#2745 H8M GRS Vol. 27, No. 8
20154F8 H Chinese Bulletin of Life Sciences Aug., 2015

DOI: 10.13376/j.cbls/2015144
XEHRS: 1004-0374(2015)08-1047-08

R, Wt FERRLHZREDHZHLITALT, & CIMMYT F
W F R EAE Journal of Cereal Science %2, 15> & Su )R AF % SR o FP3EH .
ASTFALH LG EA . EHE NI FRAFATER T OME TR TR, F
A F—TBA, REFAFSES L —FL | Afdb T F AL —F L2, 2
Bop e Rk # A Aol TRAHE, W, BLERAHAZREDF LR
R Z 2 Fellow A CIMMYT A A5 . ARS-69 > & o i B AR AL 3042 T o
e R A A AT E A7

TEMTEE RN LR

Ao, kB, g
(1 BB ZEBAED R AT, 65T 1000815 2 ElBr R KN E SN R 0 (CIMMYT), #2745 56237)

i E . WMEEFRIGERRZ IR BRI, SRR R A LR ], R T R R
FIALAZEF)LE . B AL RIHEETRICR, B g M) & B RV a2 0 73 R Hb X B = (1
BRTFB, HBRAEYEAITH (HarvestPlus) 71X —8UEAL T 23R 4TUF HAL . /20 T HarvestPlus I H 1)K @
ke, g T E NN EY R BT, JE4E S CIMMYT FF B /N s A Vsatb B it e, Xt & Fi
HORE G I RBEAT T R T .

KRR - AEWRELL s B MEE TR Z ; MM ; HarvestPlus

hESHEE . Q945.14 MAKARSAD : A

Progress in zinc biofortification of crops
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Abstract: Micronutrient malnutrition, the so-called hidden hunger, affects more than one third of the world’s
population, especially women and preschool children in developing countries. Zinc is an essential trace element for
humans. HarvestPlus is a global leader in reducing zinc deficiency by breeding zinc-enriched crops, which are
accessible to remote resource-poor people. In this paper, we reviewed the starting and three developmental phases
of the HarvestPlus program, the latest progress on zinc biofortification, and the breeding practice in CIMMYT for
zinc-biofortified wheat cultivars. The issues related to biofortification breeding were also discussed.

Key words: biofortification; zinc; micronutrient deficiency; crop development; HarvestPlus

ks BHA: 2015-01-04
E&H: sltE Rk RL R AR AR T2I2011-G3 (4)
*BIE/E&: E-mail: zhhecaas@163.com; Tel: 010-82108756



1048 ERER A=

7%

B NMEALFERMEEFR TR H 20 Ha 60
SEARAE AP AR R R I Bk = BB AR U, A
MNP BB A TR B T T2 IR AN BT
58t EANE, #ET “1UA” k. ez
FERJRIESS AU 2R TR % S LR A )48 DAZE ¢ 1f
W RS R ik, R SHNMA R B R i E %
BEAT KR R W, A RE K IR BR Z0EAR . 4L,
B2 5 LT A AR ENES), FEERS Z R
RMGIRIFFF NI R, WO RIERE R, Fenl iR
PR Z . —OCRUE, hEEE R B
BRINEKK GBS B, S8R, K
MR BRSO . 40/ T 1 %
P hREREAT DL K S R e 2 AR Ak B, H Tie
WA B ROTERE AR EE K, XS B = 3
KRR E RN Y, MR IE S oA 2
SMEN S GV LE S mA R R ERMT, ati
2917% NN EA L Y, 5B UFJLERNE
Bz S EAE T A SR 116 TP H,
ARSI EE TR 5 P 2 i R ) R

TR ARAE . KR H 25 ANE S 190 A4S
VED 7= X B L 347 73 M, RIIE 50% (1) 4%
EAFAE G e " . AR R A e
B U, IR I EL IR 3% A 1Y,
{H R IL 30% Byt AN OB a2, 2 0 s gk
PEZLIM (S P AZHSY, 2011). Graham 25 ™ 224
T A R PRSP TT IR SCHR, 32 BRSPS I AR AR
KIEE R H TSR, frkz 2 AWE L
1) “ BRI,

N Z T IFB 2R 40, HEES
FEAL, EFRAAAL BV A5 (bioforti-
fication), FE & Z RN R AR R IR S IR0 R
Bz Wi Z&aktt, S5EFRARA. gWEi e,
XL T RAN R BR T A I T B 28 IR DL B 1)
X U 3T R R E R g R X, E iR
RO Fr DA K R TS A = B B A X 8 Y, A
AT e R EORIE T EN E SR afEy 'Y, X
BE i X A Vs N R B T 5t B8R BOOF AT
FREL ) —Fh T B 1

YRR TR IE N B AT BUR SR E R
ERTRSEMNIE, @S B mEY
HEEFRME, AET & am TR mnE =49
FRE B Y ASOR DIE 78 E bR 1ok
R 0 (CIMMYT) M 3 1 [J B 2 4 58 46 10 B
(HarvestPlus) 55 & ‘& /N2 St BB, 6 8 A2 0

BT ST 3
1 EFREABRTRE R

1993 4EHi &, EBRAR VAT SR 2021 (CGIAR)
TREAHATOE ARG EE S MEEFRIGRE
Py b A ) AR 1, 1995~2002 4E,  7E CGIAR il
BEEFTTRUHESCE T, MR LES) 11X
M TAE, FEEREYREYOKTE. S4itER A
K. BRRKEREEER A HE. DiH b EFRR
BRI (IFPRY) R IF A ST, EZE S
LR DATR S SN IR TR S N 7 ¥ R AT TN
5 B ARV AE Yy 35 JOE TR S (AL TR IR KR
)y [ BRAKAEBE TR ARRD), [ Fr F KN 2 B R
HL (CIMMYT) Az [ Bk #hs 2bAfF 58 H 0 (CIAT),
X 4] 38 B 5T A JE R AR W o Ak Bk B B (bio-
fortification challenge program) [{] 37. 77 25 5 | & fifl,
AL EHEZ IR 3 A CGIAR FhERIH 2 —-
EAF SR 3 AL Lo, BRIV faf 4 SR 4 K 27 )
Robin Graham (4% . 3 [E 4 V8 He 4% /R K2 B AE YY)
A %% 5% Ross Welch ¢ [ bR F £ B0 36 o 7 T (1)
Howarth Bouis {8 £ (HarvestPlus Wi H 1), M
G R 4 I R AR s A FU R T A Tk U

AR B T H T 2003 FE)E B, [FE 7 B
440N “HarvestPlus”, 41 H2ZE T 5 CGIAR
ARG VLI 3 RAR AT B A . “Plus” AN
ARLE == Al B, fEVH M E & 257,
Wt NG 2 RS 280 11 35 R g ok Ba M DLk ) it
ISR A— M. 2004 4, ECRFIMERRIE - 35 9%
e SIETHNZ WU 5T, HarvestPlus T H 1F Xk
7. (http://www.harvestplus.org/), HIE Fr#GH AT
Fo RO AN E bR BRI 7T LR 0 . HarvestPlus
THW k2 %RaE, FEAFEM. A5 L
WEIE. NFEFR RLAEF. iwEs. dof
LA, R H 40 2N K1) 300 ZALEMEFE SN,
23l 10 2 Wis T, B4, BT AW 5%,
HarvestPlus W HZ ) 7 3 M B K3 (discovery).
K JE (development) Al Jx % (delivery). = — B Bt
2003~2008 £F, AR B AR LR AL ™ B
NBE AT F E AR 4, WEEYMEE 7T
RFEEIRB R E MBS, TRk 5 SR K
ENER TR HEARE. 5 A B 2009~2013
S, FERTHASRAL 4k gt AT VR Rl ol R BD B R
FER BRI HAR RN, . B IR TG IR EF AW
AR BERTERENMETA IR AE. B=
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MPYEE 2014~2018 4, FENBCFEEDEMAEY)
Brom PR . SRHES . TR, KRR
UK R 75 it H bR BRI JR R 5 U Sl X A
T LEAE A, K% R HarvestPlus T H [
oA 7], FEARSCIIHBEE SR B M E R, BEE s
B E OIS 75 70 3 R S Rl R st 5756 B A
PRI, kR o

H # HarvestPlus 7t H A #5430 X WIAEY)
FAKRE. M. TR KE. HE, KRENEHRES,
HirE R uRafEgr R A, S, BrER
FUH X = B b eI A T P, B E H AT, WiH
MBANCEE 2123670, BEBIF 2k A HR A

wmREE S, AR, KEERITRKE
(USAID). 3% [H [E 5k el (DFID), F}# & KA
# (DANIDA). i JiL[H i & &35 (SIDA). WM I &
1T (ADB). [H B4 dn B4 70 BT (ILST) S B A
TR A

2 FEVRERIER

M 2003 &35 H 5 5h DL sk, HarvestPlus 4 HL
BT Z2 N NIEHFIRE. 201443 H31 H~4 A
2 H fESHEE AT T T mA et kil
TR CANNREESEFRNEY” (Getting
Nutritious Foods for People). 2= W &% k45 7 i 2=
10 £ 4F HarvestPlus HU1G 19 33F &, FHAR 48 B 1t
FORSCR NS SRR VE B HAREAT 7. o, B8
IKFEFA/INZZ (1) F Bl B Aw A5 R B B Fh S
8 mg/kg BN ILAEIIE N 12 mg/kg, & EF/NETE
N BRI I 25% T BE D9 15% 55, %7 Fff
MIRVER. BEAI4EAE R A BMERIS T Rrit R, @
MAEGE I, WA SMEHRIXEE. T
G IR IR B AR W R A BT i
2.1 FmiiE s REMELIER

7t HarvestPlus Wi H 2 £ F, B4t i) H
PRAEY) BN KRG /N o K FGEE YR L 0 B bR
Bl 2 g I BN ERRE, & Fh TAE 3 22l [ BroK f5
iff 78 B (IRRI).  d b0z K #& 4 5€ B (BRRI) % B F&E
AV BT T (NARS) &40 BOE B M EAR N
B T X R ORRE B 5 (49 16 mg/kg) 1Y
12 mg/kg, X328 mgkg. X—Hirsr =HrBok
SCHL, 55— B BO3 N 6~8 mg/kg, B B BLHE N
8~12 mg/kg, =P B3 e 12 mg/kg. IRRI
LI 7 500 Z K REMBT, KT LR A&
R SRR, FESIERYET s AT AL

BEHE. PUR. . R ENMT IR E
[ 7K F& 38 &b &2 o IRRI % 4% Jy BRRI 45 2 fft Hi i 3
000 A [F AR Y & B R, IR T 2 & Fh
AR 2013 4, @hndi e 7B AN E BE R
IKFG Sl “BRRI dhan62”, F AN 2, Fkide
TN 20 mgkg i 4. Fi4h, BR7840-54-3-1, BR7840-
54-2-5-1 Fll BR7840-54-1-2-5 & 3 /it & 7E [X 3
UL, B a8 O I 6~8 mg/kg, it &
AN SER R E . EEKRE SR T I AR
ElBE € o

INZZEEAEY)EAL EE CIMMYT. B[ AT
FEMrH R, HARE R OGEN M AR, W E
B R H bR, B @ xR (1 PBW343) (1)
KRB & B (49 25 me/kg) #9012 mg/kg, ik 3
37 mglkg. SAKFEIML, ARG 3 AN BORIZED S
WERHFR. CIMMYT iEid ik 3 000 443 Fh i %
P RIUKRLEE & 2= 1048 S E A 16~142 mg/kg.
Forp /NI G Rt 7 SRR b AR S Ya s, I
AR Bl A B AR S 9 LB N, A 16~35 mg/kg® Y,
BB R E e N S m e, PU . SR
() s R AT A58, R E BT HAR ZMR AL R (1)
B sEAL /N, BT HarvestPlus /N 22 79 W % 5
(South Asia screening nursery) & 1% 2| H ¥ [E 5 Al
HiX . FEENRE, Sty 6 NS AR BHUL. BHU3,
BHUS5. BHU6. BHUI17 1 BHU18 %5 2.4 4T b
b, FOFFRLAE & P IIEINZ) 7 mg/kg. M 2014 45,
ARG N T R IT IR S NN B A X 4R, ]
Pk RIEAFESIHE . AFRFE TS E.
ELIEH I Y 3 MeEik i &2 (NR-419. NR-420 Al NR-
21) B&T 2012 FS MR, Wik 20H/—4
Fobn] DAF 30 {38 5

Fr 7 aE S M s AR 2Rk 52 B A 5 AL
(genetic biofortification) 4, 4 245 Jith 4 jiti fE2 55
2 XA 4 3247 A2 W Ak 19 20 44 (agronomic
biofortification). £ HarvestPlus 4% AL #} % Il (Harvest-
Plus zinc fertilizer project, HarvestZinc) KIS 8 R,
BF 58N 5 R S0 368 3 vl T W O s o T W OO 5 5
Jt AT DL S P moA R B, H R R
R, EEEA DS m e P i T A S
RN, FAEE BB R B 2 R B BE LR i T 2K
- TH] W AR AT LRI SR SRR SRR A, s
REAE A R T8 (R R AR R TP B AL B, BT
JEEE VA pH B, M 8.3 PR 5, W LU kR e
HE 60%~70%.
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BRA 20 A AR e Ah, BF AU bR E T T
RO RN E RO E MY AT H Y E A R
MRS A 55 & TR R 6 1 (inductively coupled
plasma optical emission spectroscopy, ICP-OES). Hi
A & 2% B T 4R i 1% (inductively coupled plasma
mass spectrometry, ICP-MS). J& T i g1 (atomic
absorption spectroscopy, AAS)- Et L 44t (colorimetric
staining) F1 X B £k % J6 ) i (X-ray fluorescence
spectroscopy, XRF) 5+ R 4 H T 1X —4idg. £
HarvestPlus Jji H #, FE K H] X-Supreme 8000 (Ox-
ford Instruments plc, Abingdon, UK) &Y Bruker S2
Ranger (Bruker Corporation, Massachusetts, USA) 1%
a5, A X E 66 K T 20 K AR A/ 22 6 Fil
MEME TG R BAT 0T B0 XRF b ik Tl
HITCERAE X SRR, #RBE RS B A € RE B 4y
TEBRIE AR IR R X S8, i B AR R
RGSR B 5 B4 SR i Hh B AT 3R AR R
S, 5HAITEML, 207 RA AT,
R e IR R AT AGR S MtE, 7 M ATl AT Ao
MRk AREA . mElE RS A, — IR
PLRS L 5 200 43 /245 « HarvestPlus i H 4 CL 407
P I@ Rt F A 2236 1 18 BAXAS, KRKFEm 1 &b

BT EEEYIKRERUNE SN, W BRER
e R B A R AR AR REAT 23l e 1 o
T E 4 X ARV 7T 0 (ICARDA). [ e D 44 2 vh
L (CIP) A1 [ Br 2 T 5 3 X #4037 1F P iF 78 o o
(ICRISAT) f1 5%, JF15 HAx B KA AT 78 AL &
&, AR LB A A e E
22 Ffridie . RARBEZERRAY@ENR

BB A s A i A RTINS, B 20
25107 WAL (efficacy trial), BJiE I & FHAW55lk
F B i BE 35 SO NS IRIR L. AT/ 28 75 =T 3t
AT I /N X LIRS B (absorption trial) 8, H4E
VEEESE 2 d BBV AL N (41 mg/kg) BN
RN (24 me/kg) JiT (300 g/d), BRI 1Y
SERTH LGS S 0.5 mg/d, ZEREE P, Al
IEAERAT HALRES, BFias R kR PIALYT R0
W EAEEERIT, —HWlIx ROk ) LE, i
o [ R T2 e (ETH-Zurich) 5157 5 55— 418541
JLE AR, HISEE BRAR/R KA 5T (BAE KA
IR g A5 R AN AR AR A . an, iz E A
AL 73 0 MR B AR R A ORI A OK S, K
DA S BRE 2R, ATRe R Ttk Fr R

WA DR K I B MG R ORGSR B
P, BRI St — 5 7 O B AT R
BBk BRGOE N R A YA B 1R, (R AR B
FEAT RO IR R B, 5@ IR A AL, &
FHER AW A0 I B2 T S ] A\ A BT R USC 4 1 e 2 K
MEPE T, AV RIS BRI DUSE A 2 2 &) LE XY
B U R AR B T R B,

AT H BE IR B FUH H bR, IR KA b
AT H AR B SO0 A sl & i RS2 R R . DA
AR A YR RO A, IR 2 X 2
IWHE B YEE R A AR IR B T K& & T ek,
MARBEEHBERTK, HERT KGR =44
RAAME. FERRIEZTTH, BEAEMRBECKR,
AFAERE 0. B A s AR o PR 224 2
T ES S EE RS, K&K
e =,

JRASRLEE 47T (cost-effectiveness analysis, CEA)
AJ DL SR LB A B AN R 7R T IS i K R, R
b — R 2K e U B 2E g 4F (disability-adjusted life
years, DALY) 1ENfEbr. DALY 2 —Fia il
PL el B IR u R B = BT g i e . BRE S
TR T B R R R, DR A ar ROk R
No JBEI TR R 1AS KRS A AR B
17 (cost per DALY saved), 0] A &8 75T 1l

HHE A R i . 5 A4 21 CHOICE (choosing
interventions that are cost effective) A\ Ay, 15 # [A]
1 /> DALY 9% R T84 A E YN, B4
RS TS AR AT A . R 2
N E R R 1~3 £5, ISAT-FithitR “&iF
AR, VIR, ERCDBERZ D51,
[l 1 /> DALY, B3 RE AN [ 38 R ) & B /N 52 1) e
RN 1~4 IR 3~18 o0, @ik TH 1499
FIeM 1299 ST AN B E RN (REKRTTE ).
KL, B E N E R HfE it “ AR % 25 H
M7 X E &R (cost per DALY saved Ny 16~27
Rt ) LEFRAN A (T~58 Kou ) MHEL, HAECA
MEKE, EVRAIE B R B,

2.3 mipHEr

Bouis £l Welch™ £ i 2E 9 5if 1k 22§45 1% 2,
WA =A% — R—REM TAELINL), &F
AR P RE S S S E RS s RITA
WIS ISUEA AL, 8 & A Rk ) & i e 2 2 1L
B]NIRVEFDRG 5 = Vs VE Y & Fh 5E B
PR A B ez, R . it e
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FR) i P e DR T AR A R FH A A ) s Ak I H B 9 )
RS ANTE A, R AN AR A I H DS A )
OB ATIE . F7E 2010 FF T EE B IR “H— W
AL BRI |, HarvestPlus gt 58 H 55 7
FRHET M EEM, KW B E RN IR K
i£” (from discovery to delivery), Jf AT H i FEAL =
mm4EAE R A RS B R RG], IRARD HAETE
MHET 7 NG T, e ERE RN A
IRAEO

B REKFEAN/INZE B AT O o e e B R
HE, T TAER %N HarvestPlus I H
MEENE . FrH(E 2013~2018 4F, I H &AL
290 JiERITCH T E B/ AR e, 291 000 /53
JCH T & BEKRE B HE T PERAN TR, EIEHIHAE
2018 KA 25 J3 A P Mk B AR WD A /N 2 L B
295 T AN 1.5% 247« dainde AR 2016 44
A 50 J3A 7 P B A KRG SRR, AE 2018 4F
BEKRE AT A R 3%.
2.4 FEEYRLAR

7E E BrAEY 58 AL H (HarvestPlus) (W BI R,
“rp [E AW am ik I H 7 (HarvestPlus-China) T 2004
11 A, R ERL RS R, AEZ 40
FHRALZ . P4 10 1K A 100 4 44 4R
SR MILFSS T, BH CAEEAIE BT H AR, 55
B 1 I8 ED A ki R, Horh 84 (14N /INE2
LAKFES LTRSS MHZE SR ) OaFE, 7
Hh—DTKIRAZ MR . AR AREHE
97 ORI TR TE s /N EE A H 2 1 AR a8 3 A

SN IV 2R B, AR A T8 T TR B X A

DREPEYURAE TR B 7%, Be B3 SeE A

a AR SERTHE T B US EE EfE. 2010~2011
10 E4EAE R A HE R REYEAER
AGRZ PN, B, 75 iR, f8iE. TR K
IR X RS, I 2 IR R g R B A
R FH152011~2012 48, i BB FH L B H E D),
HPR, YT 7R A AR HE T T AR A E) 2 000 hm?
2010~2014 “F 12, ‘BE/ANE MM “hF 1757 Bt
e/ AR 27 73 hm?, SRR =R, T
KBRS Zm, Sl E AT &2 X5 — K
TR X 3 g 18 6o HER ot Ao

HKHE L TaERN (EYsatbEd E) —
P REHAH T AV ERL TAEE D EIF RS
s DUIR. AR LG, AR, #

WORTE H EAEYE 775846 M (http://www.harvestplus-

china.org/).
3 CIMMYT/NE$FEHRL B

3.1 MRFRGIE

7t HarvestPlus Il H J& 2§ ¥] 8 & &= Z 77,
CIMMY'T s JT 4 7 126 &5 8 /I 22 P o B . 3 b4
RHOFEE A CGREE ) —RihZ2. B4 () Z K
INFE L BRI LRI SERL, N L N TR RUNE
ANEHD DT SRR R E AR R AR SRR B, L
FPAE T 22 P8 5F Obregon 1) 170 134K B, FFkiEE
&N 25~65 mg/kg, “FYJME N 35 mg/kg. 1E
BES RS I 12 MR, Ok BRSOk
HoJ7 Al BB MRS 8@ /N2 SRR 3 A
e BE TUORL /N ZF PI254187 4% A & B = N 65 mg/kg,
B R RA T R R Y,
3.2 AEEHIS EHAIEE

FERN 5T BE U5 T ORI B B R, KRB AR ZE
RECZE, WAEMR W = PRI FFRL IR A
PURMR S, TEHRZMHERML RS AE AR
i REATARAS, RS IE R FI AL . HarvestPlus /)y
FEMBHGE (G EKT) RAEH] 800 4~
FAMHSE, B, T (RIRH=A) & —F,
2NN E LKA G R 14 it ROAFERL
PEE R RBONE IRNBENMIR, B2 A R
il SR — KI5 , LA T 22 1) A s AR B R ok B2,
I3 B AR BR H IR BEIR A2 (selected bulk), HP
B — A WAL G R AR (1 BERERR ) TR
TR, 20 R A R NRRL S, BENLECGH — 2 &
FFAhAE N — AR P, 7E HarvestPlus T H 1,
—f— AN F, BERCH 1800 Nk A4, Fy AIF,
29600 bk, AN B MEAR NG 1.5 5.
F, 8% F, Bofae AP BT, DUEEIT R 21
33 SRRZERKTENREFSENE

e AR E I AEAT 480 H (AR ZHER Y] AP 5 42,
FEAFERE . AR PiwtE. EWE. Pk
S5 ROFFRIPEIR I e, SR Wl 8 Nz i 237 A Ak
TR, WIEESENSGE R ZHIREERYE i FRH
o ikl RA T HE —F o ERE (1A, 3
REE ) KB &N E S5, BN HPAN (HarvestPlus
advanced nursery, BY, HarvestPlus South Asia screening
nursery) FI{EIEMBE,  FFENZE =8 25 (6
MBS, & 3 IRER ). S5 g = g0 i ik,
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23100 {1 EH3E N HPAN, 7EE[1E 1) 10~15 MR
AR R i A AR PG B % 5 MRS RUHEAT 2 R
R, AR RLEE 2 2 1) 2 R 2 S R B K ELAE RS (G
x B)o PEEMEESEXRIRH HEEMZ) 50 AN
Fi it N\ HPYT (HarvestPlus South Asia yield trial),
E B RE A E 3 BT HE ) 20 22 X HEAT PR Bl 5.
WIATFrR, M 2014 4582 V)5 /N 22 FF 06 2 hnEn
J 4 [ X 4R

34 SKERMENR

2013~2014 FFE, S —ANEREY RN SR
“SAI ZINC SHAKTHI” HEJJE “Sai” Pk 2y 7] & 2
HAHE. “SHAKTHI” fEENEEFZE RN “J18". SAl
ZINC SHAKTHI (CMSA06M00195T-099Y-099Y-9M-
0Y-7B-0Y) i & it & : CROC/SQUARROSA (210)//
INQALAB91#2/KUKUNA/3/PBW343%2/KUKUNA,
D RLEGER Rl B R LN I M D 14 me/kg,  H.
W7 2% FeAy, R LATE B RE R B2 B 4H A [ R R
g ik v N T A B/ & CROC/SQUARROSA
(210), X4k [E 01122 42 IR N LA R/
FE BOH AN X — Rk, 7E CIMMYT #E#£(1 10
Mk RS, B TR —®ERmMs, H S N
F VB AACRYE T 7 SRR, 3 N SRE AN LA D
#2, 1L REAEIURIEINE . 5/hFIESMIEME
MNTABNEMLEL, H5 AR ZEHIRER S
MR
3.5 Bhr LA E@E

VA AR E R — AN BT, A
HarvestPlus (3 RF T, /NEZAED R E F CHUS 5
KR, (B5E LLR LA A @HE 1500

REESENHhEARSRE. —Z2ZHHE/D
% (multiple aleurone layer): #ify /2 /& 58 & 5 1 X 15k,
A 2N ZE TR R =0 Y, 8 AR i 5 i
Gk Z Wk 2N . REHERE NG - NESH
FEMEREZ S, Hif CIMMYT C& 465 A
Eb 3 3 /N 22 Wl O P e S~8 1 1Y R Wl S 22
( “HighPhy”, ZLHI{RI) SEmir o MAEDA 2%
£ (bioavailability), {H H §i#4 &8 4& Z MR B2,
FMWNTLEBNE, SRR .

RAAREEE . X RIS BRI AT 3 — B
HE BN S . 72 CIMMYT, FARDLR 201
WikBE RN E, ST RSB EEE, XA
EB Rt S AT B b E R B B AL S, BRTA
s RIBLEA RS 5 NP Re AR e RiA M 3L QTL, H|
FEBL 7 T AR e B R AT A Bk £, Blorg (A

JE B — RYE PG A B, B R DUA X 8
EIEPE, FONIRLL] DA e T o E AR,
MEFER SRR P Z—TEA g R
), AR ERUEAT R B (Rht) A1 218 45 9% (Slow
rusting) J& B8] ¥ 2 FH r #f EAS T R, 2440 il [
SELEZEE M CIMMYT [KFh 5 A4 8k B,

FERE PR TR 70 2 I IR R UGR ) 43
SHEARERR, i SRR B i I SR LA 0 AR S
PR BARS, AT DL F, ACME T
BRI, K R ORI Fy AR RE T BRI R,
LA RAERFRE R URXFESE— P&t
IS A I AT AT M

FEEMEFRIURFIP RS . kSR IR H g
[F IS I TR T R B B T B A MR ) — A
2L R TEIEFR R RN, tHEeHE =i
EHRICERSE, WfE CIMMYT R R I 7 AT
2B et fk FIRERRIE SAF RIS R, TRE, X
RESE AT KN A B
4 RE

“Copt AT AT 20 el 60 FEAR, =+
SRR B, EARAERN T T — 1, ReErm
FEEHEE TP, AR AN B R T L
7 BT AR ERT R, SEFRMHKNS
J PR 20, R E TR TR B MR A AN
BB, FEGEEGE RN SMUEE LR
TRE, AR NIRRT EE,  AERE TR A2 20
20 80 FEAE, FE LR AR N E TR AR+,
SRR B I S FAh AR S TR T R Z N AN
e CEpEga ez R7. Hin AR aR”
3k 15 # Monkombu Swaminatha 2 k45 !« “ AT
Gk A AE R RN, B A JF R
A7 BV EBR A BRI H R IR SR A,
B TR Bk F A 8 IR AN S fi e 1
At

A 338 3 A 48 HarvestPlus T H 637 K
KA A TT T o ik g, 456 CIMMYT
FERE N R AR E MRS, DAL AT
T A RERAL, L E R S I E AL AE R B
B IR F AW 2 5 H W uE A A & DR
L B s AR AL P A, RSB YR
i A E FPRA, RA&EMEEFRTTRBRZ AR,
R A 120 76 2T PR X NATT AR TR0 A5 2B 03 . 7
HarvestPlus 50 H 10 2 R H#ES T, 40§y fr ik,



£y

Hocue, 5. VEVIEE R R ALIT T HE R

1053

L RIS T BRI L. RERK, WHRE
MAEERE, F 2R SR AN A . §
Jo, WEMEEFRITRPEMEM, HETERE
EEAE, AOZIEIA MR, HREE
AP S L R [ 5 B v 7 Ao LI, R R 4
BRAURAAL Sl N XY R E R TR
ARG AR . Lo, ARG B Y 2>
SHE C; fEWIFFRLAY . BRE B TR, X C, 1Y)
MR W FRIR, RN K2 SR 0] (28I
H5&E. LLEMOUE, Hl A siaE ook
KRS TRFERE, BR T A MAS, k25
VBRI TR R A BRI T B, & EA
[l AR (B EC A, A SEAT LA R AR 7™ il BB AR
RJa, FERAEFRNRAEREE, REEF
ANBE U O, TR AR . H
Al P EOSIRBDRS, 5 AR I RN,
H R H B2 MR e gok £ e, Kok
ORI FE B vt R AR R A, B AR M Ath 32 PR L
I =L s R R BN op B, i DA A A
BHERS & SR E FRT RN R BN, AMUEE
NN S, BlIE TR, M HAE B
BT R B O AT B .

(Z £ X #

[1] Prasad A, Miale Jr A, Farid Z, et al. Zinc metabolism in
patients with the syndrome of iron deficiency anemia,
hepatosplenomegaly, dwarfism, and hypognadism. J Lab
Clin Med, 1963, 61: 537-49

[2] Prasad AS, Halsted JA, Nadimi M. Syndrome of iron
deficiency anemia, hepatosplenomegaly, hypogonadism,
dwarfism and geophagia. Am J Med, 1961, 31(4): 532-46

[3] Prasad AS. Discovery of human zinc deficiency: its impact
on human health and disease. Adv Nutr, 2013, 4(2): 176-
90

[4] Chasapis C, Loutsidou A, Spiliopoulou C, et al. Zinc and
human health: an update. Arch Toxicol, 2012, 86(4): 521-
34

[5] Hershfinkel M. Zn*", a dynamic signaling molecule[M]//
Tamas MJ, Martinoia E. Molecular biology of metal
homeostasis and detoxification. Berlin: Springer Berlin
Heidelberg, 2006: 131-53

[6] Golden M. Specific deficiencies versus growth failure:
type I and type II nutrients. SCN News, 1995, 12: 10-4

[7] Prasad AS. Zinc deficiency: has been known of for 40
years but ignored by global health organisations. BMJ,
2003, 326(7386): 409-10

[8] Wessells KR, Brown KH. Estimating the global
prevalence of zinc deficiency: results based on zinc
availability in national food supplies and the prevalence of

(9]

[17]

[18]

[19]

[20]

(21]

(22]

(23]

(24]

[25]

[26]

stunting. PLoS One, 2012, 7(11): ¢50568

Black RE, Victora CG, Walker SP, et al. Maternal and
child undernutrition and overweight in low-income and
middle-income countries. Lancet, 2013, 382(9890): 427-
51

Sillanpaa M. Micronutrients and the nutrient status of
soils: A global study[M]. Rome: Food and Agriculture
Organization of the United, 1982: 444

Cakmak I, Kalayci M, Ekiz H, et al. Zinc deficiency as a
practical problem in plant and human nutrition in Turkey:
A NATO-science for stability project. Field Crop Res,
1999, 60(1-2): 175-88

Morris ML, Chowdhury N, Meisner CA. Wheat
production in Bangladesh. Technological, economic and
policy issue[R]. IFPRI Res Report, 1997, 106: 95

Graham R, Knez M, Welch R. How much nutritional iron
deficiency in humans globally is due to an underlying zinc
deficiency? Adv Agron, 2012, 115: 1-40

B, & AAE P E M. dbat P E R R
AR R, 2009

Bouis HE, Hotz C, McClafferty B, et al. Biofortification: a
new tool to reduce micronutrient malnutrition. Food Nutr
Bull, 2011, 32(Supplement 1): 31S-40S

Graham RD, Welch RM, Bouis HE. Addressing
micronutrient malnutrition through enhancing the
nutritional quality of staple foods: principles, perspectives
and knowledge gaps. Adv Agron, 2001, 70: 77-142

Bouis H. Enrichment of food staples through plant
breeding: a new strategy for fighting micronutrient
malnutrition. Nutr Rev, 1996, 54(5): 131-7

Welch RM, Graham RD. A new paradigm for world
agriculture: meeting human needs, productive, sustainable,
nutritious. Field Crop Res, 1999, 60(1-2): 1-10

Graham R, Senadhira D, Beebe S, et al. Breeding for
micronutrient density in edible portions of staple food
crops: conventional approaches. Field Crop Res, 1999,
60(1-2): 57-80

Bouis HE. Economics of enhanced micronutrient density
in food staples. Field Crop Res, 1999, 60(1): 165-73
Welch RM, Combs GF, Duxbury JM. Toward a "greener"
revolution. Issues Sci Technol, 1997, 14: 50-8

Bouis HE, Welch RM. Biofortification-A sustainable
agricultural strategy for reducing micronutrient
malnutrition in the global south. Crop Sci, 2010,
50(Supplement 1): S20-32

Ortiz-Monasterio J, Palacios-Rojas N, Meng E, et al.
Enhancing the mineral and vitamin content of wheat and
maize through plant breeding. J Cereal Sci, 2007, 46(3):
293-307

Monasterio I, Graham RD. Breeding for trace minerals in
wheat. Food Nutr Bull, 2000, 21(4): 392-6

Zou C, Zhang Y, Rashid A, et al. Biofortification of wheat
with zinc through zinc fertilization in seven countries.
Plant Soil, 2012, 361: 119-30

Paltridge NG, Palmer LJ, Milham PJ, et al. Energy-
dispersive X-ray fluorescence analysis of zinc and iron
concentration in rice and pearl millet grain. Plant Soil,



1054

G gEEd

7%

[27]

[32]

2012, 361: 251-60

Paltridge NG, Milham PJ, Ortiz-Monasterio JI, et al.
Energy-dispersive X-ray fluorescence spectrometry as a
tool for zinc, iron and selenium analysis in whole grain
wheat. Plant Soil, 2012, 361: 261-9

Rosado JL, Hambidge KM, Miller LV, et al. The quantity
of zinc absorbed from wheat in adult women is enhanced
by biofortification. J Nutr, 2009, 139(10): 1920-5

Islam MM, Woodhouse LR, Hossain MB, et al. Total zinc
absorption from a diet containing either conventional rice
or higher-zinc rice does not differ among Bangladeshi
preschool children. J Nutr, 2013, 143(4): 519-25
Kodkany BS, Bellad RM, Mahantshetti NS, et al.
Biofortification of pearl millet with iron and zinc in a
randomized controlled trial increases absorption of these
minerals above physiologic requirements in young
children. J Nutr, 2013, 143(9): 1489-93

Meenakshi J, Johnson NL, Manyong VM, et al. How cost-
effective is biofortification in combating micronutrient
malnutrition? An ex ante assessment. World Dev, 2010,
38(1): 64-75

Singh R, Huerta-Espino J, Sharma R, et al. High yielding
spring bread wheat germplasm for global irrigated and
rainfed production systems. Euphytica, 2007, 157(3): 351-
63

Singh RP, Rajaram S, Miranda A, et al. Comparison of

[36]

[37]

[38]

two crossing and four selection schemes for yield, yield
traits, and slow rusting resistance to leaf rust in wheat.
Euphytica, 1998, 100(1-3): 35-43

Banziger M, Long J. The potential for increasing the iron
and zinc density of maize through plant-breeding. Food
Nutr Bull, 2000, 21(4): 397-400

Hao Y, Velu G, Pena R, et al. Genetic loci associated with
high grain zinc concentration and pleiotropic effect on
kernel weight in wheat (Triticum aestivum L.). Mol Breed,
2014, 34(4): 1893-902

Guedira M, Brown-Guedira G, Van Sanford D, et al.
Distribution of Rht genes in modern and historic winter
wheat cultivars from the Eastern and Central USA. Crop
Sci, 2010, 50(5): 1811-22

Singh R, Huerta-Espino J, Bhavani S, et al. Race non-
specific resistance to rust diseases in CIMMYT spring
wheats. Euphytica, 2011, 179(1): 175-86

Pingali PL. Green Revolution: Impacts, limits, and the
path ahead. Proc Natl Acad Sci USA, 2012, 109(31):
12302-8

Swaminathan MS. Combating hunger. Science, 2012,
338(6110): 1009

Myers SS, Zanobetti A, Kloog I, et al. Increasing CO2
threatens human nutrition. Nature, 2014, 510(7503): 139-
42



