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elements in tubers of 15 Dioscorea alata cultivars (lines) LI Minghan', MA Zhechen', WANG
Yue', TANG Jie’, LU Xinyu', SUN Xiaoqin', ZHANG Yanmei® [ 1. Jiangsu Key Laboratory for
Conservation and Utilization of Plant Resources, Institute of Botany, Jiangsu Province and Chinese
Academy of Sciences ( Nanjing Botanical Garden Mem. Sun Yat-Sen) , Nanjing 210014, China; 2. Crop
Research Institute of Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China ], J. Plant
Resour. & Environ., 2026, 35(3) . 24-32

Abstract: To explore the nutritional value of different flesh-color cultivars (lines) of Dioscorea alata
Linn., 15 D. alata cultivars (lines) were collected from Fujian, Guangdong, Hainan, Jiangxi, Jiangsu,
Taiwan, and Yunnan, the contents of anthocyanin, nutritional components, and mineral elements in
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their tubers were compared, and the cultivars ( lines) were evaluated by using correlation analysis,

entropy weight method, grey relational analysis, and K-means cluster analysis. The results show that the

anthocyanin contents of purple D. alata are significantly (P<0.05) higher than those of white D. alata,

among which, the anthocyanin content of Ziyu Shenshu is obviously higher than that of the other cultivars

(lines). There are no significant differences in contents of non-starch polysaccharide, starch, resistant

starch, cellulose, and crude protein among the D. alata cultivars (lines) , and the contents are 4.61—
20.47, 544.89-796.85, 94.63-127.69, 19.24-37.23, and 54.81-99.95 mg - g”', respectively. There
are significant differences in mineral element contents among some D. alata cultivars (lines), and the
cultivars ( lines) with the highest contents of Na, Ca, Mg, Cu, Fe, Zn, and Mn are Zipibairou

Jiaobanshu, Fuzhou Jiaobanshu, Ximazhuang Jiaobanshu,

* Yangmingshan Yam ’, Ximazhuang

Jiaobanshu, Zixi Yuanshao, and Hainan Zazi, respectively. The coefficient of variation of anthocyanin
content is the largest (143.98% ) , that of non-starch polysaccharide content, Zn content, and Mn content
are relatively large, which are 42.88%, 42.06% , and 41.85%, respectively. The correlation analysis
result shows that among the 13 indexes, 15 pairs reach significant correlation levels, among which,
anthocyanin content shows a significant negative correlation with Zn content and an extremely significant
negative correlation ( P<0.01) with Mn content. The 15 D. alata cultivars ( lines) tested can be
classified into grade I with 5 cultivars (lines) and grade II with 10 cultivars (lines), among which,
the grade [ cultivars (lines) are Ximazhuang Jiaobanshu, Ziyu Shenshu, Zixi Yuanshao, Fuzhou

Jiaobanshu, and Hainan Zazi, which have relatively high comprehensive nutritional value. The

comprehensive analysis result indicates that the difference in anthocyanin content is the main reason for

the different flesh colors among the D. alata cultivars (lines); Fe content, non-starch polysaccharide

content, Mn content, cellulose content, and Ca content can be used as key indexes for evaluating D.

alata quality; Ziyu Shenshu can be used as a raw material for the development of excellent edible and

medicinal health products.
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fE #H

FEALLS iCAP 7400 HLIERFA S5 5 IR K 5Pk
A ( 35 [H Thermo Fisher Scientific A FRZA#]) , K9860
2 A SELIC A BAL (1 B A K AR 4R A e A7 BR 2
A]) ,UV-6000PC K S w4 8 2 A0 AT L oot i 1
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Table 1 Basic information of tested cultivars (lines) of Dioscorea alata Linn.

A (b AR ) S PERE HZEIAR
Cultivar (line) Origin Tuber flesh color Tuber shape
7 2445 Hainan Zazi 17 Hainan IR @ Whitish purple IR Foot-shaped

P31 2 5 Suyu 2
F T 4 5 Suyu 4
Jh15 6 5 Suyu 6
2 EZ % Ziyu Shenshu
FHAALL L ZS Yangmingshan Yam
Ji 74858 Zhouning Zishu
£ £ 112 Ziyu Shanyao
P B2 Fuzhou Jiaobanshu
L7 A IR 2 Zipibairou Jiaobanshu
SRR Zixi Yuanshao
5 M A 2 Ganzhou Jiaobanshu
S BEIAR 2 Tangbei Jiaobanshu
73 FH 5% Wantian Zishu
Z P IIHR 2 Ximazhuang Jiaobanshu

YLI Jiangsu
YLI Jiangsu
YLI Jiangsu
J" % Guangdong
414 Taiwan
fa#d Fujian
2 Yunnan
VLY Jiangxi
YLV Jiangxi
YLV Jiangxi
YLV Jiangxi
YLV Jiangxi
YLV Jiangxi
YLVY Jiangxi

L{4 Purple

F1 % White

FI % White

{0 Purple

4 White

2545, Purple

IR E A Whitish purple
4 White

M White

FI 8 White

2t L3 Purple, motted with white
4544 Purple

2544, Purple

[ €4 White

[B 4T Cylindrical

[B41IE Cylindrical

[B 4T Cylindrical

[F#:)E Cylindrical

[E+EJE Cylindrical

[E+EJE Cylindrical

[E+EE Cylindrical

[E+EJE Cylindrical

B4 Cylindrical

B #:JE Cylindrical

JENE AR Foot-shaped

B A s B2 4R Cylindrical or foot-shaped
B H:JE Cylindrical

[ T2 s B3R Cylindrical or foot-shaped
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(#it5 10019762) | R4 (Hit*5 10015318) | it B2 £
(k5 10012418) | 4B (b5 100092683 ) | K FR (4t
530015014) | LR B (Ht5 10009418) | i b &
(H1t5 10011208 ) FIHHFR (HL5 10004818 ) Iy [ [E 254
Ak 2R A BR A F 5 W R (415 1270320101600) 1t
H PUBERRA B A A BR2 153, 5- il 2K % R ( DNS)
(#it 5 BWZ6105 - 2016 ) | #i %) ¥ br fE i (5
BWJ4289-2016, 4 99.7% ) F £k FR AR 15 W [ it 5
GBW (E)083798, 1% 0.100 6 mol - L™ ) { LA
ATl T AR 5T B AT B A A F R (i
M812770-25¢g) AR H i 4 (#it5- B801810) ¥4 F I
V27 SO AL R e A B w1 s b T sy AR B i
Ve & i (BEL ) WUR & (A5 ZK-0571F) 1 H L ifg
FREYRHCA PR A O 2 4 3= (45 V32664,
A% 20 pm) 1 { IR AE YR A R AT,
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Ay A8t R B T AR R A IR R T E
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SR P E AL AT S, LR A R -3 - A b
MR F R0 B 06 DB22/T 1685—2012 H1 i)y
TR AR E M 22 W 1 i 5 R I K A DNS 3170 i
TERY R FHYUEE B AN AR DU v R 2 (RS
TR G B VE A B s R SR AN e
M2 2T 4 255 2 8 GB 5009.5—2016 15 3l
EMEA TSR S M GB 5009.268—2016 H1 (1) )7 ¥
W %E 459 JFi7C 2 (Na ,Ca Mg Cu Fe Zn Fl Mn) &=,
1.3 HEERMSHT

BAEAL PR AT 7E R 155 (htps: / www. r-
project.org/ ) R EE T 47, i FH agricolae i, (‘https : //
myaseen208. github. io/agricolae/https : // cran. r-project.
org/package = agricolae ) ¥ 8 AT I8 & MEAG 56 ; £ FH
cor PRETT A A& PR AY Spearman AHOC R4k,

A8 T B DI RE U AE A=, AR AR (]
AR A S 25 S A PPN RS R A A 43 AT, S B0 T
Mt S fim 16) 1 Sz e vk A AREKOE i AR B SR, R
GRS E G (B R) MERGE RN E, L
XFAE AT 2 B LLAMAAZ O AR BRIEAT LR 0 HT o
L FIIR o S 16 3 1280 ok 4% 2% 0 4 b AT AL
BT A (A R ) TSR B E R EHE 4 5
R 5T PR PR B INBUR €8 5B B 1T K-means
Kb B LA BRI EB R R (R ) .
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21 AESERM(BR)DEBE. EFHTHT
RS EMRR

2.1.1 RREFRERAYETE 15 DSEMN
(i ) PAEOTFAVE SR & R LR ISR 2, 45
RER NS DS ERM (R WAEGT S8R
5.30~335.51 pg - g ', H 48 £ 238 (Ziyu Shenshu)
AL AT S, 7P 6 5 (“Suyu 67) B
HaERl, fHlSERM (nR) BT & RIE
SERBOR IR 143.98%; K S H AL AT i
(P<0.05) B THOSE REOCKAAREOSE
AL T & i A TG 3 22 e RO S E N B S EN
TS EERZ TR EZS, WA MM (nR)
[E] 48 (Y & AP AE 22 5 U HRANIR N (.28 i b
(Eh AR ) [H],

SRR 2B IR 15 DMSHERF O FR) AR
TERY Z2 M TE Ry DU TE Ry | £T 4 R L P B R
53500 4.61~20.47 ,544.89 ~ 796.85 ,94.63 ~ 127.69 |
19.24~37.23 154.81~99.95 mg - ¢”', o dEjekt
M VERY PUIEVERY (AT4ER R BT B A 1Y
Pl (A R) 0N 5 S E N AR 25 ( Ganzhou
Jiaobanshu ) 3% 5 I M 2 ( Tangbei Jiaobanshu ) | $ MM
4 # % ( Fuzhou Jiaobanshu ) Fl %5 1% [ & ( Zixi
Yuanshao) , I 1 5 Bl (5 R 430 o ] T E
(Zhouning Zishu) 6 BEVHR 2 5 M A0 A S8 5t M
BB TRH2 5 (“Suyu 27) , EHRSE PR
e M E IR FHE 67574 mg - ¢ s S AN
AP (AR ) TR AR SE Ky 22 0 TE A PUPEVE R | £ 4
RAME AR S REFHARE, WEFREE,
FEVERY 20 1 08 S R BURK (42.88% ), T Hi
TEAY B S SR R B/ (7.56% ) o
2,12 FRAZAZTHRE ISHSEMMHR)
T BUTR SRR IR 3, FRER 15 M SH
mmAf (fh &) ) Na Ca Mg Cu Fe Zn Fl Mn TR
N 316.66 ~494.45 337.16 ~ 627.88 ,270.80 ~ 556.93 |
76.96 ~105.29 .33.17 ~ 100.42 .3.61 ~28.50 #1 0.34 ~
1.28 mg - kg™, Na,Ca Mg Cu.Fe Zn fil Mn ¥ & #x
e A (O 2R ) 43 ) Dl 55 B TR IR 35 ( Zipibairou
Jiaobanshu ) FCHN B ZE | 2 B I 2E ( Ximazhuang
Jiaobanshu) . BHEH LI 11125 (¢ Yangmingshan Yam’ ) |
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Table 2 Comparison on contents of anthocyanin and nutritional components in 15 Dioscorea alata Linn. cultivars (lines) (X+SD)V

7Zn A1 Mn
42.06%) , T Cu &

HRAT AP (R ) B Ca Mg Fe Zn Fl Mn
2.3, Na.,Cu

5

SRR EER, NERRUE,

TR REEK (40 46.98% Fi
T AR R E(8.87%) B/,

u?':ﬂ‘( I]E,'j/%) wn/ (g &™) EFEW &/ (mg - g7')  Content of nutritional components
Cultivar (line) " Po St Rs Ce Cp
W42 48 Hainan Zazi 26.65+10.34de 12.45+4.62a 674.77£36.46a  120.81+13.18a  31.88+1.50a 59.61+2.49a
PR 2 5 Suyu 2 48.83+15.62cd 7.29+1.73a 733.77+£33.17a  120.46+12.95a  29.51+2.70a 54.81+3.10a
H 1 4 5 Suyu 4 7.25+1.341g 9.91+1.35a 717.06+18.62a  119.12+5.62a 21.58+0.94a 69.54+1.66a
T 6 5 Suyu 6 5.30+1.62¢ 6.89+1.0la 769.93+11.47a  102.53+34.11a  19.38+0.13a 66.73+£3.95a
2L E S Ziyu Shenshu 335.51+91.40a 20.47+8.99a 655.30£49.06a  117.27+15.33a  30.61x2.61a 70.98+4.68a
FHAEA L2 Yangmingshan Yam 9.15+£3.71f 8.20+0.91a 707.45+£58.74a  110.97+9.26a 29.47+4.74a 67.42+2.31a
J& T4 % Zhouning Zishu 80.75+23.82bc 4.61+0.32a 711.95+44.83a  109.76+9.68a 24.87+1.18a 72.07+4.92a
£ E 112y Ziyu Shanyao 38.07+12.90cde 10.41+£2.97a 663.89+37.36a  111.14+14.46a  25.90+3.33a 65.91+2.68a
PEM BEIHZEE Fuzhou Jiaobanshu 15.49+2.98e 9.75+1.43a 544.89+41.02a  118.93+17.55a  37.23+4.26a 64.73x1.45a
217 H R IR 2 Zipibairou Jiaobanshu 7.16+1.10fg 11.15+2.36a 564.32+40.06a  127.50+8.87a 30.39+3.46a 75.38+2.19a
SRR Zixi Yuanshao 5.70+0.91fg 7.94+0.63a 616.87+29.71a  123.79+12.40a  29.15+5.53a 99.95+12.23a
MBI Ganzhou Jiaobanshu 19.55+5.59de 4.71+0.72a 796.85+12.45a 94.63£10.24a  19.24+0.97a 62.04+1.09a
Y5 JAIHR 2 Tangbei Jiaobanshu 145.75+25.52ab 5.49+0.27a 711.28+13.23a  127.69+8.19a 21.82+0.51a 63.30+1.02a
482 Wantian Zishu 201.76+81.12ab 5.97+1.13a 662.84+18.43a  122.31+5.14a 20.77+0.94a 72.74+6.43a
Z A BIAR 2 Ximazhuang Jiaobanshu 7.18+0.53fg 8.72+1.50a 605.00+51.49a  117.84+9.51a 29.55+2.57a 75.70+2.81a
Y Mean 63.61+£91.58 8.93+3.83 675.74+68.76 116.32+8.79 26.76+5.13 69.39+£9.92
AR 2B/ % Coefficient of variation 143.98 42.88 10.18 7.56 19.17 14.29

wAn-

A i Anthocyanin content; Po: JEFENIZ M Non-starch polysaccharide; St: JEH} Starch; Rs: HiETEHM Resistant starch; Ce: £F4EZ

Cellulose; Cp: FLE H i Crude protein. [FF AR RN FERER D E (P<0.05) Different lowercases in the same column indicate the

significant differences (P<0.05).

K3 5ASERW(RE)PTRTESENLE (XSD)Y

Table 3 Comparison on content of mineral elements in 15 Dioscorea alata Linn. cultivars (lines) (XxSD)!

FEICTES)

F RS/ (mg - kg™!)

Content of mineral elements

Cultivar (line)

Na

Ca

Mg

Cu

Fe

Zn

Mn

4448 Hainan Zazi

i 2 % Suyu 2

J7 4 5 Suyu 4

756 5 Suyu 6

2 1S5 Ziyu Shenshu

FHEH LU ZY Yangmingshan Yam

Ji T 4% Zhouning Zishu

211124 Ziyu Shanyao

PEM B3 Fuzhou Jiaobanshu

17 4 1A B 2 Zipibairou Jiaobanshu
IR Zixi Yuanshao

M A2 Ganzhou Jiaobanshu

YEI5 BIA 22 Tangbei Jiaobanshu

77 HI %52 Wantian Zishu

F LM Ximazhuang Jiaobanshu
PI{H Mean

AR ZHB/ % Coefficient of variation

316.66+168.29a
435.70+51.51a
407.56+32.47a
490.87+136.85a
469.33+115.72a
436.92+32.59a
442.75+38.80a
452.82+31.58a
437.57+19.61a
494.45+115.11a
441.81+35.82a
354.26+17.74a
427.44+31.49a
407.15+36.71a
460.17+33.51a
431.70+45.35

10.50

395.86+38.37de
461.57+25.02bede
587.52+81.73ab
337.21£15.50e
603.13+36.98a
484.40+41.62abed
587.00+32.92ab
592.01+82.60ab
627.88+34.78a
485.69+24.47abed
530.79+74.86abc
337.16+£36.93¢
472.95+14.82abcde
421.52+83.71cde
460.45+63.84bcde
492.34+91.29

18.54

416.20+8.44fg
343.96+23.52hi
397.46+13.07gh
270.80+9.58i
330.74+7.06hi
458.79+27.29de
495.24+1.13he
487.78:+4.66¢d
527.26+24.43ab
431.60+3.45¢f
553.11=16.10a
427.38+6.08f
468.89+11.11d
417.85+12.74fg
556.93=11.49a
438.9378.94

17.98

90.46+25.78a
86.75+35.03a
88.37+22.03a
88.34+32.08a
104.70£42.51a
105.29+22.65a
89.56+16.86a
89.29+15.89a
102.43+1.89a
103.17+16.80a
95.99+13.79a
85.79+11.01a
76.96+14.64a
89.99+9.84a
103.41+21.22a
93.37+8.28

8.87

46.39+7.64ab
37.21+6.87ab
42.41+6.31ab
36.42+7.00ab
49.58+6.03ab
37.09+6.38ab
44.06+1.47ab
52.49+15.53ab
34.28+7.50ab
34.03+2.17b
42.94+1.56ab
39.61+7.60ab
42.49+6.27ab

26.78+14.97a
14.23+0.09ab
11.73+1.67ab
19.85+7.30ab
23.50+5.24a
22.70£9.79a
11.52+0.03ab
12.02+8.75ab
10.10+1.89ab
15.23+16.39ab
28.50+16.06a
6.42+0.95ab
3.61+0.83b

33.17+5.72b 8.95+3.13ab
100.42+10.45a  24.17+13.38ab
44.84+15.85 15.95+7.50
35.35 46.98

1.28+0.22ab
0.41+0.08¢
0.57+0.03abe
0.81+0.33abc
0.48+0.15be
0.54+0.02abe
0.34+0.07¢
0.46+0.09¢
0.62+0.13abc
0.63+0.27abc
0.63+0.17abc
0.52+0.01abe
0.47+0.15¢
0.58+0.04abc
1.25+0.30a
0.64+0.27

42.06

A7 P Nl E@’J“ﬁ?ﬁi@i‘%%ﬂ%( P<0.05) Different lowercases in the same column indicate the significant differences (P<0.05).
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22 SERMWM(RR)PEBE.EFRNSRY KT
EEaEEIMEXES T

SEMF (5 R) PG B IR R T
REREIMAERBILE 4, 45R TR 15 NS E
Fl () 13 ANEFRIEIA 15 Xk B K, Hop
SRS Zn T EE W E MM (P<0.05),5 Mn
BN ENHL(P<0.01), IFEHEhEEY

R4 SERW(GR)PEEBHF . EFASRT RALESEEMNHEXREY

TERY & R B AOC, SRS EENEEIE
OGS Ve B SHtkiEm & & AR S8 HEN
T i A Mg & 5 o B O OC B TE A
TS In FEBEREAMCFERGTES Mg &
HACu FRERFEMGHEARSEY Ca &
HEDFEEMCG; Na 5 Cu & & 2k W3 EAM
F;CarEE Mg T EEREFEME;Cu 25 Fe

Table 4 Correlation coefficients between contents of anthocyanin, nutritional components and mineral elements in Dioscorea alata Linn. cultivars

(lines)V

MK FZEL  Correlation coefficient

Ei=

Index Wpn Wp, Wy WRs Wee Wep W Wea Whig Wey Wre Wyn Wiy
Wy 1.00

Wp, 0.06 1.00

Wg 0.07 -0.51 =% 1.00

Wiy 0.10 0.13 —-0.37 = 1.00

Wee 0.02 0.43 #x —0.47 =% 0.06 1.00

Wy, -0.22 0.18 =0.57 =% 0.04 0.08 1.00

Wy, -0.03 0.02 0.11 -0.04 0.27 -0.16 1.00

We, 0.19 0.26 -0.24 -0.11 0.23 033« 0.14 1.00

Wy -0.14 -0.06 -0.37 = -0.08 0.36 = 0.28 0.29 0.36 * 1.00

Wey -0.07 -0.11 0.19 -0.14 031 -0.21 0.77 #x =0.01 0.21 1.00

W, 0.06 0.27 -0.09 -0.21 0.15 0.17 -0.15 0.28 0.20 -0.34*% 1.00

Wy, -0.31 = 0.16 -0.05 -0.30% 0.17 0.06 -0.12 0.06 -0.11 -0.20 0.23 1.00

Wty -0.40 *=* —0.03 -0.06 -0.01 0.11 -0.03 0.03 -0.28 0.09 0.00 0.19 0.17 1.00

Doy, s AT S Anthocyanin content; wop, : AETER 24 & i Non-starch polysaccharide content; wg, : JEH 7t Starch content; wy, ; PUHERERY A
i Resistant starch content; w, : ZF4EZ & 1t Cellulose content; wey, A A H % i Crude protein content; wy, : Na 2 Na content; w, ; Ca
Ca content; Wy : Mg hE Mg content; w, : Cu A Cu content; wy, : Zn B Zn content; wy, : Mn £ & Mn content. * - P<0.05; =x* . P<0.01.

R R EAAK,
23 FARZERM(RER)NESEFRNETEN

ik — LW A DR AR S B A B RN
PR AR i AR X A AT 5, S5 3R (3
5) R ACEHEAATT S BFEER 00 Fe & i AETEH
ZWEEE Mo 8 4R EFEM Ca &, NS
B1°50.204 2 .0.123 3.0.115 6.0.097 8 1 0.077 3;%i
PEVER & f Al Na & it AR R/, 43 5110 0.039 4
0.038 1,

15 DS R) A EFRMEZOTRIR
R AA I HR B 408 S K—means BZE0H1 W3 6, 45
B 5 MSERFM (BRI T 02 159,
S S F10 DA (R AR) o T 90h, RSB
MEHER S 1, UK (6 5CHRFE A 0.709 85 Hifth T 21
AN (R ) RS SRR PO AR R
225, INBUK €8 S BE 43 318 0.597 7.0.572 9,
0.553 4 .0.552 1, 2583 M ERE .

R5 SERM(RR)ZOERNEERE. UAERNE
Table 5  Information entropy, utility value and weight of core
indexes of Dioscorea alata Linn. cultivars (lines)
Hhr 15 B BUHE I
Index" Information entropy Utility value Weight
W, 0.775 2 0.224 8 0.204 2
Wp, 0.864 2 0.135 8 0.123 3
Wy, 0.872 8 0.127 2 0.1156
W 0.892 4 0.107 6 0.097 8
Wi, 0.914 9 0.085 1 0.077 3
we, 0.919 1 0.080 9 0.073 4
Wy, 0.921 1 0.078 9 0.071 6
wg, 0.934 2 0.065 8 0.059 7
Wey 0.943 5 0.056 5 0.051 3
Wy, 0.946 9 0.053 1 0.048 2
W 0.956 7 0.043 3 0.039 4
Wy 0.958 1 0.041 9 0.038 1

wp, : AEFEM ZHEF B Non-starch polysaccharide content; wg, : JEH}

& &t Starch content ; Wyt B TE ) & & Resistant starch content ;
W, : 21 4 % & & Cellulose content; w, : M [ S Crude
protein content; 1wy, : Na ¥ Na content; w, : Ca ¥ Ca content;
wy,: Mg P Mg content; we, : Cu ¥ Cu content; wp, : Fe Fit
Fe content; wy, : Zn i In content; wy, : Mn & Mn content.
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Table 6 Grey relational analysis and K-means cluster analysis of
core indexes of comprehensive nutritional values of 15 Dioscorea alata
Linn. cultivars (lines)

TSR

SKRIRE H4 R
Weighted grey Ranking Grade
relational grade

P (R )

Cultivar (line)

Z I A 2 Ximazhuang Jiaobanshu 0.709 8 1 1
% E2% Ziyu Shenshu 0.597 7 2 |
SRIAH Zixi Yuanshao 0.572°9 3 I
P B 2 Fuzhou Jiaobanshu 0.553 4 4 1
W3 2% 25 Hainan Zazi 0.552'1 5 1
217 A AR Zipibairou Jiaobanshu 0.506 7 6 I
FHBA LI ZG Yangmingshan Yam 0.488 0 7 I
2L E 1124 Ziyu Shanyao 0.477 4 8 I
B4 5 Suyu 4 0.461 3 9 il
J& T 422 Zhouning Zishu 0.458 0 10 I
F5576 5 Suyu 6 0.455 4 11 I
B2 5 Suyu 2 0.436 5 12 il
S BIHR 2 Tangbei Jiaobanshu 0.429 1 13 Il
73 M 4¢3 Wantian Zishu 0.412 8 14 |
5N A2 Ganzhou Jiaobanshu 0.404 4 15 I

3 b frg

IEAEE AR DR EE MR B 25 £ 5, N EY
F AR AT A A S TR B, R SR
PRIRISCIR | A 2 S A T7 6 4l E RE S PR 5 DL A T
FURE 7 T A R AR S A
A T v 22 A b B 5 Y AN [R] PR €8 2 B o (i
) AL B SRS R BT R f i, b T
FZEWEFRRER, A RSELF(HR)
A AR 2 AR, HE O S ENEEH S
F(P<0.05) m THOESE HNSENOERS5E
BHR RN, LT RAENECSHRR N &
T AR RS2 8L 1 5 OB Z A B A R 3k K-
DA BBt e R - 2 22 IR BRSO
AR B OSE PO S BUHDCEE R R A K7 2
FETHESE XEE NN 627N EEEEZ
— L BRI OTT N R E RN
WS ER WAFTERER AT R AT A it
BT AU T 2 AR A MR, 38 HLAT B8 9 Bt
AL PR FIIEGE w 5 s AR,
BESE T HEEIETT B PO S (4
5 335.51.201.76 F1 145.75 pg - g ') Bk B35 5
THA AR (R ), R W] I L 5 R 7E T BEVE £ A T

EOmEAHBHEE, B et Es n 58
A1 Mn 5 5 g 2 i B3 (P<0.01) Faf oG, X nl B
TS EEETHAIECTY

AN A SR (R ) B R & 5 T
PR — e BN R b JER BT &
Y28 S R B XT /N (430 R 10.18% 1 7.56% )
X HAD B R A G BUAREL ) xR il 24
(D. rotundata Poir.) FIRFFELE R4 01 . H Ak 5 7
HAETESZ IR B E B SE R, B8 Ve A W R i A7
TR B A DG 3 P DA B 55 5 A VR FH AT [ Sl A G
FYFED AT BB S A AN (i R ) TEM & A I
MEEEHE, EFEBZHES RN R REEKXR
(42.88%) , AEVEHy 2 4 2 40 M BE A 32 ZE R 4), i85
R R R L o A 7 o S W 1 0 i L 2 o 73
K2 FEYIba B R ek AR O 7 R
L 4 5% 10 IR 32 B AR B AR B e R0 i R B
ESaes L IURSEiw i ) SIER BT T SR (371 /) 2
0 S IR A 9 0 184 o el A 2 R T 400 e R
BUBGR ) ARIFE kB, B EL M (R B
AEVER ZHE S B S Ve O B R UG TS AF
YR i B S A G X T RE S Yk R A
THEEEA G,

BT 85 R s AEHEA T 5 AHE 65530 0
Fe &k AEVEM Z 0 & & Mn i R4 R 5 A
Ca Frit, H, Fe & i I m 1902 R SAE A 2, 9E
M ERAENEEESE Mo &8 E 1
R YR SR Ca &% A4 S 0 M AR
B ARSI R Ca B SHLEE AR S R Mg
T A I AR OC M T B R A R SRR A
H Mg & dw i 12 R DR 28 KOG ER Ay
e s REMRE K ESH SRAE T
IR R R 2 S I SR G B SR B . B
HULH] Fe &g AEWEMZHES 2 Mn &t FHEE
N Ca F i 5 MR B TEN S 20 B0 S B TS r
TEAEYIAR N, 3504 MYB F1 bHLH ¥ 5% [H 7 7] 18 3 5%
Wi IRT A FER JE R () 6 35 8 ¥ Fe SRR,
Mn 7ERLYIR N 2L, Mn* A7 7E , NRAMP1 25
A ALY Mn™ BRI, IRT F1 YSL W W] g2 5
P Mn® B Az 32 1, CNGC  TPCI  CAX %%
AN BECatr BT R 25 A 10412
Ao F AW T BOIAAS [ S 350 A (5 R ) R 5
JCEZ SRR W IE X E 0 BT R 17 i
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