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FEE . IR (AgNPs) X 521 B FER T 1 & A4 1 2B K 2, I 58 1 SCERER TS AgNPs i 5 — 4 ) s i 2 5 5 450
PSS . SO EER T8 T 9 MARFMREE D) AgNPs VW, 45 H WEL 0 Al 70 BRI 00. WLBE4% oS 4T 1
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S3BT TIOR3 BT TR T — W R a3 i T3 . AgNPs i 52 oy B BTl & IRV BE AgNPs X405 i 52 AN W 4k ol s 7™
IR AR

KR AgNPs; 521 B 1 B 7 & 2l AR BRARAE s A= K3 20842 0

XEHS: 1673-5897(2021)5-301-13 RESES: X1715 XERFRIRAG . A

Phytotoxicity of AgNPs on Astragalus mongholicus Seeds and Seedlings and
Data Mining Analysis

Xu Rongrong'”, Gao Jing’, Wei Simin', Guan Sijing’, Ge Tiantian’, Wang Nan"" , Tang Zhishu',
Song Zhongxing'

1. Co-construction Collaborative Innovation Center for Chinese Medicine Resources Industrialization by Shaanxi & Education Ministry,
Shaanxi University of Chinese Medicine, Xianyang 712083, China

2. College of Pharmacy, Shaanxi University of Chinese Medicine, Xianyang 712046, China

Received 11 September 2020 accepted 19 October 2020

Abstract: To explore the influence of silver nanoparticles (AgNPs) on seed germination and seedling growth of A.

E2TE SR P 3 AR R 3B I 45 (CARS-21);2018 4FH & 24 3 36 T AR iR 45 b Bh & 100 4= [ v 25 95 YR A8 301 H 7 (W 41 (2018 )
43 “5); BV i 1 2 R A ORI (2020 GPO )

FE—EE ARBAR1995—), &, W1 BFFE Iy 1) 2y 24 B M) A B AR 252, E-mail: xu09nsn@163.com

* 8 W4E# ( Corresponding author) , E-mail: gosouth@ hotmail.com



302 EOx OF O O¥ R EATES:

mongholicus, and to discuss whether the impact of AgNPs on a single species is consistent with the trend of data
mining. A. mongholicus seeds were cultured at nine different concentration levels of AgNPs solution. Seed germi-
nation was observed and recorded every day, and the parameters of germination and growth were measured after
the observation. Based on the experimental results and literature data, the comparative analysis was performed. As
the concentration of AgNPs increased, the total germination percentage of A. mongholicus was inhibited, and it de-
creased significantly at high concentration (P<0.05). The mean of germination time at concentrations of 600 mg-
L™" and 1 000 mg-L™" was significantly higher than other treatments (P<0.05). When the concentration increased to
400 ~1 000 mg- L', the radicle length, cotyledon length and cotyledon width were significantly inhibited, which
were significantly lower than that of the control group (P<0.05). The hypocotyl length wasn’ t influenced by the
change of AgNPs concentration. The contents of chlorophyll and nitrogen began to decrease significantly when the
AgNPs concentration was at 200 mg-L™'(P<0.05). Compared with the control group, the fresh weight and dry weight
of each treatment group (except 20 mg-L™") were significantly reduced (P<0.05). The antioxidant enzymes activity
trends of catalase (CAT), peroxidase (POD) and superoxide dismutase (SOD) of aboveground and underground por-
tions of seedlings were basically the same. Calculation of the inhibition rate showed that AgNPs of 600 mg-L™" and
1 000 mg-L™" had toxic effects on A. mongholicus. In general, the experimental results were partially consistent with
the trend of data mining models. Comparing several analysis models, it was found that the results of membership
function analysis and principal component analysis were consistent, and meta analysis was more suitable for single
species trend prediction than redundancy analysis. AgNPs inhibited the germination of A. mongholicus seeds, low
concentration AgNPs had little effect on seedlings, and high concentration seriously inhibited seedling growth.

Keywords: AgNPs; A. mongholicus; seed germination; seedling physiological characteristics; growth inhibition;

data mining

Biti 25 2K BR B E 28, oKk ok 9% )3z I T
Az RIS R FE O T kG bR R B A R
AT B - S5, AR IURL A WA 38t A% 7 1 N A
BHEER SR A —E AR g kiR
(AgNPs) BRI PR | SRR 3R T AL 7 P B Al
LA, LA SRR Ag” RO BE T B T 9l LA A Ak i &
AU | f e AR ARt R 2 B Y R
IR PR v A A A AU R A A W M, O i i B A
PR 25 it B Z AR S AR A A A A K
W Bei S, M Ah, — 7 i 0 40 K JORL 7] 33k g
NERZREE . I 7575 S8k — 25 TF A K H AR 1 1
FH B WA 2508 7 K UR ) 22 A ), AgNPs R )™
T T LGN 24 1 ) e s (s )82 I o
PYFAS, JCTHAEAE Y 7 T WF R 2 5 vh T
L Y (ERTE NS = AV &3 VAR T e O T (1
XF AgNPs TERIRE ST AR R F1z AT oY, e
AgNPs WA 75 P A FH A2 52 FL ORIV RN B2 S ma ™!
I Hojjat £ Kamyab""' #8757 AgNPs 7EA [A] ¥k & i £h
WO A R R ZFRAE R BPER, &K B AgNPs
AR T DR v i e L &0y i % s 6 e | HC I T g
23 O ) HAE 5 55 B0 [ B A AL, B9 & R

AgNPs ¥ %4 0.06 ~0.5 mg- L™ B0 BA &
BRI A, AR S — R A 9 A2 25 A B
R

BN — R IR Rb 25 24, H T AR
TR . A 258 B EOR IR Z — RIS B
TR KA ISR SME A R R AR 2
R RSN B RS B R B AR UKL 2l it
MBS PORE R L o — ) T RE BTG
MR SRS TER N IEH B iz sl & P, iX T BE
S3XF BRI AR A — i R AR SR AT ]
RN TS AR BRI B, AT BE 20 A fdt B
T PR o DR A ARAB S B AR s b e v ] BE A
TERY [ EUFT B8, A S50 DL SR B R R AR ) 587l 81
€ (Astragalus membranaceus (Fisch.) Bge. var. mong-
holicus (Bge.) Hsiao, fij 5 & Astragalus mongholicus)
HBFTER R WEFEA R Y AgNPs 700 527 5
FEMh T AR A AR K R BE AR T, O T RO
1303 Hr o REE 73 W5 B i ST ok ™3, i
URTRIRT IR o AR B — R 500 B R Ag-
NPs F M B2 75 4545 K ah 70 B 18 180 i) 2, A ik
UL TCAR I TR meta Z3 AT HEATIAIE | HLHE — 3 13
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IMZEIR 5 S PRIE I 45 A0 22 5%, ok K Rdls 23 B 14
ATEEYE B AEIEA G HIBCA R PR AgNPs (1)
BEVE , FF S PR AR R

1 ##57 % (Materials and methods)
L1 skl st

S FH /NI — UKL JSC I 1Y 52 ol B S
Fh o RRAEERN R ER LS 103 it s fb & 4l
HK I EE 40 min, 2iFoK ehe T & SRR AT
AgNPs Kif5 Ry 40 nm, F B2 VG [ 25 KBk v rh 24
BV A AL P R B E O 4R, DUARTRIVE
JE AgNPs ¥ AL B 52360 41, 2 v oK Ak B D xR
AR AL B 6 DA B H s R L g
ARANAL B, IS S v M T R K M4 R
KAGO . BT A Fp B T BN 90 mm A8 57 1L
o ARG IR 30 AP T, SE58 40 70 Bl A 10 mL
ANTE R FE 1Y) AgNPs ISR, i Z DB AR5 08, X
R i ACKR TR A 4 v K, 11 & B b i A %
F. AgNPs WIS 9 AR 0.10,20 .60,
100,200 400 600 F11 000 mg-L™", F&A S o 74
TENTARAE T 58 B, TR 25 °C D6/mE R 12
h/12 h YGRS IR 60% .

I FH SC ik % 2 ™ %5 Web of science, Google
scholar A1 H [ %1 % (CNKI) , % 52 “ 44 K 4R (AgNPs .
silver nanoparticles, Ag nanoparticles)” . “ ffl 1
(seed)” . “ 411 (seedling)” . “ B & (germination)” | “ /£
K (growth)” 55 S5 R 4T SCRRISCAR |, 4R 31 5
Hk 105 J o 220 8, A5 B AT o0 A A5 10 1 SOk A 3
SCCHR 16 s, HSCSCHR 2 5
1.2 A A 4ehn 5 9 A K e bn il

HWLER I 10 % 45 855 3% ML & 28 Fh 15, 2= 0
AR FRILESE 3 d ToB Rl i & s 1B WL%E I H
AT FRIRIE , e & 2% (total germination per-
centage, TGP)= /& 2f Fi £/t il B 28 F 38 &
ZfHs}[A](mean of germination time, MGT) = ¥, [(n,xt)/
n], 2 n, A ¢t KA ZFE, n WA R

W &SI AE A, A5 Ab B 45 51 2 TP BE AL
09 BRI, 43 I A 2l i AR BRAE Ak T A AR AR
£ (radicle length, RL) IRl (hypocotyl length, HL)
F It K (cotyledon length, CL). T I % (cotyledon
width, CW) &L Jii & (total fresh weight, TFW) &1
J5i i (total dry weight, TDW) 2 Z % 5t (chlorophyll
content, Chl) 1% 7% & (nitrogen content), M 52 fif

Ji S U A 80 CHET FHIEE , A[FHEFR

X AgNPs Wi 32 1A [R], R T e 58 fEAf LA Ag-
NPs %f 52t d i i 2 MEAE T, FH AgNPs X 25 48 A5 11
i s, 3 K (inhibition rate, IR)=(1-4bFHZH/
XFHRA1)x100% ,IR<0 Fm BA fEHAEH , IR=0 &
REAEIHIER, TR B4E5HE K, 7m0 oE gl
HlVEFRK

A AL B UK S AT By 1 43 0l BCHS Ml
R A R AT A R U (CAT) | i 48 Ak P
(POD)Fi1 48 Ak 4 1B Ak i (SOD) 7% &t il 22 , 43+ 51l H
CAT, ,CAT, .POD, .POD, .SOD, .SOD, #7x, CAT
K EE AP i i\ POD R A B K i 5 . SOD %
T A 2R U DU (NBT) )G 38 Ji vk 43 ) ik 47 &
HE
1.3 HdlEabr

WEAS 2] 16 AP & i A KI5 .
AR FFR(TGP, X,) P4 K ZF Rl (MGT, X,) Ik
WK (RL, X,) WK (HL, X,), 71K (CL, X;). T
58 (CW, X)), & 8 i & (TFW, X;), & T it &
(TDW, X,) M4 E & (Chl, X,) A& 7N, X,,) H
bt AAL S (CAT, X)) B i 8 AL S (CAT,
X,,) M Eid E AL YIEE(POD, , X,,) bR it AL W il
(PODy, X,,) i i AL 15 1L i (SODy, X5 ) il i
A EALEE(SOD, , X,o). FHRIESLIRERY
HERRE , A58 AgNPs X AE )01 F14J) 1 52 M (4 40 G
SCHK, I8 A | RIREAR 2] 16 DTN FEAR . i
L ZEFR(TGP) 4l B K 8 (TL) MR (RL) MR £ 5
H(RFW) M T 5T 5 (RDW) , 22K (SL)., 2% fif Jit &
(SFW) ZE T 5 (SDW) &)y 1 e fif [T 5 (TFW) 41 1
MR E(TDW) 442 a(Chl a) M4 % b(Chl b).
Sk (Chl) | i A AL & (CAT) o A AL ) il
(POD)FIHE A AP B AL E(SOD) .,

11 A 38 b5 A1 4 v AR K B0 PE SR FH Microsoft
Excel 2013 #1 IBM SPSS Statistics 21.0 #4731
L AR 2 R I 2 3 B (LSD %, P<0.05), IFH
SigmaPlot 14.0 3K F4: K, NPFH AgNPs X 5¢ 7 i
BRI T & S0 A K 1 sg 1 e R AN B
REHAERKNBEREE RN X={X,X,...X},
FIFHBRI R 8 s B I AT 255 VR, A SCR
FRIE5 2B T8 A3 A B R ke 37 S J pR AR, LA =
T UX) = (X=X (X = Xiin) 5 S = 1,257,053
U(X) R AN )R BE T 1 & 6 b 1 S s R B, X R
IR AR TR, X, R j N ERE
H/ME, X, 297855 J RIS 3 I B AE; 56 A
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L LSRR E A P b P I TSR | VKL W,
B W= P/S | P SN P AR A

BERIY TR ; R T LR &I D=3 (U
(X)x W,]; T SPSS 21.0 5k IR #8 4R AT
PRUEAR G BEATHE bR 22 18] B AR DG 0 | 5 3 40
PIAEL, FEE— 2 1 2 45 £ F, ik =X, Rl
FRAME R EE A1 HEA AT VAN 5 SR 5 1E R [F)
FeFRITR 43 B X 18] (0 .0 ~ 50 .50 ~ 100,100 ~ 1 000
mg- L), BEAR S5 HE AR A ERZE SN SR S o 1 5
AR 361 B, A vegan  ggplot2 #7405 5 E 4T
TCARSIHT AT RDA Z5 R ] WAL ; 555 A1l FH Metawin 2.1
BTSRRI  H(RR)JG HEA TR B4, 15 95%
MYEAF X 0](95% CI), I TIFAl AN ] AgNPs ¥ Xt
BRI R RO KN, T 58 . InRR = In( X,/
X)), i X, AR IE, X, Xt BRI
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2 Z£R 545 %7 (Results and analysis)
2.1  AgNPs X} 5 T & 17

Hi &l 1(a) F1(b) A 1, 7EAS [F] e B2 AgNPs %5
ST BRI & 22 BN R R B (R B e
KRB A AgNPs Wk BB TH & m BE AR, AR vk
J¥ 10 ~400 mg-L™" WG B P, 5 X BEA1AH H, b 3
IR I 2 R BRAR T 7E MR E 35 8 600 mg - L' Al
1000 mg-L™" B, fe 28 & 28 3 g 3 FE K (P<0.05), £
1000 mg-L™" B, tHIIRARAE, 7y 8.67% . H1 &l 1(c)
AT HRPE 10 ~400 mg- L' AALHLE o FEZH A6 & 27t
[ G Jp 2P 25 5 1V R 600 mg-L™' AT 1 000 mg -
L IPF-249 2R s ] b 25 T HAB AL B4 (P<0.05), H.
600 mg- L™ (-3 & ZEf IR, 2 5.50 d,
2.2 AgNPs X B R4 i1 A KRBt A AL il R 52 )
Al

SR e, MR 10 ~400 mg- L™ ) AgNPs

100 (b)
a

a a

80

60

40 ¢

R ZF A%

Total germination percentage/%

20t

20 60 100 200 400 6001000
W /(mg L)
Concentration/(mg-L")

0 10 20 60 100 200 400 6001000
HePE/(mg- L)

Concentration/(mg-L™")

1 AgNPs EHBEMFRITEFR (a) RLEFE(b) MTEHEFRE () M (X£S,n=6)
T AR E R R RNG 5248 3R G AL FRAE P<0.05 AKOF S5 BRATAR L 25 5 3%, F IR,

Fig. 1

Effects of AgNPs on the cumulative germination rate (a), total germination percentage (b) and mean

of germination time (c) of A. mongholicus seeds (ii—S,n:6)

Note: Values with different lowercase letters on the line and bars chart represent all treatments are significantly different

from control at P<0.05; the same below.
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XS B AN W AR KT RE ) B R 1 T R
EME AR Z B m, WE N 600 mg- L™
ITEEMRERER 11 R &) i i ki 2 11 25 2 KO i
LR ILA , BB A I, iR RS P
it 4R bR G A T A 5107 1 000 mg L™ B, Fh
REFG AR Z B E I R 5 R
G208 HAEWER S 9 R, B ZF A7 I8 12 k
B ERE R, AR B AE AL AR bR E ORI

A 2 AT, ¥R A 400 ~ 1 000 mg - L™ A,
IR AZ B ], 2 AR T X BRAH (P<0.05); B
1000 mg- L™ 4b, 454k B 8] PR 50 ) K 5 R 32 3] Ag-
NPs ¥ 5 AR 1) 25 5200, 244k 4 200 mg - L',
JA i B KA, S 1.07 em, 17 B J 8 8 307 %of
4,0 077 em; TR AR IR B —2, W R
400 mg- L' B 4632 23046, 2 600 mg - L™ B i 3

T X BRZH(P<0.05); W FE 10 ~400 mg-L "B}, 5
FRRLHAH F, T 5E TG U AR AR 2 ¥k R ik F] 600

mg- L A, T 58 2 E U (P<0.05) ; T4 2 AALS
TP AgNPs ¥k B 13 Jin e S5 B A — B0, W BE Ry 200
mg- L™ B FF A & PR AR (P<0.05) ; 5 X IR ZH A e 5%,
U AL TR (5 20 mg - L' Fh) RO &E e 5 1 B
180 9k > (P<0.05), Fe/MA Y H BLAE 600 mg- L™
I, 4351k 0.1426 g #10.0062 g,

WK 3 s, % AgNPs Wk EFH s, 580l
B REAN T 1 o R0 R 4 18 B AR AL CAT
POD #i1 SOD i P: 2 fki#a # F A — 3, H POD
SOD G PER B = F CAT i& 1, IR 3(a)nl %, Ag-
NPs ¥4 10 mg- L™ IR B 40 i ™ Az i Ak
SRRV, HiL b R 8 700 1 44 I s T X R A
T Al A B A 6 S PR AR 22 BN K, F Rl 3
(b)F1(c)TI %1, POD 7 10 ~400 mg-L™" AgNPs FlI
SOD 7£ 10 ~200 mg-L™" AgNPs A7l [l I, — &
R A3 T A R TN R
2.3 AgNPs WEEPE S 5t B A 0 & fg i 2k
KR

TR 1 P T AR AgNPs ¥ B Ab B J5 58y
B RCPP BA & RN 4 1 S A A 32 RT R AgNPs
X S H REAN T R RN B A T AN IR AR B Y B
EVEH, 1000 mg-L7' I, AgNPs X 5 iy 55 40
AERAFEEM, S ENEKERC TR E;
AgNPs X f5z ¢ J 28 R0 100 ) Bl 5 vk 3 T o 1 4
3% ,1 000 mg- L™ i 4l A1 & (P<0.05), il
%4 89.92% ; AgNPs Xf IR AR K | T K 7158 |

A BT LS T AR A A ) R AE R BE D 600 mg -
L' Aok B B i 5 (ARG (40 1 AS 32 AgNPs ¢ i
SO, A5 VR A 1] TG I 35 M 25 5 s R R 5 i 1 A1) o
R ik Bl 38.33% , XiF AL A 40 A R A i ik #
29.43% ,

2.4 AgNPs X5 B RS Ah 11 & 5 4 i A K R
WA K5 UE

2.4.1 SRJEREUT REEETTAN

AR AgNPs Ab B 52 71 8 16 45 48 bR A =R
J& REUE AN 3R 2 s, He 10 .20 .60 #1100 mg-L™'
AgNPs Kb HRZE AT B Y & T X0 BT, 43l B & T
1745% 1135% .5.67% F15.53% , Ui AR A JF Ag-
NPs X5y 8 Y AR KA — e A T W EE 200
mg-L™' 1400 mg-L™"'f) AgNPs AbFRZES I E S
X BEAH HE A3 B T 1.70% #117.30% , X £ 8,
WEE AgNPs X 58t 8 AR KA — 2 /R,
1M 600 mg-L™" F1 1 000 mg-L™" AgNPs AbFZE A TF
Y (B 55 %5 BEAH LE 43 0 B AR T 62.27% 1 94.18% , W]
DL B AgNPs X5t B A B E MR, T E Y
M TR EEAEKER,

2.4.2  EWSHT

R ORARR I A6 25 48 AR AU A AR X RS P, X I 4R
B A TAR A AL B 5 04T, A AL AL 3 S £
PR 3 i, T3 B vt R A AR SRR R
FEoLtnge 4 fin & 4 BT 2 A FERr, HE
FROT 2 TR F L 5] 85.817% . HI #1445 1)
3 R - B2 A5 43 ok AR RE 79 AR 0 A 19 °F- 7
MR, DA 48 A7 45 21 32 153 28 17 66 B (RP A 32
3RS TR AR B R B, 5 R IR 5 s, )
it 7 T R RV B 1 45 £ L0 R EE 845 00 (GR
6), HIASZEGZE FIEAT E R M2 Rk 3H, B R
T2AN TR, HROE 10 mg- L7 B A 150 i
L2414,

P DA oM i R A SRR R ) 8 B A ek =

F =0.28X, - 0.255X, +0.281X, +0.18X, +
0.275X,+0.272X, +0.248X, +0. 271X, +0. 28X, +
0.282X,,+0.138X,, +0.151 X,, +0.26 X, +0.256 X, +
0.253X,,+0.251 X,

F,=-0.094X, -0.055X, -0.042X, - 0.301 X, -
0.145X,-0.154.X, —0.258 X, — 0.159.X, +0.056 X, +
0.041.X,,+0.605X,, +0.594 X,, +0.046 X,, —0.028 X,, +
0.097X,,+0.15X,,

F=087F,+0.13F,
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=) r 350(
(@) —car, 2" — POD, © —_SOD,
0f - CAT, ~POD, 300} ‘ ~SOD,
4000}
E ’é 250¢
3000} b I
T 2 200
- jn)
2 2000f 5 1o
g o
2 2 100}
1000}
5' 50_
03710 20 60 100 200 400 6001000 ° 0 10 20 60 100 200 400 6001000 © 0 10 20 60 T00 200 400 600 T 000
R /(mg- L) R /(mg- L) HeHE /(mg- L)
Concentration/(mg-L") Concentration/(mg-L™") Concentration/(mg-L")

B3 AgNPs MREHEL @M Eit THRI RS X ERm
. CATg F/n b I it Ak &Rl , CATy F/R it it S fb &l , PODg /R M I3 S AL T, PODy F/n T it S AL Wy i
SODg Fe7s il I B L) (L, SODy o7 b T i S Ak W ALt
Fig. 3 Effects of AgNPs on antioxidant enzymes of aboveground and underground portions of A. mongholicus seedlings
Note: CATg and CATy represent shoot- and root catalase; PODg and PODy represent shoot- and root peroxidase;

SODg and SODy, represent shoot- and root superoxide dismutase.

R1 AR AgNPs KRB R HEM FA4 B tRau 6 &
Table 1 Inhibition rate of indexes of A. mongholicus seed and seedling under different AgNPs concentrations

e (mg-L7")
TGP RL HL CL CW TFW TDW Chl N
Concentration
/% 1% /% 1% /% 1% 1% 1% 1%
J(mg-L™")
10 9.56¢ 9.78bc -4638a 1.79b 0.00b 37.79b 32.12b 8.36bc 6.74bc
20 12.79¢ 1531bc -145a -6.25b -5.08b 9.75¢ 149c¢ 244c 1.77¢
60 3.75¢ 532bc -580a -16.07b -847b 27.17bc 22.19bc 1901b 1525b
100 698¢ -6.83¢ -23.19a 1.79b -6.78b 38.44b 21.36bc 10.89bc 7.80bc
200 13 44c¢ 16.25bc -39.13a 0.00b 3.39b 34.12b 31.29b 35.62a 2943a
400 9.56¢ 29.72b -26.09a 446b -1.69b 39.28b 27.65b 3833a 8.87bc
600 53.49b 72.71a -24 64a 43.75a 3898a 73.62a 6937a - -
1 000 89.92a - - - - - - - -

TGP Fm ik 2% RL Fom IR K  HL Fn IR, CL Fm F i, CW R/R T 5, TFW 7R RLiE 5 i, TDW /R BT i i, Chl &
IRIHEER A N FORA S i, - RARLENE ; ARNG TR A A BAE P<0.05 K7 5% A AR 1L 22 53 il %

Note: TGP represents total germination percentage; RL represents radicle length; HL represents hypocotyl length; CL represents cotyledon length; CW re-
presents cotyledon width; TFW represents total fresh weight; TDW represents total dry weight; Chl represents chlorophyll content; N represents nitrogen

content; — represents unmeasured; lowercase letters represent all treatments are significantly different from control at P<0.05.

2.4.3 JURGHT 1£0 mg- L™ B (6 FE2H) % TDW #1 RL .0 ~ 50 mg -
Hi1& 4 (a) 7] A1, TGP . RL,SL , TFW  TDW Chl  L™'%J SL .50 ~100 mg-L™"%f TGP.100 ~1 000 mg-

5 CAT MI5&ESR , Il CAT, .SOD, . SOD, 5 PODy L' TFW il Chl S04k,

AHMERTSR . AgNPs WREEAE 0 ~50 mg-L7' I XF5¢  2.4.4 Meta /M7

W H MY CAT, .SOD, .SOD, Hl POD $MH%E K, 7E Shy it — 25 B AS 1) V& 2 1) AgNPs XA 9 7

50 ~100 mg- L™ X527 B HE ) POD, SEmde ke, WML AR KRIGAR AR M, FIH] Meta 73 Mok i AT

M5t 45 1 AR bR 52 AgNPs W EEAS(LZ R i, i 5 T, AgNPs ik B <50 mg- L™ I}, Xf

. HE4(b)rI %, TFW 5 Chl TDW 5 RL #HPE TGP MGT Gl A1 TFW 5% 0l Sk S 28 1E A58, 110 %

5k, CAT . POD 5 SOD #H 1ok, AgNPs ¥ TDW 52 A & & W & 50 ~ 100 mg - L™' Al 100
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~1 000 mg-L™" i}, X} TGP Gl & A BE#m;3 4 ik, B REER i‘ﬂ’ﬁmﬁ%ﬂﬂzw&ffﬁnm,ﬁiﬁ
AgNPs ¥ B XM ¥ {fif3 RL 1 SL ﬁ%/)ﬁ&'\;%ﬁf}% FHFHEAT 9 K B0 5 P PR 525014 Hetn, Ag-
50 F1100 ~1 000 mg-L™'IfXf M2 % a 44K b A1 NPs X /KAEF T8 & F4h i B’Jﬁzk,ﬁ HH . 1 751

NI S ALENTE D A FE T, AgNPs 7615 5 10 7 B2 315 BBl 149.(0.1
‘ 1.10.100 F11 000 mg-L ™" YRR M4l i 9 A= K 1T
3 1@ (Discussion) AgNPs TORBL T th T 9 J87 0 (3358 K 490 o 2 AR [

NIV GORP R AERNRFDR PR DR ity 7 2 R RO SEIR . AgNPs #5905 mg -
HOR M % I 5 90K BRI 2 T TRITRE LV i 2.5 g+ L it P00 25 R 70 2 RS0
S, R TE R SRR — R AR BRI TS i 2 me- LU BHEES TR E 2R AgNPs WK JE

®2 F[E AgNPs RETRHBEEMFMYEIERIRESBE
Table 2 Sobordinative function values among indexes of A. mongholicus seeds and seedlings under

different AgNPs concentrations

W SErHE
(mg-L™") Comprehensive $EF7
Concentration TGP MGT RL-HLCLCW TEW TDW Chl N CATs ATy PODs PODr SODs SODx evaluation  Order
Amg-L™") value
0 1.000 0.047 0936 0.719 0862 0922 1.000 1.000 1.000 1.000 0249 0.110 0448 0.677 0.659 0.649 0.705 5
10 0905 0061 0.845 0.771 0846 0922 0.716 0.735 0916 0933 1.000 1.000 0.747 0932 0917 1.000 0.828 1
20 0.869 0.036 0.793 0.729 0915 0969 0903 0985 0976 1.000 0250 0522 1.000 0.644 1.000 0973 0.785 2
60 0971 0.134 0.869 0.760 1.000 1.000 0.728 0.778 0.810 0.848 0.124 0219 0.776 0973 1.000 0928 0.745 3
100 0934 0095 1.000 0.885 0982 0984 0.616 0.786 0.891 1.000 0.124 0.110 0.675 0938 0927 0951 0.744 4
200 0.862 0.134 0.768 1.000 1.000 0.891 0.659 0.687 0.644 0.706 0.125 0.111 0.682 1.000 0931 0.890 0.693 6
400 0.672 0000 0.622 0906 1.000 0922 0.607 0631 0.617 0911 0.125 0221 0.799 0996 0.168 0.125 0.583 7
600 0410 1.000 0.110 0.896 0.700 0.563 0264 0306 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.266 8
1 000 0.000 0.651 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.041 9

TE :MGT FoR- VB R R

Note: MGT represents mean of germination time.

R3 RELLIEFREE
Table 3 Standardized data

Eh5r Index 0 mg-L' 10 mg-L™' 20 mg-L' 60 mg-L™' 100 mg-L™' 200 mg-L™' 400 mg-L™' 600 mg-L™" 1000 mg-L"!

Z-TGP 0.797 0511 0401 0.709 0.599 0379 -0.192 -0.983 -2222
Z-MGT -0574 -0.533 -0490 -0322 -0434 -0322 -0.711 2201 1.184
Z-RL 0.766 0511 0368 0.579 0943 0300 -0.107 -1.527 -1.833
Z-HL -0.075 0.102 -0.039 0.067 0493 0.883 0.563 0528 -2522
Z-CL 0340 0350 0.573 0.846 0350 0399 0275 -0815 -2377
Z-CW 0377 0377 0.520 0616 0.568 0.281 0425 -0.722 -2442
Z-TFW 1355 -0.388 1.039 0474 0.109 0249 0.082 -1.032 -1.887
Z-TDW 1.062 0.057 1015 0368 0394 0.083 0.197 -1.109 -2.067
Z-Chl 0892 0.679 0.830 0407 0614 -0.017 -0.086 -1.659 -1.659
Z-N 0.820 0.651 0.775 0437 0.624 0.081 -0.008 -1.690 -1.690
Z-CATg 0.089 2.553 0.094 -0322 -0322 -0318 -0318 -0.728 -0.728
Z-CATy -0451 2325 0834 -0.114 -0451 -0.449 -0.105 -0.796 -0.796
Z-PODg -0344 0501 1217 0.583 0299 0317 0.650 -1612 -1612
Z-PODy -0.019 0.603 -0.099 0.705 0619 0.769 0.760 -1.670 -1.670
Z-SODg 0.083 0.672 0.860 0.859 0.693 0.703 -1.035 -1418 -1418

Z-SODy 0.082 0876 0.816 0.712 0.766 0.628 -1.105 -1.388 -1.388
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HE T AgNPs J2 283 5 £ 9 ik W e T (PVP) £
B Y T AR E M, HERRZ AgNPs 4b #H )5 H
POD F1 SOD 7§ 3458 | I 7 4= i P S (reactive oxy-

gen species, ROS)"™ |

T B M B

FH G AT DAFE | AgNPs £
AR Ra 2, AR e A B

ZIUES

THT ], 33K B2 AR A KoL T2 ) A 28 T
Zﬁ\ﬁﬁﬁt* ,BEFH AgNPs W 1T i, S8t i I i &
KR AEAR; MKV BE AgNPs X 4)) 1 1) A2 K T 3
M v e A 40 v i ) ) A R E A2 BB R, X U
Wk BE 1 AgNPs BRI 22 WA AR K A T o

x4 ETHAPWBHFENNE
Table 4 Total variance explained table in principal component analysis

Y GEER (N FEICE-J7 AN
o Initial eigenvalue Extraction sums of squared loadings
Component sy Ti 22 B BTHRAR /% KBTI /% - T7 22 B BTHRR /% RBTTHRR /%
Variance Accumulative Variance Accumulative
Eigenvalue Eigenvalue
contribution rate/%  contribution rate/% contribution rate/%  contribution rate/%
1 11.946 74665 74.665 11.946 74 .665 74.665
2 1.784 11.152 85817 1.784 11.152 85817
3 0.887 5.545 91361
4 0.562 3515 94 876
5 0474 296 97.836
6 026 1.626 99461
7 0.044 0275 99.736
8 0.042 0264 100
9 1.00E-13 1.03E-13 100
10 1.00E-13 1.02E-13 100
11 1.00E-13 1.00E-13 100
12 -1.00E-13 -101E-13 100
13 -1.00E-13 -101E-13 100
14 -1.00E-13 -101E-13 100
15 -1.00E-13 -1.02E-13 100
16 -101E-13 -1.04E-13 100
£S5 HEEHENH
Table 5 Loading matrix analysis
fhi B s PR T 484 F IR B R
Initial factor loading matrix Principal component loading matrix
Index . 5 X 5
TGP 0.968 -0.126 028 -0.094
MGT -0.882 -0.073 -0255 -0.055
RL 0972 -0.056 0281 -0.042
HL 0.623 -0402 0.18 -0.301
CL 0951 -0.194 0275 -0.145
CwW 0941 -0206 0272 -0.154
TFW 0.857 -0.344 0248 -0.258
TDW 0937 -0213 0271 -0.159
Chl 0967 0.075 028 0.056
N 0976 0.055 0282 0.041
CATy 0477 0.808 0.138 0.605
CATy 0521 0.794 0.151 0594
PODg 0.898 0.062 026 0.046
PODy 0.886 -0.037 0256 -0.028
SODg 0.876 0.13 0253 0.097
SODy 0.867 0201 0251 0.15
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F6 AEIRE AgNPs BREHEEM FHEAMSHERKESTME
Table 6 Comprehensive evaluation form of seed germination and seedling growth of A. mongholicus

with different concentrations of AgNPs

%(»}E/(mg.L—I) F F F %%f@ﬁﬁ?%
Concentration/(mg-L™") 1 ? Comprehensive score ranking
0 1.779 -0.813 1442 5
10 2311 3.104 2414 1
20 2469 0288 2.186 2
60 1977 -0.514 1.653 3
100 1.856 -0.673 1527 4
200 1223 -0.776 0.963 6
400 0202 -0.783 0.0743 7
600 -4.863 -0.899 -4.347 8
1 000 -6.955 1.068 -5912 9
1 T 1 T
(a) o ITFW (b) TFW ITDW O
0 : ! 0
I I
I Chl I
! Chl I
I I
: :
| SOD
p : S o |
N e N 001000 "\ P70y
a’: | 0~50 ¢ g !
[~ o i
50?100 : SOD, o I
: 50~100 :
O | |
100~1 000 i |
I I
| TGP I 0-50
poD, | POD; i

RDA axis 1

RDA axis 1

4 AERE AgNPs WEHEK (a) HMEY (b) MFHELFMSNEEKSE RDA Z4HFE
1. SL F/RZEK ; O FR AgNPs WFE X 8] , 345 0 .0 ~50 mg-L™' 50 ~100 mg-L™"' .100 ~1 000 mg-L™";
BRI T 2% CHk[6-9,11,15-21,23-25 27, 29-30],

Fig. 4 RDA two-dimensional ordination diagram of seed germination and seedling growth parameters of

A. mongholicus (a) and other plants (b) with different concentrations of AgNPs

Note: SL stands for shoot length; < represents the AgNPs concentration range, including 0, 0 ~50 mg-L™", 50 ~100 mg-L™", 100 ~1 000 mg-L™';
data refers to references [6-9,11,15-21,23-2527,29-30].

SURIEA, TRE R R K R 4 AR B TS R
() AgNPs Ji , LB EIMRA I ZEAIHREE BT | a2k
RIS bR E R F R, X TR Ag-
NPs #5220 ROS A= BN, 5136 40 g 2 1™
BIRKT YRR T IO Z  (HAOKR T B pLBE
PIANTEAE . PEAEDN AR EEE AT R A A A 5
FA B A=A 35 1k (A A 25 125 1 1R T ) ABURE 2 1
RANEA B AR T B4 1 7 sl

AR R STURE S B W) B R W PR BRAE AN TR 7 T, 165G
RPN R 55 5 T 9K BORL Y 2 2342, )
REF R I W) BB AL 2 REVE™ T Gusev S5P7E

T AgNPs RFFRIL R FREER , R R A K2
P, AL LR S5 — 2, Z0h 3 R R
K S AgNPs ¥ (1) Tt 32 2l i B4
KL AT LA AR S iy = 0 R, B0 R L B
WEREN 7%, ik AR Rt S Z 8 m™ ) it
Hh R E SR E A SRR AR e R L
RS B AR B AR LR SRR
HHTE AgNPs %<4 200 mg - L™ I P44 2 A, B
# AgNPs WRETHE , M2 3R & B BRI, X 51T AW
o as R —3 ) 10 mg- L™ Y AgNPs 3 & B 1%
P A A SN I, M L RN R R4 CAT 1%
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<50 (35) o I e <50 (21)
|
50~100(7) b i 50~100 MGT
TGP |
100~1 000 (7) s ! 100~1 000
X | .
JA Total (49) o { JA Total
-2 -1 0 1 3 2 -l 0 1 2
[
<50 (14) o | —— <50(17)
- 50~100 (7)  +pe— ! —— 50~100 (7)
|
100~1 000 (7) H—s ! | 100~1000(17) RE
| N
HA Total (28) re- ! . SA Total (31)
-2 -1 0 1 3 2 -1 0 1 2
|
<50 (17) o | e 1—1<50 (3)
50~100 (7) e I 50~100
SL | Chl a
100~1 000 (7) ——— : ——————1—1100~1 000 (2)
|
JBA Total (31) i } ——| KA Total (5)
-2 -1 0 1 3 2 -1 0 1 2
I
<50 (3) JERE R } ———1— <50 (3)
50~100 | 50~100
Chl b | Chl
100~1 000 (2) ——— ! 1~ 100~1 000 (2)
|
A Total (5) —— ! —e—|  Ef& Total (5)
-2 -1 0 1 3 2 -1 0 1 2
|
<50 (24) Lo | L <50 (24)
|
50~100 50~100
TFW I TDW
100~1 000 | 100~1 000
|
JMA Total } JA Total
-2 -1 0 1 3 2 -1 0 1 2

5 AEIRE AgNPs XHEY T & F4h i £ K R0 H T R K/
G Fm & ZEH8%;<50 .50 ~ 100,100 ~ 1 000 7~ AgNPs i} B [X ] , 135 <50 mg-L™" 50 ~100 mg-L™" 100 ~1 000 mg-L™",
55 N IECFFORPEA I IR B TR 95% A5 I ], UK IR T 2% Siik[17-18.24.29],
Fig. 5 Mean effect sizes of different concentrations of AgNPs on plant seed germination and seedling growth
Note: GI stands for germination index; <50, 50 ~ 100, 100 ~1 000 represent the AgNPs concentration range, including <50 mg-L™!,
50 ~100 mg-L™", 100 ~1 000 mg-L™'; the number in parentheses represents the sample size for each variable;

error bars represent 95% confidence intervals; data refers to references [17-18,24,29].

PRI L X BR 4 . Cvietko 5% O WF 58 £ I — (600 mg-L™" 11 000 mg- L") EEtEdcam , 52 i 85 e
PR 2% 88 T HCAR MR FE A AgNPs NI SIS E m i 2RI BT AL R G A 2 AR, 412U i =2
CAT 7%, POD 7£ 10 ~400 mg-L™' AgNPs fl SOD  Z|— &1y, Fr AL i TP i K B RS R s BE T, A fig
7£10 ~200 mg-L™" AgNPs fUFEHIN, — & BRI EwAK ., AR, AgNPs 1] 38 i 5% i ke 9y 1k
FERATIE P T R PR R SR NAYTE MR K R RN AR R A R A R R
AMEFNEIHAST TR E L, EXEIAE WAEREES (HR, BRI EY R Ag-
TR AT, i T YU E AL B & 2435 7, ROS  NPs Wi 5484 B A 35— AF5% .

PR N L BRI BT, TSR S B R, SOD I T B —FE BRI A BE A 4 T M AR5 AN ] v g
PRI AR ROS B ALHE I, ROS TE it it AgNPs XJ 52t # rE A B2 M ™) | kx5 46 19
IFI7 40 2R 48 T RE 0 1k R 2P, MU MR AgNPs S5 SR TISEE pRECE T N 0 B R A TR A T
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B, =& BRI TR A 2 R — 3, e
BT 2R R R S5 AR IRk B 1Y AgNPs 1]
DRl i e KR BE W W T, 7 A
THIVEF B e AgNPs Xt 58 i B e L 2 LA F
YER  F56 Z BT AR gR 45 L0200 JUR A R 3
[Fi] — 28100 (1) 48 B A S PR 55, L IR B2 2 i) it 6 48
784k, Tt H & CAT . POD F1 SOD, ifij Fil 45 5 i 52
Rt SR 1) LAt A5 T b R 23 W X110 43 o7 2
FHE B IR E (& 4), 7T REJE 22 B S0 56 153t Fh 7 ok
LTSN, T meta 2} HTH AgNPs Y 3 >
R X [R] 52 M RE AR RN ZE AR (B 5) , AR BFF 95 245
RAFEX—TIEE R, o] LS, meta 4387 19
SEIR L TUAR T S F T B — W Fp g ey ol 25
TR AgNPs X B —AE 1) 52 1t B B AR TR A A
B REIE M X T RE R T AgNPs X[ HEY)
AR AR R LR A AR AN AR Y TR
[Fi] (4 A4 s B3 (L iy A 30 2 3 AR B A R 45 )
A R EGUAL R ST DB ER SIS
L)X ERBE S i iy e B — o 1 25 St B H R
PUAE R B2 0 53 B 25 SR A BE SRS T A (R A A 2%
A AR SCHR & IR AgNPs X AE B (14 5% 1 7] LA ARE 45
PN (AgNPs 2% B HAH 9 75 14 ) | A2 2 G 52 ) 3
Pt B PR TS AgNPs X 404 K & & 15 0
B, i BB (A ) 2R A T AT R AR A 22

BIFEEE N 244(1983—), B, 1+ 834, £ 2R F
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