR A 208 A R AR T EHIS A TR, (AR R
FHRW . X AT RGOV EE PRI R 1 5 B s IR R N AR EAE A G AR, BRI 1 AR AR R 4R it
IK B AL TR BT RIS 2 A EAE AR R AR AU KA S, X AT RE ARG I e AR R AR >
BRI [17]

URAh, EARE R KR IE BN R R e B R R A, WE AR 1%E0E 2% 2 )5, B
Gt b AN R FE 0y (0 A B PN, (H TR L N TR R AR AN o KT RE SR H T AR BROR
RIS ISR R A KR i T AR E IR, A IR A A NI e B RONE, T I S X £ Rt
B2 RWAUEY] T IX — mi[18]e (HAAEMFURBINEILE] 5% )5, T2 RS B4, 130
BT FEAR, T D] PT B2 A R ROV TN 3 1338 C/N BUIE K, S BUE S A ) 2 TR0 7753 K 55 4 PE 3G
MTAEAE 048 7 2 R BRAR 190 BLFISRUE, FEAIN 1% E W BRI [ M BRI, B v 527 o de i N 384
g WEPIEEEIER] T 50%.
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Table 4. The biomass of sweet sorghum under different treatments

4. TREILENHSRENE

. b2 0 w0 e e W RS E g
w TR ARER TR AR
s 256+ 18.7 342 +20.6 203 +2.27 18.2 +4.06
FHER + 1% R 280+ 16.4 384+ 149 24.0 +4.84 2224332
THER + 2% MR 282 £ 6.26 370 £12.5 22.4+3.52 20.5+2.24
FHE S + S%AY R 260 + 14.2 336+12.8 18.3+2.28 18.2+3.68

3.3. HERERTRESETH

145 Cd M AEY A B FEY) E B X Cd IR USCIS) RE S M AR A4 A 1) Cd B 5[ 201 75 i v S0 A H9 1)
P, AN AL FE R AR b B354 AL R 360 1) Cd Sk 5 Fion. 45RERW, Cd & RAEE =Rk m o
FCEEAGEAGHL T30y > o R R, X S5 m S A R S SR AR A 21 ] 7E [F) — R = PR AR
FADFR I FAT T, e SRR R 1) Cd & B35 T B4 (p < 0.05). XHE B4 &,
P JBE VG BRI 1 (1 AL R = A AR Y Cd B R T AR BRI A FR A, 5 1 56 45 R AR . — J7 TH,
MM ERFAE T ES BB RBEY, Hm LB cd MREHKES: 54, BT ERg RS EE )8
Cd HBZEEERA22], Tl SEEERA RS S R R Cd SEE S T A IRA . MmER—H
MRALER 264 R, AW BUR BN NN 1 S e 3 RS R, I FLBE A A4 5 % s 0 = F 4
I, AT, (I RIA SR K (p > 0.05). AW 5 K AL A FEAR Cd B B0 it e i %
LRI, w0 AT ABR RS R Cd AR, FEE 3 Cd HRERIEA <. EMFR S ILEE Cd 7
i AR R A B RROTUE, BHAT Cd TERYIR N T, R X R A A K B3 A F (23] ERAREE A B
Rt FH 2B 420 50 FRAR T B i B3 256 b i od &2, BHEESE0 S T E K& 822 ek i R E
(GB2762-2017, # KPR{H Cd<0.2 mgkg™"), XUt T4 & SRR — & (1 XU .

Table 5. Cadmium content in plants

5. EREARNEE

b b #B 5 /mgkg ! Hb R EB 4 /mg kg !
b ¥R
TCHAR AR TCHIAR HHAR
= 4.87 +0.590 3.58 +0.360 14.5+1.43 15.6 +£3.53
R + 1%EY R R 3.67 + 0.360 2.89 +0.260 12.2+1.93 16.9+2.16
FHER + 2% R 3.64 +0.650 2.86 +0.370 124 +2.56 149 +3.13
FHER + S%EM R 2.98 £0.320 2.62 +0.530 12.8+£2.23 13.6+£2.35

34. LRAVSHSERN

TR Cd MRS Z M 2R, JFARITA LA S S B g il . A eSS &, B
REBH R RIS &R 20 Cd,  RELL T34l & B A I A A Cd IS 8. REBERY, +
A RES RS B SEYRN Cd S REEAIREF RN, BB R Cd MAEYARBIE24]. BINA
A S R A R A RAR T, HRP A AEER S R ILE 6.
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Table 6. The concentration of available cadmium in soil

6. TRPBUSHEHNIE

A T EM/mg-kg™! H B /mgkg™!
A v g 1.08 +0.015 1.07 +0.013
FHER + 1%4 M5 % 0.87 £ 0.026 0.89+0.016
R TR + 2% W R 0.64 + 0.065 0.76 £ 0.021
E = + S%AEM TR 0.58 £ 0.032 0.62 +0.013

AR, IR e PR L IR ARG IR SR, BE LY BUR IR RN, ORI
uf, EEMEARMABRBEARKTE T, IR LIRS RS B MR T 19.4%~46.3%H
16.8%~42.1%. 1F9H IR E S5 gL Iei 7, VIR BEW A et 3% pH (7w, —Jrmiin+
B M AT, AAT Cd MAEIVIENRIR A5 AT 5 —J71, H R 8ss 1 1%
BH ST oe 4B, M5 ik . BRER LIRS Ca> I, A AP 3% Cd B R [25]. AR
W, AEITOR T A LR S B, R SRS AT RO E S, RERASREMKARYE S cd”
REAT B FAc B RILYIUE, IR EhUINE, b DR CA> ITRE MRS RE26] (E R Hehh B AR X 123
PGSR S RN E R . KRB RAR AT DR AR bR L3 (BRI IR, T kiR R iile s H
FEBR I+ R AN R [27]

3.5. iE R AR IR

MR BRI SR, v DRSS B S5 H A Cd &2k T HIW[28]. % 7 45 H
TAFERCER AR T, RIS R Cd & AR, ATRUE 8 M i & 30 Cd B R AR 3
AbF 700~1300 pg JEFE P, HRAEN 1246 ng, f/MEN 775 ng, STETERBEFI ARG . XT LU EH =42
FER B HFTE A S T X Cd BRI AN, bl B A AR 52 AR oA ] Sl 25 52 o« SR T A=A
AN IR A BERE, AEYTUR B IR A IR SEY S UM AR, R A MmO 5RE
IAE R B HRZEAR LG, [FR M BRAR R I T 4 AR TR R NN 5% ), Foof #f i S R B is &2 1%
Cd MHMHISCER o R . — @ B AE P TUR IS I AR Bt s e A, 39 7 AR, (U2 R
B 7 LI B RS R &, LN, JEEACRRTRE RSO, B 7 &s gt Cd ik
o MAEWTR RIS I 5%, Rkl s A K PR ES, TS E K 7 Hih Fan cd &,
AT HC Aot AR e K

Table 7. Remediation effectiveness of sweet sorghum under different treatments (unit: pg/pot)

%7 RELAEFHEREEHREN: 1y

4bE THR AHER
it 1246 £91.6 1224 £73.7
FHETR + 1%4 Y5 % 1028 + 170 1110 £43.1
R TR+ 2% ok 1026 £22.8 1058 +35.8
EHER + 5% MR 775 +42.3 880 +33.4
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3.6. FRIALEXHH SR SRR

MU FH i v S R PR PRI SR A 77 L, LSS AT v i i B R RO S RO AR 26 0 22 e Skt . e
8 P, AEFPEARAAANAE YD 3R 4 AT B AR AT P AR S 5, AR ERININE R, SRR ARACR
SEhf, HAETIN 1% M E VRIS BORBIF, 53] T 14.1%: 0 TR J5iE S &, Bbh i ARz in AL v 351
BRI, b Ca™ AR R RO U ACR . A e E BAE S Cd RO A2
R RO S R R R BRI SR AN LR AL R P A SRR [29]

Table 8. Sucrose content and reducing sugar content in sweet sorghum under different treatments (unit: %)

8. NEIEBHSREFTHEESEMNERES B %)

MRS /% R HE B =/ %
o3
TEHEAR HHAR TR HHEIR
= 7.87+1.35 8.58 +0.36 3.76 +0.83 3.58 + 1.66
FHER + 1% R 9.67+1.56 10.2 +0.26 3.62+1.12 3.69 +0.26
MER + 2% R 8.64+1.26 9.86+0.37 3.54 +£0.76 3.76 £0.77
MER + 5%EW R %R 7.98 £0.32 8.62 +0.53 3.08 +0.85 3.62 +0.64

4. g

R RGN T2 SEYE. ma e 1E SR AR A = AR SRS, 1 HJg T A aeE &
RERIAR RAEDJERL,  [RIR SR Rl IR i B S . AR T H ey, s Ea s,
ARKSEIARE . AR PUEPER . BT AR, AT DUORAME IS B KX — Bl Sk,
FI e RS RS Y LIRS WE, Ml T AR RA T AR . AR EE LW

1) B R AR A 6% B WG I m SR e (e B T ), AR R IR T, 8O T S
o HAEVIBUR MG 1% RS, e g =g A 17 50%; 14 KT
2%, SRR B A R TR S 0 PR3 I A, EE AR K

2) AP RARAEEE T A SR AR R R SRR, PRI A SRR S R, B T
i) - #is Cd KIRE

3) AR R 1A Tl D A 0 F) R AR R X B A S AR T R S [ L A - 4 R G R Y
i, HIH BRSO A 2 A2 0 50 e v 0 (4 14 T 2

4) AR E SRR TSSO, RABI 1%EY R + FEARRIGE R & A
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