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Construction of a cadmium—tolerant germplasm classification
system and screening of core germplasm in Miscanthus

PENG Yiyang'?, ZHOU Xuanwei'?, LI Zhiwei', YI Zili"*®, XUE Shuai'**
(1. Hunan Engineering Laboratory of Miscanthus Ecological Applications/College of Bioscience & Biotechnology,
Hunan Agricultural University, Changsha 410128, China;
2. Hunan Branch, National Energy R & D Center for Non-food Biomass, Hunan Agricultural University,
Changsha 410128, China;
3. Yuelushan Laboratory, Changsha 410128, China)

Abstract To leverage Miscanthus species for rehabilitating heavy metal-contaminated marginal lands, a multi-
level screening was conducted on excellent germplasm of Miscanthus plants. The study successfully constructed
a multidimensional Miscanthus germplsam evaluation system based on the Analytic Hierarchy Process (AHP)
and Grey Relational Analysis. The system integrated 10 core indicators, including spanning agronomic traits,
physiological responses, and heavy metal accumulation characteristics(with a consistency ratio (CR<Z0. 1),
and can efficiently screen for “tolerant enriched” and “tolerate non enriched” germplasm types. Taking
Miscanthus lutarioriparia as a model species, the system comprehensively evaluated nine wild germplasm
accessions collected from cadmium-contaminated areas. Tthe mean truncated tolerance association index of
Miscanthus lutarioriparius to non enriched types(0. 576) was significantly higher than to tolerant enriched types

(0.493), but there were concentration dependent differents in the performance of different germplasm. The
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gerplasm from the collection sites of Longchuan and Miluo showed significant advantages in low cadmium

treatment, while the germplasm from YuelLiang and NanZhou showed outatanding performance in medium

cadmium treatment. The germplasm from JunShan demonstrated optimal tolerance in high cadmium stress. This

study provides a scientific evaluation tool and excellent germplasm material for the application of Miscanthus

for cadmium phytoremediation.
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Table 1 Wild germplasm information for screening the Cd tolerate Miscanthus lutarioriparius
. . e b - A T Sy A/
i MEGES 4K/ BE/C) WE/m IR
Location Germplasm code Latitude Longitude Altitude o £/%8 .
Soil Cd mass fraction
X
EBHFEE!J”.: . JS 29.49 112.85 9.71 5.52
Junshan District, Yueyang City
F Y5 518 A
LS 29.01 112.95 10. 79 1.01
Leishi Village , Baitang Town
M ﬂIl ﬁ
{H./F.ﬁ EH%E . . ML 28.87 112. 89 30.75 2.43
Yingtian Town , Miluo City
M 2 Ml 4
M . C A 28.56 112.81 8.23 0.38
Zhangshu Town, Xiangyin County
K- vl =8
Kbl e J‘ . YL 28.30 112.92 20. 20 0.45
Moon Island , Changsha City
EAAN =
JKDFET%‘{%‘ . DZ 28.35 112. 86 18. 48 11. 10
Dingziwan, Changsha City
) L g
e i Je i .. LC 27.39 113.02 28.33 8.48
Longchuan Town, Zhuzhou City
“"l' P ““l' L
PR Tt . . NZ 27.54 113.16 33.33 9.43
Nanzhou Town, Zhuzhou City
PR =N
HI LT 5 46 71 8 SH 27.88 112.95 14.05 8.98

Yisuhe Town, Xiangtan City

AR R (k) 19 55 KA R /M 5 (&) 1R 3 7 9
Jo TS kA E R EE 8 R B SRR T Co (R) AN
Cp, (k)53 AR B TG 4 7258 £ A Vi B a8 F b I
HB C R 25D FIl b R 3 CHb TR 25 FUAR D 47 19 it & 43
B Y bR R R G i R B B v R A X
COOTFEE 5 248 b5 B/ BR L i 5t i 5040 A o A6 1
K (2OFFFEN S AW H MDA FUK 43 & i 5
2, K s dafi (D,

RAEEREERE W (GIFRARXMT

W (&)=(min,+mink+ A (%) + pmax, - max/

A#))/(Ak)+ pmax,+ maxk) (D

A W (k) R KB R B A k) FTR 5 i A F i 5 B
R BT AR 55 A48 A5 JC 5 40 B0 19 48 X 22 {H s min, -
mink« A(£) 5 max,smaxk« A,(£) 53 3w A(k)RY
T/ IME S B R A s 0 AT BE R B ARBFSEHLO. 5.

5, 3 P SE PE AR B T R 1 25
G357 WREALWTF

RIG)= W (£)X B(k) (5)

P RIS GG IR 45 73, A0 4 T 32 6 4R K 1
SCHR E RTL AN 32 A & 4 B4 K (4 R 1 RI12; B(k)

R A FE AR IACE 5 N PR FE AR AN EL
8 56 B d T IBM SPSS Version 22. 0 #F 47 4¢
P15 W 4T, 4 H Origin 2021 1E & .

2 HERE5HMW
2.1 MEFEEEIMIEERBETESBRITNZ
135 R B 0 1%

AW 1 5 28 S FE Rl R bR E 700 &, 2840
Ge it oy A, B 2 0 1 HE R M 3 Ak B R 48 P 0 R E) L
A E T IS IS4 AR = K R
ROCE MO aE RCE MO NEER R
(ZEOM TR CEOMEFgE RS E
(Z AR FE R & I POD &£ i SOD i 1 Fi i
MDA & (P<<0.01).

FE T A S S BT O ¥R N L3R 18 A48 bR b i
PR R TEAR (R 2) 0 1 SeMR I A0 et o b 25
TR 8 bR 4 A A ST 3 4, 4 0 R AR AR
AR WL YT R N X 5 P8 bR AR B
JBYEA AR — B, DA 2R AR e A BT &
B, BR Ay S R AR R IE A e (P
0. 01, [7] B ik 5 5 At 45 b5 A7 78 AH OG5 A b,



"JOOI AU} SAIOUIP () PUB ‘WIS AU} SIJOUIP § “JBI[ 2} $910UdP T ¢ A[9ANIdSAT “S[OA] T() "0 =>] PUB GO ") =>(] Y} I8 UONB[AIIOD JUBDIJIUSIS O} 9IBIIPUI 44 PUE 4 :JON

SRR N M ST T OBV E T AN T0 02>d I G0 0>>d LR L xR

2026 4F 55 31 %

L0870 !

‘0 ,.606°0

0 980 L9898

0 L.EL8°0  6leT

56570 1

aos
K11A108 9sBPIX()
aod
L
VAN
E

JU9IU0D utuSI|

w HeEmy

‘0— VI0O'0— 250"

‘0— VI0O'0— 650"

LLT0—

el

190°0  ,E€€°0— ,.889°0

S¥y0—

1U21U0D
9S0[N[[9IWAH

o EEEREL

‘0— ¥8I'0— €C1

‘0— 8PI'0— 680"

460 °0—

g0 0— SST°0—

L3V 0— .8¥V7 0

1U21U09

il

ISO[N[[97)

Ju Y Ehs

0— 9% °0— 9.¢°
‘0— /81°0— LST®

‘0— ,£28°0— 292"

8¥¢ '0— 366 0—
LLT0— ¥L2 0—

ve¢ 0— TIT°0—

!
L7987

085"

0 LN ES I Y NS S 4

0 ,.eL8°0 L9V
2920 L 8Iv'0  9¥E”

0970 L019°0 ,9TS"

WLPL0 00570
L129°0 86770

LLEL°0 LVES0

L9V 0—

LS

G638

L1€°0— 662 0—
‘0— .06 0— 8¥1'0— ,.LI6°0

20¢°0— 8L °0— ,,106°0

LI86°0— .68V '0— 3€EF

‘0— 805 0— ,1€9 0—

L0858

W5€L°0— L8l 0— 929 °0—

880 0— ,p5€ '0— 691

0— . 1€5°0— .87 0— ,.98E€°0

STE0

.889°0— 509 0—

00— 0€2°0— 920°0— .29 0— ,,65€ 0—

LGee0

LI79°0— 695 0—

daos dod VdN

N 1

n/1

£)1a1108 3sBPIX()

e

JUSIUOD UIuS1|

LY

aso[n[edTwaH

HEEH 74

10]9e] Iojsuel |, uonodely ssewr wniwpe )

/-
J10}oe] Iojsuel I,
wogy
/%=
W
uonoely
¥ ssew wniwpe))
ML
i
sseworg
1
v ET
8uaf Jear|
02970 1
S
. . WSy 1uerg
WOL7°0 0 .88L°0 [ ™
3u9 Y3
sseworyg REEL3atey dnoiry  1ojRIIpUT
jeor ] Jueld _
L/ EY S (2 T

S B

82

wise[dwiad sny7uvISIpAr ) JO SONISIANIBIRYD 9)BIS[01-P)) oY) SUIIBN[BAD I0] SI0JBIIpUI §T 9} SUOWE SISA[RUER UONR[ILIO)) 7 d[qB ],

WX HENY B Y ST R B U Mk Ta - T2



53 1

ARG 18 R T A A 5 43 BT A 1A 3R R s KA i B O

83

WM FE =3 2 pk ik s B A 038 M 0 48 A bk &y T
WIPMAEtr . 2 E SR & LML Z I AR .
= EE SR SR R R R B AR
3 A SR (P<C0. 01, HAR AR & & 00 ) 5 2540
BB R AETE B A 56 (P<<0.0D) 1 2% AR o
43 5 ZEOR R o RN AR B N 2S48 AR AE A
R OGP R AR 2R MR A R R N IE
MO AR PR o 3R W BT 2H 3 AH OGPk 43 B e B, iR
JRR MY gEE L4 R B EMIE(P<0.0D),
oA R £ 5 MDA, POD, SOD i # # & (P<
0.0, ZEARRESMM A& RS Y
b2 A G (P<<0. 01D, i B8 (25D 2k 41 4k = Al
(I ZEO LR Y K AE NP AL O AR bR o 4D A BRI 17 AH
FME B R I, I EB POD 23 Il 5 25 /M 8 R 5L
/AR R R B AR B3 A OC (P<<0. 01D, BT A 2%
Bk i+ POD, i £ i+ MDA 5 SOD 1k N ¥F 4 # O
b o

i b kPR 2R/ MR BB R R
B /255 R 2B MDA SOD M2 4k 26 R4 4
B MR R R YE R 1048 bR A S R Ak 4R
TN AL A8 5
2.2 EEMEMRIFNSHEERNEL

B A BE R 00 A% 0 VT A 48 B 4 E K 4 A
T4 e g A T A TE AN R G 0 R R A A R AR
o H AR )2 K R PN T SRR R L T RIZ R AR R

x3

PR 2R B B R R R /R R
FEC MDA i SOD I M AR 42 & i ZELF 4
o WP agERes 2 PafERTE. Rl
T 2K T 4 28 280 g 7 o 2 R PE A AR & 0 ) o i 2 AR
= A2 BRI A2 & AR 78 e A SR e PR A AR R

BT HR AR Jy vk 1. 3 % 1 4 A% 0 18 AR E AT 40
Br 45 8 5 T4 )2 IRAE PR AL E IR S5 R (R 3D, H
it 52 AF & 4 AT 4 5% T {8 45 SR T 20, Bk s 1 A o
{5 KoM 0. 191, ¥ B R B (/AR /25 Fn /4R
FCHE AR /N4 0. 056, MHEF 4R 5 28 47 4 AN
18 43 5 & 0. 056 F1 0. 068, & T # % 2 %1 ; MDA .
SOD 55 i 2 2 2 32 AR (E AR 3 =, 4307 4 0. 119,
0. 123 F1 0. 1255 Z5 P 2F 2 3 AR T bk i AL H , ik
2T 0. 125, HXFF A2 9E & £ B IEME R i Az
RPN AR R B AR A X AR T AR AL Y
B R 2 BURT NG o o e A EE (B Ok A 2 R 25 /AR 5%
BRB VBT 0. 172; AR M B A R i 21 45 R
19 0. 049, M /K % B 2 BRI /28 3 B R B H (H
B LA 0,132 5 0. 101 ; iR F8 AR A 22 A K8y
TE 0.059~0.089, ¥ i@ i — M & % (CR1=
0.014 5,CR2=0.046 5).,
2.3 IMHFAERMAMBELENEEENRMK

R R 0% 1%

Z 5900 19 9 1 B 5 B A= B S AE 6 FPOR [H] Cd e

FE A R B 2R 5 PR 4 SR WL R AT 5. 54 Fh Ak AR

EESBAFNZROERNERESR

Table 3 Results of the weight assignment for core indicators in the typological evaluation of Miscanthus

i &% Ak 5 42 1Y
Indicator weight for the tolerate

EER 7D
Indicator

type screening system

i} % ' 4 2
Indicator weight for the enriched
type screening system

Fk & Plant height
2K/ ME R R A

Stem/root transfer factor

/R 7% & B

Leaf/root transfer factor

LIWE S 23

Leaf/stem transfer factor

MDA fifi i MDA content

SOD i SOD content

M4 4k & Leaf cellulose

ZE4F 4 K Stem cellulose

I 2 2F 4 % Leaf hemicellulose
A 4R Stem hemicellulose
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Table 4 Comprehensive evaluation results of different M. lutarioriparius germplasms for the Cd-enriched type screening system

b 5 g = CK T1 T2 T3 T4 T5
Germplasm — SCRRRE  HEF  SCKE HEF  SCIKE HEF O SCIKE HEF RE HEDF ORIUE HPF
code RI1 Order  RI1 Order RI1 Order  RII1 Order  RI1 Order RI1 Order
DZ 0.582 5 0. 545 5 0.513 4 0.461 8 0.492 1 0.450 2
IS 0.532 8 0.517 8 0.509 5 0.484 2 0.481 2 0.471 1
LS 0.632 3 0. 537 7 0.529 2 0.481 4 0.401 9 0.351 9
LC 0. 667 1 0.579 2 0.499 7 0.471 7 0.410 6 0.424 4
ML 0.533 7 0.615 1 0.471 9 0.478 5 0.402 8 0.414 5
NZ 0.522 9 0.505 9 0.474 8 0.484 3 0.435 5 0.383 8
SH 0.572 6 0.550 4 0.522 3 0.422 9 0.407 7 0.404 6
YL 0.584 4 0.563 3 0.544 1 0.521 1 0.441 4 0.429 3
A 0.652 2 0. 544 6 0. 500 6 0.475 6 0. 444 3 0.400 7

WS AR LA 1, T1. T2, T3 . T4 H T5 43 5 Ak Bk B2 28 .56 112,224 F1 448 mg/kg. T,
Note: The codes refer to the germplasms listed in Table 1. T1, T2, T3, T4, and T5 represent cadmium treatment concentrations of
28, 56, 112, 224, 448 mg/kg, respectively. The same below.

fiif 5% 5 48 AR ZR rp 3¢ B B g 9 K 0 DG B (RTD
R 0. 667, A% R 0. 390; 7E it 32 AF & 42 ALK R h &
PR d5 B 10 K 0 G B E (RI2) 4 0. 821, S IR 18 M
0.388, 2FP KR T RI B & 5% bk 38 v BE 0% 385 in 7
AW AR o 3E S A 2 R R SR Y (B Y
Fo 43 2 10 %) RI1C0. 493) 5 R12(0. 576) & B, Z1F
A PR T X 4 R AR A2 AR B AR R . B AE RiA
R R AR R Cd B 38 R, 18] — R e 2k i 22 81
KW AZ 6 1A BT ANF . tedn  fE T fE LT,
T A BE (L CO BRS04 R 52 0 44 W] f , RTLCO. 821)
5 RI2C0. 667) 75 T A F o rp ) e i o #E T1 AL 3

o, LC BRI IH PR 4525 B8 1Y G K B (RT1=0. 724,
RI2=0.579) , (A X FH & 1 (ML) W15 19 Fh it
(RI1=0. 733, RI12=0. 615) . £ " £ & W 361 T2 Fl
T3abHi A 52 5 (YL WS R B8 ot #, BL7E
2ANA & rp R AR A (10 26 TR 5 p N B (NZ) BUAS: 1
BT AL AL #E T3 & AL # (RI1=0. 605, RI2=
0.521) , #F HoAth vk B R IR 25 . A 1L X (SO HLAR
F BB TR T SV (DZ) BRUAS A o 76 1K W 32 4
I — S, E A R R BE (T4 TS 4 M a8 vh R B4
S, e UL 75 T 52 5 B8 AU R Ak o AR A A ] vk B2 1 5
Joir3E AT DA SE ak A A AR R A LR N ) R A

RS IMBSTEUMREMZIFREERTNERTIHESIENER

Table 5 Comprehensive evaluation results of different M. lutarioriparius germplasms for the Cd-tolerate type screening system

i Ran CK T1 T2 T3 T4 T5
Germplasm — SeHCEE  HEF  XREE HOF OXREUE HDF CEOUE HF CEOE HF CEE HF
code RIZ Order RIZ2 Order RIZ Order RI2 Order RIZ Order RIZ Order
DZ 0.737 3 0.637 5 0.599 6 0.538 8 0. 560 2 0.523 2
IS 0.603 9 0. 583 9 0. 557 7 0.575 3 0.571 1 0. 565 1
LS 0.675 5) 0.618 7 0.613 3 0.550 6 0.439 8 0.338 9
LC 0.821 1 0.724 2 0. 600 5 0.567 4 0.464 7 0. 501 6
ML 0.671 6 0.733 1 0. 556 8 0.560 5 0.435 9 0. 465 8
NZ 0. 630 8 0.595 8 0.542 9 0.605 1 0. 500 5 0.472 7
SH 0.701 4 0.629 6 0.643 2 0. 506 9 0. 490 6 0. 507 4
YL 0.769 2 0.694 3 0.674 1 0.582 2 0.520 4 0.502 5
zS 0.653 7 0.655 4 0.601 4 0.548 7 0.524 3 0.511 3
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2.4 AEEMNERBOAEFRZOIEREER DT

i 2 AP R R S R B, AN R R Ak E R [
VA L 5 I 38 BT R B R R A R X (R 6) . IR
T T 1A FE v, fE 34 Fh BT LC A1 ML 32 31 47 1B 38
A R 3 B 3 AR T, X LC MR A —
T HEE Rl I T 596 7E & S R 57 Uk &R P bk
o R 2520 £ 2 5 5 e K 600G B B 1) S BEAR AR
PEFF BT ML A LC e br & | T — M i . 52
A T A B R I ML L ZS L AR e B S s R 25
T £ 4 2 Al N 4.39% AN 5.12% . ik

B T2, T34k BLER it & 2 F ik & HE 4 1540 6 J2 L
PR o STHRAE AR DL SRR BT YL AE 2 Fifk B2 R bk
B RN S, Herh IS 7 T3 A v bk s R B 4
KF T 183.5 cm. PLFHFT LS 5 DZ B 1k & 45
PRA 3O FE 5w 4R R A b s LA AR B, #E T2
W /M EERE MBS T 0.57F0.51,NZ
FE T3AbHE T 25 /M W 2 R AR = 3 0. 57, T Z 1k &
rh AR AT BT A2 25 FR 2 4F 4l Z R ALK, SH AE T2 4b
PRh 2R R AT 4 R o R IR B 25. 0300, HAE T3
R, SRR TAR TSP, i T

Fz6 AEEAMIELIET 97 kA EIEST
Table 6 Data comparison of nine M. lutarioriparius varieties under different Cadmium stress treatments
*‘E?ﬁ‘ ik D7 JS LS LC ML NZ SH YL 7S
Indicator Treatment
CK 166. 00+ 184.00+ 150.00+ 198.004 195.50+ 140.80+ 189.00+ 201.50+ 197.40+
12.80 bc 14.10ab 17.10c 16.20 a 9.60 a 11.60c¢ 8.40ab 27.60 a 8.60 a
T1 176. 30+ 193.00£ 160.00% 209.504 193.50+ 164.30+ 188.00+ 199.00+ 208.70=+
3.50 bc  10.50ab 8.70¢ 4.90 a 6.40ab 17.20c¢ 9.90ab 19.30ab 9.30a
T2 193.00+ 168.004 152.00+ 168.30+ 170.80+ 136.00+ 181.804 203.30+ 203.304
& /em 17.40 ab 10.40bc 31.10d 5.10bc 2.20ab 19.40d 2.50ab 10.10a 10.20 ab
Plant height T3 146. 00+ 186.50+ 159.00+ 163.304 164.00+ 144.30+ 167.00+ 183.00+ 175.00=+
9.50d 13.70a  8.50cd 5.50bc  9.40bc  18.90d 4.00 abc 2.80 ab 2.80 abc
T4 156.50+ 173.70+ 151.00+ 156.00+ 129.50+ 129.50+ 177.004+ 174.00+ 163.70+
13.80ab 10.10a 9.60ab 3.10ab 8.10 ab 8.10 ¢ 8.50 a 6.70a 22.70 ab
TS 136. 00+ 154.00+£ 87.00% 55.004 92.004+ 44.00+= 95.00% 154.00+ 144.00=+
12.70a  26.90 a 4.20b 5.10 ¢ 3.10b 4.20 ¢ 11.60b 13.50 a 9.70 a
Eo g R CK 24.40+  20.10£ 20.10+ 25.40+£ 21.594+ 21.68=+ 24.434+ 25.10% 18.264+
/% 2.21a 1.41b 1.35b 2.04 a 1.47b 1.85b 0.97 a 1.63 a 1.54 ¢
Stenjl 20.36+  19.65+ 21.01+ 23.50+ 25.98+ 21.10+ 21.594+ 23.29+ 23.38+
hemicellulose T1
2.11¢c 1.24 ¢ 2.15¢ 1.56 b 1.03 a 1.24 ¢ 1.18 ¢ 2.17b 1.37b
content
T2 0.51+ 0.58+ 0.57+ 0.514 0.47+ 0.54+ 0.37+ 0.484+ 0.544
0.03 ab 0.04 a 0.02 a 0.0l ab 0.02ab 0.02 ab 0.02 ¢ 0.01b 0.03 ab
. 0.424+ 0.484 0.504 0.494+ 0.53%+ 0.57+ 0.304 0.394 0.414+
%i*ﬁ%% T3 0.02 be 0.02b 0.03b 0.03b 0.04 ab 0.01 a 0.03d 0.03 ¢ 0.02 be
ffﬁ;y - 0.26+  0.40+  0.30+ 0.50+ 0.274+ 0.4+  0.25+  0.51+&  0.29+
0.01c 0.03 be 0.06 ¢ 0.08 a 0.03 ¢ 0.06 b 0.08 ¢ 0.06 a 0.04 ¢
s 0.40%  0.51%  0.59%  0.41%  0.35%  0.40&  0.39%  0.66+  0.33%
0.03 ¢ 0.05bc  0.04 ab 0.02 ¢ 0.04 ¢ 0.04 ¢ 0.05¢ 0.04 a 0.03 ¢
EAERY 33.32+ 30.50+ 32.55+ 41.004+ 32.62+ 39.15+ 35.19+ 27.12+ 33.76+
/% T 1.23bc  1.83bc 1.32bc  1.34a 0.45bc 1.47a 1.78ab  0.14c¢c  0.20 be
Stem
cellulose TS5 33.004+ 26.15+ 27.844 42.63+ 34.224+ 35.97+ 32.91+ 31.85+ 34.00+E
content 1.72 be 1.63 ¢ 1.15¢ 1.81 a 1.34b 1.44 b 0.80bc  0.11 be 0.17 b

T« A B AS () /N5 5 g 2R [] — i Ak LA () [ () A7 A S 381 22 S (P<<0. 05) , n=4,
Note: Different lowercase letters within the same column indicate significant differences among different germplasms under the same cadmium
treatment (P<Z0.05), n=4.
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