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Accumulation and physiological response of Amaranthus tricolor L. seedlings to

lead under soil and atmospheric stress
LIU Chufan, XIAO Rongbo” , HUANG Fei, DAI Weijie, GAO Zhongyuan, XU Meili, WEN Xiaoqing

School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510000, China

Abstract: Soil pollution is generally attributed as the main source of Pb in crops. However, there are relatively few studies
on the effects of atmospheric deposition and soil stress on crops. In this study, we investigated the influence of Pb due to
atmospheric deposition and soil stress on the growth, accumulation, chemical morphology, and physiological and
biochemical responses of Amaranthus tricolor L. seedlings using Pb solution spraying and Pb contaminated soil pot
experiments. The results indicated that both atmospheric and soil Pb stress can significantly increase the Pb content in the
Amaranthus tricolor L. seedlings. Among them, the effect of soil concentration accounted for 62.64% , and the effect of
atmospheric deposition accounted for 32.89%. Insoluble phosphate, pectin, and protein-bound state are the primary
chemical forms of Pb. The atmospheric Pb stress alone promoted the growth of the Amaranthus tricolor L. seedlings and
synthesis of soluble proteins; however, soil Pb stress exhibited an inhibitory effect, increased hydrogen peroxide and
malondialdehyde content, and caused damage to the cell membrane system. Antioxidant enzymes ( superoxide dismutase,
peroxidase, catalase) and antioxidants ( ascorbic acid, glutathione) exhibited positive and effective responses to the soil
and atmospheric Pb stress. The research results provided an important scientific basis for the environmental risk assessment

and pollution prevention of crops in areas under heavy stress from the atmosphere and soil.
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i (Pb) St WA BETCR Z — , I T HOR AT REAR P | HLAE 13 2 SRR IR b oA )z, ) E U
PRSI S AR 3805 YRR ZR W 3t A R AR AR Ph 1 R BERE R R AT R RS
VEW B0 5N BRI SE AR AD o RATTRREAE y IX el - 38 o 4 J AR R Y B A PR AR e ol 2 SR 8 5
MM ARZS 20 KAUURY iy Ph BA TSR A e i R AL KL R R EY
RSO B B AR, T B B NVEY Ph &0 L PEBEE WAL 5 Tl AL & R VR 4R A R
BB Tl K@ S FEOR P ST A 2 ORIEY &2 B BIRE 25 Y IR 4
J [l s AR HL T 4 e SRRV A R A S 7 1) oA 22 B RS TR, R T X 4 S T e B R AR
Ve &4,

3% (Amaranthus tricolor L)Wﬁﬂﬂﬁﬂ@%i;’é@%i,ﬁ&%ﬁiﬁzlzr”éﬁi*ﬁm CHXYE S EA RS
HERES, 3t ARG~ E e fa g O SRR KRR (60 d 24T ) T 2 kA, SR AR A IR IR
% 8 4 Ja R AU TR o3 o5 He K, FLZE W0 s v T B 5 A A Rl Y S IR SR
W78 4 e VAV ) O s R R AR TR ) BRI, AR SO B S VR a4 | L LR i 21 48 i
A I TR TR IR TR (pH=5) o il & N ARG BFSE 1 AN Rk B2 I S R AT E T, 5
LIRS Ph (0 BB (A L BN A KRV TR, LA A OO O T 2t
Hi4Jm Pb M AN A JRE R AR | S 22 BB A o B R 15 YL BRI 7 i 22 A A P SR R 2 A

1 H#5F®

1.1 SEEM R

AT T H YT X RS T4 ( 113.472199°F,24.555156°N ) SRAEA TR JZ +(0—20 em) fE M AT R 3%, +
MR 1 PR, BIERBRREUR Z2 5T, AR IRAT, 3 1 emx 1 em i, SA¥E N 485555, BT 5o X
TP 0.26 ¢ KH,PO,H12.9 ¢ NH,NO, , UAR AL R S H 5 /MR A1 seBUAE g i X 8 0L A4 A
Yy-WiE D55 (Amaranthus tricolor L.) AHEAE A AHAAE Y (W B X3 H R LB 50N 7)) | Atk 724
AR R EARNS em (=N 11 em EELEL . Pb BUT5 34478 Ph(NO, ) , s Afralifb 2450 (0 iR T A4 4k
BN AIRAFA)

®1 LEER
Table 1 Characteristics of the soil

Z4Y Parameters FAAE Unit {H Value
pH 4.70+0.30
A ML Organic matter % 3.71+0.32
B2 F-32 44 Cation exchange capacity cmol*/kg 3.36
% Available phosphorous mg/kg 220.84%16.47
BT Rapidly available potassium me/ke 305.27+24.91
575 % Ammonia nitrogen mg/kg 0.61£0.03
Pb &t Pb content mg/ kg 69.95+4.72

Bl AR bR 2E (n=3)

1.2 AR

SIS KAV S LM AR R I E S R s SRR (3R 2) .

Horb B B S5 T A H b - 5875 Y AU A (B ( GB15618—2018) LA KR A 15 R 45 5 15 e X el A
H Ph & RIS UIES BEA KR E S BRI AR 3 IR Ph KA DI V5 Y g
S ERNZEH O mg m™ d7 KI5H 0.3 mg m™ 7 ETEHY 3 mg mTC A7 A IR R R 4R 0.,0.71
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7.1 mg/ L, Ay i35 DX 0 AN [ Pk e J3E XS R A0 ) 5 ), = S8 RN P V5 VROV B B B 1 1 T A R R ) T Ak
PR By -3 I AR AR BE 89 P (NO, ) , W, FE o I FE A1 5 AP~ H o Pb(NO,) , ZMNEE I N 5 &
1L NH,NO, 1 5%—10% , 525 L0 Fb it Ph(NO, ), o N XA 42 s il ) 5% 0 o] Z 6 AN B3 178
Z T8 R R J A TR AR FIVREE IR R b, B 2R Ol Y I RR SR R 25 R 3 d
i) X 8 AR FRZH (24 0.2 m®) BEPAS [A]3 FE ) Ph(NO, ), 7 (pH =5 ) B4 Pb KA DR, 25 F141 A HNO, I
W (pH=5), K 250 mL(430 3 K, 45 4h 1 3R) LW 5 U, W30 P75 W s FH 3008 b 0T JHL i 4 38 2 90 4 7 8
P4, 07 IEAHE S0, AL B 3 AP ATRE 3R 27 FE L BURSCI TR E P 3 TR R R AE A OB B
W45 DK — RO RN, & 285 15 d REEDERAFE S
Fz2 LWt
Table 2 Experimental design

RATUEA L P WE/ (me/L) +HEPh KL/ (mg/kg)
Pb concentration of atmospheric deposition solution Pb concentration of soil
69.95 460.23 880.21
0 CK LS HS
0.71 LA LSLA HSLA
7.1 HA LSHA HSHA

CK X EAL, LS. (v % L HEWE | HS ; 2V £ HEMSE | LA WK B M0 | HA 25 W B AU, LSHA vk 890 o e 2t [
31 HSLA « 59 BE -+ Ao B A IE RN | LSLA 1 ve FE - MBI v B e | HSHA . 5 R 1 e v o K St R Wyt
1.3 MR RE S0

WS G 15 d REMPWEEAR , LB TR UG L 2 M 5 e R m 2450, 5 AR KT, 103
YIRE ST BRE AR RERTE 70 C T T EEEGICE TE, M2defh A=t 1382 FkER i A=
2315,

M ZAEHL (%) = (BRI, o /AR gy ) X 100 (1)
FTKFE (%) = (1-THFH /#HE) x 100 (2)

1.3.1 fHY) Pb &1 52BN E

PFUCHR AR MR IR U9 7E 20 mmol Na,—EDTA ¥ 1 20 min, 22 BHEB KM A Ph, 5 228 /K ik,
Pb B2 TE AR R SRR E , P B R A TREIE . S A AE N B 5 2k F A A BGRAR IR 3
WO P AR RIFTIRATR HNO,FI HCIO, (4:1) T A I A RUIRE S | R FH P BB A 45 18 1A
KEDEIEIY (ICP-OES, iCAP 7000, Thermo Fisher Scientific, USA)MI5ERES Ph & &,
1.3.2  HEY A B BRI

RN TR G E RS (H,0,) 7 B (MDA) BUIR LR (AsA) (28 H K (GSH) 7 A
AP ALEE (SOD) (it EALYEE (POD) i A AL S ( CAT) 16 P 252K AR Wi 7 6 0 s (T 1 R st e i
W) T ARG T A BRAA R ) 2 B EERT AR i P BI04 A B R % Wi (pH = 7.3) BFFBE , 513 AE 2500 1/min 50>
15 min, B &N E FIRFEHR, A LEAE 4 F AT,
1.4 HdlEatr

SRR R A PATIST SES 0 Y AR 22 . R SER AR T SPSS BT SR A b, R LA
F 72317 (One-way ANOVA) I LSD £ 8 LA (P<0.05) 43 Hr AN [ AL BRAH (8] (4 22 53 . SR T 23 By R J7
ZHT (two-way ANOVA) 23 #7 + 385 KA P Wit X REY B 52 i F2 3, SR SPSS AR 4R R 47 3 B 43 40 #7
(PCA) FIEZ IR 53T

2 HBR51E

21 BHESRAMRET Ph 7ESERA R AR RS e s
T P 5 i - S8R AR B2 A R i bt 5508 BRZE AR LU e ik B2 LSRR B e AR P &
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MM T 64.91 mg/kg F145.74 mg/keg( B 1) . HIEFKRAILE WX HEY Ph & & 354 B B2 THEH,
FAE HSHA AbHEAT TR B RAH 141.27mg/ kg, W ZE T 2200 B 25 32 B (3% 3) , HHERIRA a6 vk B X 4
Pb & B HIAFAE B E T (P<0.05) , Horb - 3Ean i B2 XHE Y Ph & B S A K Y 62.64% , KAWMa i 5
M5/ i 32.89% , P& Z AIFFAESS HAE I (P<0.05) o FH M AT HE T 438 55 SO 5 G ilhE T~ H 4 h iy
Pb FEORIETAR R X H3Erh Ph W, KA TR HEY Ph & p siek /N, HAREZ M, Al — ek
T, RV EE RS ARRE A BOE A Y Pb & ik, RAUIRE A Ph AT LA B 42 5 0] 42 b i AAE PR N, T
Bt B B Ph sl vt e i A T2 AL A A i L2 T ORRE 3 Y Ph DU AR R
Wl AR > U 3R 7 22 40 A T 4 R 3 M 5 TR A — 2 JRIBRME |, Ji5 SRR 9% 2 R A R0 R B R T
R B 0 BT AS [R5 Qe IR R A P B BTk

] 2B KIERGES O SALEHREGS
FRRRIENGS W RIS 3 RS
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Fig.1 Chemical forms and content of Pb in Amaranthus tricolor L. seedlings under different concentrations of soil and atmospheric stresses
BRI I B AR HE2E (n=3) , AF/ING TR IR 4 AL 2 A4 135 22 53 (P<0.05) 5 CK: X HRZH ;LS o ARVR 13 h SIS0 s 1S - i S 3
JH30 5 LA - AR BE M0 3 HA « i BE RS 5 LSHA - AR B2 895 9k B8 RS [ I 5 HSILA - g 94k B2 - SR ok B2 SRS 3L [R] il ; LSLA
B JEE - SR 3 R A [ Wbt s ISHA 7 90k B - 398700 e R S 3L o

K3 WRYE P XEVNARFENTER

Table 3 Results of two-factor analysis of variance for Amaranthus tricolor L. seedlings Pb content

A B2 o ¥Jr P P ﬁﬁiﬂ“%
Source SS MS Contribution rate
+ 3 Soil 34059.52 2.00 17029.76 328.04 0.00 62.64
KA Air 17885.25 2.00 8942.62 172.26 0.00 32.89
+HEX KA Soil XAir 1497.21 4.00 374.30 7.21 0.00 2.75
2% Error 934.45 18.00 51.91 1.72
ST Cor total 54376.42 26.00 100.00

SS: B 2% F-J7 Fl Sum of squares of deviations;MS:3J7J7 Mean Square

L) o B <G LA R AL 2 IR A7 A B AR AL AL BE 7 FIAE M REE o 28 HOR] A AR R i | o 1
(1) 0 4 JR B AL e 0 B XA I RN AEAHFSE b (1) R RV B 3R < ae T A
N Pb B FIE S DL R RR AR IS (37%—64% ) 1 3, H U BE IR 2 U (109%0—25% ) AL B $2 B (6%—
17% ) FUKFEIGE (8%—16% ) , HABIE 550, —Se W 58 3 7 1 ARAE ' R 3G RHEL 1 bl e I 26 800 A 1L
T X BR U Y Ph B R PERERRER AV PE R RR AR 25 G, X R T/ P AR WA AL
P, R FOO A T AR 2 SR BRAAH LE A Ph LRSS IGE LU 13 5 Al b aa R 2 R R
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T 10% , HIEFRAS A AL [ A VE P S A S, LSHA \HALA \LSLA HSHA PU/MALFRZ Ph £ P B e 548
FRERI R 1%, RIS Ph Hh R $ HUES Eb (5 Bt = SR R Ak 36 % 8 388 im i 48 55 , 76 HSLA 1 HSHA AhFEZH
IRFR K, IR IR 3.25 £, 3R RAMa (A TH i) Ph M TCHLA IR IS A 55 = id ML A TR S 1 A
VS PR R AR S T AL 2P T AT AR | AT g2 DR A 0 A PR 5 et DR ) 11 JO N 22 0 25 0 I, JH 3 1 = 1Y
AL BRI L B FUESEAE AW RRERAE N Ph B TR AEELIAR , TS Ph 7R RLA N BT S fiE
FaEpE >
2.2 HHESRAMNAT Ph X US40 A K AR

AR SR TEM R T EREE 15 Y B i e AP AR 2 — o M BBk BEE T EETE Ph A T R B A
IR, AR A (LA (HA ZbFRZE ) XPAE 9 0 A5 K 23R A2 25 VR FH , o Ath = 39 oy 38 0 = 398 R < 3L )
AL PR B R IR R (3% 4) o AEY G E R T E 4 HSHA Ab BEZH 3k 85 /IME, 55 BRZLAR LE 2 52> T
53.8 mg Fll 4.37 mg, AH YR R P 1 BOE = vk B - 3 W0 R (HS \HSLA \HSHA AZbFEZH) 3/ (119%—
22%) , RS EAME T (LA HA AbFRZH ) 840 (22%—33% ) , HoAth kb 3 A5 Ab AR B G o A0 & KR AR 4% Sy
A1) TC A Ak R TR 4 BT 2 AR B AT LA SE o T 37 48 B0k S, 24 H KT 509% s I A 4 i R 4
JEA BB AT 2 A S i 52 45 KR/ ME N 77.78% , A TESES I AE L Ph A IR T A K R AR, R
R 7 263t 25 SR R W 2 R e S A A K S8 (BR B K341 ) 232 3 18 Ph Wk BE RS2 W, RS DTRE 52
MR (£ 5) , KAHMMBA T (LA HA ZbFEA ) AP A= K S 500 i T BE AL, 3 T RS2 R M L 7 4 458
W) Ph E AL Y AE KRB A IEIER . EM AT Ph X i 5 e AR A 1 A Kl
TP (R Bk B IR ME A Y, HS 5 HA ZbBRALAEY) Ph &AW M2 5 (0 HS i F e ik
T HA 21, XARESE R R HS ZAEY) h i Ph 23R T AR EE N Wi, JF7e AR &6 K & R, 1 HA 41K =
PiRER Y Ph nlE A R SR 2 S A7 T By . HS A vk EE Ph XHAR 40 i i AL AL 36473 , 5 i A
YIRS FE FR0 R NI A K 2w

F4 TEFMKXSITE Pb BNEX TR B EKNFIE

Table 4 Effects of Pb stress in soil and atmospheric deposition on growth of Amaranthus tricolor L. seedlings

A IR HKBHL Growth parameters

Treatment AL /em P/ em fif #/mg TH/mg FrK it/ % ifif 52 45 %/ %
group Root length Plant height Fresh weight Dry weight Water content Tolerance index
CK 0.90+0.10bc 5.20+0.60abc 74.73+3.96b 7.30£0.22b 90.23+8.03a 100.00be

LS 1.10+0.15ab 4.90+0.55be 69.30+4.26b 6.60+0.67b 90.48+10.40a 122.22+6.72ab
HS 0.70+0.05¢ 3.40+0.35d 39.33+1.81cd 5.13£0.26¢ 86.95+8.78a 77.78+6.84c
LA 1.10+0.05ab 5.80+0.65ab 99.70+4.79a 9.77+0.23a 90.20+2.53a 122.22+11.86ab
HA 1.20+0.05a 6.40+0.40a 98.63+10.55a 10.47+0.46a 89.39+2.68a 133.33+11.33a
LSHA 1.05+0.10ab 4.20+0.30cd 47.60+4.05¢ 4.10+0.32cde 91.39+8.32a 116.67+12.95ab
HSLA 0.80+0.05¢ 4.00£0.30cd 30.67+1.93de 3.83+0.27de 87.50+6.39a 88.89+4.10bc
LSLA 0.90+0.10be 4.50+0.50bed 40.57+2.52¢d 4.23+0.43cd 89.56+9.94a 100.00+9.10be
HSHA 0.70+0.05¢ 3.80+0.25¢d 20.93+1.21e 2.93£0.25¢ 85.99+4.64a 71.78+7.47¢

B NP BRI AR EZE (n=3) , AR/ INE FRED B RN A AE B2 18] A 1835 22 5% (P<0.05)

2.3 LSRR T ISR Ph A Az B Ly

R AT IR AR S e R Ah G (LA HA ZE B4 PR ETH(2%—T7%) , AT AR T
W (9%—32%) , HerP s vk BE T 3E e T R4 B 5 HS Kb FRZHAH L TR IEZH FRE T 32% (&1 2) . A&
S ARG I AR A X RS I 1) B AL 2 —  AE I RE S BRI R M 2 K RS Ph B A5 A, NN
AR, E R 1 Ph Bt T RE S I DNA B4 AL, BN FUOK R EEROTETE, SBEAR S E T
BT TETER(IN 0,7 - OH Al H,0,) fE AR MR 1A SR (4R it S A0 9 AR A &1 7=, 1E 1 10 22 5]
P EAL R G = VR A Jm B AN R A8 AT B 23 (2 (oA 4 A0 My A 2k 10 0 1 4R, DT X 4 i g s
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BRI, B T A B R B Y S A LAY 1,0, SR AE Ph HhiE RS BT T
(20%—98% ) , H: A I B + 3 p361 (LS \LSLA LSHA AbHRZH ) FHEHINOA (K 2) o ik H A BRAT AR T
R M B - IFEAL BRAA AR Y H,O, & A FIF F P (42%—80% ) , 3% AT RE S PR Ay i vk B 1+ 48 P i 385 1 Ay 4 1y
PUAEALBETG 4, N H,0, 1970 f% . MDA JEAEY) 240 M B RR BT ik S Ak 7=, 02 SO AR P A ao S A it B RN &R 4
PUEFE N EESS bR, B RS & A =R N, R E A AV TR EAE R, S 2 sz
B M TR RELL A MDA 5 A = R 3 ae R A BT BTt (23%—48% ) , Hofih b BR 21 AR fE AR B 55
(FE2) , Ul ik B2 14 Ph Wi 5 1A A AN 3, A0 MR 2 460 LA B 9 32 B /NS5 RN 30 2 8 A Ph iy
i8R A RS

£S5 WARERSEURRFESNER

Table 5 Results of two-factor analysis of variance for Amaranthus tricolor L. seedlings growth parameters

b - Soil KA Air IR Soilx Air

Source F P F P F P

HRK: Root length 19.96 0.00 1.09 0.38 3.32 0.06
¥R Plant height 15.12 0.00 0.38 0.70 1.15 0.39
#E T Fresh weight 132.88 0.00 1.12 0.37 11.37 0.00
FH Dry weight 162.88 0.00 1.54 0.27 20.45 0.00
K4k Water conten 0.21 0.81 0.00 1.00 0.01 1.00
it 52 76 4% Tolerance index 14.66 0.00 0.80 0.48 2.44 0.12

SOD fEW R B T4k H,0, 81 O, , BT AL RGNS — BB £k, LAk POD Fl CAT FEAE ) 240 L i B
H,O0, i d B AR ™ FEARBFSE A (18 2) , SOD i 1 Fifi 4 38 1K Ao B JE 36 i (29%—34%) J& F &
(10%—13%) ,{HAR = T BEZH . POD i Fifl 49 R R A0 B FH RSN (16%—50% ) |, 7 =5 Wk i 1 48 i
(HS HSLA \HSHA Zb34H ) Tk B RKTE M, CAT i&PEAE Pb JBia ARG Frsidin (35%—49%) , HABAF5E
KB Ph JHpiE X FEAE | B TSR AN £ R AR YT A AL T PR R R A R S AR S Ph A T R
PRV =R A A B I T S e R A PR RN H, O, R 47 40 £ 32 35 AEUAR T, SOD i MR ARG 1) Ji P ] i
JE H,0, SEEAAH AR R Ph B F 5 HIS MG A ZE A FBURIE ) POD Al CAT 7E Ph Wil T B H A
fema A, BB B ATTAE TS BR HL, 0,07 T T BEELAT DR RSO0 , AN T B AICHE 4 1 Ak 405 . AsA & BBl H 3 AR
SR BEYE N T (25%—69% ) , M L T RA VTR, 138 T ALY AsA S Ems B3 (K 2), MY
GSH 7 7 3 5 KA UMb T 00 AR AL, (0 4358 5 KA S R Ma X GSH & 2 75 FH 3% (40%—
T1%) (K 2) , AsA F1 GSH JEAH Y 40 M b 35 22 14 AL I8 SR R -, 30 2 335 Io% 0% A S 08 1 AT 400 1) ST g 98 s o
YRR AR JFOF-T, AsA A GSH 2 1t (4 38 hin al AR JERE B0 401 AsA—GSH J838, Ik 1,0, BT, 7]
B, GSH S 3E ( -SH) ME N Sa i F A/ Z ke S & RS A TR &9, GSH A E A E (PCs) 1
AR RS EEE, YA Z TS E 4 RS A I U A X 20000 b, A% Ph /Y
P
2.4 THERIRA P A5 T0SEL) e W 280 e

SR e — S BFFE AN ) e B SRR R AR Ph i EERAA S XA Ph & i AR K SRR B
FRiEAT T RS F Pearson AR M, W 3 F13e 5 B, AT 0 2L 17 80.92% 1y B 2, Horp
PC1 %5 58.58% ,PC2 5 22.35% ., T4V 5464 Pb MDA  AsA .GSH & &1 POD %Pk 5 i3 IE4H 6 (P<
0.05) , ULBHAE PR Ph £ Bl vl BE RN, [RIAHAE 4 32 20 S AL 20 R B, A M R sz 461, A b o T
MRS TIA TR AR R B IEASE(P<0.05) , A E A A K AR FAEEEM, & MRIRERN
KA IE XS R A AR R B AR FEVE F 3 AT BB PR A AU Ph Ve 5 5 A1, T U v 3 1) 2 4 i
ARSI AR . KAMRE SHY) Ph & & K S HOM A FRAE AR AH GRS, 1 B AU XA ) 1) 5%
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Fig.2 Influence of Pb in soil and atmosphere on physiological indexes of Amaranthus tricolor L.
B A B AR EZE (n=3) , R/ING FEE3 R84 AL B2 [0 45 {2 22 57 (P<0.05) ; MDA ; H [ Malondialdehyde; SOD ; #8 S fb 4 15 1k
[i# Superoxide Dismutase;POD : it F ALY EF Peroxidase ; CAT . it LB Catalase; AsA  HTIRIILAR Ascorbic Acid; GSH: 4Bt H K Glutathione

/N, TSR X 43 T AST6E] Ph W38 XA 9 B 52 m , Hod LA HA A2 S2maAR ), LS \LSLA \LSHA 4t
FRAH M AHALL, HS \HSLA (HSHA AbBRZH S22 AHALL , Bir A AL #2035 5 X B4 I R [R] U B 38 A1 K Ph
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Fig.3 Principal components and correlation analysis of response parameters of Amaranthus tricolor L. seedlings to Pb stress in soil

and atmosphere
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Table 6 Results of principal component analysis

Ly S HL H—EWSr B EASY W= F EH IR
Plant response paramelters PCl1 PC2 PC3 PC4
Pb 1 Pb content 0.87 -0.15 -0.10 -0.44
i T Fresh weight -0.91 0.00 -0.40 0.06
FH Dry weight -0.82 0.11 -0.54 0.09
H K Root length -0.67 -0.70 0.02 -0.14
¥R Plant height -0.87 0.02 -0.40 -0.21
K # Water conten -0.81 -0.47 0.34 0.03
ifit 5 4§ %X Tolerance index -0.67 -0.70 0.02 -0.14
AR 1 Soluble protein -0.87 0.06 -0.11 -0.43
RS H,0, -0.11 -0.88 0.18 0.12
N % MDA 0.92 0.02 0.02 -0.14
PLIRIMLIR AsA 0.76 -0.25 -0.42 0.43
A H Ik GSH 0.80 -0.19 -0.09 -0.54
AL AL B SOD 0.19 -0.95 0.01 0.12
i ALYy POD 0.93 -0.30 -0.16 0.05
i AL A G CAT 0.69 -0.50 -0.47 -0.03
FFAEMH Characteristic value 8.79 3.35 1.21 1.01
Jr 2 H L Variance percentage/ % 58.58 22.35 8.09 6.72
A Accumulation/ % 58.58 80.92 89.01 95.73
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