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(IR R, a. W22 5 KGR, b, SCHIB(RIZRIA . ﬁlﬁiﬂk’@%’tﬁ), T 510642)

TE, NIHEE T8 L R F i s S SR R AR, 20 N8I S (Canavalia ensiformis)Fh i B IRFEAT B8R0, 00
AKAMERIBAR, R 2007 SR JE R 0o BT AR 28 00 M7 S5 7 0t 8 SR R 1 AR R R AT S5 VP . 45 SRR, TE T AR
I, ARESIEMFIES. i, E2M. FETHMM_ L AR B 2 7 (P<0.05). 20 NP H 8 s A
B N: PI 279593>PI 362193>NT 576>BN-13474-63>P1 470242>PI 358592>B2>PI 181048>PI 364355>CHN3>PI 470931>PI
337078>CHN4>PI 164695>PI 276655>CPI 50103>B1>PI 338584>PI 404610>P1 308540, /T4 RFKH, 20 MR N
5K, HAE IV RMAEKMREL, 8V RERZ, XERBRESGE % 280, ESTRMIRY 1% FAEKMAR
LFRTT 5 AMRUR 2R IEME . P1362193>NT 576>P1 279593>BN-13474-63>P1 470242, PI 362193 Sk i sm iR s, al
VBN B8 F BURR LR e AR B R B R IE I 8 MU, NT 576+ P127959 RAI{E N &I FH R -

KA ST MG AR S8 w8k
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Screening of Tolerance Germplasm for Canavalia ensiformis in the
Abandoned Area of Ionic Rare Earth Mine

ZHU Ting?, MA Ling?, FENG Haoyi?, DENG Lan? LIU Xinliang?, LIU Mingqian®®
(a. College of Forestry and Landscape Architecture, b. Archives & South China Agricultural Museum, South China Agricultural University, Guangzhou

510642, China)

Abstract: In order to select the gerplasm resources with strong tolerance in the abandoned land of ionic rare earth
mine, twenty Canavalia ensiformis germplasms derived from more than 10 countries or regions were potted, the
growth traits were observed and evaluated by variance analysis, membership function analysis and cluster analysis,
variance analysis, membership function analysis and cluster analysis. The results showed that there were
significant differences in plant height, ground diameter, stem thick, main stalk pitch number and aboveground
biomass among different germplasms at seedling stage and initial flowering stage (P<0.05). The membership
function analysis showed that comprehensive evaluation value of 20 germplasms were in the order of PI
279593>PI 362193>NT 576>BN-13474-63>P1 470242>P1 358592>B2>PI 181048>PI 364355>CHN3>PI 470931>
PI 337078>CHN4>PI 164695>PI 276655>CPI 50103>B1>PI 338584>PI 404610>PI 308540. The cluster analysis
showed that 20 germplasms could be divided into 5 categories, among which the fourth category had the best
growth characteristics, followed by the fifth category, which was consistent with the result of membership
function. The secondary screening experiment showed that the comprehensive evaluation value of the top five
germplasms with good growth characteristics on ionic rare earth mine soil were in the order of PI 362193>NT
576>PI 279593>BN-13474-63>P1 470242. Therefore, PI 362193 had the strongest tolerance, which could be used
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as the best choice for ecological restoration of ionic rare earth mine, while NT 576 and PI 27959 can be used as

candidate germplasms.

Key words: Canavalia ensiformis; Germplasm screening; Growth trait; Membership function method
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1.1 18

ARG T 4 R AR LK 22 0 R R L (23°09”
50" N, 113°21'60" E)yrh PR, izt X J& T W #viiy 2=
WS, FEFHSIEN 20 'C~22 °C, FEHIEREN
1 689.3~1 876.5 mmP!, EHULL T~ R A MM T
BT R R A (24°4833.217 N, 115°49'56.75" E)
(1) — A P 57 251 R - 72 - 3 R0 4, W
JELUHS , tthgihn, b+ . HHER RGN pH
4.82, R E 0.022 g/kg, TfE R & & 27.363 mg/kg,
2R 0.039 ghkg, WA & 0434 mg/kg, 24
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. PSRRI 20 MEIERBL(E 1.
1.2 EEwIT

I 75 R AR, 20 NEIE R, B
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Table 1 Germplasms of Canavalia ensiformis used in this study

o PSS SR it SR JE 7 b
Germplasm Source Origin Germplasm Source Origin
NT 576 AusTRCF N/A PI 181048 NPGS ElBE
CPI 50103 AusTRCF EREE PI 276655 NPGS N/A
PI 358592 AusTRCF R IEMR LT PI 308540 NPGS FHE L
BN-13474-63 AusTRCF pivas P1337078 NPGS (i
PI 470242 AusTRCF El B JE P T P1 338584 NPGS HHFA RN
PI 279593 AusTRCF E[ e P1 362193 NPGS [N IEZ
Bl Collected i} PI 364355 NPGS FERILE
B2 Collected (il PI 470931 NPGS e
CHN3 Collected R PI 164695 NPGS ENRE
CHN4 Collected P P1 404610 NPGS EEEYR

N/A: WA

N/A: Not clear.

AR, FEH. EEWHL BK. WmAR. g
YRR AE Y R KR . BEALIX H i, 3
MXH, 6 HREE.
1.3 BIERET &

PR A2 4 A AR R B A R 2R T AR K
MR, A E RTINS 2R R AR 5
M2, HARR R IR R ES 1 om ACTHLEE, 33
fERERs = ROEATI & B FrHRAER, M Er)
IO F 2B RO R D, AR E
B M EAEYERESGREAEEE 1 om AR H
LFIRER, B A X H R (% 3 )N
AMEBEFFIFFRIR, BN 105 CHEA F 7575 30 min
J5, FAE 65 C TRt EEE ., WAMRA I E: &I
SRR G KR, o e R IR RN B34S,
For B[] Sz 56 %, ] WinRHIZO 1R R0 R4t
WA WEARARAREE, RERANEH, &
HiEMEEE, HARKRNEYR.

1.4 AR

{8 Excel AN HHR2E1T 5435 | SPSS 26.0 ¥
XS B BEAT M1, 1 Adobe Tlustrator CC 22.1
B o SR LR 3R 22 0 B A ol A K PR )
()2 5%, 344 LSD Al Duncan £ 5 FLRGEE T
BEMENN, P P<0.05 RRZEREE . RARSKE
FA3 W T RN G AR KABAREAT 04T, JRE R SRR
R EOGED A K AR AT SR & . SRIB R B A
KN U= (X Ximin)/ (KmaxXjmin) » - £5 65 8 L =(Uy+
Uiet+Un)n, o X5 N5 i A2 j ANt
SEAE

2 SRR

2.1 KRS T

FH 2 F13& 3 ] %0, 20 NFRUFR 1] [ — A K HA Y
KRB RIREE R Z 5. I, AR
JRIIRRE N 9.72~17.31 cm, b P1279593 &7
T H AR5 (P<0.05), HKCN B2 P1 470242, CHN3.
BN-13474-63 I NT 576, 43 & T AR T 4 {H
41.45%- 14.24%- 12.77%- 10.64%- 9.99%F1 6.56%.
PR/ MORFT A CPT 50103, #Eok S5/
PG A AH 22 78.09% . Hu4E K 3.28~4.19 mm, “F34°H
3.68 mm, e KHIFHHA P1362193 (4.19 mm), ik
J& P1 470931 (4.07 mm)#1 PI 470242 (3.94 mm), %
TR 448 B/NMEZ PI 404610 (3.28 mm),
Hrp PI 362193 HyHiAR 235 K TBR PI 470931 1 PI
470242 A FA AR (P<0.05). ASEFRF 25N
3.09~4.19 mm, “F#19 3.57 mm, H: P1362193 &
K, 9 4.19 mm, PI 364355, PI1276655 £ PI 181048
W2, KT 3.80 mm, 1fi PI 279593 i/, AN
3.09 mm. ZHELEERY, P1362193 5 PI 364355,
PI 276655 ()3 22 2 e A 3, (B 5 HA A i £ 7E
23 7 5 (P<0.05) . £ 221405/ NMIIA P1 276655
PI 308540 ($4179 2.15 Fi/¥k), s 22 P1279593 (ik
3.7 ikK), BEFZE 1.72 %5, BEATIME N 2.60 Fi/kk,
o m TR BME A P1279593. P1470242,
CPI50103. NT 576. BN-13474-63 £l CHN3, 433
AR BT ME R 42.31%- 7.70%- 1.92%- 13.46%-
9.62%F11 13.46%. Hh FAW)RER 1.10~3.52 g, AFFh
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BRI ZERARE, R P1279593 .3 KT P1470931.
PI 308540 F1 PI 338584 (P<0.05), Hthfh 5 [a] I &
E S

FEGRAE], FhR PI 279593, CHN4. PI 358592,
PI 470242, NT 576 1 BN-13474-63 ¥k =20 il
TR T IME ) 60.42%- 36.29%- 28.75%- 23.54%
19.36%11 18.48%, H#kmim KA PI 279593
(47.20 cm), F/IMEDN PI 308540 (20.20 cm), H. PI
279593 [Pk i 3 i T HA Rl BT (P<0.05)(3R 3). it
MM EZEM S, SAREEAEES, (HMHEET

2 SR AR AR BRI AL

FRE ZRA K. 2K 3.46~4.60 mm, EEAT-1Y
{80y 3.88 mm; FZEF A 2.43~3.67 mm, PI 362193
() Hb A4 R0 32 25 M 38 B K, T MR AR B D B9 R
BN-13474-63, FZ & /NINZE CHN3. AHEL T
W, U SIS 3 2 H DL St AR TIRK
IR, FZ2 T H0h 2.60 Fi/RkIE K 2 6.98 15/
Pk, Pt FAE R 1.99 g K E 584 g, F
ZETHOR A B K RS $5 PT 279593 (43
AN 9.3 /BN 9.73 @)« F/NIIYIN P1 308540 (43
BN 5.5 IBERN 3.36 g), WA ZE S #(P<0.05).

Table 2 Comparison of growth indexes of Canavalia ensiformis germplasms at seedling stage

i B (cm) 4% (mm) FZEHM (mm) LT I H EAEYE (9)
Germplasm Height Ground diameter Stem thick Main stalk pitch number ~ Aboveground biomass

P1279593 17.31+3.46a 3.74+0.32cdef 3.09+0.51g 3.70+0.57a 2.42+0.82ab
PI 358592 12.69+2.69bcdef 3.68+0.34cdefg 3.40+0.56cdefg 2.50+0.61cde 3.5242.70a
P1470242 13.80+2.81bc 3.94+0.36abc 3.69+0.46bcd 2.80+0.52bc 1.84+1.29ab
CPI 50103 9.72+2.08h 3.61+0.34defgh 3.24+0.35efg 2.65+0.49bcd 2.24+1.64ab
NT 576 13.04+2.00bcde 3.81+0.34bcd 3.72+0.49bcd 2.95+0.51b 1.7540.69ab
Bl 11.78+2.66cdefg 3.49+0.24efghi 3.62+0.53bcde 2.55+0.76bcde 1.914+0.88ab
B2 13.98+3.84b 3.76+0.62cde 3.70+0.59bcd 2.60+0.75bcd 1.93+1.20ab
BN-13474-63 13.46+3.01bcd 3.65+0.34defgh 3.45+0.63bcdefg 2.85+0.75bc 2.95+0.48ab
CHN4 12.85+4.04bcde 3.36+0.49hi 3.33+0.46defg 2.55+0.51bcde 2.57+1.20ab
CHN3 13.54+3.00bcd 3.65+0.39cdefgh 3.41+0.50cdefg 2.95+0.39b 1.77+0.44ab
PI 181048 12.19+2.25bcdefg 3.85+0.30bcd 3.80+0.50bc 2.50+0.61cde 1.55+0.76ab
P1 404610 10.55+3.32gh 3.28+0.44i 3.21+0.791g 2.45+0.51cde 1.38+0.71ab
P1470931 11.48+3.53defgh 4.07+0.30ab 3.65+0.64bcde 2.55+0.60bcde 1.26+0.33b
PI 164695 11.20+2.30efgh 3.45+0.31fghi 3.50+0.36bcdef 2.45+0.60cde 1.92+1.49ab
PI1276655 11.07+2.76efgh 3.75+0.55bcde 3.85+0.53ab 2.1540.49¢ 1.47+0.68ab
PI 308540 10.30+2.30gh 3.61+0.52defgh 3.62+0.63bcde 2.1540.49¢ 1.11£0.39b
PI 337078 11.8242.38cdefg 3.43+0.32ghi 3.64+0.36bcde 2.55+0.60bcde 2.59+1.36ab
PI1338584 10.73+2.32fgh 3.40+0.42ghi 3.40+0.44cdefg 2.35+0.59de 1.10+0.17b
P1362193 11.1542.29¢fgh 4.19+0.47a 4.19£0.79a 2.35+0.49de 2.45+0.92ab
PI 364355 12.09+1.76bcdefg 3.83+0.29bcd 3.85+0.52ab 2.45+0.51cde 2.14+0.18ab
73 Mean 12.24 3.68 3.57 2.60 1.99

I F B J5 AN/ - B R 2 57 8. (P<0.05). TR

Data followed different letters within column indicate significant differences at 0.05 level. The same below

2.2 BRI

ANEF MR R MR, 2. 2280
o FAEYEEARE KN AEREER, NT
B A BRI 0 3 HH PR AR SR ) B R, e e A R
BRI R, R SRR ek B AR K R T
PREAT LR G VY, S5 RERWIGR 4). AR RS
fE4 0.353~0.594, & {H A: P1279593>P1 362193>
NT 576>BN-13474-63>P1 470242>PI 358592>B2>
PI 181048>PI 364355>CHN3>PI 470931>PI 337078>

CHN4>PI 164695>PI 276655>CPI 50103>B1>
PI 338584> PI 404610>PI 308540. [XItt, ZE&iFM
BUFHIFIFCN PT 279593, FLUKA& PI 362193, NT
576, BN-13474-63 F1 PI 470242, Z3&PFANMERAK
fFh A CPI50103. Bl. PI338584. P1404610.
PI 308540, H.A&/2 PI 308540, HI&FEFRH
PRI E RAEUE T UG, &R S A KRR R
AN, ARG TP LT PL 279593 AT PI 362193
B, PI279593 AH#E T P1 362193 7E#kK s Al £ 2575
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Table 3 Comparison of growth indexes of Canavalia ensiformis germplasms at initial flowering stage

P PR (em) #if% (mm) LM (mm) ZEWHL (TR o EEME (o)
Germplasm Height Ground diameter Stem thick Main stalk pitch number Aboveground biomass

P1 279593 47.2049.65a 4.14+0.52ab 2.99+0.25ab 9.30+0.82a 9.73+1.07a
PI 358592 37.88+16.62abc 4.18+0.31ab 2.86+0.65b 7.80+0.92abc 6.87+0.98bcd
PI 470242 36.35+11.73abed 4.10+0.36ab 2.86+0.38b 8.00+1.25ab 7.39+1.03abe
CPI1 50103 22.41+8.28de 3.85+0.42ab 3.01+0.37ab 6.90+0.74bcd 4.85+0.87cde
NT 576 35.12+8.88abcd 4.16+0.20ab 2.99+0.54ab 7.40+1.35bed 7.51+0.63ab
Bl 22.84+10.23de 3.46+1.24b 2.79+1.09b 6.00+2.40cd 3.92+0.42¢
B2 28.81+11.02bcde 4.19+0.32ab 3.65+0.55a 6.80+1.14bed 5.79+1.51bede
BN-13474-63 34.86+11.06abcd 4.03+0.49ab 3.11+0.48ab 7.50£1.65bc 7.39+0.79abc
CHN4 40.10+28.47ab 3.84+0.39ab 2.59+0.56b 7.10+1.66bcd 4.95+1.04bcde
CHN3 31.59+16.42bcde 3.56+1.32b 2.43+0.93b 6.90+2.69bcd 5.71+1.07bcde
PI 181048 29.75+11.64bcde 3.85+0.43ab 2.90+0.69b 7.20+1.40bcd 5.71+0.31bcde
PI1 404610 23.67+11.31de 3.62+0.41b 2.86+0.43b 6.10+1.29bcd 4.41+2.12de
PI 470931 26.03+20.58cde 4.01x1.44ab 2.66£1.07b 6.40+2.88bcd 5.48+2.63bcde
PI 164695 28.18+7.94bcde 3.77+0.27b 2.85+0.50b 7.50+0.97bc 5.26+0.84bcde
PI 276655 22.93+11.32de 3.62+1.36b 3.00+1.29ab 6.30+2.36bcd 5.61+1.84bcde
PI 308540 20.20+10.44¢ 3.59+0.44b 2.74+0.64b 5.50+2.72d 3.36+1.47¢
PI 337078 23.80+5.42de 3.74+0.35b 2.97+0.79ab 6.50+1.18bcd 5.56+0.51bcde
PI338584 24.66+7.85cde 3.55+0.66b 2.68+0.41b 7.30+0.95bed 4.26+1.81de
PI1362193 22.9948.06de 4.60+0.24a 3.67+0.58a 6.00+1.05¢cd 7.09+1.82bc
PI 364355 29.08+13.82bcde 3.63+1.32b 2.63+1.06b 7.10+2.88bcd 5.89+0.90bcde
*F#4 Mean 29.42 3.88 291 6.98 5.84

4 ST IR S G PR

Table 4 Comprehensive assessment on growth traits of Canavalia ensiformis germplasms

)& B 50 Membership function value

A - Tz TER TETH R ciﬁiﬁﬁe HErE
Germplasm Heizl " qround ‘Stem Main stalk Aboyeground valuation Ranking
diameter diameter pitch number biomass
PI 181048 0.367 0.620 0.509 0.526 0.244 0.453 8
PI1 276655 0.310 0.575 0.529 0.415 0.240 0.414 15
PI1 308540 0.278 0.545 0.459 0.385 0.099 0.353 20
P1337078 0.335 0.522 0.488 0.511 0.325 0.436 12
PI1338584 0.306 0.497 0.412 0.496 0.150 0.372 18
P1362193 0.313 0.766 0.661 0.448 0.391 0.516 2
PI 364355 0.362 0.593 0.489 0.511 0.306 0.452 9
P1 404610 0.297 0.480 0.396 0.474 0.167 0.363 19
P1 470931 0.333 0.682 0.455 0.507 0.216 0.439 11
PI 164695 0.333 0.531 0.449 0.526 0.254 0.418 14
Bl 0.331 0.507 0.465 0.493 0.194 0.398 17
B2 0.416 0.637 0.570 0.533 0.274 0.486 7
BN-13474-63 0.423 0.597 0.467 0.615 0.432 0.507 4
CHN3 0.414 0.550 0.388 0.615 0.264 0.446 10
P1279593 0.580 0.627 0.389 0.870 0.504 0.594 1
PI 358592 0.411 0.619 0.432 0.548 0.455 0.493 6
P1 470242 0.438 0.646 0.492 0.578 0.342 0.499 5
CPI1 50103 0.269 0.572 0.418 0.548 0.258 0.413 16

NT 576 0.411 0.645 0.504 0.633 0.343 0.507 3
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Fig. 1 Cluster analysis of growth characters of Canavalia ensiformis from different germplasms
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Table 5 Growth of different Canavalia ensiformis clusters

e i iz FZ=H T2 Hh EAY) R F R A
el ; HeRe
Cluster Pl'ant Qround .Stem Mam stalk Abo_veground Avergge Ranking
height diameter diameter pitch number biomass membership value
1 16.33+11.12bc 3.52+0.48¢ 3.224+0.62bc 3.93+2.23b 3.61+£2.10b 0.40+0.07¢ 5
i| 20.20+12.59b 3.84+0.47b 3.41+0.63b 4.22+2.43b 5.05+2.67ab 0.50+0.05b 3
il 17.75+11.50bc 3.8140.65b 3.39+0.79b 3.99+2.47b 4.07+2.97b 0.43+0.09¢ 4
v 26.85+15.66a 3.87+0.44b 3.07+0.44¢ 5.45+2.73a 6.68+5.10a 0.59+0.05a 1
\% 15.09+7.47¢ 4.33+0.45a 4.01+0.76a 3.57+1.89b 5.284+3.88ab 0.51+0.04b 2

2.4 T RFEM R P E I

P 25 s ) AR A IR 178 S R AR, iRk
INRZE, BRI S AN R R (PT 279593
PI362193. NT 576. BN-13474-63. PI 470242)F i

TR, JFHEE 2 RBIER, DI RN
HERREE R . B3R 6 AL ASFEM TR BRART X H
FRA AR A R MR 7 A 2 35 7 57:(P<0.05), HL
o AR R e M 257 B DA A A A IR R o
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Table 6 Plant growth status of five excellent Canavalia ensiformis germplasms

(3 7)4 PI 362193>NT 576>PI 279593>BN-13474-
63>P1 470242,

PER Pl Germplasm
Trait PI 279593 PI 470242 NT 576 BN-13474-63 PI 362193
Pk Height (cm) 21.37+7.67ab 22.74+5.81ab 23.16+7.76ab 24.66+5.55a 20.92+5.24ab
1% Ground diameter (mm) 3.96+0.35b 3.85+0.28b 3.84+0.26b 3.85+0.36b 4.79+0.45a
FZEH Stem diameter (mm) 3.82+0.30b 3.69+0.49b 3.85+0.32ab 3.59+0.55b 4.1240.44a
259540 Main stalk pitch number 6.39+1.33ab 6.89+1.37a 6.61+1.50ab 6.83+1.10a 5.89+0.58b
Hb FAY)E Aboveground biomass (g) 4.18+2.15ab 2.58+0.40c 3.66+0.81bc 3.47+0.93bc 5.12+0.92a
HRZE#E Root biomass (g) 1.10+0.36b 0.99+0.12b 1.17+0.23ab 1.03+0.37b 1.39+0.32a

MR Total root length (cm)
HRZFZTMF Root projection area (cm?)
HRFMF Root surface area (cm?)

151.24+54.46ab
475.13+171.10ab

2 753.67+1 056.97ab 2 481.69+292.11b
132.68+16.88b
416.83+53.04b

2905.19+£575.23ab
155.46+32.87ab
488.39+103.27ab

2 685.14+830.85ab
141.46+45.67ab
444.41+143.47ab

3219.274£792.75a
175.06+43.74a
549.96+137.42a

HRF¥E4% Mean root diameter (mm) 0.55+0.04 0.53+0.03 0.53+0.02 0.53+0.03 0.54+0.01
AR Root volume (cm?) 6.56+2.32ab 5.59+0.91b 6.54+1.51ab 5.87+2.04b 7.48+£1.92a
£ 75 MR SIS AEK ARG SV
Table 7 Comprehensive assessment on growth characteristics of Canavalia ensiformis from five excellent germplasms
PR SRR E Membership function value
Trait BN-13474-63 PI362193 NT 576 PI 470242 PI 279593
Pk Height 0.383 0.272 0.326 0316 0.283
142 Ground diameter 0.301 0.589 0.242 0.247 0.286
T 24 Stem diameter 0.523 0.633 0.547 0.497 0.538
FEZET%0 Main stalk pitch number 0.519 0.315 0.435 0.482 0.398
M AP Aboveground biomass 0.262 0.477 0.286 0.146 0.355
RA#)E Root biomass 0.359 0.588 0.449 0.337 0.406
JMRE Total root length 0.414 0.548 0.469 0.363 0.431
RFFH L Root projection area 0.442 0.608 0.511 0.398 0.490
HRF AL Root surface area 0.442 0.608 0.511 0.398 0.490
WP B 42 Mean root diameter 0.472 0.550 0.507 0.509 0.596
AR Root volume 0.424 0.602 0.498 0.393 0.500
P34 Average 0.413 0.526 0.435 0.372 0.434
HEFF Ranking 4 1 2 5 3

3 SRS IR
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ik 5 1 S5 42 Rt 306 5 T AT — € (KINEFH, T BA
SEONE ML R BIL & AR R 2 R . TSR0

I E MR ZER. b SR AR IE i R
B 5 B P JBR (Linum usitatissimum)Fh )i ; ] 52051
WA 4 5 5 (Onobrychis viciaefolia) Pk 51« s L A1k
AR SR R U A T T 1 e R ) £ S B
AN E BT 60 A~ K 5. (Glycine max)F it it 47 Bk
s HAR . FZETECERRRIE , TRk oK S ER
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