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Study on Interspecies Differences and Enrichment Characteristics

of Metal Elements in Azolla Lam.
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Abstract: In order to reveal the differences in the absorption and accumulation characteristics of metal ele-
ments in Azolla Lam. , we determined and analyzed the contents of 12 metal elements in 21 strains from 8
species of Azolla. by ICP-MS. The differences and enrichment characteristics of metal elements in differ-
ent species of Azolla. were compared. The characteristic metals of Azolla. were determined by principal
component analysis, and the tested resources were classified by clustering method. The results showed
that: (1) the variation coefficient of metal element contents in 8 species of Azolla was greater than 30%.
The difference of Mo content between strains was the largest (127.73%), and the difference of Ca content
between strains was the smallest (18. 94%). (2) The enrichment ability of different kinds of Azolla to
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different metal elements in soil was different, and the enrichment coefficient was Mn > Mg > Mo > K >
Cd > Ca > 1. (3) There were significant differences in the enrichment ability of different Azolla to metal
element K, Mg, Mn, Zn and Mo among different species (P < 0.05). (4) The characteristic metal ele-
ments of Azolla are Cd, Hg, Ca, Mn, Cu, Zn, K and Cr. (5) The clustering results based on the con-
tents of characteristic metal elements showed that when the genetic distance was 15, the 21 Azolla re-
sources could be divided into 3 groups, which was basically consistent with the traditional classification.
Among them, the strains ‘3006” and ‘MH3-1" had strong enrichment ability for heavy metals Cd, Cr and
Hg, and were clustered into one category. The study suggests that there are interspecific differences in the

enrichment of metal elements in Azolla, and this difference could be used as a reference for the classifica-

tion of Azolla varieties.

Key words: Azolla; metal elements; difference; principal component analysis; cluster analysis
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B (K)12.80 g« kg 'L 45(Ca)5.90 g » kg 'L EE
(Mg)1. 07 g » kg ', 8 (Fe)32.20 g » kg ', %
(Mn)276.00 mg » kg ', 4] (Cu)38.00 mg * kg ',
BE(Zn)126.00 mg * kg ' .41 (Mo)1.18 mg * kg ',
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Table 1 Tested Azolla accessions
P 4 i 7 ol R Gii i 44 S ol R
Number Species Accessions Specific property Number Species Accessions Specific property
1 Bk T 2T 1001” ﬁff‘z@ﬁfh 12 %b/ﬁiﬂt%ﬁgél 5007 [CEIENTESN 2T
P 2 AN TR A /= PE Heat resistance.,
2 /Aﬂiizlj ‘1007”7 High yield, cold and 13 Azolla imbricata ‘5427 not cold and pest resistance
3 Jiliewloides 10300 o heas recioier ~ BERHA IR b 22
g not heat resistance 14 s . 7001’ R AR 5 i) 28 7
P VLT / 2P Heat and low humidity
4 sy R i R R ARAN 2002’ T A AS T 9E 15 Axzolla pinnata <7017 resistance,
/ 25 V4 A Heat resistance, not cold tolerance
5 Axoll exic £20077 t cold tolerance U N - 5 .
olla mexicana not cold tolerance 16 [l 42 {6 T 21/ [ 4 ‘MH2’ R A
. - Backecross azolla, [GRGNGEN
6 30017 m?;gfg@ﬁﬁ > 17 Axzolla microphylla X *MH3-1" High yield and quality,
M T AT H UL / S (Azolla microphylla heat resistance,
7 /R 3006 cilag :s;é:ziréze’ 18 X Azolla filiculoides) *MH4’ shade and salt tolerance
Axzolla : ¢ X
) . shade tolerance, s _ ‘ s ee - L
caroliniana disease, pest and algae 19 FeACWIT L1/ % 38 1087 m%}%}%}g h
‘. , ‘ . R
8 3501 damage resistance 20 Hybrld‘ Tu()lla, €4088” High yield and quality,
Azolla microphylia heat resistance, shade
9 SN T 2T ©4018’ i . 21 X Azolla filiculoides €40897 and salt tolerance
Ayy;/ [ .»‘\Z:m‘%—:
10 /Igj\nl s ‘40217 Heat resistance, 22 ’ 4 Sn WA AN [ A
zolla R o NG A SYv .
nicrophyll not cold tolerance S rans Fast-growing,
11 microphytia £4058’ - natans not nitrogen fixation

B(Cd0.05 mg + kg ' #7(Pb)41.40 mg » kg ',
#(Cr91 mg » kg 'K (Hg)0.19 mg * kg '.
A% 20 d 7 — U B I 7 IS EOHT A B B 250
g m “ I BERRES 10 g o m P SMLET 4 g -
m . EIRA R EEE 105 CARAF 0.5 h /T 75
CRMET 2 A Ry B 07 (0. 25 mm LR FH T
EJRITR R,
1.3 MEANBFMAE

SR AW T8 - v JBOR 45 B 1 A B 3 (TCP-
MS) # Jr5 2 I 5E ¥ 1A 2% 4 JB ot R (K, Ca, Mg, Fe,
Mn.Cu.Zn,Mo.Cd.Pb.Cr.Hg) f & £,
1.4 HETESSHLE

i Excel 2016 #EAT804E T 5 AAL 2, Horp oo R
=4 R4 (enrichment factor, EF) N AT 4 8 T
RS LIESEICR S EE ] SPSS 19. 0
AT o B, R/ 0 2 PR 25 Rk (LSD)
F107 28 43 B RLSL & 8] 2 8 LL 88 (P << 0. 05) 5 ]
GraphPad Prism 9. 0. 0 #£47 85370 B (PCA) 5 42
BT R & BEIEZ SPSS 19. 0 frifE 4k J5 H 95 F J7 BR
[CHE & (Square Euclidean distance) F12H [&] Bk # 1)
Ty HEATH 2, 3 Heml 1. 0 8042 i %5 42 4% 1
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2.1 HIAPSETENARES
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21 ,Mo JCE A 22 33. 08 £, HKJE Pb &2
58 5 RZBGE 70. 08 %0« i e AR A Y B UR 4 ) R
‘40187 F1 40217, ¥ )@ F/NM VLA, BEATA Pb %
WAHZE 9,32 %, AT UL, AN R FR A T R TG 4 JE T R
FRBEAREES . WA K RHEF Cr.Mn fil Fe
THNEFRBHR T 50%. THEFRUKT
30% L LR AR R A 8 A b 66.67% ., &R
TEVLLLGEIR Y 12 Fh &)@ e 2 % i & ik : K> Ca™>
Mg>Mn>Fe>7Zn>Cr>Cu>Pb>Mo>Cd>Hg,
2.2 HIAdEYNEETENSEHN

AR B 42 RE(EF) 3K I B 14 %) 42 J@ ot
FEEBRENEIRNSCE LRI R, W R R
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Sy, # R S N % os R L A 1 AT
AL BRI B A Y N IR &R ORI E
ERE AR B ERBERH Mn>Mg>Mo>K>
Cd>Ca>1 WML, AEGHRX X 6 Fid )8 TR 1
MR BAR,HP 35017 XF Mn T & B & 45 At
FITEAER R b B, 40587 X Mg (195 4B ik 1 B
SR, 5427 % Mo 1Y & ERE S dReoR , 40187 %) K By &
ERE ST AR, © 30067 % Ca F1 Cd #Y & 4 i J1 i .
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Table 2 Descriptive statistics of the contents of metal elements in the tested accessions
i b R THREZNMER L RARARS T R T A5 5 R A I S S 2 o
E=2 N e /ME The strain i KAE The strain Average content Coefficient Average content
Index Min with the Max with the in Azolla of variation in S. natans
least amount most amount (Mean+SD, n=36) /% (Mean=+SD, n=3)
K/(g+kg D 26.19 ‘70017 66. 20 €40187 37.014£7.47 20. 20 34,5242, 74
Ca/(g - kg™ 5.98 ‘40217 16.99 £30067 8.24+1.56 18. 94 7.41+1.41
Mg/ (g + kg D 2.73 4087 7.76 4088’ 4.7541. 04 21.81 4.5240. 46
Fe/(g- kg D) 0.54 2007” 1,92 £2002° 1.6940. 87 51.11 2.34+0.34
Mn/(g kg ) 0.62 ‘5007 5.55 £30067 2.08+1.12 54.13 1.714+0.12
Cu/(mg* kg™ H) 2.91 “3501° 17. 04 £3006” 8.94-+3.29 36. 79 17.89-+1.55
Zn/(mg -+ kg D) 50.02 €20027 169. 49 €40187 92. 02424, 28 26. 38 95.48418.97
Mo/(mg + kg™ ") 0.78 “10207 26.58 ‘10017 3.62+4.62 127.73 0.54740.17
Cd/(pg * kg™ b 33.88 ‘40217 218. 06 £30067 85.73+32.27 37. 64 145.48+13.76
Pb/(mg * kg D) 1. 69 ‘40217 17. 44 €40187 3.62+2.54 70.08 5.6341.26
Cr/(mg * kgfl) 1.71 ‘70177 36.78 €30017 10. 00£6. 60 65. 94 10.21+1. 37
Hg/(pg * kgﬂ) 0.92 £30017 27.33 £30067 10.834+14.59 42. 40 14.58+4.52
3 AAMBILAEELEEERBNAESW
Table 3 Variance analysis of enrichment factor of metal elements in different varieties of Azolla
& 4 A8 Enrichment factor
Fh Species
K Ca Mg Fe Mn Cu Zn Mo Cd Pb Cr Hg
BRARWEILLL A, filiculoides 78ab  1.30a 4.46abc 0.05a 8.13ab 0.23a 0.65a  3.63bc 1.54a 0.08a 0.12a 0.06a
BPGERILLL A, mezicana 50a  1.29a 65bc  0.07a 7.52ab 0.22a 0.63a 2.12b 1.65a 0.07a 0.08a 0.06a
FRMIEITL A, caroliniana 19be  1.49a 70bc 0.06a 9.93b 0.20a 0.68ab 1.99b 1. 74a 0.11a 0.12a 0.06a
AN TLLL AL microphylla . 34c¢ 1. 36a 15¢ 0.04a 7.36ab 0.2la 0.85b 2.35b 1.80a  0.10a 0.11a 0.05a
B HARWEILLL A, imbricata .52a  1l.4la 4.27abc 0.05a 7.1lab 0.22a 0.76ab 6.13c 1.5la 0.08a 0.1la 0.06a
A& ZEWHILLL Hybrid azolla 3.19bc  1.44a 4.05ab  0.05a 6.96ab 0.26a 0.7lab 3.21b 1.79a 0.07a 0.10a 0.06a
PIMWEILLL AL pinnata .5la  1.55a 3.58a 0.04a 4.99a  0.29a 0.70ab 2.24b 1.52a 0.08a 0.10a 0.05a
8] 22 {# V1.1 Backcross azolla .57a 1.37a 4.4labc 0.06a 7.59ab 0.27a 0.83b 3.47bc  2.02a  0.10a 0.1la 0.07a
NIRAEM3E S, natans .44a  1.26a 4.22abc 0.08a 6.26ab 0.47b 0.76ab 0.46a 2.91b 0.14a 0.1la 0.08a

T« [ G RN G 5B R 7R 22 573K 1 35 K P (P <C0. 05)

Note: Different normal letter after the data indicate the significant difference at 0. 05 level

R RN Cd BT5 3L,

4R (36 3) 45 R0, AS [R) R i 7T 40 X 4
JBItE K.Mg.Mn.Zn. Mo W B H R E%E
S HP NI AON K W EERES TR EM

W T2 A4 A8 W V20 LA A9 3l VI 41 (P <<0. 05) , %
Mg 1) & 5 I 35 8 T 22 S W VL1 MR 3 V.41 (P <<
0.05),%F Zn BY & S 6E 7 3 5 T RO W VL 20 A0 A
VORI VAL (P <<0. 05) 5 R M VL LI A Mn (195 4R
BB TP VLA (P <<0. 05) 5 8 TLAR T VT 410 %
Mo & 4 1 3 & T H A i Y20 B2 98 (P <<0. 05),

AR, B A R VT 4T % Mo B B 48 B 2 5 T A
PR IHSE (P <<0. 05),
HIASETEZSENMHEEEL

2.3

Xt 12 4R e R

E‘\
AR

AT AR O o B AR AT 12

ANAR B 2Z 1] AH 56 R B B (&1 2) A OC R8>0, 3
(P<C0.5) 4 30.3% . FHRMEAHT R PR Cd &
5 H A 4 R T F SR A G B MG R B =
0.3(P<C0.5) i 63. 6% ; HIKZE Ca Ml Hg, 5HAh
SBICE R FEMER N 54. 5% M 45.5% ;Mo HH
fib 4> J JC R WA M R 22, 5 HoAh 4 J8 e R B AR I8 5
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The enrichment factor of metal elements

in tested accessions
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Fig. 4 Biplot of metal element principal

component analysis
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Fig. 5 Cluster analysis of metal elements in test accessions
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