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Abstract: The foliar spraying experiments with different fertilizers were carried out in a winter wheat—summer maize rotation system. This
study explored the effects of foliar applications of fertilizers containing different zinc (Zn) sources on grain yield, grain mineral element
concentrations, and bioavailability of Zn and iron (Fe) of winter wheat and summer maize. In wheat season, five foliar fertilizer treatments
consisted of control (deionized water, CK1), urea solution alone(CK2), urea plus nano—Zn oxide (U+Zn0 ), urea plus chitosan nano—Zn(U+
ZnCNP), urea plus conventional ZnSO,+7H,0 (U+Zn). In maize season, a cocktail solution (including Zn in the form of ZnSO, - 7H0, Fe,
Se, and urea simultaneously) was also included, recorded as U+Zn/Fe/Se. Results showed that foliar fertilizer spraying treatments had no
significant effects on grain yield but had significant effects on grain micronutrient concentrations of wheat and maize. The biofortified
effects of different Zn sources plus urea on wheat grain Zn concentration were increased in U+ZnCNP<U+ZnO<U+Zn. Compared with the
CK2, the wheat grain Zn concentration was significantly improved by 77.7% (increased from 22.80 mg - kg™ to 40.52 mg-kg™"), while the
molar ratios of phytate acid to Zn (PA/Zn) significantly decreased by 42.1%, and consequently the wheat grain Zn bioavailability (TAZ)
significantly improved by 74.5% with treatment U+Zn. For maize, compared with the CK2, the grain concentrations of Zn and Se were
improved by 32.3% (increased from 14.93 mg-kg™ to 19.60 mg-kg™) and 12.7—folds(substantially increased from 17.66 pg-kg™ to 242.04
pg - kg™), respectively, while the molar ratios of PA/Zn significantly decreased by 27.0%, and consequently the grain TAZ significantly
improved by 36.9% with treatment U+Zn/Fe/Se. Furthermore, the molar ratios of P/Zn and P/Fe in maize shoot or straw were significantly
decreased by treatment U+7Zn/Fe/Se. These results suggest that foliar application of conventional ZnSO, + 7H,O represented the most
efficient form to improve the grain Zn concentration and Zn bioavailability of both wheat and maize, with the Zn—biofortified effects being
better for wheat than maize. Foliar application of a cocktail solution (treatment of U+Zn/Fe/Se) represented an effective fertilization strategy
to solve the deficiencies of trace elements in the human body or animals by improving grain concentrations of Zn and especially Se as well
as bioavailability of Zn and Fe in maize grain, shoot and straw.

Keywords: winter wheat—summer maize cropping system; different zinc sources; bioavailability of zinc and iron; foliar application;
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10 31.4 mg- kg, 85.8% IR AL T #E 7 N PR 40
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il LA TR A it T I 2 B8 s /N 22 UK R R R B e
CBE G B0 55 o AT R0 oA it T LR PR B R 15
AR B EACCRP HEF X TMEICR
TR B I T I M e Xof KR A Ak G e A R AR
A= WA S S i A DL ARG

S8 AR I T e O 4R v R A i )
33800t FH 5 2, ARG AR 1 5 A R B R TR HE b 2k
FVEEREARME . H AT, TR0 i A 28R A0
i DAK 7 A B NE L 7K B R £ (ZnS 0. - TH.0) A 58
MBS WG, Wei 2 WHFFT 20, -1 i 2 SR B
HE A58 ZnSO0. - TH.0 %5 Zn-EDTA AT R 4% 5 A
FIF$ R K FEATRLRE 5 i . AR A AL EE(ZnO-NPs)
ARG A LA RS/ | B R AR R SRR, A
T 45 DA A T 3825 4 v A 1 2 9 T ) P27, S g 3
PAFRLRE S i, Rl EAA  D BE I g . HE
I & F ZnO-NPs [ i FHZCR K 28 e DL R &
i DR INFE | EOREE RIS X G AR 8 LA AR
TR IS0 X R FHORR B W o T P CR B R R
fF 5% 2B, Il THT B it 2 SR AR KA (ZnCNP) A] fifi /N 22
KPR B2 5 26.4% AFRLEE S R 51.3% (M 31.0
mg-kg ' HETNE] 46.9 mg-kg )P, FHH ZnCNP AE Y
YORBERE 15 MBS RE 188K . ZnCNP HAGERIE 241
S5, C BRME R I L 2 S R R A £
P )T P L 30 Ao 2 - DR B D, R 2B 0TI R 3 Bk
FFIAR R PR A o TR LB 9N R, 5E 2R
BN K EE 5T () DB Vs A 4 ROk 42 TR 25 1 R R, A
T2 = B AR AR A5

AW 2 R S, B 58K R B U (ZnSO0..
7H,0 .ZnO-NPs . ZnCNP) 5 JR IR A Wt %t /N2 Fl
K= i RPRLRE B i S R A RO R 5 DR B
BRAT VR A At %ok K 7™ ik SR RLAT G 2R 1 R Y
Wi, LB Ay 7 3 T g 2550 A0 o R 4 v R X VR kT
TR IC R R LS A

1 MREFE

1.1 iRB&i&t

R T 20204F 10 A £ 2021 410 A1E LKA K
v B2 e B KA ZE T B e R 1L S (36°43 N,
117°32' E)#F47 ZXAEY P i 693.4 mm, 4E1 S
IR 13.6 °C, 4544 H FRINH% 2 558.3 h, LG #1209 d, A
A v X I R

AR I R A /N T R — AR AR IR R L it
/N SRR 22 22, 7 5O 165 kg hm ™, F 2020 4F

P 1%) WHARTY

10 H 19 H#&FF, 202146 A 11 H W= lisk. fHf £
KA R B 510, HA R R R R 2, ST HE 60 em
FIAE , 3528 WA HOBCR PR ECH 69 750 t%, T 2021 4 6
18 HEEFN, 10 4 1 HI™ ik . ki 13 0~30 em
T )Z AT BT AT cpH 7.3, A WLAK 9.8 g- kg,
2R 1.1 g-kg', A RUBE29.4 mg- ke, AL 116.9
mg-kg'o HEARCEE R L V5 i (DTPA-Zn  Fe,
Mn . Cu)435°01.3.17.0.9.3 1.1 mg-kg'.

RGN R BEHLIX 3 N TR J T
KX HE (CK1) VR 2 (CK2) R R+ 90 K A AL B (U+
Zn0) JRZE+5C RGN EE (U+ZnCNP) SR ZR +5 38 L
IKBRBREE (U+Zn) 5 i T AE AL B ; FORZEWG IR K
BT 2 O0IR G WUt AL BE (U+Zn/Fe/Se) o /NIX T FH
7 m(K)x15 m( 58 ) =105 m*, BRI /N X 3 K E
5. INETA/PNX I8 m> T I AL — & J5 T 4k
Jiti , LIt 3 UK, A UK IE) B 5~7 d, A U< - T A I it
750 L-hm™, FAKRFERAHER 117 KB 5—
FA K 25 Bk, T Rm WU A RT AR T E R, TR
13 A4 P T S e i, Rt 3 9, B K TRI B 7~10 dl,
455 YR M TG AE I e P 950 L. Ay 3k s I 1A ES 15§
Jith 385 8 58 X35 Y, B A v 1R Ak B 2 (8] R] B 2 4T R
K, A3 R E R . /N R B K it R 2 180
kg hm2( LI NI, BERY 40% 1E R 3E0E, BRI 60%
A3 HIAE /N PR AN F AR BB . /NAZ 2Rt
BEERES 90 kg hm (L P,0s31) FIAREREH 60 kg hm (LA
K0 71) @ AR ENE , F oK ZE ot iR 5 60 kg - hm ™ (LA
P05 ) FIBEERAN 90 kg hm (LA K,O ) TR E AR , it
TR A 1o A AN JC ™ B U g R A
1.2 RBEK

ZnO-NPs[$i42 (30+10) nm, 4l J¥>99.99% | [ |
122 MR AL BR A F] o 7e M5 (7315 50~190 KDa,
JIi 2Tk 80%~85% ) Fll — SR WM [ PG A5 F Rl L
(R RO ERRA . ZnS0.+ TH,O iR 2k (Fe-
S04+ 7H,0) AR (Na.SeOs) - Hrid ) [
2540 TR AT BRA I

T e 45 SR R W, /NAZ 38 B ZnS 0. - THL0 M i
O 2 500 mg- ke (PrA2likE & RN 565 mg-kg!), &
K38 H 1) ZnS04 - THL0 B it 124 2 000 mg - kg™ (916
iEE TN 452 mg-kg ) (GR 1), M) FIRmE AL £
Yyt i 2B B S R R A

ZnCNP V%5 T il 25 7% B Dapkekar 285 (1) 45 14 W& JF
B K 3 g SE BB AAE 960 mL 1% R FSIR  , 76
Z R (25+3)°CH B e FE g HiFE 1 b, K ZnS0. -
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Table 1 Different types and doses of foliar application of fertilizers

/NFEZE Wheat season

£ K Z= Maize season

o oA R O EESG Zn it oA R b RS Zn it
Types and doses of foliar fertilizers Fertilizer Zn doses Types and doses of foliar fertilizers Fertilizer Zn doses
CK1 XTI, BTk — ORI SN —
CK2 JR#(U,2%) — U(2%) —
U+Zn0O U(2%)+Zn0 NPs(706 mg-kg™) 565 mg kg U(2%)+Zn0 NPs(565 mg-kg™) 452 mg kg™
U+ZnCNP U(2%)+ZnCNP 565 mg kg U(2%)+ZnCNP 452 mg-kg!
U+Zn U(2%)+ZnS0,+7TH,0(2 500 mg-kg™) 565 mg kg U(2%)+ZnS0,+7TH,0(2 000 mg-kg™) 452 mg kg™
U+Zn/FelSe — — U(2%)+ZnS0,+7TH,0(2 000 mg-kg™ )+ 452 mg-kg™!

FeS0,-7H,0(2 000 mg-kg™)+Na:Se05(250 mg-kg™)

TH,0(2.5 g 8% 2 o) W i 7E7C M W 76 H R W
HE 40 mL 1% ) = SRR N , e /g 1 i FEds T i%
S PE 2 JCUUTE , B M ZnCNP VW, 2l 5% & BN 565
mg - kg™ B 452 mg kg™, T 0D IE M A H (R 1) .
B ] ZnO—NPs ¥ W 250 A K 75 35 YE A P 4R % 30 min
Jei , PR R ZE A N VR B A o AT T B B T,
AR H A 2% B PR 2 % 0.01% -t 20
YR R ETEPER]

FEFHAIE L5, A H A T 38 B I W it
ST, AR (ZnO-NPs F1 ZnCNP #2185 ZnS0, -
THO AH [R]85 25 S 1580 ) Xof /N2 R 6 K 7= o SORFRE
BI I (K2 .323).

1.3 H@mRESNUE
1.3.1 -3t al R AR 5 FRAL PRI

FE/NFZ BRI, U X B AL RAE 5 &5 4 (0~30
em) ST A 3 0y PRER AR R RS AR AR AR 2
S FRIAE AR IS AR R ik A AR TS i 2 mm i .
KA 2.5: 142 pH i+ 5E pHAE, 0.5 mol - L' NaH-
CO; ¥ $2 — 50 B BT b 275 I 5 A3 808, 1.0 mol - L
NH.OAc 12 $ - KO 6 B el e A &0 . 384t 0.25
mm i , Bk & 53 #1 1¢ (vario Macro cube, Elementar,
Hanau, Germany) | :Z + A PR FI R . HIEA L
BE R VER HTOR I DTPA 22, 55 8 F & A% Y
(ICP - OES, Avio™ 200, PerkinElmer, Waltham, MA,
United States )M 5E .

1.3.2 FERAE SRS S E

TE R /N ZR A /N B 217 50 em FEBE,
FRFFBEEA/NX GBS R E K, N TR, 2 R AR
ARG FF IS 0o AR L8 FRIE 3 WA L &
105 CA5 7 30 min, 75 CHE B 6 i &L, il TP i i,
FHAES M BEREHL (RT-02B, H [ 478 ) B4t T A FE 5
FE A, 75 %5 P B 08 fi% 7 (CEM Corp. , Matthews,

NC, United States) F1 Fl HNOs—H,0, 1 2. , 14 & R P #F
BROERVER VB OBE CESATEE Y B i FH 1ICP-OES I E .
VAV PP AT o AR B T & SRS (X (ICP-MSS, Nex-
ION® 1000, PerkinElmer, Waltham , MA , United States)
W o BHEU AR ERE 5 CFFRLARFE S IPESS6,
FFFRAE Ny IPESS3, fif 22 Wageningen K27 ) B B4/
P FES TR A S R AR A S BT /N2
KAFRLER 115 2 FFERL 0 40 ) 3 LA & %10 5.70
H16.25 Fa 545 )15 Fp AR AR S PR R B D 2 R
Wu 5P 1, PA B i R R Wl R DL R K
0.282 #4551
1.3.3 =

FE R, N F A /N XK 6 m?, LT R
D BB i, e T B & K 380 14% 177 i .

T K2 AR /NKOHR 20 A F KT AR R
i, e AT RS KR N 15.5% 1Pt
1.3.4 BEAEWA RCE VAN

FH = A G BB TE M B A AR i AR A AL
PEST AR FE 43 2 B8 T AR /NI Y B A,
AL

TAZ=0.5%65%100%

AMAX+TDZ+1<R><(1+ TDP)-

P

\/|:AV1AX + TDZ + Kr X ( 1+ TI?:D )} =4 X Auwx X TDZ

o TAZ Fon B REEA A SUEE , mg-d ™ TDZ 481K
B Zn B AR mmol - ™' TDP $5 4K £ PA CKPRE
FEIR ) B4R AR, mmol » d™' s Awax (B KBEIR L Z2 5K (K
(CRESZARGE G SO ()T i 25 85 450 Pl Ko (Zn—PA 3214
GG RN A 25 8 50 2 5 ARG SRR S A G
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B 2%, 43 514 0.091.,0.680 F10.033, TAZ AR H5 i
N RAIHFE 300 g TH M AE A BE R PA ME— B R 5
Wk, AN KR ] PA/Zn . PA/Fe . PAXCa/Zn JEE
IR HE KRS A R P/Zn (P/Fe BE R L RN BE BRI
B,
1.4 RGBS S

IR 3 FH Microsoft Excel 2021 #E47 48 HE , SAS
8.0 G HEA T FL R 3Ry 22 53 M1 (5% /K V-1 LSD &
5, Excel 2021 F I

2 GHRESW

RLFIRS FEBE S 7 T ACR AR . 104k, Ab 3 U+ZnC-
NP Fll U+Zn 5 CK2 i /NF2 My b3 SR AR 40 1) 3
P B L7 A5 3.3 4% (AR IR R B0 Bl B T R
40.6 N F142.2 A 43 5

XTFEOK, 5 CK2 AH FE, HoA 75 R 2= i 7 JIE 4 241
i E KRR A S AR R 1.1~4.7 mg- kg™, 4 i 2
7.3%~31.3% ; ffi 1 A FF8E % 0 il 3% #2750 34.2~86.9
mg - kg™, BN B K 205.7%~523.5% 5 {# F K H 3
Fr R I 92.5%~209.0% , {B {8 BEICR 15 5
W E NI 22.8~35.1 1A o 4R ER AP U+Fe/
Zn/Se $ 1 FAAFRLEE B A 1 3R BAE R RICR

2.1 ARIMERBLAEITNENEXRTE EWERK etk
FISH R0 2.3 A[E) R R AN IE 3T FF AL AN RS AT ER (A O BE AEER
Fh 22 2 W] 0, 5 PR RV MR B4 A [a) B s i A Ak PR EARE=ENR

B /INZZ 77 5 0 REURE LU 38 T B 2 22 5% L (E A ) IR
PRIGECR b PR R E 27 5 CK2AH L, 438
U+ZnO (A ik I 2T B 17.429% , WOIR 8 550 2% 12
w424 E N

G BEORH B, 5 PR R VWA A [ D5 i 1 A Ak 2
XF K AR ORI S O E S . B
L B KRR AN 9.34~10.52 t-hm 2, 2 P
499.85 t-hm™; IR HE £ 10 R 52.67%~58.05%,
¥4 55.72%
22 AEIMERLEMIFRNMETESE RRER
Wk +8 50 22 i

P L1 TR, B TR 2R VS VAR ) AN () B U T S A B
XF/INAZ (K AR RS R 5 i VB BB BRI
PAGEOIIE BEEW . 5 CK2 AL, 403 U+Zn0 U+
ZnCNP Fl U+Zn ff /N2 FFRLRE B 1 53 0l Sk 2 2 5 8.5
2.8 mg-kg ' Fl 17.7 mg-kg ™", ¥E MU BE 4351 R 37.3%
12.2% F177.7% o A [G) - 18T B 8 it b X /)N 22 Fl #FF
T A A AL, R AL I U+Zn 748 & /N FF

FH 2% 3 AT, B R 2R VA R A AN [R) B 5 T A Ak B
(Y /INZZ KRR & i AR % 5 CK2 AH L3 0 2 22
SOAMREARGEMBESEAAEREER. 5
CK2 # [t , 4b P U+ZnO Fl U+ZnCNP 5 2 BEAR AT R 2
BRI & i, AL B U+Zn 3 MR RS AR A & &

TEEOKZE, 5 CK2 AbFAH He , HoAth 75 PR 25 1 1T HE
AL BB R EE T AR IR R 5 i LA SRS AR 5 1R
TR FERW ., 5 CK2H L, 4 U+Fe/Zn/Se fifi 147
FRSFF 75 it o3 ) S 2 P B 12,7 5 RN 21245 (G
FFER Bt 10 25 1 5 34.6%
24 AEMEBAEMTIFRREFPE SEDEL
E3:0bA |

P % 4 AT, B R 2V TR0 AN [R) B T A Ak
X /INZE RN AR B RS T B A A RO A5 A G
SH/NZRFRL PA/Fe BE /R ELBRAM) Y9 R . /N2
Z5, 5 CK2 AH Eb, oA 75 PR 28 - 1A I Ak B 5 67 KL PA/
Zn IR LU A 36.66 ~F- 4 BEAKF] 24.71, PAXCa/Zn JEE IR
e M 451.21 mmol - kg™ SE A R E] 290.01 mmol kg'l ;

R2 AEMHERALEINEMEXRE EYWERBIKIELH N

Table 2 Effects of different foliar applications on the grain yield , biomass and harvest index(HI) of winter wheat and summer maize

Qb3 /NAZ 2% Wheat season T oK Maize season
Treatment 75t Yield/(t-hm?) E#) 5 Biomass/(1-hm?)  WIRIEEHI%  F2E Yield/(t-hm?)  ZE#) 5 Biomass/(1-hm™) I 3RAE 5 H1/%
CK1 7.18ab 14.71b 42.02b 9.34a 14.00a 56.42ab
CK2 7.45ab 15.10ab 42.40b 10.33a 15.85a 55.08ab
U+Zn0 6.75b 12.47¢ 46.64a 9.65a 14.83a 54.83ab
U+ZnCNP 7.68a 16.52a 39.96b 10.52a 15.31a 58.05a
U+Zn 7.15ab 14.12b 43.57ab 9.57a 14.14a 57.27ab
U+Fe/Zn/Se — — — 9.70a 15.69a 52.67b

T M AR NG P REFROR AL R E] 22 57 .35 (P<0.05) o R 1]

Note: Different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.

P 1%) WHARTY
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AR NG TR IR AR BRI 22 57 4 35 (P<0.05)

Different lowercase letters indicate significant differences among treatments at P<0.05.
B 1 AEMERLSENNEMERFHNANZEFELE FRERERFUREHZIT

Figure 1 Effects of different foliar applications on the Zn content and accumulation in grain, straw and shoot,Zn harvest index of winter

wheat and summer maize

M TAZ $2 7% 7 30.9%~74.5% . A0, AbH U+Zn0O U+
ZnCNP U+Zn % CK2 4b BRAS FE FF P/Zn BE IR E 43 531) ik
F BT 72.2% .88.2% F193.7%.

FokZE, 5 CK2 AbFEAR L, At 5 R 20 i I Ak
FRAFFF AL PA/Zn BE IR LU FAIR 5.5%~27.0% , H v b 3
U+Fe/Zn/Se [ i fie K 5 (47K PAXCa/Zn B /R HLREAIG
25.7%~39.7% , He b kb B U+Zn [ R e K 5 K RE PA/
Fe BE/R H R B 0.3%~13.8% , {H AL R 6] 22 5724004 8 35 5
A, Hofts 25 bR 22 i B Ak BR A RFRE TAZ %55 CK2 4b 3t
590 7.4%~36.9% , Horp Ab Bl U+Fe/Zn/Se W g5 K ; fifi
F&FF P/Zn FEIR L 5 2 T B 66.8%~84.1% , A #H U+Zn

WA M 5, A [i] P T S Ak B %) b, - 3R AR Bk P/ Zin JBE JR
FeA AL S m B . 5 CKIL AT CK2 Ab BEAH He ,
by B BR 2 I 1A Ah BEGS FE FF S H - EBAE B P/Fe EEIR
EL T 25 R
2.5 INEFMEXKFTES ZISIRERHEXED T

Pl 2 3R BT, /N K™ o SRR B BRI  o
TG MR TAZ ) O E AR . TE/NE
I ARFRL B AR e 2 A 3 TE A GG
F(P<0.01) , FHK R B 5 0.643 F10.670, F KA
W R RR B R B E IE A X OE R (=
0.500%, P<0.05) . WA, /NAZ KPR TAZ SRFRLR S
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Table 3 Effects of different foliar applications on the concentrations of Fe,Se, P, phytic acid(PA) and protein of

winter wheat and summer maize

/4% ZE Wheat season F K ZE Maize season
I TEFF IR0 5k S s s
Jb FPRLTESH B Nutrient content in KRR o I ARG o it
Nutrient content in grain ’ Nutrient content in grain Nutrient content in straw
Treatment straw

B B i/ FE R/ Bk e/ eS| B/ fit/ e/ FE R/ B/ it/ i/
Jii/% (mg-kg) (g-kg") (g-kg') (mg-kg') (g-kg') Ji/% (mg-kg') (pg-kg") (g-kg’) (g-kg') (mg-keg') (png-kg') (g-kg™)

CKl1 13.51b 28.76b 3.18abc 7.11a  198.10a 0.95b  9.04a 14.38b  35.68b 2.46bc  7.14a  152.69bc 110.91b  0.69a
CK2  14.57a 29.0lab 3.26ab  8.45a  200.86a 1.21a  9.13a 15.36ab 17.66b  2.36¢ 6.72a  157.56bc  40.06b  0.68a
U+ZnO  13.57b 29.50ab  2.94c¢  7.75a 190.11ab  0.65¢  9.31a 16.10ab  17.83b  2.67ab  7.24a 14091c¢  67.65b  0.70a
U+ZnCNP 13.19b 29.28ab  3.05bc¢  7.3la  196.72a  0.83bc  8.90a 16.88ab  13.24b 2.68ab  7.38a  184.1lab 110.86b  0.59a
U+Zn  14.50a 30.56a  3.37a  8.6la  170.77b 0.89b  9.13a 15.99ab  13.08b  2.38¢ 6.14a  154.38bc  61.01b  0.68a
U+Fe/Zn/Se — — — — — — 9.15a 17.05a 242.04a 2.80a 6.43a 212.08a  890.67a 0.74a

R4 AR EREL IR /INE RN FRAFRIANFEFF 3% BB LR
Table 4 Effects of different foliar applications on the Zn and Fe bioavailability including the ratios of PA/Zn ,PAXCa/Zn,PA/Fe,total daily

absorbed Zn(TAZ) in grain, the ratios of P/Zn and P/Fe in straw and shoot of winter wheat and summer maize

/INAZ 7% Wheat season T KZE Maize season
Kb 3 AL Grain FEFF Straw FFHL Grain FEFF Straw H_F 3B Shoot
Treatment
PA/Zn (PAXCE‘/Z‘,‘I) Y 7 R Y (PAXCE‘/Z‘,‘I)/ pafe A bza PFe  PiZn PIFe
(mmol-kg ) (mg-d ) (mmol-kg ) (mg-d )

CK1 36.47a  4745la  21.04a  0.78¢  286.30a 8.7lab 57.69a  68.17ab  42.06a 0.50¢ 99.06a 8.37ab 265.74a 41.42ab
CK2 36.66a  451.21a  24.73a  0.78¢  365.11a 10.89a 44.39b  76.68a  37.18ab  0.64bc 86.82a 8.00ab 215.73b 37.24ab
U+ZnO  24.77b  282.87b  22.26a  1.19ab  101.56b 6.25¢ 40.95bc 56.94abc 38.53ab  0.70b 28.85b  9.03a 115.37¢ 45.48a
U+ZnCNP 28.16b  319.40b  21.21a  1.02bc  43.03b 7.67bc 41.96bc  53.68bc  37.06ab  0.69b 16.53b  5.87b  91.10cd 37.79ab
U+Zn  2121b  267.76b  23.95a  1.36a 23.09b 9.43ab 37.78bc  46.24c  32.97b  0.76ab 13.78b 8.02ab  65.22d 40.02ab
U+Fe/Zn/Se — — — — — —  324lc  56.27bc  32.06b 0.88a 19.20b  6.40b  78.16d 30.35b

W ETEMEER, TR TAZ SRR S LS Fe/Zn/Se BUAAREE & ¥ Al Ik BI04 HoRHEE R A
EIEM KR ML REA M 0.597 F10.558 (P< A, 4bFT U+Fe/Zn/Se FaRRH & 53k 541.2 ne kg™, A

0.05), B ] LA SR 954 H RS 300 pg- kg HEFETT SR & . ILAL,
2.6 AEMTEEANIEXT B ZAHE E oK ith EERER TS 5 CK1 F CK2 ZbFRAR HE , AbFH U+Fe/Zn/Se R [ 1k
S=REN FEFF B Ak P/Zn GE B B 2 /K- ) F P/Fe BE /R L, 1

%%sﬁKIEJDJrEHBALIWTﬁE S KM FARAE LR RE AR B A R AR T g, LT TR A A
W TR SR, MIEEEERMRZERS B NRES TR
zﬁ%%ﬁ%%ﬂ)ﬁE%/J\éﬂﬁﬁé"“”fﬁﬁﬁ’ﬂﬁﬁﬁbEI*E 3 i
H ) G W R (LT T ) < BF o 43~60
mg- kg KA 12.3~18 mg-kg™ fili°h 300 wg kg™ AhH 3.1 ANEMHEBGEX/NEFER=ERIZ M
12~14 mg - kg 5 9 9~11 mg - kg™ . W Ny 3.2~4.4 g- WEFE R, B AT e PO 1 8 7 2800 32 e -
kg ' BN 10 g-kg ! BE N 1.8~2.1 g-kg ' F5 M 5.3~6.7  HE iR ARG SR . A H gk
gokgo AR P ANFEME AR T, ok EA xR ) 2 X 30 s kAT R R I (£ 4 DT-
Wik SRR L TE M 73.0~108.9 mg- kg™ i & AR L PA-7n 4 0.54~3.63 mg-kg™") WM 5% 45 R 0H , - 1fj
JE A 12.9~16.1 mg- ke, AR R4S 25 f AR & 34 ] W it A A XoF /N2 R o A i SOIR PR B TG
IRENWS A HOAR BRI R B R BERNES S ER . 7EREVE b X (£ 48 DTPA-Zn by 0.45~
EPARIR B A H RPN A . ALPEU+Zn AU+ 0.78 mg-kg ™), Wang S5 I JF 53 45 S 22 B - jit l

P 1%) WHARTY
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* Significant at P<0.05. ** Significant at P<0.01. *** Significance at P<0.001. ns: not significant at P<0.05.

B2 hEMEX

ESHNEGMESE EARAE MHEEYMERERIFAER S /R L BREX TS

Figure 2 The correlations between the grain yield and grain concentrations of Zn,Fe,Se(GZnC, GFeC and GSeC) , protein(Pr) ,Zn

bioavailability(TAZ) and ratios of PA/Zn of winter wheat and summer maize

5 AEMEREANIE RS AR E K i E A E AR TS & 2R

Table 5 Effects of different foliar applications on the shoot nutrient content at maturity

b3 B % 1if i e 73 i B i
Treatment  Zn/(mg-kg™) Fe/(mg-kg') Se/(png-kg') Mn/(mg-kg') Cu/(mg-kg') Plg-kg') Kilg-kg') Mg/(g-kg') Cal/(g-kg™)
CK1 13.5 74.6 68.4 15.1 2.5 1.7 7.0 1.4 1.9
CK2 15.7 79.4 27.8 16.1 2.9 1.6 6.3 1.6 2.1
U+Zn0 32.7 73.0 40.7 133 2.6 1.8 8.3 1.4 2.1
U+ZnCNP 41.8 86.9 54.1 13.4 2.4 1.8 7.7 1.5 1.9
U+Zn 535 75.1 33.6 13.0 2.6 1.7 7.8 1.4 1.9
U+Fe/Zn/Se 49.1 108.9 541.2 12.9 2.7 1.8 6.6 1.7 2.0
FHIE 34.4 83.0 127.6 14.0 2.6 1.7 7.3 1.5 2.0
HEFAAE 43~60 12.3~18 300 12~14 9~11 3.2~4.4 10 1.8~2.1 5.3~6.7

T o U 52 [ [ W5 2 5

SEWE IR E SR N A D3 R R T ) BOT R A R ek

Note: a. Recommended dietary requirement of minerals for dairy cows according to subcommittee on dairy cattle nutrition, committee on animal

nutrition , national research council.

T M it N BRI IE X oK N2 7 ik S AR T

R 5 2 e AR S B SR A5 SRR BT, Al B AT
it B A AN 2o 0] S b/ INAZ 7 a7 A 2 R, (LI T
M5 it A A AT 8 7 a3, Zou SRR A4 v [ LE N Y 7
MEK 4 alfy 23 MR RY], B 7 E S
(43 DTPA-Zn 4 0.30~0.71 mg - kg™") L Jiti ZnSO, -
TH,0 50 kg« hm™ (Rl 50 F B0 1S 0 251 P 208 T 1
W% it B I BB SR B 1 7 R B 2E R AR B . Zou
SEPHE— X AE TR ETE N 6 D EI A 2 a i 27 ik
15 (13 DTPA~Zn 7 0.21~2.14 mg-kg™ ) 4T T 43 #r
WS, 25 e W FRph g it B T L IES s A TR 5

TR IR X /N 77 5 24 TG S o AR e A
DTPA-Zn Fl DTPA-Fe &% 154324 1.3 mg - kg™ F117.0
mg - kg™ b PR Y H RS, 25 5 8 R Wit R 6 5 A8
(] F IR TR G I TR T X /N 22 /0 0K 7 B TR TG 35 5
Wi, LA BRSSO R B e B i B A RO

PFF WS it it 7T 2R I T AE 4 3 RO s . AR
e 4 H R 3 A 12 3% (13 DTPA-Zn 24 0.12 mg-
kg™, it S I TR S o A T A R R N
ik

SRR

NSRS 0y € U I 7/ R T+ R O S w4 537
AR E SRR 14 1 HERPE T I TRt B A AT 2
Yy
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32 ARMEBLAEIMNNEMERFRNESERE
MBI RN

ARG A BT T A [R) B 5 B it R 2 TROxE /N 22
FRAFRLEEUR B B2, LABH 8 45 A E R R R R
srAb R RS, a5 SRR AR S IR R IR
A M TRTAE XS /N2 AR B B it o AR SR R 58 B 5 AR IR
} U+ZnCNP<U+ZnO<U+Zn ([ 1) o [E Jh— g i
R, SR TN NI A B A R Y A e
K A DR R i 2 /DR 10 mg - ke o AT
o, 5 CK2 A F , A0 35 U+Zn B {5 /N 22 0 8 2 i A
22.8 mg-kg ' $EE £ 40.5 mg- kg ($£5 17.7 mg-kg™) ,
FEARENE I8 B/ N KPR RE O e 0 AR W AL H FRAE 40
mg - kg™ X F ROk, R ARV BRI S R Z TR A m AR
A CK2fFFFARLBE S 32 5 1.1~4.7 mg- kg™, {H AR [A) 4F
P b 3] 22 S B 2, Ho A 38 U+Fe/Zn/Se 550U B
Uf o RGBT R, SR EENEAR L, i T 5 it
W38 ZnS04 - THL0 S 4 Ry /INAZ L T AKRFRLBE 5 i 1 d
(I WE RO WA /% TR = T e V€ 7 i i o L S
AR S5 R — 7 X RE S 2 S RE i iE
VR A OC, T8 R AR 1 5T e I, T/
AR R A SRR (R3) I REE S 2
Z Sz s e, AR Es AR, N
FRERE PA/Zn Bz PAXCa/Zn FE /R HC I 7E U+Zn kb PR
e, 10 TAZ W 7E U+Zn A PR f 5 (1.36 mg-d ™', 3
4) , feii i ARl S A A E YRR AR T 2R (3 mg-
d™) 1Y 45%; 1 & K KFRE PA/Zn WAE U+Fe/Zn/Se 4b
PRI A , TAZ 1E U+Fe/Zn/Se 4b B i} 5% 75 (Zn 0.88
mg-d”, F4) , AUREHE R N AR R E o A R EY A
BT R (3 mg-d™) A 29%. LA EAMHr g R A
/INZZ A g T i 3 ZnS O, - THLO 2 BV E Y
B REEAPREE S SR WA SO I A
BCENE Ty 3K, R — D e AR SR e Y
Wz,

AR 45 S I O AL ER B IR (338 ZnS0,4- 7H.0)
ACARBENE (G EACEE 7o RBEDIREE) A A1) T2
R B R JUH R N RE R RE & i . ZE UL, Doolette
SR FAS [R) A R %) 2o [R]ASE 3 X6 /N 22 e e I - gk
Trbric, 25 3B, 5 A [RPRLAR 1 40 oK S Ak A R O
180 40~50 nm) FHCKE Chz 42 A 300~400 nm ) £ B A
E, TEHLEREENE (4 ZnCly) JEHOE 2 G AR IE (10 Zn-
EDTA) 848 F T2 BF Zn [0 #FRL 1) 5538 140 . B4
SR BT A5 R AR, 55 W5 KA B, W T AS ) 4
TP TET A4 AT S 2t v B K UK K A B i, B T

P 1%) WHARTY

W5 it 0.2% it R B+ 1% PR AR B 4T, 0.2% H 2 FR 5F
SRR 22, T 0.2% BRBREE .0.2% K EALEERCR fi vh
H =B X AR 3R AL AR T LAt A GBI oY
SRR 9K AR ZnS0, - THL0 B A F T
PER/NFEAPRLRE B B, AN, Zhang S B S
WAl & R g 1600 mg - kg I I T I it 40 K
FAL LR T L ZnS 0, - THL0 1] (/N2 K A & 2
W E R 21.4% . A IR TE/INAE R R K B Wit ) 46
BEVS W AL R 565 mg - kg™ F1452 mg - kg™, LK F
Zhang ZF2 85 A0 AR, OF HARAT HI ) S5 51 o | Fl
ZnS0, - TH,0 Wit F 38 111 (0.2%~0.5% ) , /INAZ KT A5
TR R, AN GO E R MEA BT, DA
W i J P T % B P € T s R 4 ) R IR £ 4 K 484k
BEAAE TE A, PRI AR I FF B ZnS0, - TH.0
AP E BRSO o 38 BB HTHEI S R EE IR X KR
PRV Z R ATRES IR 3R AL (DA
[V B St A R o A o 2 IR B AL R/ N
V& T 98 6 B 9 A7 E 22 S 208 T S ) e T X A A R
(2) 4K JURERL AR 1) 22 55 0T RE 2352 VR 0 e % 8
F14) W 5 0 O MAC T2 5 (3) A [) e U ) W it YR 38 AN [ ]
RB 2 R M VEI I o X AR o 6 AN [R) B 5 T
B9 75 7 5 A A B o FHLER A 7 A JE TR A
e
3.3 ZLFESREBME (5 8 &)X E KRR
RS SERFSEYERENTME

AF 5% 22 B, I T W i ol ok s 3 VR A I T A (B
Bk AT B R /N K R AR R e e (OO
FORBE B A B RS, U Zou S
FAVBIF 9 25 S ¢ BH il ol i o0 R TR & b Tw AE v ) 25 i
INFE PR B 3 64.7% (F- 24 M\ 28.6 mg - kg 32
FE]47.1 mg-ke) R 2.7 5 CFHEI 90 pg-
ke B2 B 338 g - ke ') LT EEEE R 9.4 15 I
24 ng-kg PR F 249 pg- k) RS EEEE 12% (CF
PIM 32.6 mg- ke $2E 15 5] 36.8 mg-kg') . Naeem 25
PRI SR 25 S e B Wit falc o 2R TR A i TTAE v [] 25 il
IR R R B A 3 8 35.2% (CE 4 M 16.5 mg - kg™ 42
i 8] 22.3 mg - ke VA B R 131 A5 (3 54
pe kg HEEF] 760 wg- ke ") LS R S 14.5 65 (OF
PIN12 pg-keg ' $E R E] 186 pg-kg') o A I 25 R 43
Mk — W, 4b B U+Zn/Fe/Se % CK2 fii T Kk kr
B R E R 31.3% (M 14.93 mg - kg #1555
19.60 mg-kg™) A7 5 4 155 12.7 £ (AN 17.66 pg-kg
P F] 242,04 pe-kg) SRR 11.0% (M 15.36
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mg- kg $EE ] 17.05 mg-ke™) , Al [A] 252 & B OKkRE
BE VB R I EURPRLEE S S R B Y
PR 0 2 IEAH O R Ui B E KRR i B S Bk B
SRAFAE Y FIAE L, PO AL B U+Zn/Fe/Se 540 H U+
Zon X SRR 7 B BN AL AR, LA 5
R BUAE/NFE RN TR b A F e B SR Y P R
PR T A T s 2 B M e S s A EE i s e
ol Al 5 B A

AR I8 1B FH 08 B K it B - 5 510 H A AR e
AR , A P BSORIRR R P 2 AR R 24 b R AL A0 A 3
PR R SIS R T IV Bk, FLFF I 6 K38 & ph e
WA SR A R o MR A 35 1) R 25 A &5 8h )
BIRFW A B IR/ N T B S YOMEE WA HRR T
PIFoT R TR CGEF TS AR EG T, £
KB AR 7 R AR B O R B2 H ORI HEEAE
W1t U+Zn/Fe/Se A0 AT LA E— 235 [ 054 H O XHBE
PAFEFERT SR o, 7 R OK AR R FORFE A 5 545
SR (300 we-ke ™) (9 1.80 f5 1 2.97 1% , 435l
ik 541.2 we-kg ' F1890.7 we-kg ' (FR3FFEKS) . B
— PR T A5 AR B, HORR TSNS A LA X A L
o U H A3 2 A7 AE — 5 BRI, , 2 0 3 v A 7 1
e, BT AL IR, OB I R, I H AR Al 9 18
VRN N 500~600 pg-ke ' (R o b 54509
FE B BAW A HORR A O 0 e B:A0G & 30, 24 4524 H KAy
ok 830 wg kg B, WA T AL RN G g% T B A
PR . R, o e R i AR SR AL 5 1) 2k &
KA T FRAEFEAE A 5 4= S hith H AR 24y,
T 5 R B E B S B T i — 4
WHoE . o0, WAIRE SRS WE R MGG 5 E,
5 CK2 M I, 438 U+Zn/Fe/Se 7] i 2 FEAK £ K FFhE
PA/Zn F1 PA/Fe I EE IR L LA S FOKFE 1 Bl AR AR 1)
P/Zn 1 P/Fe JBE /K LL , 2 T 4 v A AR (1) A= 0 A 201k

4 ZEig

(1) Bt AS ) B 5 15 PR 23R A I T B X /N 22 AR
K T F T S 2 S, e N K R P AE AL 3
U+ZnCNP B 35 51 fiz 157 , 30 500 M R 28 i Ak 248 43 5]
f HH 3.09% #19.4% .

() ARV (LK G IR R K A AL BE 722
WEANK AR ) 5 PR 22 TR A il 1T W8 it <530 - 7K i i e 4
i/ INEE KRR R RO e, FLERAb /N AT
BRI T oK T L5 B IBE PR 2V TRORH L, X
INFE K FRPRLSR A3 O (R 10T Ak ) Y

T

(3) W5 it B R0 5 R 3R TR i TR T (A 38 U +Zn/
Fe/Se ) AT [A] I} 41 8 T K AFRLEE 2k A0 & i, B 1%
1% K KB PA/Zn Fl PA/Fe B E JR HE DL K K A5 FF
B4 A AR Y P/Zn 1 P/Fe BE R Fe , HE T 42 85 S 1 ik
MILEIAA RN R R RS S P R e R E Rk =
(A A 2 A it

Sk
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