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Effects of zinc spraying on wheat grain nutritional quality and zinc distribution on the Loess Plateau
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(1. College of Resources and Environmental Science, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory of Plant
Nutrition and the Agro—environment in Northwest China, Ministry of Agriculture and Rural Affairs, Yangling 712100, China)

Abstract: To explore the effects of different zinc spraying schedules on wheat yield and flour quality on the Loess Plateau, two (F2) and
four (F4) occurrences of foliar spraying with ZnSO, at different wheat growth stages were evaluated over two years of field experiments.
ZnS0, foliar spraying was investigated for its effects on grain zinc, starch, protein, amino acid content, grain zinc distribution, and zinc
bioavailability. Spraying ZnSO, at different growth stages increased wheat grain Zn content, although the increase in amplitude varied with
spraying schedules. Compared with the control group, the F4 treatment increased the grain zinc content of wheat by 72.3%-118.7%, and
the grain zinc output by 127.3%—143.0%, which was significantly greater compared to the F2 treatment. Zinc spraying increased wheat
protein and starch yields by 10.9%-25.1% and 5.1%—35.8%, respectively. The protein and amino acid contents of wheat grain were diluted
in the first season but considerably rose in the second season, with methionine and phenylalanine in essential amino acids increasing by
varying degrees for two consecutive years. The zinc content (weight percentage) in the embryo and endosperm treated with ZnSQ, foliar

spraying (F2, F4) was greater than that in the control treatment, but the zinc content (weight percentage) in bran was lower. Moreover, the
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P/Zn molar ratio was significantly lower in the 4 treatment than in the control. Studies have shown that spraying Zn fertilizer can promote

wheat growth, improve wheat nutrient absorption capacity, significantly increase grain Zn content, and improve Zn distribution to improve

Zn bioavailability. Increasing the spraying schedules can improve the nutritional quality and zinc content of edible flour (endosperm),

which is essential for human dietary health.

Keywords : zinc; foliar application; amino acid; zine distribution; scanning electron microscope spectrometer
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Table 1 Basic physical and chemical properties of topsoil soil

AP 2R A R A DTPA-Zn/ DTPA-Fe/  DTPA-Mn/ H
OM/(g-kg™) Total N/(g-kg™") Olsen—P/(mg-kg™")  Available K/(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) ¥
15.50 1.04 18.80 154.50 0.58 2.79 7.08 8.5
R2 AEBSEREXNEF B AR & KIEERI 00
Table 2 Effects of different zinc spraying times on wheat yield and growth index
20174 20184
ﬂ}i = =9 M) =1 1=} i
Treatment P i et i o Bt
Grain yield/(kg-hm™)  Biomass/(kg+-hm™) Harvest index/% Grain yield/(kg-hm™)  Biomass/(kg-hm™)  Harvest index/%
CK 4242b 7 995b 53a 4 420a 9 183b 48a
F2 5303a 12 141a 44a 4 685a 10 423b 45a
F4 5576a 11421a 49a 4914a 12 703a 39a

T B e AN RN PR SR TR — AR Gy AN R A B ) 25 5 2. (P<0.05) 0 T 1]

Note: Different lowercase letters of data indicate significant differences among treatments in the same year (P<0.05). The same below.
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Different lowercase letters indicate significant differences among treatments in the same year (P<0.05). The same below
1 AR E X &N EFF S EMEHENRE

Figure 1 Effects of different times of zinc spraying on zinc content and carry—out of winter wheat grains

&3 AEBEERBX/NE M FARE RREBF SRR IR

Table 3 Effects of different spraying times of zinc on zinc accumulation and zinc harvest index in wheat shoots

2017 4F

2018 4

AbH FERLEE R B 16 5 iz K E

Treatment 7y increase index/( mg- Grain Zn utilization

JsSEAVES

Total Zn utilization

FERLBEFI A IsSEZRINiES

Grain Zn utilization Total Zn utilization

FFRLBEE R 2L

Zn increase index/(mg~

kg") - (kg-hm™)" efficiency/% efficiency/% kg™") - (kg-hm™)™ efficiency/% efficiency/%
F2 2.59b 2.45b 9.25b 4.15b 2.12b 6.89b
F4 7.31a 5.44a 21.25a 8.68a 4.64a 15.18a
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Figure 2 Effects of different times of zinc spraying on starch content and carry—out of winter wheat grains
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Figure 3 Effects of different times of zinc spraying on protein content and carry—out of winter wheat grains
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x4 NEFHHEHIERNZTE (ng-g")

Table 4 The content of various amino acids in wheat grains(mg-g™")

2.6 AEIRESER B XS /N EFF RIS T B 20
P 4 S T R T /N R PR B 2

i H 20174 20184 EREz RFIIRZL A G, X5 N ) T 28 75 1 o0 A R 2 AE
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%EM;}] f; :2 ;64[) ff :32 :j XA X GE TS A BE AL S A5 2 pY BE TS
712 % Threonine 2a .la K .la 3a 3a N .
A b BE AL TE K 4 [X 31 MEMEEICE S
455 Valine 69a 65a 53a 58a 6.la 6.la A S P RE 35 DXCZE T 7 9 DRI 3 P U G 285

2 18 Methionine 0.5b 08a 0.8a 0.8b 1.8a 1.2a
S35 MR Tsoleucine 54a 44a 42a 45a 5.0a 4.8a

AT T ZnSO. T LA R m IR EFL IR
feE S (i A b, MR, WEHRRTEUE i, CK

25 Leucine  87a  7.8a 83a 87b 97a 93a b PR R 7 B e o, TR AR L R A A
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Table 5 Nitrogen, phosphorus, potassium content and phosphorus—zinc molar ratio in harvested wheat grains

b 2017 4 2018 4F
Treatment N/(g-kg™) P/(g-kg™) K/(g-kg™) P/Zn N/(g-kg™) P/(g-kg™) K/(g-kg™) P/Zn
CK 27.11a 4.00a 2.44a 345.91a 23.95h 4.19a 2.94a 500.45a
F2 24.09h 4.10a 2.51a 282.26h 26.02a 4.15a 2.22b 316.20b
F4 24.32h 3.59h 2.61a 180.19¢ 27.48a 3.87b 2.17b 211.36¢
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Figure 4 Scanning electron microscope images of wheat grain components and energy spectrum scans of corresponding points
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