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Relationships of grain zinc concentration with wheat zinc uptake
and translocation in dryland

DING Yu-lan', HUANG Cui', FANG Jia-chuang', LI Wen-hu', WANG Xing-shu', ZHANG Xue-mei', DANG Hai-yan',
SUN Rui-qing', YANG Jun', XU Jun-feng', LUO Yi-nuo', LI Xiao-han', SHIMei', WANG Zhao-hui"**
(I College of Natural Resources and Environment, Northwest A & F University / Key Laboratory of Plant Nutrition and Agro-
Environment in Northwest China, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China; 2 Northwest A & F
University / State Key Laboratory for Crop Stress Resistance and High-Efficiency Production, Yangling, Shaanxi 712100, China)

Abstract: [ Objectives ] Understanding the response of pre- and post-anthesis zinc (Zn) uptake and
translocation in wheat to Zn fertilizer input and grain Zn concentration and their relationships with soil Zn
fractions and its availability is of great importance to achieve grain Zn biofortification in drylands, particularly in
the Loess Plateau where Zn is deficient in wheat grain. [ Methods ] Based on the location-fixed field experiment
initiated in 2017 on dryland of the Loess Plateau, soil Zn fractions and availability, pre- and post-anthesis Zn

uptake and transportation and grain Zn concentrations of wheat were analyzed under different Zn application rates
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in the cropping seasons of 20212022 and 2022—2023. [ Results ] Results showed that Zn application did not
significantly affect grain yield, but grain Zn concentration was increased by 44.7% and 38.2% in two seasons,
with the highest of 33.6 mg/kg at Zn 25.6 kg/hm’ application. Correspondingly, pre-anthesis Zn uptake was
increased respectively by 38.8%—83.7% and 13.4%—49.0% in two seasons, post-anthesis Zn translocation was
increased by 36.0%—73.9% and 13.0%—39.6%; while effects of Zn application on post-anthesis Zn uptake
changed with years. Soil available Zn was increased by 11.6 and 11.3 times respectively in the top soil layers of
0—20 and 20—40 cm, with the highest available Zn concentrations of 9.20 and 3.57 mg/kg. Correspondingly, the
increases of 4.4, 1.8, and 1.9 times respectively in the deep soil of 40—60, 60—80, and 80—100 cm, with the highest
available Zn concentrations of 0.54, 0.28, and 0.29 mg/kg. Zinc fractions also significantly changed with Zn
application. Water-soluble Zn was increased by 54.5% and 75.0% and maximized to 0.17 and 0.14 mg/kg, Zn
weakly bound to organic matter was increased by 214.9% and 90.8% and maximized to 5.70 and 3.11 mg/kg,
carbonate bound Zn was increased by 1178.0% and 551.7% and maximized to 5.24 and 1.89 mg/kg, manganese
oxide bound Zn was increased by 345.9% and 183.9% and maximized to 15.52 and 9.37 mg/kg, Zn strongly
bound to organic matter was increased by 91.5% and 34.4% and maximized to 1.13 and 0.86 mg/kg, and residue
mineral Zn was increased by 23.7% and 24.3% and maximized to 56.57 and 56.80 mg/kg in the soil layer of 0—20
and 20—40 cm, respectively. [ Conclusions ] Zn fertilizer application not only increased the concentration of Zn
weakly bound to organic matter, carbonate bound Zn and manganese oxide bound Zn in soil but also promoted
their transformation into a higher available fraction as water-soluble Zn, and this consequently could sustain the
available Zn pool in top soil. The enhanced soil available Zn supply could increase wheat grain Zn concentration
due to the promoted pre-anthesis Zn uptake and its transfer of Zn from shoot to grain post-anthesis, while the post-
anthesis Zn uptake was inhibited by the inherent drought in dryland, the further grain Zn fortification with Zn
fertilizer application was limited for wheat grown on the Loess Plateau.

Key words: dryland; wheat; grain zinc; zinc uptake and translocation; soil available zinc; zinc fractions
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1 HEEMRE A EEFLE 0—20 cm £ F HIEHERULFE MR

Table 1 Basic chemical properties of the 0—20 cm soil layer treated with different Zn rates in the location-fixed field experiment

il Ji B AL £ AR AR AR AT AR
Year Zn rate pH Organic matter Total N NO;-N NH,"-N Available P Available K Auvailable Zn
(kg/hm?) (g/ke) (g/ke) (mg/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg)
2017 8.30 11.8 0.80 9.42 0.27 10.83 123.34 0.24
2022 0.0 8.32 13.67 0.89 7.06 1.75 11.48 135.14 0.71
6.8 8.27 12.26 0.91 6.53 1.17 12.91 131.72 2.38
13.6 8.31 13.11 0.94 791 2.15 12.09 128.85 4.20
20.5 8.30 13.92 0.97 7.94 2.31 13.18 130.96 6.76
27.3 8.30 12.59 0.88 7.15 2.64 12.95 132.74 9.47
2023 0.0 8.43 13.65 0.95 6.17 0.98 12.51 138.61 0.56
6.8 8.41 13.77 0.96 4.75 1.23 14.15 135.08 3.12
13.6 8.41 13.43 0.93 5.19 2.09 12.88 129.91 4.28
20.5 8.42 13.78 0.97 5.13 2.34 12.96 133.99 7.03
27.3 8.40 13.84 0.97 5.26 2.76 14.98 137.27 8.93

TE: 201 7AFAEIR I AP AR AT L HERATRALVE R, A A H2021—202212022—20234F A AR Rt AL BT + 3 A9 SEEE .
Note: In the row of 2017, data refer to the basic chemical properties of the top soil in October of 2017 when the long-term Zn fertilizer experiment
was initiated, and the others are those at harvest and at different Zn application rates of 2021-2022 and 2022-2023.
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Fig. 2 Effects of Zn application rates on the yield and grain Zn concentration of wheat in calcareous soil in dryland

e B 2022 F12023, p0l40ER 2021—2022 1 2022—2023 4ER/NEAE K, NEFPREES B (v) SRR (x) B9 RHE 5 2022
y=—0.0146x"+0.7261x+22.098; 2023 H y=—0.0138x*+0.7445x+24.616; PH4ET-1H y=—0.0156x"+0.7979x+23.372, H: L RF/NG FREF R EE
AR AL 28] 2 5 2. (P<0.05).

Note: 2022 and 2023 in the figure represen the winter wheat growing seasons in the year of 2021-2022 and 2022-2023, respectively.
The regression equation of Zn concentrations of grain (y) to Zn application rates (x), 2022 is y=—0.0146x>+0.7261x+22.098: 2023 is y=
—0.0138x+0.7445x+24.616; averages is y=—0.0156x*+0.7979x+23.372. Different lowercases letters above the bars indicate significant difference
among Zn treatments (P<0.05).
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Table 2 Effects of Zn application rates on the Zn uptake and transportation of wheat
e S, iy ACEFERERRCE RPHER TR AL RERICTTRRER
o AERTEMCHE ERERCE  EREERRR T e e
N k3 . . . Post-anthesis Zn Contribution rate of  Contribution rate of
AR Pre-anthesis Post-anthesis Post-anthesis . . .
Zn rate . translocation post-anthesis Zn post-anthesis Zn
Year Zn uptake Zn uptake Zn translocation . .
(kg/hm?) efficiency translocation uptake
(g/hm?) (g/hm?) (g/hm?)
(%) (%) (%)
2022 0 194.8+3.9 ¢ 551473 a 156.8+4.3 b 80.5+1.7 a 752449 a 26.9+2.1a
6.8 270.3+16.8 b 50.0+12.5a 213.3+19.3 ab 78.5+3.1a 76.0+6.9 a 22.1+3.8 ab
13.6 291.5+34.2 ab 51.3x11.9a 242.4+20.4 a 81.1439a 85.6+8.1a 19.2+4.4 b
20.5 311.9+21.8 ab 54.7+8.9 a 254.7£5.7 a 82.9+4.8 a 82.743.8 a 16.1+£2.7b
27.3 357.9420.2 a 52.6+4.6 a 272.6+25.4 a 75.543.3 a 84.3+11.0a 13.8+1.7b
2023 0 214.0+8.1d 25.6£2.1b 165.249.1b 77.1+2.8 a 88.6+7.9 a 153t1.2a
6.8 242.7+9.7 cd 35.9+7.1 ab 186.6+18.4 ab 76.7+1.8 a 87.3+6.0 a 13.8+4.2 ab
13.6 271.7+10.3 be 36.6+4.7 ab 199.4+13.5 ab 73.142.4 a 84.7+113 a 17.442.1a
20.5 346.6+8.1 a 42.546.2 a 240.4+20.4 a 69.1+29 a 89.6+7.5a 9.3+2.6 ab
27.3 318.9+11.1 ab 37.6+1.1 ab 230.6+21.7 a 72.244.0 a 87.8+10.0 a 7.7£0.9 b
2022 285.3+19.4 52.749.1 228.0£15.0 79.742.4 80.8+6.7 19.6+4.2
2023 278.8£9.5 35.6+£4.2* 204.4+16.6* 73.6%1.7 87.6+4.9 12.742.8*
ol 0 204.4+8.4 ¢ 40.4+6.8 a 161.0£12.5b 78.8420.3 a 81.9+6.9 a 21.1£0.7 a
Average 6.8 256.5£11.6 b 43.0£10.9 a 199.9+ 15.3 ab 77.6+19.6 a 81.746.5a 18.0+3.6 ab
13.6 281.6+21.7 ab 439+ 12.1a 220.9+9.8 a 77.1+18.7 a 85.249.4 a 18.3£1.3 ab
20.5 329.3+13.5a 48.6+ 8.4 a 247.6+13.1a 76.0+21.5 a 86.2+7.6 a 12.7£1.4 be
27.3 338.4+179a 45.1£79a 251.6+18.7 a 73.9+16.7 a 86.1+10.3 a 10.8+0.7 ¢

T RIS A R NG 5 R R BRI AL BRI TE0.05 /K T 22 5 i3, *3R7R20234F 520224 A Lu A FEALAL BIFE0.057K - 22 5 {35 5 20221
20234 /N AL HT BRI () S A (o) B9 1T 0E 5 43 30 S y=—0.0926x2+7.9113x+203 2 Flly=—0.1032x2+7.413x+206.48 , TEJ55F R 1 Siti b
G AT T4 51 y=—0.1449x2+7.9527x+159.97 Fly=—0.0528x2+4.1453x+162.64.,

Note: Different lowercase letters after data in the same column indicate significant difference among Zn treatments at 0.05 level, and the * indicates

significant difference between 2022 and 2023 at 0.05 level. The regression equations between pre-anthesis (v) Zn uptake and Zn application rates (x)
in 2022 and 2023 are y=—0.0926x>+7.9113x+203.2 and y=—0.1032x?+7.413x+206.48 , and the regression equations of post-anthesis Zn translocation (y)
to Zn application rates (x) in 2022 and 2023 are y=—0.1449x>+7.9527x+159.97 and y=—0.0528x>+4.1453x+162.64, respetively.
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KPR B S R 2 55 9.8, 17.3 F19.1 mg/kg, MR
FRMERE , INEZRFRLEES e SRR . A
JE RO R | AR S PR R i N U b b R
TR O R IR AR DG, PUE RGN 100 g/hm?,
FERLBE O R A 4y 7.7, 112,10 11.3 Fi1 7.6 mg/kg.
FERLEE S i 5 A0 S5 PR B DTSR S IEAHOC, )5 5F
BER TTER RGN 1.0% , FEORLBE S BT
0.96 mg/kg, FFRIEF S i 546G BF IO Tk 2 1 2%
FAHIE, FEJE BRI DTHR A G N 1.0%, FPRLEE S
AR 1.46 mg/kg. FIUL, /NAZAERIAESG BRI . Hb
L EREE R RS A B S /N LR B Y
HHER,
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FRLEEE & Grain Zn concentration

3 BMARMTRNERREREREREEHEBSITRELENXA
Fig. 3 Relationships of grain Zn concentration with pre- and post-anthesis Zn uptake and post-anthesis transportation
of wheat in calcareous soil in dryland

Note: Pre-AZU—Pre-anthesis Zn uptake; Post-AZU—Post-anthesis Zn uptake; Post-AZT—Post-anthesis Zn translocation; Post-AZTE—Post-
anthesis Zn translocation efficiency; Post-AZTC—Contribution to grain Zn by post-anthesis Zn translocation; SZU—Shoot Zn uptake at harvest;
Post-AZUT—Contribution to grain Zn by post-anthesis Zn uptake. *—P<0.05; **—pP<0.01.
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B4 SRR EHEREXNTIREYHE (DTPA-Zn) S EMFMN
Fig. 4 Effects of Zn application rates on soil available Zn (DTPA-Zn) concentration in calcareous soil in dryland
T B R EERR AR (v) St o) B RIE R, AE EARRNG TR FRILAL PR H 25 5 38 (P<0.05).
Note: The regression equation of soil available Zn concentration (y) to Zn application rates (x). Different lowercases letters above the bars indicate

significant difference among Zn treatments (P<0.05).
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5 BEMARMDRNERAERERBEEEHEBRS R IETRAYEHAIENXAR
Fig. 5 Relationships of soil available Zn concentration with pre-and post-anthesis Zn uptake and post-anthesis Zn
transportation of wheat in each soil layer in dryland calcareous soil

Note: Pre-AZU—Pre-anthesis Zn uptake; Post-AZU—Post-anthesis Zn uptake; Post-AZT—Post-anthesis Zn translocation; Post-AZUT—
Contribution to grain Zn by post-anthesis Zn uptake; Post-AZTC—Contribution to grain Zn by post-anthesis Zn translocation; SZU—Shoot Zn

uptake at harvest; GZC—Grain Zn concentration. *—P<0.05; **—pP<0.01.
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Fig. 6 Effects of Zn application rates on soil zinc content with different fractions in calcareous soil in dryland
e H EARNG FRE30R R — - 2 R AL A #2257 W 2 (P<0.05),
Note: Ws-Zn—Water-soluble Zn; Wbo-Zn—Zn weakly bound to organic matter; Carb-Zn—Carbonate bound Zn; OxMn-Zn—Manganese oxide
bound Zn; Sbo-Zn—Zn strongly bound to organic matter; Res-Zn—Residue mineral Zn. Different lowercases letters above the bars indicate

significant difference among Zn treatments at the same soil layer (P<0.05).
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Fig. 7 Contribution of soil Zn fractions to pre- and post-anthesis Zn uptake and post-anthesis Zn transportation
of wheat in calcareous soil in dryland

Note: Ws-Zn—Water-soluble Zn; Wbo-Zn—Zn weakly bound to organic matter; Carb-Zn—Carbonate bound Zn; OxMn-Zn—Manganese oxide
bound Zn; Sbo-Zn—~Zn strongly bound to organic matter; Res-Zn—Residue mineral Zn. *—pP<0.05; **—P<0.01.
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