PO R Y FIR 2009,17(3):229 ~236
Journdl of Tropicd and Subtropicd Botany

BE_ NN EFRNESHENERSH
kB, RV, EHFY, 2, BRE 4, T. FAHIMA®

(1. RMRZEZEDFR P L, FFH 550025, 2. B REHLPIFRET, LEF] Eik 31905; 3. HEMNEGHRLE
BRI E IR S E R E R RE, 5 550002; 4. PERERERX X IFES TR, 22 M 730000)

W{E RASAY-FE 7RG, NEETE SRR BUAT] 15 MEFA ZR/NERE 110 MEF R SHEH
R AHT . EREW, 15 M RASTR LR EEP<0.001);110 4~ HE BRI & 8 1 OB &8 4550
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Variance Analysis of Grain Selenium Contents in
Wild Emmer Wheat, Triticum dicoccoide
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Abstract: The grain selenium (Se) contents of 110 genotypes of the tetraploid wild progenitor of wheat ( Triticum
dicoccoides ) originating from 15 populations in Israel were detected by hydride generation atomic fluorescence
spectrometry (HG-AFS). The results showed that there were significant differences of grain Se content among
populations by one way ANOVA (P=0.001). Grain Se concentration (GSeC) and grain Se content among the 110
wild emmer wheat genotypes varied from 0.043 to 0.409 mg kg™ and 0.008 to 0.125 mg seed”, with the average
of 0.180 mg kg™ and 0.046 mg per seed, respectively. The highest genotypes of GSeC and grain Se content were
TZ36 and TZ34, both derived from Bat-Shelomo population, while the lowest genotypes were TZ120 from Gamla
and TZ8 from Mt. Hermon, respectively. The coefficient of variation of GSeC among populations also was
obviously different, ranged from 9% (Bat-Shelomo) to 74% (Givat-Koach). According to Spearman’s Rho
Correlation analysis, the GSeC had significant negative correlationships with altitude, mean annual rainfall, mean
number of dry days in original area, and positive correlationships with mean annual temperature, mean temperature
in August, mean temperature in January and soil types, respectively. The grain Se content had similar tendency of
GSeC. These demonstrated that natural selection has created abundant phenotypes of grain Se content in this wild
species, and would be used for identification of novel genotypes or genetic studies on wheat mineral nutrition.

7% B #A:2008-10-10 5 B H3:2009-01-18

ESHH . BMNEERSFEEATE (BFE4 G F(20064)001020) s ME“ +—F” BALATE (BRE NY(2006)3002F) 5 5 M4
FEAMREFERTAA EFITRIFR

* JEWAEE Corresponding author



230 Rl R Y 4R

£17%

Key words: Isracl; Wild emmer wheat (Triticum dicoccoides), Grain Se concentration; Grain Se content;

Ecogeographic factors

1973 FHAPELARAERXERSERXEN,
WREAEBRLFHHELEZ -, #iz5A
PRI 2R BT 3, T e B R ARG A=
WERR, WRATRAFEEE . W LMRIPH
JURE B 25 44 70 2 BB 40 B 3R | AL NI IR, BA L
PO M R EREEWER . AREY, B
SERYFET- 2R SRS X 3B AR 2 B B 1A
MR, SRS FECTILMR KB IRMsY 2R
MEAR, 5 EH 40 24 E R 5 Gt
REZMA LHBEMYERZ—, A 70% LAk
WX A, PERASHNHEEAZENN
26.63 g, EEHEEFRESMERMYSHEE HR
AR50 pg 160 ng HZEFIT,

AFSh PR R IR T L3, A i
Y-S ANZERE . BYTHSE S5 A3
VNS EEEMEX, RESY P EESH
TIEWE BYUE, HERERSHERENRE
BYHSERTHMAY., AEPHEXWSTER
W, BERAYHK, BEEKREDP, AR
HIAE A SN IE], Moser-Veillon 171 van Dael &7
WroE R A, A3 0 R PO PR 2 Y TR O R (R &Y
73%~93% YER TIEMMREL, HYEaYmEYE
MR T PR YHOEDARIHS, ZES
HERXRAWMESERE, Hit, BESENHAIER
R AETBRAN R RIEZ —, BBl mmiKR
B&#EATY, M/MEEMARZHBXEAIAEFTE
EREMER, ARENFHEERS 20K T K
BB AL, M—RR /DR S 88K, E/h
EWiR—MEIEREERHERZ -, BitE
W/NERIETHREBELEKR,

B —Ri/NFE (Triticum dicoccoides, 2n =4x =
28AABB) & ¥ 3 /N & (T. agestivum, 2n=6x =42,
AABBDD) F) B 4= U 5 4R 40 5B, Host e B Rk
DABTRA—TFTEURNERMX B “FA KL
W, AR Es] LB A SR EEEN,
WA ZR/NESA FBPHERE, PR PR
R IBAFURREARSTESY BFESEK
FIREES, Mk ZHATREAEMIANE R
PR BEAH R, Cakmak 2513 18 B 4 — i /)
FFRIR S S B 512 14 ~ 190 mg kg’ DW

M15~109 mg kg' o B —R/NEEERNHET
EBAZHENRSEREFARRE&ZXE, B4
b2 58 4k 3 Rl (Harvest Plus )R Sy BB A 1%
BRMEBILERB/NENEZEFM S (httpy/
www.harvestplus.org), B34k F £ —Ri/NEHF
NETWENHREH LRE, AMREAERREE
AN X B A RN 2 R L A B Y AT B R
K ERBAEHRXR, A —EPRHE R S
HANFHREESE,

1 ARpFI T ¥

1.1 #§

15 NLAEFN B A R /N E R 110 AN EEE
BEUAFRLT 2006 4F 10 FIRFME T B (4 26°25,
255 106°40', ¥R 1 096 m), 2007 45 ~6 F kIR,
X KRR B T LA 85 Haifa K2 HE4L BT B B4
RN B P, CHC A TR Y AR A B A LR
1,

HRBOR B HM B R AR 6 530 5 A9 B 9023
FXPH H) Langdon $k 3% /N2 (Triticum durum)YEXT IR,
BAERBMAFEMR 3 MEE,

1.2 NEFH SRR

FPRLE R 43 5 i PRI & B (mg kg )FI
RIS B (mg seed )R

FREN- IR TR I6 (HG-AFS I & ¥ &
B, FEBFAE/NEARE R TS, #T, &
&, THE SRR, Bk, 53100 B, BT TR
W Kk B0C A M EIEE, BRFERR
#0.10 g MTRNUALIAHBERE D, SN 3 ml
LR, BB 2 ~3 h, RISHALSE T 145C
FESE 7 ~8 h, B, B3, BHSN2 ml %
aid EALE TR b 0TI EET, REE
FESIN 3 ml 5 mol/L #FRYAMBIRIR G E25 mith
ST, BJE M 90°C K 90 min J5EZF 20 ml
R,

AR SEEE T, W R SR B R AV R
FIRES A5 AR B BEAT IR B R TE A0 B & 4% il (QaY
QC), RS Z W i GSV-1 (# #150.184+
001 mgkg') B & M =&, M =& 45 F £ 0.181x
0.01mg kg , W E(H 57 ES L HY A BIF T
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ER. 85 MERFHE—N TR, TR A
WS EERLT, TR AKE 0.7%~23% , BEE
KF B%. =AFNKGERETRHR, Hit,
AR LB R T4

1.3 it 47

FH IMP6.0 S5H3k 14 (SAS Institute) AT B R &
2 43H7(One-Way ANOVA); Tukey-Kramer HSD 4 5EB¥
L B3 2 B P <0.05); T L AR BB L
(Spearman’s Rho Correlation)/3HAFhr S fiE -5 HAZIR
AR R R 2 oA e, B R FRAH R (Pearson
Correlation) 73BT FFRIAT & B A1 HURIAR & B M

2 GE R

2.1 FEZH/NEFNSWERESHRITNEN

213

SPAE TR/ RIS B R R S B B2
REMEGWER MEERBEEHERXGF =
0.8487, P<0.0001), HiZ 2 W41, & B LLE5] 5 E
A RN 15 MR 110 M EEER RTS8 N
0.043 ~0.409 mg kg”, ¥ 0.180 mg kg”, BIKK
HREBRZ K H Gamh FHAR TZ120, HREHER B

Bat-Shelomo BEAH) TZ36, 1 HiZBA AR 8 K
R RRPRIAR & B35, T 03507 mg kg™ s HHR,
Mt. Hermon B kK K47 KL Afi & BB K, FH N
0.093 mg kg o BpAE R/ BRI & B4 0.008 ~
0.125 mg seed”, 44 0.0463 mg seed”, BLHIFH
EIZR B Mt. Hermon ## KK TZ8, BRI ZEX H
Bat-Shelomo BEAH) TZ34,

FHNFEF R 6 5 A 9023 F1 Langdon K
RIS B34 0.041.,0.071 71 0.067 mg kg™, BkL
S 8455124 0.016.0.030 1 0.035 mg seed”, HEF
A TRU/NERFPRL SR, MM EZRARE,

22 HEHNEFNSHEER

110 MEEBKIFRE S EZRBR(E?2, B
1A), BEH TZ36 RHEMKE TZ120 B9 9.5 £, 15 4>
RS B RER 20 A3RK BE
ZH(P<0.0001), #FANSERIITEMSEES
WK, R R CV E 9%~ 74% 2 |8, Bat-
Shelomo ##H PN FZE 5 R K 9%, B AEEAPT 10
AFEE BRI & B AT, H AR R ER
B, ZREKMEF Givat-Koach, CV i 74%,
10 PNEFE BT BB (TZ297) 2B IKH(TZ90)6 1%,

g2 NEHHESBRENTESR
Table 2 The grain Se concentration and grain Se content in 15 7. dococcides populations and three cultivars

¥R & B Grain Se BRI & B Grain Se
ok Bk FER S concentration (mg kg?) content (mg seed”)
No. Population Samples Mean £ S.E. EH BRE Mean + S.E. Fiti] THER
Range ¥cv Range Hcv

1 Mt. Hermon 7 0.093 £0.046  0.063 ~0.193 49 0017 £0.013  0.008 ~0.043 75
8 Gamla 9 0.178 £0.101  0.043 ~0.349 57 0.037 £0.026 0.014~0.071 70
9  Rosh Pina 10 0.117 £0.050  0.051 ~0.208 43 0.031 £0.010  0.020 ~0.047 33
11  Tabigha 10 0203 £0.058 0.113 ~0316 28 0.049 £0.012  0.048 ~0.094 25
16  Giboa 6 02520070 0.169 ~0.353 28 0071 £0.028  0.048 ~0.094 39
17 Gerizim 9 0.191£0.072  0.071 ~0.280 38 0052 £0.024 0.012~0.082 46
18  Gitit 8 0279£0.121  0.084 ~0.406 43 0.066 £0.033  0.016 ~0.104 50
19  Kokhav-Hashahar 5 0.114£0.079  0.068 ~0.254 69 0.041 £0.030  0.010~0.082 75
23 Jabba 10 0.173 £0.108  0.054 ~0.319 62 0.036 £0.032  0.010~0.102 90
24 Amirim 8 0205+0.039 0.169 ~0.287 19 0062 £0.017  0.034 ~0.094 28
28  Beit-Oren 7 0.146 £0.050  0.069 ~0.208 34 0.036 £0.019  0.014 ~0.059 52
30  Bat-Shelomo 8 0351+0.034 0312 ~0.409 9 0071 £0.024  0.049~0.125 33
33 Givat-Koach 10 0.120 £0.090  0.056 ~0.335 74 0.029 £0.020 0.011~0.082 71
34  Tabigha (T) 3 0.168 £0.106  0.101 ~0.289 63 0061 £0.051 0.028~0.119 84
35  Bassaut (B) 3 0.113£0.036  0.085 ~0.153 32 0.037 £0.006  0.031 ~0.043 17
Cl  Langdon 3 0.067 +0.003 - - 0.034 £0.010 - -
C2 5K 6 5 Guinong 6 3 0.041 £0.006 - - 0.016 £0.006 - -
C3  #B9023 Zheng 9023 3 0.071 £0.011 - - 0.030 £0.010 - -
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BEMERERFEFEE K2 B 1B, BEH
TZ34 ZBARH TZ8 19 15.6 f5; R R Z 447,
15 ANEERIA] 22 5 AR B 3 (P = 0.0005), T &
HEREFEBM RS ENZRIER, TRAY
CV 7 17%~90% Z J&] »

2I3BE_HNNEFNSWESESHERRN

XM

£3 8, BAETR/NERAEFSE SHE
VEHLEY 19 AR B 7 NE B MR
(P<0.05), 5@ KR FRHRAENTERBERE
kX, EEFHEE .8 A¥E 1 ANELEE
EFEMX, RHEFHSEH 58K FLHRE.S
AR 1 A¥EMAEX, 5SHREAMHX 5=
HRIEMRX, F4 BR, AR A G
P, WEERRRE T XREMLEE K
+ 3 AR A K BRI 2 B R BT A R
FHFR & BHEST T EZSN, HRBBEER
(P <0.05), kI8 F B FE FRBR R EL 1 B /N B AT S T
2R, ZRARKZ, a6 K&K,

3 i1

HREESLSWE MR 0.04~0.07 mg kg’
ZHT GERAAMXBENSWEAR, W

LIPS Fa WL b B BR ) K (Zea mays) /DR SR
43 51°50.092.0.067 mg kg, T ¥R 4 514
0.265. 0.405 mg kg™ ; P4 JI[ I ¥4 1Ly 31 &9 43 51 K
0.091.0.097 mg kg™ ; B &R IR B9 W] 43 B >4 0.230.,
0.192 mg kg™, BABAFHE HRIEHBENE T
B 5 A~/INE PR RIS &N 0.022 ~0.039 mg kg,
ARSI /N 4> B 0.0413.,0.0708 F10.0671mg kg,
TEFAE — Sk /NEITE 0.043 ~0.409 mg kg™ Z2JA], F
¥°40.180 mg kg, Hh— kN E R BAEAE
B, AHARREERNEEREEZRGR2, B
1)o B4 ZR/NEEBRBITRMS & 58RI
SEEEBEEMX A 5EFEHMMAERTFH
FHRMEARL, FREVHFRL R /N IF A 3 el B AR — R0/
FEWEFR, AP 15 MRRE 110 A HEE
EBPHERKET AR, REMIENZR
PRI T B A RN KBRS N H R AR K I R T
BEAL AR BB e, R T EE A A A
BEANGE, BEFZ AR BRRELRMNTSE
HYERAEH B o

AR S, B4 RN EMS R S HE R
BAERMBIF R TIMER, K BE BRML
BRI 5 O & B EVE BUIAE O, WA &
BEANRIEETEEEN. BEAYPHHE

£33 FHESEMANTESESEIRRESMIERRAHEXE
Table 3 The correlationship between GSeC and grain Se content and ecogeographical data of original area

Al Tm Ta Tj Rn Sh
R & B GSeC -0306" 0277° 0260" 0304" -0211" -0223"
BRHE & B Grain Se content -0219" 0210" 0.198" 0205" n.s. n.s.

* P<0.05; n.s.: TEBEFRH No significant correlation; Al,Tm,Ta.Tj.Rn 1 Sh [LF& 1. AL Tm,

Ta, Tj, Rn and Sh see Table 1.

F4 IBEANEFLE_BNZIHESEMSRESBNXER
Table 4 GSeC and grain Se content of T. dococcides grown on different soil types

¥R & B Grain Se BRI & B Grain Se
iﬁ?@ﬂ ﬁﬁ: . -1 -1
concentration (mg kg™ ) concent (mg seed™ )
Soil type Populations
Mean + S.E. FF Range Mean + S.E. F5FE Range
A8 AKE Terra rossa Mt. Hermon. Rosh Pina. 0.164 £0.06b  0.093 ~0.279 0.042£0.01b  0.017 ~0.071
Tabigha. Bassaut (B).
Gerizim, Gitit. Kokhav-
Hashahar . Jabba. Beit-Oren |
Givat-Koach . Gilboa
XRAE Basalt Gamla, Amirim . Tabigha (T)  0.184 £0.02b  0.168 ~0.205 0.053 £0.01ab  0.037 ~0.062
JEHFB%EREL - Rendzina  Bat-Shelomo 0.351a 0071a
FE5H AVOVA P=<0.0001 P=0.0109
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Fig. 1 Comparison of GSeC (A) and grain Se content (B) in 15 T. dococcides populations and three cultivars
B EARRFRFER Tukey-Kramer HSD R E BH A A 22 F B3 (P <0.05), B (X4 5 W3 2, Different ktters above bars indicate significant
differences at 0.05 level by Tukey-Kramer HSD test. Population No. see Table 2.

B5HEME B RIERX, FNZEYRHEER
Br BRI ER I . ABIRRY, RERBH
BESEENEFASHEEIEMRX, BERTRE
BANEAR, RERARE S, BT R R
e, AT /NZE X R, DA T 52 /R /NS AR
Wig, AB5 110 NEEE G HR T T HEHE Rk
Bt TRAMAGAKE, 3 fFHEER EK
NP EWME XD B E RS, LUEHERKRKRIE -
BE, ZRARZ, a0 KM XR\ER
MR G PN EFRRBMAEETRXR. L
RS B E PR T LIRS, A KL
TR TR RE E A, R R ER BT R R
AN TIEEWE A 6~15 mg kg™, BREFIA

AR EREN L ESWREE R, &5 HXTE
A, I BREAMIE W 13RS &, BiEHmX
WIEFERER, 1IESWME, M TREAETREMXH
T XA Yy Al R EL WA BR EAR Ak, BT
FREE M X P, S YR AR TR B B R Y M.
Hermon ¥ (R B FF L 3 & B A%, TAEFEM 28K
X B9 Gitit, Tabigha 1 Bat-Shelomo FffA, HAF ki
SWERRGER, 2). UBFIHAE —Ri/NESHE
Z#R K ZF (Hordeum spontaneunm) F1 — Tl 56 i &
(Brochypodium distachyon)F—t£, \LLEF)IBIEK
LB T R ER AN m R PR ILSE
a7, ENEKHEKREARMNIERZSGT, £BRA
WEENWEST, FETEFENREEZH
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PP R R E S B EAR, HILER
mﬂ%ﬁﬁﬁmﬁﬁ&mﬁm%m FHh, B
R/NEBRE NS S YEMET RN EIEBA R
FH—BHR,

LRI BN LT RERENE HEA/D
EM—FELBVINENRBERNREET, EWM/NEL
H¥kk, HRRHAEWE=REFTHEM/NE
ELEENFMX A, magE 1 55 Bk
% 76 5% I HE R BIF. XAK I
FIIF I, (BARRE AR AR I A P A 19 5] &, HLR
BAREAY, Rz Ao FRpykEs mmhE
R, Bt FRETNEHERRARNESE
BRBMLBRIEHERARBER T AN
B AR BRAR R % 0 b IE 2 87 2 5k HAK B AT B

B2 REM:, BPF=A Irig MR A M R R,
K TEFR I L RE I BT A RN AR & T B K P
BT, BAEEM R, AMUT AR &
HE IR THE B/ E M, WEF5R/NE
WEFNEMECRERERENE L,

Bift  ABRIBATE P EP R IR AT ST
BHRAFERER LR F T, LRS! XS MmER
BB LE SN KER A o SO TR S REFME N
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