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Effect of agricultural inorganic fibers on the growth of
ryegrass under cadmium stress and its mechanism

WANG Huanhuan' ., LU Meihang®, LU Junhua?, DONG Yuanjie'”

(1. College of Resources and Environment/National Engineering Research Center for Efficient Utilization of
Soil and Fertilizer Resources, Shandong Agricultural University, Tai’an 271018, China;

2. Zibo Huayuan science and Technology Innovation Development Co. , Ltd, Yiyuan 256100, China)

Abstract The study was to analyze the effect and mechanism of agricultural inorganic fibers (IF) on ryegrass growth
under cadmium (Cd) stress. The effects of IF with volume ratios of 1: 19 (IF1), 1: 9 (IF2) and 3 : 17 (IF3) on the
growth, physiological and biochemical characteristics, soil physicochemical properties and Cd mass fraction of ryegrass
on Cd contaminated soil (w(Cd) =50 mg/kg) were studied by pot experiments. The results showed that: Cd stress
significantly inhibited the growth of ryegrass, and the treatment of IF1 could effectively promote the growth of ryegrass,
reduce the content of malondialdehyde (MDA) and the production rate of superoxide anion (O, ~ ) in roots and leaves of
ryegrass, improve the mass fraction of soluble protein and antioxidant enzyme activity, increase the mass fraction of
available silicon in soil, and increase the Cd mass fraction of ryegrass roots and leaves and the accumulation of Cd in
the aboveground part. The growth promotion effect of the treatment of IF2 and IF3 on ryegrass under Cd stress was not

obvious, but it can also improve the above physiological and biochemical indexes of ryegrass roots and leaves, and the
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difference with the treatment of IF1 was not significant; The treatment of IF2 and IF3 could significantly increase the

available silicon mass fraction in soil, reduce the soil effective Cd mass fraction. and reduce the Cd mass fraction and

Cd accumulation in leaves and roots of ryegrass. This study can provide a basis for opening up a new green way for

exogenous substances to improve plant Cd tolerance and strengthen phytoremediation of Cd contaminated soil.

Keywords agricultural inorganic fiber; soil Cd pollution; ryegrass; phytoremediation
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Table 1 Experimental designs
Ab 3 S
Treatment Content
CK Jois g 0
Cd BY A w(Cd) =50 mg/kg
IF1 VAR : VOA5Y ) =1+ 19,75 +1EF »(Cd) =50 mg/kg
IF2 VAR « VA5 =1+ 9,75+ H »(Cd) =50 mg/kg
IF3 VAR : VA5 D =3 : 17,754 £ 8 »(Cd) =50 mg/kg

1.2 MEEIREFZ*

FEAR R S FH 25 B8 /K o g 44, 9 FH I K 4%
W T, TR E e T (FW) FIRE & . 9 &R T
105 °C A&7 30 min, ZAJ57E 70 “C MU 2 H 5,
EFHTEDW), R SPAD Ul 4%, K
PR S8 AL S B 2 O, 77 A i R SR R
R b Z R 2 E MDA & &, R % DA i
G250 Y& 2 v AR A R i, R FH AR Y e
(NBT) ¥ 5 88 48 A6 ) 8 AL i (SOD) I P L >k F
B B vk I 52 3 S AL W Tl (POD) 7% i, SR 48 0 1
W) S 2o 4801k AU (CAT) FIHL IR I 2 3oF 481k 9
fitf CAPXO TGP . R FH A 1R - v SR T - TR T Tl
A3 BE B E A R Ca Mg F1 Cd T EN R JTE
K-HCIO, T &L E 1124 . >k ] DTPA =4
JEF W W 4 O B kN R R LS .,
(m(+) : mOK)=2.5+ DpH ffi f] PHS-3C & pH
FHE, £ Gn () mOK) =5+ 1) FRMH

DDS-11A RUHL A0 A5 . Sk FH £ 2 812 32 75 )
FE TIES M Ca Ml Mg, R FH 7 5 1R B -4 5 L
o3 ARSI
1.3 HBRBSHFHE

TR0 B % H Excel 2019 #11 Origin 2021 #E47
A PRS2, R ] SPSS 21, 0 844 3E 47 4841 4 A
X A Duncan ¥iE17 22 5 W F R I (P<<0. 05),

2 #HEREHW
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2.1.1 3 Cd pria FEZEFERG R0k

AMIE TE XF Cd il T 58 22 501 1 5 00 5% M L
K1, 5 CK AL, Cd Hhif i & FEAR R 22 RAE S 7
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29.16% ;5 Cd ALHLAH L, W8 in 1F GB35 2 v 7 A
15 d Bf Cd e T M 22 700y ) i %, TR &b 33 A i
Cd Wie T FR A B B 232 43 Tl B i 20. 00 %6 1 11. 66 %%,
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CK,Cd.IF1,1F2 J 1F3 HAk& X WLFE 1., TR,
The specific meanings of CK, Cd, IF1, IF2 and IF3 are shown
in Table 1. The same below.
E1 SMEIFX CdipiE TREZEHERWHM
Fig.1 Effect of exogenous IF on ryegrass

emergence rate under Cd stress
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Table 2 Effects of exogenous IF on the growth of ryegrass under Cd stress
b 7 B i/ cm B/ (g/15 B) T HE/(g/15 B SPAD {f
Treatment Shoot height Fresh weight Dry weight SPAD value

CK 29.20+1.20 a 2.5440.39 a 0.2740.01 a 24.9740.62 a
Cd 22.30+1.30 b 1.497+0.04 ¢ 0.2040.02 b 19.8040.74 b
1IF1 22.604+0.85 b 1.994+0.16 b 0.2240.03 b 20.41£1.19 ¢
1F2 21.774+3.91 b 1.65+0.03 be 0.2040.04 b 20. 84=40. 89 be
1F3 22.53+1.62 b 1.49+0.14 ¢ 0.2040.01 b 22.32+1.35 ¢

TE:CKLCd.IF1.IF2 Jz TF3 HR & LR 1. AT REFoR b BE R 22 57 3% (P<<0.05). R,
Note: The specific meanings of CK, Cd, IF1, IF2 and IF3 are shown in Table 1. Different letters in a

column indicate significant differences among treatments at the 0. 05 level. The same below.
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Fig. 2 Effects of exogenous IF on soluble protein content, O, ~ production

rate and MDA content of ryegrass under Cd stress
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38R A T A2 AR 5, AT 22 iR Cd i, 3 5
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Fig. 3 Effect of exogenous IF on antioxidant enzyme activity of ryegrass under cadmium stress

R3 SHEIFIM CAdiTELTED Ca Mg 0 Si RES I

Table 3  Effects of exogenous IF on calcium, magnesium and silicon mass fraction in cadmium-contaminated soil

m IR AR/ - R e v B/ - A RO I R/
(emol/kg) (emol/kg) (mg/kg)
Treatment ) . . .- .
1/2 Ca*™ content 1/2 Mg*" content Soil available silicon mass fraction

CK 15.304+0.27 b 4,22+0.10 ab 306.25+15.96 d

Cd 15.47+0.10 b 4,21+0.19 ab 328.33+13.58 cd

1F1 15.32+1.12 b 3.86+0.14 b 483.06428.31 a

1F2 14.11£0.51 b 3.547+0.18 ¢ 356.00£17.65 ¢

1F3 20.34+1.53 a 3.94+0.03 ¢ 403.00%2.75 b

2.4 MEIFX CdistiEBA MR

spAl:)

5 CK AL, Cd &b B} 38 pH A1 S 5 5 1]
BN RO, 5 Cd A, A RN IF ¥
FE WA 34 I 4 pH A SR, HLBE TF 78 0 & fd 348
A AR, 5 Cd PR, IFL IF2 fl IF3 4
B L pH B 9. 80967, 26 6 F1 12,165 . HL &

KA 7. 30% .31, 11% Ml 26. 09% . Wl fig &

IF H & % CaO fl MgO 508 PE A (b Py 42 5 1 + 1
pH, [RII} TF B4R 20 W 5 m 1 -3 rheg ik i
AT L SR . pH 3 A AT Cd 9 [E 5E .
Si (B L RE RS I Cd A9 [ 52 L 3 vl gk — 4 %
1B 3 A R Cd B & 05
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R4 SHMNEIFX CdFRTEBEUERNZ
Table 4 Effects of exogenous IF on physicochemical

properties of cadmium-contaminated soil

Ak 3 33/ (pS/cm)
Treatment pH Electrical conductivity
CK 5.82740.06 ¢ 120.30418.38 b
Cd 5.9240.03 ¢ 124.70+8. 61 ab
1IF1 6.5040.11 ab 133.80428. 06 ab
1F2 6.35+0.15 b 163.50+8.36 a
1F3 6.64+0.13 a 157.23+30. 10 ab

2.5 SMEIFXTEZEER Ca fl Mg BRE 5 HHI R0

5 CK M, Cd iria £ BEAR R 22 Bt i Ca il
AR Mg BT8R R Ca RN i Mg i i 43
Ko AN (F 5), IF1 AEHAEME Cd i B E
L AR ZR  Ca A1 Mg 5543508 fin, vl e & A
o IF {2 #E T Cd Wi F R 22 R A, DT 3 i 17
P Ca Fl Mg %A 25 TG R R, 5 Cd b3
AHEE TFT A AT Cd Jpia T B % B 5 AR & Ca
R AR B 8. 09 %l 6. 46 % .17 TF2 Fil IF3 Ab 3
X 4R A B MR R Ca Il Mg JF 8 50 5% i
AN, ATRESE R IR0 TF X R 2 A KA 1 il
T s DT 52 i) HE X6 35 1 (3 WL

x5 MEIFMNEBZEEA Cafl MgRED MM

Table 5 Effects of exogenous IF on Ca, Mg mass fraction in ryegrass mg/kg
5 T 3k 43 4K BE 0t 4 K
b
Ak 3 Ca mass fraction Mg mass fraction
Treatment
i Leaf R Root i Leaf # Root

CK 5784.5240.83 a 4 426.52414. 27 be 1074.81+£36.72 ¢ 1122.50+£3.77 a
Cd 5206.95+2.30 ¢ 4 850.944+3.28 ab 1214.88+63.43 ab 1156.57+5.09 ab
1F1 5628.26+£25.12 ab 5 164.12£70.74 a 1234.754+8.95 a 1 189.70+16.98 ab
1F2 5251.09+18.63 ¢ 4 273.1443.69 bc 1164.51410.51 b 1 141.58+9.48 ab
1F3 5 372.05410. 44 be 3 800.50414.56 ¢ 1222.84+17.27 ab 997.66+0.23 b

2.6 SMEIFXEHE T CdRENHHM Cd R
REME T

Cdipia s EFRSBERH F RMRER Cd K
o E, BARZR b Cd i i o B0 & T ik i (R
6), 5 CdAb3AR L, W0 IF fE B AR + 38 A7 % Cd
AL IF2 R TF3 S RE R IR A &2 FOAR I Cd i
SR 1 Cd B R AL IR Cd B2 R R
] M R (2 L B2 0 T AR5 8 R BCTE) ; HBE IF i
SRR, X B AR PR 2 Bt R AR R Cd T a4 B
BCREI R, 5 Cd AP L L IF2 {22 22 Bk B i
HRFR Cd Jit i 53 5050 Bl FEAIR 3. 456 1 20. 152, IF3
i S8 2wt g RUAR &R Cd 5 B 0 B 20 ) FEAIG 19,
94 %5 F 34, 67% , 1IF2 H1 TF3 43 1) i B2 2 6 4y b 350
Cd FLE R AR 18. 22 % M1 22, 22% ., 1 IF1 4b P fE
WEIREEE R (BCE), B B A& -3 Cd
AR R L AR E Cd A 48 o A 9 A 9 1) 2 R 5 () )
BN TR T R MR R Cd A R A i
Cd B, 43 ) 4 2E 22 B e FAR &R Cd i i 43 3K

Hadm 6. 89% 1 2. 61% . b I ¥R Cd 1 2 & 1
10.22% . LA TF1 Ab 3] g F JA 22 B A K 8 n F
Yot F Cd Wi, 38 sy Cd ;7 IF2 Al IF3
0 fiE P I 3 AT 2% Cd BT i 43 45, H A /D> Cd i 28
2 BT, DT 2% fiff BB A2 B Cd if

3o #

3.1 SMNEIFX CdBrE TEZEEKBNFM
AR S AF R, Cd JWhan 25 1 25 40 i 8 22 R A=
o, fT B 22 B0 T B PR R SPAD 8 A2 BB
W Cd M EH T RE RN AR EFIOLS
BCFEIEN ., IF1 A FEREA A dF Cd Whia T~ B2 &
B G2 Cd BB &0 IF2 A1 IFS X Cd Bid
A RE R AN A B TR,
AT 3 A B W AR ST RE A AL 3 I bR
MR R A KRB, B Cd Wrin F B2 A 4R K
A BRRR DS AR MR TF R E S SionE A
FEP W ORI, FLASR 50 TR A PR BB 2% Cd
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Table 6 Effects of exogenous IF on cadmium mass fraction, cadmium accumulation,

available cadmium, transshipment coefficient, and enrichment coefficient

AbFE Treatment

Parameter Cd

IF1 1F2 IF3

FEAE I B Cd 5 4380/ (mg/kg) 53.5540.28 b

Plant leaf Cd mass fraction

FEMRAR R Cd B s34/ (mg/kg) 248.12+3.72 a

Plant root Cd mass fraction

TR - Cd BB &L/ (pg/15 ¥ 11.2540.59 a

Cd accumulation of plant leaves

+ 3 Cd w450/ (mg/ke) 49.60+0.23 a

Soil Cd mass fraction

+ AR Cd i 4y 8/ (mg/kg) 9.2340.87 a

Soil available Cd mass fraction

i ZEL 0.2240.00 a

Translation factor

HERH 1.0840.01 b

Bioconcentration factor

57.247£0.04 a 51.70£1.17 ¢ 42.8740.41 d

254.59437.10 a 198.13+0.63 b 162.10£12.60 b

12.40+1.66 a 9.20+0.11 b 8.7540.17 b
47.0440.51 b 48.0741.06 b 47.5840.78 b
8.74£0.67 ab 8.89=+0. 33 ab 7.71£0.50 b
0.23%£0.03 ab 0.26£0.01 b 0.27£0.02 b
1.2240.01 a 1.0840.05 b 0.90£0.01 ¢

36 % 22 A R B AL 3 Cd e R B A R
fif 5 bk = 1 SPAD E , S5 AT ABFE 45 R — 8,
11T 7 S i i TF A A B HC R 06 Ok + 48 pH, X Cd i
T RAE R R AR B, HIE R IF
fE Sk HR A7 FE KA E FR T R L O RE 5K oy, W
s [ E £ R Cd, T RE R 2F Cd Wit T 2 & F Y
ARG Cd Wl .
3.2 SMEIFX CAMME TEZELBENIERN

=AU

BTN E R AR A N T AR S N BRI T
HR 52 BN IR L A8 ROS K F Th 5 i ) g 5t
AL T | R A0 L RS 47 5 R R L R AR A . O
FLA i A 25 3 AR W R HLAG RN T BE 2 81, 5 | ke
R IR 1 0 A 1 45 I DR Ak AR R AL
SOD.POD.CAT #il APX J& ¥ bk ROS i 5 225 .
MDA Sz ffif f 306 358 Jolh 381 8 400 6 i 2o S Ak 1) 7 2 4
P o TV TR AR (R R A0 M N E R R, K
31 B — (1 301 2458 00 A W ) A ERATL R L 4 ) i v R
Fa R AR, AFSE &8 Cd 4b B £ i 3% 18
MDA &Ml O, ~ = AH R, BT EEEA S

dat [ P I PR 22 i e SR R v A& T AR T
U Cd a6 X B 2 B i T S A 155 R P R
FIRECAT B2 Cd Wil S8R 7 R A BT RE 2 10,
S A OCEE R F B A . © A PSR, Si g
A AR R AR PR DG e S A T I 1 Y 1 o, B AT AR
Cd Mif =, dw 2O A5 58 & BLAME Na, SiO, fig
Ko Cd e B A i AR 4 ¥ 19 SOD A POD ¥ 4
XA % AR Na, SiO, BESE 3 Cd A T &3
iR POD R CAT W&, o] UL, B4k Si
AT R v 0 AR R T TG P L T bR Cd e s A T
PR AR ZR G2 fifk Jo B8 0 4804 453 0 o 1 52 R DG il A AR
WA X S ASAE 58 45 R — 80, AW A n 3 b
ARG I i TF ¥ fig b 25 58 = 2B A2 w5 rhoa]
PRI & i BT MDA &R O =R, i
1R R MR 2R 45 T AU AR S R L DL TR Ak P % fig
OB B (B TF2 F1 IF3 A9 28 fift s R R AR 0 8
EMEZER. XATREEAF AR A IF 8 T -3
Ty Si TR BT 3 AL A R T 2 Cd B a T
BTN AT O, 4 TR RO BR A A R
RE T, NI R AP A 52 10 8, i 1 Cd e B4 .
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3.3 SMEIFXLEE CaMg M Si TEREHH L
KKk Cafl Mg RE 5 BRI &2

A SE R R B 5 Cd b B AR L, 40 U5 3
3 FPOANTRI AN i 9 TF 35 RE 4 5 8 b A &4 Si i it
SyH. HLOTF3 AbBRAERS I £ 4 1/2Ca"" & &, IF1
A PRREIG N A Bt B AR R Y Ca A1 Mg Jfi & 41
AR IF2 03 X4 Cd Wi F B2 BRI Ca #1
Mg JiT 5 43 B0 I 2R AN BT &, X AT fE 2 I R TF 1
AbFRARHE T Cd i ie T B R AR 3 T X
A 45 0F Ca Al Mg MR, A WF5R R M Ca B F 4
FIEHE RS Cd AATE RS LR L BB S Cd 1Y
R R EL AL R H I TF3 ] B il 1 3% fn + 3
AR Ca T 43 85, B AR R 22 REXS Cd i W Wi, AT
PR B Cd itk SEE IR L. Ca 5k
JIEL R A FH AT 3 BRI K R M R Cd o = 4 8K
L B it P e 8 o e 0 205 R A 0 3 15 WO o o U
Si Al ZZ bR Cd Jihia 48 w0 Cd it 45 G A iK
B aE AL, UL TF 84 T 3 rp Si i 4, T Si
FR N 0 RE DA A R T Cd IR, AR 56 TF2 A TF3
Wb PRI REREAR Cd Wi T R R XF Cd 1y W i, I8 4
Cd Wi F 22 By A BRR M AT 22 i Cd Jilpas .
3.4 IFMNEKMNTECIRENHRE CAREEN

A

AFFEARIE . 1 HE pH T £ 88 n IR R
TET W B A 0 fRL A, DT A R A R T R
Yang %0 N RE A4 RL SN T R pH A1+
BEPH B 7 28 # i (CEC) L 1M A 344 Cd B&AIK; Ning
SO TE L i S A % RN BE il - pH A L
Si BT A B, O T 58 REAKOK RS £ bl 2 4 s
Cd FKFEFFRI T Cd MR B, X TR A St iy
WK T 4 pHL B T 3R Cd, AT FE AR
AR Cd. S E RN R B S G iR K R 4
Cd HEERNZ — i B KFBERN S G EARS
Si 7 40 i A TR 2 T B ZE 41 AR RE L B L 52 Cd
1 JoE AMAZ B, D Cd ) 1358 04 32 4, DA T O
CdFE, #—EUH T Si T Cd ek ik N
14 I WAL TS B » AT 2% AR AR 1 Cd Wil . bl b el
U AR ST A R AR A R Cd s Z Ry Cd
G . ARWFGE AR, 5 Cd kb BEAH Eb L R R
it TF 0] i 35 BRI 50 2% Cd B 43 40, m i
IF fEFRR R FAR M Cd B8 2 B m i 135 Cd
FUE G, M IFL b 3 BB 1S in 2B & REAR I Cd i i 43
oM B Cd BB . AR TR R B i IF

XF Cd ¥5 Y+ 58 K Cd i 28 22 0% B A [m) 1) 741
RO ART IR IFCVAR) : V(R =119 F
BLE LG Cd Wraa R BB 2Z RO AR a0 R L BT
ARG M FRAR MDA SRR O, - = AR, i
SR R R E Cd e B R A K iRk
HXE Cd Wi, AT Bl Cd Ak B A L AE 1 n 2B
AR Cd BB i, DI AR 13 Cd V5 5y i TR
Jine IFCVAF) : V(R =1:9 1 3: 17)%f Cd
F4) 2 B RT3 S A ) SRR R AE TR B 2 LB
W B 1 0 R A O LB A B ) 5T e R 3 pHL,
Al 0 - 98 P oA R ST T 43, DR R s
FE LI Cd, 98 3R A R Cd Y BT i 434 [
{REFZ X Cd AU AL B, B9k ) B 22 W ) 42
AERURRN M TF1 438, 0 5 5ok Cd b A L AE
A B, R, TF X Cd 75 Y% 4+ 3 A 520, 1]
MAERE Cd 155 HHERZZ i Cd i5 4« -1 LAY Cd
363X 2 A5 1) 2R AT IR AR 5T L X X 2 i Bk [ Cd
15 YL BUR (R RN 2 M 19O i DL BRI 4 8 Cd
PN fa BRI AN E. AT BE
Cd V5 Y& + HE 1y 2 22 B3R IS mT A SRy %R filE ) B B
IR BE N K 3 FA AR 2% O % i — 25 4 ROAL 38 DAL BR
IR T A R B Ak BR A BRI Cd e AT P 8
o i e vt A L aE P A 2 TG e,

4 # g

D AR Z 45T . Cd Wil 25 535 90 28 42 506
Ak, Cda &M F .5 Cd A FEAT E, % in 1F fg
Y 4 e 5 B A2 (0 45 T A A AR B L A 4R o 2R
ZEi Cd M, 23 Cd Wit T B E R AR,
LI IF1 A3, TF2 Fi TF3 Ab ¥ fE ok 3% bk A=
L4545 . B 5 IF1 ZH A BE,

D)W IF RE4E S Cd AbH R -4 pH Mg &
R R00 -4 A AL St BT 4 B TR AL 3 T AR
i Cd Mria T 2B 22 w0 i A K s Ak o Cd oy i
P A R Cd P mds i IF(VAF) = VIt
HE)y=1:9 1 3 17) 0] A R b ok [ 2 3 Cd,
AT 9870 I P2 R IR S R R SR i R 27 R Cd
TSI
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