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Long-term nitrogen application increases the content of Fe, Cu and Zn
in wheat grains on calcareous soil in dry land
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Abstract: [ Objectives ] Understanding changes of iron (Fe), manganese (Mn), copper (Cu) and zinc (Zn)
contents in wheat grains under different nitrogen application levels is of great significance in optimizing nitrogen
(N) fertilizer management and realizing high yield and quality of wheat in dryland area. [ Methods ] The research
was based on the long-term field experiment located in the south of the Loess Plateau, Shaanxi Province, and
started since 2004. There were five N application rates in total, as 0, 80, 160, 240 and 320 kg/hm’ on the basis of
P,O; 100 kg/hm’. At wheat harvest season during 2013 to 2016, wheat plant samples were collected to determine
the biomass, contents of Fe, Mn, Cu and Zn in different wheat organs, and soil samples were collected at the same
time for determination of available Fe, Mn, Cu and Zn concentrations. The relationship between grain Fe, Mn, Cu

and Zn contents, yield, and nitrogen application rate was studied, and the optimal nitrogen application rate was
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proposed. [ Results ] Compared with no N application, N fertilization increased grain yield and grain Fe, Cu and
Zn content, but decreased Mn content. Regression analysis showed that the N rate was 212 kg/hm’ for the
maximum grain yield of 6116 kg/hm?, 218 kg/hm® for the maximum grain Fe concentration (43.9 mg/kg). Grain
Cu and Zn contents had a linear relationship with N rate, and their contents would be increased by 0.4 and
3.5 mg/kg with every extra N application of 100 kg/hm®. The grain Mn content had a negative linear plus plateau
relationship with N applying rate, the minimum Mn content (37.5 mg/kg) appeared at the N rate of 57 kg/hm’. N
application increased soil available Mn concentration in 0—20 cm layer by 7.8%, did not change the available Fe,
Cu and Zn concentration significantly. [ Conclusions ] On calcareous soil in dryland of the Loess Plateau, N
application could increase wheat grain Fe, Cu and Zn contents mainly due to the increased Fe, Cu and Zn uptake
and Fe distribution from shoot to grains, while decrease grain Mn concentration due to the nutrient dilution effect
caused by the increased grain yield. Comprehensively considering the yield and the grain Fe, Mn, Cu and Zn
contents, the N fertilizer application rate 122 kg/hm’ is recommended for target wheat yield 5810 kg/hm?, and

higher grain Fe, Mn, Cu and Zn contents of 42.1, 37.5, 4.0 and 25.1 mg/kg.

Key words: nitrogen application rate; wheat yield; grain; micronutrient
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Fig. 1 Winter wheat yield, biomass and harvest index affected by N fertilization rates in different years
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Note: Different lowercase letters indicate significant differences among N rate treatments (P<0.05). *** represents that regression equation is

significant at 0.001 level.
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Fig. 2 Iron, Manganese, Copper and Zinc concentrations in grains of winter wheat as affected by N
fertilization rates in different years
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Note: Different lowercase letters indicate significant differences among N rate treatments (P<0.05). ***_ ** represent that regression equation is

significant at 0.001, 0.01 level, respectively.
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Table 1 Available Fe, Mn, Cu and Zn contents in soil under different N application rates

Ay Wi (kg/hm?) Rk Available Fe B R4h Available Mn A5 Available Cu AR Available Zn
Year N rate 0—20cm 20—40cm 0—20cm 20—40cm 0—20cm 20—40cm 0—20cm 20—40cm
2014 0 540a 543D 933a 743 ¢ 1.24a 1.23 be 0.52a 0.37a
80 5.58a 5.80a 9.17a 8.08 ab 1.27a 1.33a 0.46 abc 0.38 a
160 5.60a 5.36b 9.94 a 7.95b 1.23a 1.24 be 0.51a 0.33a
240 555a 540b 9.63a 8.11 ab 123 a 121¢ 0.44 ac 0.35a
320 576 a 534b 10.26 a 8.68 a 1.26 a 1.26b 0.51 ab 0.36a
(i Mean 5.58B 546 B 9.66 B 8.05 A 1.25B 1.25B 0.49B 0.36 A
2015 0 6.72 a 6.20 a 1244 a 9.74 a 148 a 142 a 0.51a 0.37a
80 6.53 a 6.20 a 1233 a 8.02¢ 149 a 140 a 0.52a 0.29b
160 6.32a 630a 1297 a 9.09 ab 147 a 143 a 0.53a 0.33ab
240 6.67 a 630a 12.65a 8.80b 144 a 1.37a 048 a 0.27b
320 631a 632a 13.55a 891b 143 a 1.39a 0.54a 0.29b
(i Mean 6.51 A 6.26 A 12.79 A 891 A 1.46 A 1.40 A 0.51 AB 031 A
2016 0 543 a 544 a 1194 a 7.38 ab 1.34a 1.29a 0.62 a 0.33a
80 571a 549 a 11.77 a 7.15b 1.32a 1.25a 0.59 ab 0.36a
160 544 a 5.36 ab 12.32a 7.47 ab 1.32a 1.24a 0.60 ab 0.35a
240 544 a 5.11b 11.75a 7.52 ab 1.30a 1.25a 0.54b 031a
320 542a 532 ab 12.51a 795a 1.35a 1.26 a 0.66 a 0.29 a
(i Mean 549B 534B 12.06 A 7.49 A 1.32B 1.26 B 0.60 A 0.33 A
PRI 0 585a 5.69 ab 11.23b 8.18 ab 135a 1.31 ab 0.55a 0.36a
Average 80 594a 5.83a 11.09 b 7.75b 1.36a 1.33a 0.52ab  0.34ab
over 3 years
160 578 a 5.67 ab 11.74 ab 8.17 ab 1.34a 1.30 ab 0.55a 0.34 ab
240 5.89a 5.60b 11.34 ab 8.14 ab 132a 1.28b 0.49b 031b
320 583a 5.66 ab 12.11a 851a 1.35a 1.31 ab 0.57a 0.31 ab
FfH F-value
PR Year (Y) 22.34%* 11.09%* 17.80%* 5.28%* 17.35%* 25.62%* 12.39%* 1.06
AL Treatment (T) 0.34 1.22 1.88 2.40 0.93 1.69 2.97* 1.45
YxT 0.92 1.18 0.07 2.44 0.51 1.57 0.31 0.96

W [FSVEEEE AR NE R R 7] — AR A Al AL B 802 7 B3 (P<0.05), A[IRE FREFRIRAEBRIE] 22 5% B3 (P<0.01), *,
3 F R I 22 3 A P AL T RROME0.05 . 0.01K - HiAFI R 3

Note: Different lowercase letters after data in a column indicate significant differences among N rate treatments in the same year (P<0.05); different
capital letters indicate significant differences among years (P<0.01). *, ** represent that the effect of the factor is significant at 0.05, 0.01 levels,

respectively.
Mo AR R S A BRI A KR, it FH N AT RS 3 v /N 22 R b A i

BILE A 98 F1 93 kg/hm? A AR E RAE 2211 1 Scie: (&1 5) o R AT i I 3 ] Wi g i 34 5 R e S —
494.8 g/hm?, it &S /N AERFRR I S IR R 20.2%~ WIEIHSE R, 43 FEit & & 200 F1 238 kg/hm? A3k
27.0%. HRUCRIEEOE A BE B, TR 46.2%. B KAH 25.7 A1 46.1 g/hm?s Jiti U /22 R I 0
AL, T RNE AT IR /N s e, EXTER R SRR 72.9%~106.3% . Jti A4 w5 14 ik 4
PP ERTE S A B, TEMiE RN 240 kg/hm? i, SXFEA L 2E R
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Fig.3 Iron accumulation in grain and above ground part and Fe harvest index of winter wheat as affected by N fertilization
rate in different years
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Note: Different lowercase letters indicate significant differences among N rate treatments (P<0.05). ***_ ** represent that regression equation is

significant at 0.001 and 0.01 levels, respectively.
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Fig. 4 Manganese accumulation in grain and aboveground part and Mn harvest index of winter wheat as affected by N
fertilization rates in different years
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Note: Different lowercase letters indicate significant differences among N rate treatments (P<0.05). ***_ ** represent that regression equation is

significant at 0.001 and 0.01 levels, respectively.
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mg/kg. YT IX —HE AR, U EHREN, FPR
BRER S REORNTRREM, BEE S ARG, TR
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Fig. 5 Copper accumulation in grain and aboveground part and Cu harvest index of winter wheat as affected by N
fertilization ratesin different years
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Note: Different lowercase letters indicate significant differences among N rate treatments (P<0.05). *** represents that regression equation is

significant at 0.001 level.
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