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Analyses of Fe, Zn, Cu, and Mn Contents in Grains and Grouping Based on the
Contents for Main Kindred Germplasm of Common Wheat ( Triticum aestivum )
HAO Zhi, TIAN Ji-Chun” , and JIANG Xiao-Ling

(State Key Laboratory of Crop Biology/Group of Quality Wheat Breeding, Shandong Agricultural University, Tai'an 271018, Shandong, China)

Abstract: The mineral nutrition is an important aspect of wheat ( Triticum aestivum 1..) grain quality, and becomes one of
the most important targets for breeding. The main kindred germplasm of common wheat, which carry many fine genes, act
as important donors in the evolution and breeding of common wheat. To screen breeding materials from these kindred

germplasm with high or low mineral element content, we assessed the content level of four essential elements (iron, zinc,

copper, and manganese) in grain of 19 main kindred germpl of wheat including 7. boeoticum, T.
monococcum , Ae . tauschii, Secale, Secale iloviim , T . di des, T. di , T. poloni , T. carthlicum ,
T. wranicum, Ae. triuncialis, T. spelta, T. v , T. sph cum, T. i coney . L hye, T.

subsp. tiby 5 Tx i subsp. , Triticale (6 x ), Triticale (8 x ), Chinese Spring. in

2005-2006. The common wheat cultivar Chinese Spring was employed as control. After dry digestion, Fe, Zn, Cu, and
Mn were determined by flame atomic accessory spectrometry ( FAAS). The results showed that the mean content and the
improving potential of all materials were 50.94 pg ¢~ ' and 121.94% for Fe, 34.89 g g~ ' and 40.46% for Zn, 6.96 ;g
g ' and 41.17% for Cu, 33.21 pg g~ ' and 73.03% for Mn, respectively. Based on the contents of Fe, Zn, Cu, and
Mn, all materials were classified into three groups by using clustered analysis. T. turanicum was classified as Fe rich
material with the highest content of 124.32 pug g~' . T. boeoticum, T. monococcum, and other four samples were
classified as Zn rich materials, whose Zn content on average was 49.91 pug g~ '. T. i1 concv. R

Triticale (8 x ) were classified as Cu rich materials, whose Cu content on average was 8.66 pug g~ ' . T. spelta was
1

L hye , and

classified as Mn rich materials, with the highest content of 63.85 g g~ ' . The tetraploid materials had the highest mean
contents of Fe, Zn, and Mn, and the Octoploid materials had the highest mean content of Cu. The materials with AABB

with

genome had the highest mean contents of Fe, Zn, and Mn, followed by the materials with AA genome. The materi:
AABBDDRR genome had the highest mean content of Cu. These results are useful for parent’s selection and utilization of
fine genes in wheat.
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LR Z ., R M MBS R ERAR
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185 (DD) 4% 3 U 9L R BB /N 22, /S A% 4 %5 /)
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1.1 RBHE

1903 /N FHRG R WP A —Bi/NZE (T,
boeoticum) FHs—Ri/NFE (T monococcum) V515
(Ae. tauschii ) . % %2 ( Secale ) . FU 4E 3 K 1L M %
( Secale vavilovii ) ¥ 4= —Ri/NFE (T . dicoccodes ) .
K ki /N # (T. dicoccum ). B % /N % (T.
polonicum ) Wi /N4 (T carthlicum) 35 38 % B 111 /)
A (T. wranicum) §39 ) 111 °F 55 (Ae . triuncialis ) 307
VLRI /NZE (T . spelta) HFE/INFZ (T. compactum )

EPRE B R /N2 (T sphaeroccum ) | RN E(T.
conev. ramulostachye ) V4 8  BF A= /N2 (T
ib )& B AN (T
aestivum subsp. yunnanese) /N # (6 x )| Triticale (6
x ) | NFE (8 x ) [ Triticale (8 x ) 1, 1 {3 A1k 58 %6 )
A A W 9 10 3 30 /) 22 3 B R Ok o R AR, 2 R
KN Fob o e gy b MR RSB, F 2005
AERKAA T 1L AR ARl K 2 48 42 302 B, /) I i
6mx2m = 12m',3 WHEE,FEHLHS, A4 K01 e
K BRIR) — O B, R A s U R A B AR
HIERHHEHR . WEE % — Bk, % .
1.2 WEBBS5% %
1.2.1 Kuye#alg
HRIE
1.2.2 Fe.Zn.Cu #o Mn & ¥ A dhH g gy
"I 200 g A4, Perten 3100 78 i JXUBE B8 B3 9F 2ot
80 H i CRZBR iR ) , 8251, 70 9 B T3 D4R 4R A7 .
HEB PRI 1 g BF & T HE P ZE b R BT,
T E B 500°CH) A b KA 4 he H 10 mL #
RIS KSY AERYT EARE R T L0 0.5 mol L7
HhFR 20 mlL A SR, 20 PR B AR BB O K 74

subsp .

4% GB/TS0093-1985 ) 17

5)o PERIRI 20T 4 25 ERE dh (3 5 0k I AR
[7i) 4 42 AR, (ELAS & B 20 2 00 7 ) -

F AT & R Pk 2-2000 B J5 1 W W43 O 6 1
Bk M5 K BE B SE Fe Zn Cu Fl Mn & it
1.3 HimabsE

KA DPS 43 BT 4K {4 3155 Fe.Zn.Cu #1 Mn & it
17 B SR IR EAT R ST

2 HRESH

2.1 Fe.Zn.Cu# Mn &E5#

2.1.1 4HAXLFOERMAKRHES F1]
DA H,20 Gy Rt 4 FhoT K & ROES AR AE B 2
5t Fe & RAAEBR N 27.70 ~ 124.32 pg ¢ ' JLrh i
IR BN R L3 124.32 pg g ! H LA
BH X (5 144.05% , HC %58 /N A& b AR
174.50 % ; 04 ¢ 2f BF A= /N 22 J8c IR, 19 27.70 pg g 'L A
itk bt R 2 9 54.38% ; Zn & Nt A4 A5 B A
21.93~53.43 pg g ', H PR B RN B IR,
iK53.71 pg g ! HCHEEB RO B HH 53.94% , LL
Wsd /N A b AR 72.31%; W RN & IR, O
21.93 pg g ' AU HEHR AR I E Y 62.85% ; Cu &
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A5 49 4.98 ~9.20 pg g ' /A (8 x )9
BEI L 3K 9.20 pg gt b L RE A9 Il W
32.18% , Mo W ai /I g o [ AR o i 23.32% 5 1 1 & A
fiK, 4 4.98 pg g ' ALK HE LB B MY 71.55%;
Mn & B AS B 14.59 ~ 63.85 pg g ', Hrd 07 LUK

£ ki 033 4

JBE/INFE B 5 RS L 63.85 pg g, AU RE Y
¥ w5 th 92.26%, t ¥ /N & b A
119.41 % ; V5 # B A2 /N &2 Je Al , 1 14.59 pg g 'R
N B E Y 43.93% .

1 RETAMNELR

Table 1 Contents of microclements in different wheat species (g g ', on a dry matter basis)
R Rtk ik JLH Microelement o

Species Genome Zn Cu Mn
BfE— KK T bocoticum AA 64.1322.28 b 53.4322.13ab  5.8920.05cfgh  46.2520.92 he
B — BN T. monococcum AA 46.39 +1.07 ed 39.22+£1.58 cdef  5.81£0.29 efgh 39.82+2.28 de
Y Ae. tauschii DD 54.28£2.59 be 29.61+1.37 fgh  4.98:0.22h 21.96+1.03
WA Secale RR 53.772.07 be 33.18£1.90 efgh  7.71£0.39 abed  24.37+0.58 ij
HHEH KL 4 Secale vavilovii RR 64.82+2.25b 33.89x1.36 efgh  6.93+0.08 bedel ~ 24.940.45 ij
PP RINA T dicoccodes AABB 45.34£1.96 cd 47.28+1.17 abed  5.19+0.16 gh 48.21£0.54 be
WHE Ri/NE T dicoccum AABB 57.75+3.50 be 53.71x1.93a 5.81£0.17 efgh 51.00£1.53 b
W 24/NA T polonicum AABB 58.68 +3.24 bhe 51.39+2.25 abe  6.35+0.17 cdefgh  38.75 + 0.39 defl
WWi/NAe T. carthlicum AABB 55.01 = 1.31 be 40.39+1.74 cdef  6.27£0.17 defgh ~ 43.46+1.58 cd
BEWRESEL/NE T turanicum AABB 124.32+4.75 a 32.36+2.62 fgh 5.580.10 fgh 47.07+1.71 be
PR Ae. triuncialis ccuu 59.97 +4.40 be 41.31+1.88 bedef  6.10=0.12 defgh ~ 38.76 + 1.43 def
Wi QLR IR /N4 T, spelta AABBDD 54.13+1.79 be 49.01 + 1.24 abe 6.23+0.10 defgh ~ 63.85+1.26 a
WML T compactum AABBDD 59.85+3.59 he 21.93+1.14 h 5.44£0.06 fgh 39.21+1.20 def
E[I BRI/ 2 T sphaeroccum AABBDD 37.70 £ 1.30 de 33.42+1.06 efgh  6.64 £0.05 bedefgh 35.67 £ 1.20 efg
SrEL/NEE T aestivum concv. ramulostachye AABBDD 55.63 +3.90 be 44.65+2.16 abede 8.11+0.22 ab 46.04 +0.93 be
PB4/ & T aestivum subsp. tibetanum  AABBDD 27.70£1.30 e 25.77+1.77 gh 5.72+0.10 fgh 14.59 £ 0.86 k
ZWI¥FE/NE T aestivum subsp. yunnanese  AABBDD 50.50+2.41 hed  36.20+1.21 defg  6.80£0.09 bedefg  33.140.39 fgh
INMAE (6% ) Triticale (6 ) AABBRR 48.51£2.02 cd 31.90%1.35 fgh  8.070.15 abe 20.40 = 1.04 jk
N (8% ) Triticale (8 x ) AABBDDRR ~ 56.49 + 1.95 be 34.93£2.37 efg 9.20+0.06 a 31.41x1.47 gh
H1[H4F Chinese Spring AABBDD 45.29+2.41 od 31.17+0.88 fgh 7.46 £ 0.25 bede 29.10+0.61 h
-1 Mean = 50.94 34.89 6.96 33.21
e B J) Improving potential ( % ) — 121.94 40.46 41.17 73.03

AP 3 WP . BURS AR /NG T B RORE 5% K ERRBE .

Data in the table are the means of three replicates. Values followed by a different small letter are significantly different at 5% probability level

R R R A (R SR AR B R (L
2 2 O E AR R T M RS
] LLAEAR 7 48 b & B4R 00 0 o ACBIF T M R
) Fe.Zn Cu F1 Mn (972 3 B35 50.94 .34.89
6.96 F133.21 pg g ', HH Fe Zn Al Mn 1) & it 535
o3 /& R AR 12.47% . 11.93% Fil 14.12% ,
1M Cu (9 & it He % 58 /) 22 of B R IK 6.70% 5 Fe Zn.
Cu Mn 34 B4 205310 121.94% .40.46% 41.17 %
H173.03% o B30 3 7 Fh g 42 o]l 22K RL P Fe
19 5 Ak 0 R B R AR (121 %) 5 JL UK M, AT DL4R
5 0.73 %5 Zn F1 Cu B 5 04 05 BE B/, 4351k 0.40
F5RN0.41 %5, BOMETIRE S RO TR OCE R
WEBOTERMRRRME T S,

2.1.2 AR FEEADEEHAE FeiZn.CuMn 4
¥ R 2 LU AR A e A 2 b Rt
[ 45 LR G RASAFAE 225 F Ar 22 e b 3 T 3K

Voo E 4 B PR GLAT PEATBHED, POAY MR Fe

HFREAMEEMBFERE2ZR, AR

FERHE 22 528 B3 5 Zn i & BEDURS OB R B30 T

FSAE R A AE R R Cu 1) 8 AR Y (R 2 44

Hhs 5 A 3 R EAF A B 3 22 5 s Mn 19 kIR

B LA DY A B R s i, 0 91 5 G Atk 336 BB 7 AE
®2 FRREEEEHRE FeZn.Cu# Mn & &

Table2  The contents of Fe, Zn, Cu, and Mn in materials with
different ploidies of genome (1:g g ', on a dry matter basis)
=

R kit Fe 20 Ce Mo
Ploidies of genome

ZA%4A Diploid 56.68 ab  37.87ab  6.26 b 31.47¢

VY54 Tetraploid 66.85a 44.40a  5.88b 44.54 a

AAEIK Hexaploid  47.41b 34.59b  6.81 b 35.25 b

J\AE 4K Octoploid ~~ 56.49 ab  34.93b  9.20a 31.41 ¢

RN 3 VO . BB AR 7 8 R A 5% KO 2
Sw¥.

Data in the table are the means of three replicates. Values followed by a
different small letter are significantly different at 5% probability level,
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REAY AL E SRR T i Ry AN RS

S0 7 A L A [R5 P S (o AR LB B, Fe Zn

Mn 3 ik 4 AU AF AR b i, 5 30t 3 2804 R A
L IE S, Cu 9 A B 0 A\ A e o A 21 B R S
i, oA 3 280 R 22 52 R K
2.1.3 RE#FEHRHAMFE Fe.Zn,CuMn &%

M 3 AT LAFR 45 e 0 (A 2R BE Rk ) 45 0 K % A
HAFAE 22 5T o 2 5P AR B B K. 7 8 Fhife (s
R4 K% b, Fe (89 & B L AABB 3e 6 {21 b4 B} fik
.0 68.22 pg g, 5 At 34 o A 41 18] 8 A A B3
255t . AABBDD Bt {0 f& 41 44 Kt B I, N 47.26 pg
g 'iZn M ERELL AA Y £ 0 B R R, D 46.33
pg g ' ILWIE AABB R (i iR 4L, 5 oAb 6 Rl o ik
AL A0 53 22 5% 5 Cu 19 & Bt L AABBDDRR % 1,
PRAUR R 5,29 9.20 pg g ', FEUCR: AABBRR B4
{41, DD Y (0 R BB REIRAR A0 4.98 pg g '
Mn (% Bt LL AABB %26 (R 41 b4 B 8, O 45.70 pg
g ' RR.DD Hl AABBRR % {6 {4 41 & ht # L 424, 43
5| 4y 24.66.21.96 F120.40 pg g ', 3% 3 Fh A M) 22
SRR, R FM T HAMAER ., SIAG K, AABB
e ta (R 2B RE Fe Zn 1 Mn JC % 0 & Wb R, 3
UIE AA Bt (R4, 7 LA ] e o AR 4L 10] Fe Zn &
9 AS B/ LT Cu M 77 BEA AR B AR K .

#3 FTREFEEEHEN FeZn Cufl Mn 8

Table 3 The contents of Fe , Zn , Cu, and Mn in materials with
different genomes( g g ', on a dry matier basis)
%ﬁttj" Fe Zn Cu Mn
74/\ 55.26 ab  46.33 a 5.85 de 43.04 ab
DD 54.28ab  29.61 ¢ 4.98 e 21.96 e
RR 59.30 ab 33.54 be 7.32 be 24.66 ¢
AABB 68.22 a 45.03 a 5.84 de 45.70 a
ccuu 59.97 ab  41.31ab  6.10 cde  38.76 be
AABBDD 47.26 b 34.59 be  6.63 cd 37.37¢
AABBRR 48.51 b 31.90 be 8.07 ab 20.40 e
AABBDDRR 56.499 ab  34.93bc  9.20a 31.41d

KPS N 3 WO . BURJE AR T &R 5% K %
¥

Data in the table are the means of three replicates. Values followed by a
different small letter are significantly different at 5% probability level .

2.2 EF Fe.Zn.Cu 1 Mn SR BASH

A Fe Zn.Cu F1 Mn (% & Bt R F fi A< BE 9 0%
GRS 20 U3 AR REAT IR 26 40T (B 1), e B
60.0.38.0.5.5 F1 60.0 9K F L, B 45 i X4 kH
Wy 335, BT Fe & REMYIRASHE BRI B

PO/ Bl — 2 3 Fe & Bt 124.32 pg g
T3 KT A R, 9 Fe B0 B ; B HE RN &
VRN B AN 2 AR 2K F R
32.7 pg g ' WK Fe 2000 P24 BN A2 | BLAE S
RUREE S 17 ANFREE R — 28, Fe & B 4016 30
9 45.29 ~64.82 pg g ' I N 48.77 pg g A Fe
SRR AR . BT Zn & REAY LR LW,
WPrE RN B RN S 6 MR %,
R ATEIE N 44.65 ~53.71 pg g ' HIMH K 49.91
pe g EE Zn BERERE W W R Bl N 4
6 MR — 2 F RSl 21.93 ~ 32.36
vegg M N 28.79 pgg L Zn FRBKMM KL
BEE—BNE BESSIMREN K K Zn &
BT E K 33.18 ~41.31 pg g ', M N 31.51 g
g 'R Zn FHRCPREIZERIARL . 2T Co FRMMEA
GERFW] BN E RN (8 x )R — K, B
$38.66 pgg ' AW Cu B Rl BFAE R/ NEE R
—hRL/INZE S 12 SRR g — 2, A A
4.98~6.35 ug g IR S.T8 pg g 'L JE Cu LR
R B R B2 RO R I 5 6 D HERER  —
K, ERANTEH N 6.64 ~8.07 pg g ' N 7.27
pg g JE Cu P AR AR R, BT M A AL
SR S 25 R WY, 30 B R e /N 22 8k — 26, 3L Min
EhH 63.58 pg g RE Mn HAERE; N K BE
FESAMBEN K, ERSAIEEN 14.59 ~
29.10 pg g IR 22.56 pg g 'L WK Mn FbRE
Wik —RI/NEE RHE RN 14 DB RER g —
KOHERSHEE N 31.41~47.07 pg g ' R
34.84 pg g 'S Mn & R A A B R,
3 itig

NEGHEFYETE, RAGERERY R
WA . Philip 25" B 95 R W1, W 5/ 4 478
1 Fe.Zn % EEA M0 FRICHE M & AR, AW
RAEEROTE R, 2B EHERZ Fe Zn
AR IR N T R AR KR P SR T
KRR A X" . Francesco %' W A T /)
HNFRL Fe Zn 559 JEICHK & WA S W Jy | LA
INILAY AR R . ARG R /N2 R G R
A — S SO T IC R R SRR, G
BRI/ (Fe & HERGIK 124.32 pg g ') AREE KL
INFE(Zn HREFIE 53,71 pg g ') NEE(8x)(Cu
AR 9.20 pg g ') ST ELR B/ A2 (Mn B R A
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%33 %

63.85 pg g '), X EEHFIT K & B M ORHE T
el 52 B 08 A2 AL S 0 OF 9 T A AT — S 1 R A
o A 20 fr 4t b4 Ak efr 43 590 i 2 s 45 5 AR
J 5 BB R O T ATIE 9 /0N e Y €8 R T
ORI S H FRTHE MK REEE TR, MR,
[ SEAtL /N i S A A — FE L FE BT AT KW ROC R
KPR A7 £ 0 228 5 38 A% P 0 ) B 5 5 LR [)
19 -+ SR B0 24 25 20 B8 68 S R 23K 19 B L R (] f
W5 A 2 R I JCHE F R E R RS, Oury

Threshold value

o[
10 v

SRS R W], N FE PRI Fe B ik 2 DY A9 %
LGN BT S ER () 2R SN ERE B R (UPT ]
ML A K, T /N 2 K7 B R Zn 32 1R Y B2 i ¢
K, LA D ER B B AR Y S 0 2 8K T LB Bk £ 3
LRl BRI Zn 3 BE 6 BEORHEOR A BEAT T R
S PRI T H AR A R Y WF 5, #OR 2 IR AT R
SCHBE R 5 T X F/NZERFRLR Cu 1 M 9 8 E RO
SN S H MR AR , HATE NPT g S
DL ARRIERE, & LB,

Threshold value

sH 1

DD e —

00 ! 338 67.7 1015 1353 1692

Euclidian distance

A

Threshold value

0.00 1333 12666 3999 5332 0606
i

Euclidian distance

B

'
1 ! Threshold value
9 8
6 _

10 :

15 :

] S

s 1
5 i

13 H

14— H

20 i
i

0.00 1.83 66 5.49 732 9.15

Euclidian distance
C

0.00 17.24 13448 5172 6896  86.20
i

Euclidian distance

1 HEXH T Fe(A).Zn(B) . Cu(C)F Mn(D) &R BAE

Fig.1

Cluster of materials tested based on the contents of Fe (A), Zn (B), Cu (C), and Mn (D)

1B RN A 2 AR /NI 53 VTN A 54 M 55 BUMENS K AL PHE 56 BF A OR/NAE 57 AR RN (8 N K

9 T/ A 510 B B 8 B L/ A 5 1 SR

W5 12 TSR B /N 5 13 : SR /N 22 5 14 BV IE AR/ 2 5 15 4P B/

16: P4 REF FFAE /N E 17 M BF AN A 18 /N (6% ) 119 /DA (8% ) 120 [ £F .
1: T. boeoticums 2: T. monococcum 3: Ac. tauschii 4: Secale; S: Secale vavilovii; 6: T. dicoccodes; 7: T. dicoccums 8: T . polonicum;

9 ‘T

5 10: T. 5 11z Ae. tri

ialis; 12: T. spelta; 13: T. compactum; 14: T. sphaeroccum; 15: T. aestivum concy.

ramulostachye ; 16: T. aestivum subsp. tibetanums; 17: T. acstivum subsp. yunnanese; 18: Triticale (6x )3 19: Triticale (8x )5 20: Chinese Spring.

FT, 38 /N KPR P18 FR M BF 5T, b

TH BOCHK W & B BN RO R EX T
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INZERPRLN 0B B B B B TR R R, %
FHEAN A7 1 X8R Ak & RE R A A 6
WEREGE /N A2 W TR T H (38 A% LA DL SN 22 T
HGINAE R DAL G R O O L R, DR /N2
R L R PR B AR . AR IR W, R A
P R AL 4 Rk ) 45 0T K & e R AE 22 57 W 4
FeSt IR B KOV Yl 8 A2 26 B RS /N 2 KR
Fe . Zn (1) & W W48/, 4 Cu Mn 8 & BESE ma 48K
1615 AS [ii) 2 €20 (A AL 1) 25 R 401 45 i), % € (A2 X Fe Zn,
Cu Mn (%800 b B8 5T 2%, A3 AL R RO, A7 i 4l
13 T SOV AL 52 S 2 bR A TR ABFSE o

4 &R

19 3 /INZE S5 Gk R B35 3 /N 22 B Af Fe  Zn Cu
A Mn 7 B 25 0 HR L Ok, L RO B ok
121.94% ,40.46% 41.17% F1 73.03% o A [l fi 42
A ALB I, DU A% A /N ZE () Fe . Zn Al Mn & Bt &2
Fwn T A Yt AR 4R R AR e 0 k4 A
B Cu 19 BRI AT M iR L B, R
[i7) 5 €0 44 28 B4 1], AABB % {0 (A 21 b4 KLY Fe Zn
Hl Mn 75 ik fg 7, AABBDDRR 3 € {4 4 64 BH9 Cu &
Wl o 26T FeZn.Cu Mn & fit K5 4044 REE) 43
ot b A 3 28, b B B R R I R Rl NS
W Zn MR BFAE RN B TORINAZ AR 6
FOR),E Cu MR S BN RN R EE (8 %), B

B D FEEREGHHAF R Fe Zn,Cu Mn & Bt RILRA 57 1839
Mn A48k 307 BLUR B/ 2 o
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