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Theory and technology of zinc and selenium biofortification of wheat grain
on calcareous soil and the challenges for extension
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Abstract: Zinc and selenium are two essential trace elements for human, insufficient intake can cause some health
problems in the human body. Wheat are important source of zinc and selenium for a large population of northern
China, however, the main wheat production areas are located in calcareous soils with zinc and selenium deficiency
or potential deficiency, resulting in relatively low Zn and Se contents in wheat grains and malnutrition of Zn and
Se more often happened in people of the region. This paper reviews the agronomic biofortification measures of Zn
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and Se in wheat grains, the distribution of Zn and Se in grains, the existing forms and bioavailability,
and the application status of biofortification measurements. Soil application alone or combined with foliar
spraying of zinc fertilizer are thought reasonable measurements for wheat zinc enhancement in extremely zinc-
deficient soils, while on the potentially Zn-deficient calcareous soils in northern China, foliar spraying is found
more efficient. In detail, two or three foliar applications of 0.3%—0.4% ZnSO,-7H,0, equaling a total amount of
about 2.5 kg/hm’, and containing surfactants in it, at the early stage of grain filling, could achieve the general zinc
enrichment goal of Zn 40—60 mg/kg in wheat grains. Zn concentration decreases from outside to inside of grains,
and the content of central endosperm which is more closely related to human intake is the lowest. Therefore, more
attention should be paid to the concentration and bioavailability of zinc enriched in endosperm, and the standard
for zinc enrichment in endosperm should be established. Moreover, the inorganic elements in food are highly
toxic, with low bioavailability and unsatisfactory absorption and utilization. However, only organic elements are
more safe and effective for humans. Therefore, it is necessary to clarify whether exogenous inorganic Zn is
converted into organic storage in enrichment wheat grains. Se biofortification of wheat is often achieved through
soil or foliar application of selenite or selenate. As soil application is low and unstable in Se use efficiency due to
the varied soil pH, organic matter, and other influence factors, foliar application is recommended. The common
foliar application method is spraying 20—30 g/hm’ sodium selenite or sodium selenate at the early stage of grain
filling, which could achieve the general selenium enrichment goal of Se 0.25—0.30 mg/kg in wheat grains. Unlike
Zn, Se is relatively evenly distributed in the grains, and the Se content in the endosperm accounts for 96.2% to
97.4% of the total Se in whole grains. At the same time, the organic Se safe for the human body accounted for
more than 80% of the total Se, and different organic Se forms serve different roles on humans. Although the
theoretical and technical system of spraying zinc or selenium alone on the blade surface is perfect and the practical
strengthening effect is good, its economic benefits are not fully reflected, which affects the application and
popularization of this technology. Recently, more researchers have committed to the combined foliar application
of Zn and Se with the agronomic measures of “one spraying and three preventions” increasing, which has formed
an effective connection with the actual production of wheat, and provides an application technology for wheat zinc
and selenium enrichment. However, the interaction between zinc and selenium different pesticides, and various
trace elements when sprayed together, and the physiological and molecular mechanisms of zinc and selenium
biofortification and grain zinc and selenium storage by foliar spraying are still unclear and worthy of further
discussion.

Key words: wheat grain; zinc; selenium; agronomic biofortification; speciation; foliar application;
one spraying and three preventions
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.
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“— B = TR A TR A O AR 2 G = R Lt
Mk, R RS R A A A TN T 500 A NI K
HHUNYT, et AR N SR 5 155502 2% 75 5
AL, 3 T A A A A T R A A
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HEAT ZFPoC R R AL ORI IE A HiRaE e, KA
PN “—WE =BT WU, BERSTE AN AR TR RS Y
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Ysi A5 SEBRAR 22 A T A T i
3.2 MEBESESA EE R AT R R E

MBI “—mE =B IRA W, LR
LR R R AT BT R BRI E/EN. Zn 5
Se X FFPICE I AT b K A Y EER, H
0 ZARic/NE TR Zn, Se, RIGHGE/NERL /N
B, I /N BRSSP A T R i i, 25 SRR T
PR TR 7 — &M T AAERPUER, T Zn A
Se ML R BB T —RAF R, AAigRE
PEAEPUR, I AN 70 F T RE T G 3 [ A B A4 R



74 FIT S, 55 0 KR 33/ INAFPRLA A A 1 5 A B T A 5 4 T s Fr) B il

1301

F 1 TR EBIELIET NEIA Zn K Se &2 (mg/ke)

Table 1 The Zn or Se concentration in wheat grains as affected by co-foliar application of Zn/Se with chemicals

A5/ HIX AL E 2% 3k
Countries/regions Foliar application treatment Zn Se Reference
E[l¥ India ZnSO+TH I Propiconazole 31.7~43.6 [109]
EQJ India ZnSO,+NaSeO,+KIO,+FeEDTA 44.0~51.6 0.18~0.73 [26]
t L0734 Pakistan ZnSO, -+t HL Mk Imidacloprid 22.6~41.5 [109]
L7 Pakistan ZnSO,+NaSeO,+KIO,+FeEDTA 40.3~55.6 0.22~0.45 [26]
& Vg Brazil ZnSO,+MEF BTt Pyraclostrobin+Ji¥ I Epoxiconazol 45.7~53.5 [109]
+HH Turkey ZnSO 55 44g Deltamethrin 31.1~423 [109]
H LV Zambia ZnSO AR 4E Mancozeb 48.3~51.8 [109]
S V4HF Mexico ZnSO,+NaSeO,+KIO,+FeEDTA 53.4~53.8 0.19~0.21 [26]
Ri3E South Africa 7ZnS0O,+NaSeO,+KIO;+FeEDTA 42.1~62.0  0.56~0.68 [26]
+H I Turkey ZnSO,+NaSeO,+KIO,+FeEDTA 33.7~53.6 0.16~0.34 [26]
ML JE Quzhou, Hebei ZnSO+E ML 4R R Omethoate 37.2~38.5 [109]
L h fE Quzhou, Hebei ZnSO+WE HL K Acetamiprid 58.4 [110]
L& Quzhou, Hebei ZnSO,+ilt HLAk Imidacloprid 56.6 [110]
TG JE Quzhou, Hebei ZnSO,+NaSeO,+KIO,+FeEDTA 42.6~50.4 0.14~0.30 [26]
[ P4 = 5 Sanyuan, Shaanxi Na,SeO;+ilt Mk Imidacloprid 0.76 [81]
Bl vy =R Sanyuan, Shaanxi Na,SeO,+ =i Triadimefon 0.84 [81]
[ 76471 Y angling, Shaanxi ZnSO, il H ik Imidacloprid+KH,PO, 47.3~48.9 471
[ VG471 Y angling, Shaanxi ZnSO, -+t Bk Imidacloprid+KH,PO,+%& 3£ #Z Amino acid 53.3~61.3 [47]
VG 7k % Yongshou, Shaanxi ZnSO+lE Bk Imidacloprid 34.2~41.9 [109]
[ P55 Yangling, Shaanxi ZnSO+E#JE R Fulvic acid 44.9~46.9 [45]
BePE 471 Yangling, Shaanxi ZnSO,+ME HL Mk Imidacloprid 43.2~81.0 [70]
B4 Yangling, Shaanxi Na,SeO,+il ik Imidacloprid+KH,PO, 1.33 [81]
[ 76471 Y angling, Shaanxi Na,SeO,+ =M Triadimefon+KH,PO, 1.57 [81]
B P47 Yangling, Shaanxi ZnS0,+Na,SeO, 63.0~67.8 0.30~0.70 [30]
[ VG477 Y angling, Shaanxi ZnSO,+CH,N,0+K,SO,+MnSO,+H;BO, 42.6~47.1 [111]

AR FEARGE vp R G0l AR B VA 5 A
MR . RGN . MHER AR . IR A4 )R BT (Zn> .
Cd*. Hg) AR LI, 4 Se0,> 5 Zn* 3t
FEmE, WARFRER VR BEXE M E] 1x10° mol/L A & 30
W pH (AT, B AR R AR B FN & EAR 55 1A
FESEqr, ATRES Zo? I BUER LB ZnSeO,,

Zn F Se FEARVR B 41 E I 8 eAC 8 /4 = B Ry
B, e RN s, A LSRG .
Zn 5 Se [A 5B/ FH I 2 P FE B 25 AR —3L
/NIRRT, Zn F Se BOME AT LA IR A R /8 P38
Xt Zn., Se B, K K500 AN ET A H [E) L
UESE Zn-Se Bt o] LA #E — 3% %F Se (Mg, S0 E

Fa Xt Zn s e, SRR FH ARGt 3 B, v s
TREAN [ B2 1) S AP R4 AR FR B AT Zn. Se BYMISCTE
R0 RSN Zn, Se BEA Wi AT /INA
KL Zn 9, WA FFOA AN Zn & i
FEARKERL Se &, fEft Zn BRI T, 75 Se
SHAEYI 5 E N, AEBR Zn BF, i Se BEAR UETEY
A, ATRESE S Se M T Zn X} Se AfE#AEH, Se
FEGR Zn 2/ T REXT Zn B3 “PRER /R EH, &
5 Zn (—2e Qi AR, BRI, Zn. Se A
HAEMFEZEE Zn. Se Bl AW LLHIA L, X Zn
MH, Se IMAKFKL Zn &2 @ o RAE, XF Se ifi
T, SRR IE Zn Bl A WIS ATRL Se £ B S B
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