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Effect of combined foliar application of zinc and pesticides
on accumulation,distribution and transfer of zinc in wheat

CHEN Juan, WANG Shaoxia, TIAN Xiaohong,CHEN Yanlong,ZHU Wenlin,
LI Xiushuang, LIU Ke, YANG Chang

(College of Natural Resources and Environment s Northwest A& F University/Key Laboratory of Plant Nutrition

and the Agri-Environment in Northwest China ,Ministry of Agriculture ,Yangling ,Shaanxi 712100, China)

Abstract; [Objective] The effects of combined foliar application of Zn with pesticides on Zn accumula-
tion, translocation,and distribution were investigated to provide basis for grain Zn fortification technology
in wheat. [Method]) Soil culture experiment was conducted and winter wheat (Triticum aestivum L. ,Xiao
yan 22) was sprayed with two Zn levels of distilled water (Zn0) and 4 g/1. ZnSO, « 7H, 0O (Znl) with three
pesticide types of distilled water (NS), triadimefon (Tr) and imidacloprid (Im). There were a total of 6

treatments. By analyzing grain total Zn concentration, the effect of combined foliar application of Zn with
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pesticides on grain Zn bio-fortification was evaluated. The total Zn concentration and soluble Zn concentra-
tion in vegetative organs (stem,leaf and glume) were measured and the shoot Zn uptakesand Zn transloca-
tion to grain before and after anthesis were calculated. [Result) Compared with Zn0,Znl and Zn combined
with pesticides (Znl+ Tr or Znl +Im) significantly increased dry weight and total Zn concentration in
grain. Compared with the Znl+ NS treatment,combined applications had no significant effect on total Zn
concentration in wheat grain,but dry weight of grain was increased by more than 17 % and grain Zn content
was increased significantly. Compared with Znl + NS, combined applications increased total Zn concentra-
tion and content in vegetative organs of wheat,and the increase in leaves and glumes was higher than in
stems. The shoot Zn uptake and mobilization to grain after anthesis in Znl + Tr and Znl+ Im treatments
were higher than in Znl + NS treatment. The soluble Zn ratio to total Zn in Znl + NS treatment was
60. 8% ,while that in Zn1=+Tr and Znl-+1Im treatments were higher than 70%. [Conclusion) Combined fo-
liar application of Zn with pesticides had no significant adverse impact on grain Zn, but enhanced Zn trans-
fer to grain and grain Zn accumulation by increasing Zn uptake and availability in vegetative tissues. There-

fore,combined foliar application of Zn with pesticides is an effective and simple measure to increase zinc

bio-fortification in wheat grains.

Key words: Zn fertilizer;Zn accumulation;Zn translocation;wheat;foliar spraying
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Table 1

Effect of zinc foliar application combined with pesticides on dry weights of above-ground wheat organs

Ab P Treatment

TR/ (g« %) Dry weight

B Zn 4 24 Pesticide ¥k Grain ZLFF Stem - H Leaf st Glume
NS 31.37 ¢ 15.48 b 17.94 a 10. 80 a
Zn0 Tr 39.68 a 17.97 a 18.19 a 11.04 a
Im 40.79 a 16.12 ab 15.39 b 10.56 a
NS 34.81 b 17.82 ab 15.47 b 10.81 a
Znl Tr 40. 80 a 15.77 ab 15.31 b 10.74 a
Im 41.56 a 17.23 ab 15.67 b 11.01 a
24 5 W F P Significance of variation
PE Zn (a) * % ns * % % ns
4 2} Pesticide () * % % ns % % % ns
aXb ns * % * % ns

TE < A 8BS 5 AR AN 6] /NG 5B 3278 AN 5] Ak B ) 22 5 B 25 (P<<0. 05),ns RFBRERA L (P=0.05)5 x4 % * % x x RIRRE P<

0.05,P<C0.01,P<0.001 K FEF25E%E. TERA.

Note: Different lowercase letters indicate significant difference (P<C0.05) among treatments. ns means insignificant (P=0. 05); * , x *

and * % * represent significant difference at P<C0. 05, P<C0. 01 and P<C0. 001, respectively. The same below.
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Table 2 Effect of zinc foliar application combined with pesticides on total Zn concentration and Zn

content of above-ground organs of wheat

AL FE Treatment

4 7Zn &t /(mg » kg™ ') Total Zn concentration

Zn it/ (mg « %7 ') Zn content

Bt Zn e 24 Pesticide Ffki Grain  ZXFF Stem M A Leaf  #i7: Glume  #F8. Grain  Z£FF Stem - Leaf 5% Glume
NS 28.14 b 8.92 d 5.88 ¢ 13.86 ¢ 0.88 d 0.14 ¢ 0.11d 0.15 ¢
Zn0 Tr 28.27 b 8.97 d 6. 26 de 13.59 ¢ 1.12 ¢ 0.16 ¢ 0.11d 0.15 ¢
Im 27.97 b 8.49 d 6.61 d 13.83 ¢ 1.14 ¢ 0.14 ¢ 0.10 d 0.15 ¢
NS 54.92 a 16.10 ¢ 55.02 ¢ 43.62 b 1.91b 0.29 b 0.85 ¢ 0.47 b
Znl Tr 54.91 a 20.63 a 64.46 a 48.79 a 2.24 a 0.33 a 0.99 a 0.52 a
Im 54,64 a 18.94 b 58.08 b 48.68 a 2.27 a 0.33 a 0.91 b 0.54 a
25 R EHMN
Significance of variation
B Zn (a) % % % % % % % % % % % % % % % % % % * % % * % %
4 24 Pesticide () ns * % % * % % * % % * % % * * % % ns
axXb ns * % % * % % * % % ns ns % % % ns
2.3 SFHERGEAWMEX/NEM EEB Zn 57 EHY Tr 8¢ Znl-+Tm) XKL Zn 43 B b O S 38 5% i, 8

A
LR AE BT A AL B A RE Zn 85 L
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it B B 25 BH B 48 R s Mk R Zn 43 EE . EL
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BEALFE (Znl + NSO A e, B 5 = ok il Jie A 1% it
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Fig. 1

Effect of zinc foliar application combined with pesticides on relative distribution of Zn in over-ground organs of wheat
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Table 3

Effects of Zn uptakes before and after anthesis of winter wheat on apparent contribution of

Zn accumulation in grains at maturing stage

At 44 e kr 7Zn0 Znl
Stage Index NS Tr Im NS Tr Im
Zn W R/ (mg « 45 1) Zn uptake 0. 80 0. 80 0. 80 0. 80 0. 80 0. 80
| o Rl S 24 Tk % /0
FB Zn X U Zn TR/ 62.88 51.81 52.55 22.75 19. 66 19. 81
Contribution to total Zn
- e (= o A1
HETT B Zn (i) FfRLFERS i/ (mg - 351 0.41 0.38 0.42 0 0 0
. Mobilization to the grain
Before anthesis
ZIH Zn 515 %/ % Remobilization efficiency 50.92 46. 95 52.05 0 0 0
o8| R B 2 I ik /0
B Zn xR Zn REARUTTIR A/ Vo 46. 31 33.54 36.57 0 0 0
Contribution to grain Zn
Zn W/ (mg » 41 Zn uptake 0.47 0.75 0.72 2.72 3.27 3.24
inf oY TTk /0
G A Zn XA, Zn TR, % 37.09 18.19 47. 44 77.25 80. 33 80.16
. Contribution to total Zn
After anthesis o gk s
SR Zn [ KBRSt/ (me - 4571 0.47 0.75 0.72 1.91 2,24 2.27
Mobilization to the grain
0 7 B 2SS T, in] 7wk 2% /0
FB Zn M FPRL Zn RBARWIR A/ V2 53.69 66. 46 63.43  100.00  100.00  100.00

Contribution to grain Zn

2.5 BERAMEBEX/NEh EFBEARME Zn
FIEFAME Zn S ERIFME
55 A% 24 TG 5 T8 it A B XoF /0N 22 b S RT O

Zn AR ATEE Zn &0 AR AR 4 Fros. H# 4

YRS B E W 4R /N 2 ORFRL TR R Zn B
AEEE T M 55 b B (Znl + NS, &% 5 4k 25 e 4 Wi
Jiti (Zn1 -+ Tr. Znl -+ Tm) B AN 23 2 35 520 /)N 22 K AL n]
AYE Zn S,

R4 BHERABREGHEEI/NEH EEHABEMYE Zo MEAMRYE Zn SEHFM

Table 4 Effect of zinc foliar application combined with pesticides on soluble and insoluble Zn

concentrations in grain,stem,leaf and glume of wheat

Ab P Treatment

Soluble Zn concentration

AMEME Zn &/ (mg « kg™ D)

AEREME Zn R/ (mg » kg™ D)

Insoluble Zn concentration

BF Zn 424 Pesticide FF¥i Grain 25 Stem M- H Leaf  #i7¢ Glume 8. Grain  Z5FF Stem - Leaf st Glume
NS 7.84 ¢ 4.59 ¢ 3.75 ¢ 4,27 d 20.30 b 4.33 ¢ 2.13d 9.59 d
Zn0 Tr 7.48 ¢ 4.87 ¢ 3.65 ¢ 4,04 d 20.79 b 4.10 ¢ 2.61d 9.54 d
Im 8.09 ¢ 4.66 ¢ 3.72 ¢ 3.51e 19.89 b 3.82 ¢ 2.89 d 10.32 d
NS 17.22 ab 11.92 b 45.78 a 26.52 ¢ 37.70 a 4.18 ¢ 9.24 ¢ 17.10 a
Znl Tr 17.60 a 12.96 a 44.78 a 37.53 a 37.31 a 7.67 a 19.68 a 11.26 ¢
Im 16.58 b 12.50 b 42.23 b 34.76 b 38.06 a 6.44 b 15.84 b 13.92 b
Significance of variation
ﬁézn(a) * % % * % % * % % X % % * % % * % % * % % * % %
4 24 Pesticide (b) ns * * * % % ns * % % * % % * % %
axXb ns * * L ns * % % * % % ¥ % %

Hi e 4 I AT AR 25 5 B A8 AR RO /N ZE AT
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Fig. 2 Effect of zinc foliar application combined with pesticides on ratios of soluble and insoluble

Zn in grain,leaf,stem,and glume of wheat
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