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115°94" E) , VLRl 422 X v 2B E e
(31°74'N, 117°28' E) 4 MHb i ikl . 1xHib
TRHTR R, BRI KR 1 2
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SH Zn &8, MER BMHAEZORIEEN
35°C, Fril# Peltier i & A-40 °Cs i LR E F
AR, R T AR, MRS E TR R
WA 12 L/min, HBIAMERA 1 L/min, SER
0.6 MPa /i fi: WIGETEHE, KALET MR RS .
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Table 1  Effects of test site, variety, N application rate and their interaction on mineral element content in wheat grain

AL F Treatment Ca Cu Fe K Mg Mn P S Zn
TR AT Test site (T) 1317.28™ 75547 39.67" 389.40™  200.55™  363.12"  149.81™  1564.35"  204.32"
sl Variety (V) 58.60"  68.04™ 27035 179.12"  82.39" 526" 115.98" 165.51™ 2.94°
i %= N application rate (N) 7.13* 6.30" 32317 24.62™ 8.96™ 2.60* 10.49* 496.65™ 48.50™
RIS xS TV 11.40™ 4.75" 11.07"  28.97" 6.45" 1.39 827 2.08 11.35™
R xR TN 40.73™ 17.93* 17.64™ 14.31 5.10™ 412" 9.94* 41.09™ 2524
Pl AR VXN 229" 1.65 1.10 295" 1.97 0.79 201" 1.24 1.41
PR RO PR TXVXN 278" 2.63" 243" 246" 261" 0.93 238" 227" 2.53"

MR R O RIFIRFEIE # (P<0.05) FIREZE (P<0.01) .

“*” and “**” indicate significant (P < 0.05) and extremely significant (P < 0.01) effects, respectively.

TN 8 N TCE A RN SR
22 FRNEETEFENEFRT RTESE
W R, AR A, D

Pk Ca S RAMAES NGRS, & T
No AbEH, LA #3530 58 5T Nugoriso ACH N 5y, B
No AbFE B ZZ 5 11.06%; & AEFTIN 35 56 r5 0 2
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Different lowercase letters indicate significant differences at P < 0.05 level. The same below.

B 1 RRENARIME TN RITR S ERFNT

Fig.1 Effects of N application rate on mineral element content in wheat grain under different environments
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Fig.2 Effects of N application rate on mineral element content in wheat grain of different varieties
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FAE R AE N AR Cay Cu Fl Mn
TEEFHUARE, KRN EEANFE L Fe
M Zn FEAFAERE M ZE T U535 22 fl 15CAT3 1E
FRE R R Mg SR EFIAEE, FF 578
MIFE Nisorso A0 H T Mg & EKT Nodb#l, o
£ 255 1E Nisoriso A EE T Mg & 8 W% 5T Nissess
AR ASF] L FRE N ZZFERL T Cay Cus Fe. Mg,
Mn Fl Zn &&= 7 REIKIKA 18.72%- 14.44%.
12.36%- 5.48%- 17.42%F1 17.07%. BrH3Z 578 1)

Ca & PIER S, HAh 5 MH FtE (Cus

K, *Ha‘%?éﬁcﬁj\%w\wﬁ 0.16. 0.49. 0.56. 0.51
A1-0.29; Cu & ES K. Mg. SAHl Zn FEEWRE
FIEMAHX, 5 Mn SEEMREZE MG, HIXRH
394 0.24. 0.66. 0.63. 0.69 F1-0.59; Fe S&E 5
Mn., PHIS EEEMTEIEMRX, 5Zn 5EED
FIEMK, MRFRH M 0.28. 0.24, 0.40 M
0.14; K §EE Mg I P S EEWMEFIEMHK, 5

TEENFE MR, MHIXRE N 0.58, 0.72
F10.15; Mg & &5 Py S fil Zn & & 2D IEAH
K, 5 Mn FEENEE A, HXRE N

Fe. Mg. Mn fl Zn) &8 FHMEYLIFE 255 052, 0.48. 0.34 f1-0.32; Mn 5 P S & EWEH
= IEAG, 5 Zn HREEWREZEFMEIK, FHXRED
24 INEIFRT RTERSEHEXMESH WM 0.36 fi1-0.34; S5 Zn & EEWEE IEAX,
HE 3750, Ca &S Cus Ky Mgy SMZn  MHXRHN0.57. KF P FEMMEIRE (0.72)
TEERFIEMK, M5 Mn SEEREEIME  &&, KN Zo M Cu & (0.69) . Mg #l Cu
Ca Ca *k * sk sk sk sk 1.0
. 0.8
Cu Cu e ® & |
Fe Fe *k k% *k * 04
K K *% . * 0.2
0.0
Mg 0.66 Mg ok ok Hk Hok 02
Mn -0.59 Mn *E G 0.4
P 0.72 P -0.6
S 0.63 S = -0.8
-1.0
Zn 0.69 Zn
Ca Cu Fe K Mg Mn P S Zn

Cxr [ e [RIRIRHIMIA R (P<0.05) FIREE (P<0.01) KT,
“#” and “**” indicate that the correlation reach significant (P < 0.05) and extremely significant (P < 0.01) level, respectively.

3 NEIFRPE RTES

EEXS

Fig.3 Correlation analysis of mineral element content in wheat grains

EE (0.66) .
2.5 INEFFRL Caw Mg, Fe 1 Zn BUEM B
INEFFRIFH P 55 Ca. Mg, Fe fl Zn JE %

R, PH& TR ENILME (P/Cay P/Mg.
P/Fe Al P/Zn) AL, FHIX 4 NICER WA R B
e HIF 2 W40, i EIY NS &/ N2 SRR ERLI

2 MIESHEMERITNEIFN Ca Mg, Fe 1 Zn EMHIERIFNE
Table 2  Effects of N application rate and variety differences on the bioavailability of Ca, Mg, Fe, and Zn in wheat grains
TiH Item P/Ca P/Fe P/Mg P/Zn
No 10.13+0.31a 105.96+2.54a 2.31+0.02a 181.58+4.23a
Nustas 10.57+0.35a 107.14+2.07a 2.31£0.03a 181.60+4.43a
Noo+oo 10.18+0.34a 104.53+1.61ab 2.2740.02a 180.06+4.55a
Niss+i3s 10.19+0.29a 97.96+1.67b 2.28+0.02a 162.07+5.02b
Niso+180 10.16+0.29a 97.60+1.62b 2.28+0.02a 160.82+3.65b
15CA73 9.88+0.24bc 98.68+1.22b 2.28+0.02b 168.16+3.67a
B3 22 Jimai 22 10.41£0.31b 116.81£1.55a 2.26+0.02b 178.83+4.80a
*h# 255 Zhongmai 255 11.30£0.28a 97.21£1.33b 2.36+0.02a 178.61£3.93a
Hi 2% 578 Zhongmai 578 9.38+0.23¢ 98.07+1.71b 2.26+0.02b 167.48+3.71a

RRVNG FRFRAE P<0.05 K P EEREE.

Different lowercase letters indicate significant differences at P < 0.05 level.
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P/Mg. P/Fe I P/Zn {HEAAA FTFEAK, 5 No AbEEAH
Eb, Nisorigo Z0FE T P/Zn fHFFIE (11.43%) 5K,
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KIf¥) P/Ca F1 P/Mg fH = T Hoft i B, Hh 22 578 F1ki
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3 g
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EENFI

WFFEISIZE B, 3 R U it P o A A 1 AR
REHGF-EEREAEZEEN . AR, K
B R i E R L AS TAR RN SRR
H Ca. K. Mg fl P &R T 2 Bl B 3 5
M. Xu RIS, iR &5 A2 BAEH
S S NGRS ST 9 2 B
it B R 2SR R 6 KRR PL KL Cu
M Zn Fon RS BN B ER I,

AARIGH, 4 ARG S5 E] - RN AR AN [ it
AE NIFR EEY TR S EERA—EL X5
AT DGR e &8 S — 350, R ) b [X FfoA f 25 i Aol /N
FHHEET TR SEAEESR, TSI
RO, [Fl—/N2 A TE L AR N R Z e P, T4
FFRL R TR S B T2 5, UL 5 52 3B 4
PRS2 o AT TS R A H i FH AUIE T R = AN [
RGNS AN R ) R B LR S =,
g NDO20gF g —50. AT, B3R &
INEFFRIR Cay K A1 Mg & B HI7E No kb3 T %
X R RS YOG T ek it EUIE 2 5 BUN R R
P. K. Ca. Mg. Fe. Mn. Cu fl Zn & & E &%
RN RTFER 2. Hah, ik 5 ZRAEH
WEERRER B 6 MEX 1 240 NNERFH, K
P T BAE S A, SRS GRS A
TERH 22 57 o ARHIE 7S A A BEARES 2L/ N 22 R KL Mn
SRR, & 49.43 mg/keg, KT Ak Mn BHEFE
K9 32.00 mg/kg, HWFEN BRI 44.00 mg/kg
PATR, DU G fa R3], Hofth 8 Rl R & B
A ARG 2, RIMEYIE H 4 NN
PR, BRI SR T TR AR R
R T RS TR B, AN [F 3 X AR R 22 8T i G
ROBRARKER, B AN TIERHX &8 E

oo AT SN it 26 R e 9L [ 31— 28 43 i B iR R
RURE R, 2 PHRES SUAE Nissass 0B N &0 &w &
EE; AR A, FewMn AT S & &7 Niso+iso
APEN By, T HAR G ER S AR No 0P M A
HoD3R 56 25 Cus Fes S Fl1 Zn &5 7E Nisoriso AL EE R
B, A ITGERTE No A2 N IABEAE; #EY
4% /i Fe. Kl Mn & &7E No 403 F iy, HAht
2 B WALE Nigoriso SO FE LR o

R ERI ORI, AR B ROKRRL
HEREET UK S RA BERW, WiEEET R
EPEH Cay Cus Fe fll Zn & &, BFIKP &&E, X
Mg Fl Mn §2M AR, SRR S RER - R
MM, A B SRR K W82 31 3 it %018 5 51 P
K. Ca fl Mg & & R #F[F{%, Fe. Mn. Zn # Cu
TEEHENIN. AT, AR S AFE
Fi /N R AL Zn & 86 il &1 B OK T Fe
K, 4R Jiang SFERHGEAHRT . % T A&
XNZZRERL Zn S50 U R G R B RN O
KEHFTRS2, R > 2 Z RN,
FAPRL Zn R E B E R T AR A S0, it &
it FH BB R RE 235 G PR Zn IR FE, AW TS5 R
JRIESE 73X — W Ao

A, &/NEMPE Cu. Few Mn. S #l
Zn SR EER A g E; 255 Airp
578 FFRiH Ca £ 2 i it 205 19 0 52 50 6l 5 1 1
By FNE SRR KL Mg A1 P 255 B i &
IR 29D E . B Ca fl K TG AL,
255 MIHRW TR &Y EE .. DEFRFA
[EH B G 3R 2 B0 BUIE IR e SLAE L i B 22 5, AT
A5 ik P R I8 A 1 A R0, T MR S A
AR THEY T EE BT R K & &B1S2, Erenoglu
LR F W, HiEERAE 0~360 kg/hm? i 1] 7 %42
THNE KRR Fe & . ZRIEEBIFERE R I/
Fe & & [ifijiti S0 =3 I 34 0 . Salvagiotti 25535 5
KW, NS uREI R AW REEH, RIFE R E
S &M, SAURER—8. A, W
HHF5EBMEH Mgy Ca. Fe. Zn. Mn fll Cu &&=
it G B 3 I S MG S IR, BIOE b R A i
BB AT K AR R I E B BT R S 2P, H
1 — 5 J0. [l P P ARG it 0 B A 2 B ARG /N 226 R K
AT BT R AR DS,
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T AT AR A EUIE R B S B A
Bai5 YA G AR R m) @, A AL B AR TEAS AT 5T
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7] 76 2 A € /5 oK, 3 HH DA B i T A
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Effects of Nitrogen Application Rate on Major Mineral
Element Content and Bioavailability in Wheat Grains

Wang Yunjiang'?, Wang Yuying', Liu Chang'?, Jing Xueyan'?,
Yang Chen'?, Sun Caixia®, Wang Chunping'?
("College of Agriculture, Henan University of Science and Technology, Luoyang 471000, Henan, China;
2The Shennong Laboratory, Zhengzhou 450000, Henan, China;
3Bo’ai County Agricultural Machinery Technology Center, Jiaozuo 454000, Henan, China)

Abstract To explore the optimal nitrogen application rate for different wheat varieties in various environments
and provide a scientific basis for enhancing the mineral element content in wheat grains, this study used 15CA73,
Jimai 22, Zhongmai 255, and Zhongmai 578 as experimental materials. Five nitrogen application treatments were
established across four environments: Anyang (Henan), Hefei (Anhui), Weifang (Shandong), and Liaocheng
(Shandong). These treatments included no nitrogen application (No), basal application of 45 kg/ha pure nitrogen +
topdressing of 45 kg/ha pure nitrogen at the jointing stage (Nass+4s), basal application of 90 kg/ha pure nitrogen +
topdressing of 90 kg/ha pure nitrogen at the jointing stage (Noo+90), basal application of 135 kg/ha pure nitrogen +
topdressing of 135 kg/ha pure nitrogen at the jointing stage (Ni3s+135), and basal application of 180 kg/ha pure
nitrogen + topdressing of 180 kg/ha pure nitrogen at the jointing stage (Niso+180). The results showed highly and
extremely significant correlation coefficients (P < 0.01) between the contents of elements such as K and P (r =
0.72), and Zn and Cu (» = 0.69) in grains. Compared with the Ny treatment, the N1go+1s0 treatment resulted in the
highest contents of Ca, Cu, Mg, and S in wheat grains at the Weifang site across all environments, with increases
of 11.06%, 10.78%, 0.15%, and 7.83%, respectively. The Zn content at the Weifang experimental site was
highest under the Ni3s+135 treatment, showing a 46.01% increase compared to the Ny treatment. Furthermore,
compared with the Ny treatment, the Nigo+1s0 treatment led to the highest contents of Cu, Fe, Mg, Mn, and S in
Zhongmai 255 grains among all tested varieties, with increases of 2.42%, 3.50%, 1.65%, 4.23%, and 16.10%,
respectively. The Zn content in Zhongmai 255 grains was the highest under the Ni3s+135 treatment, increasing by
13.26% compared to Ny treatment. In summary, increased nitrogen application enhanced the contents of Ca, Cu,
Fe, Mn, S, Mg, and Zn in wheat grains. K content was less affected by nitrogen application, while P content
showed a declining trend. Concurrently, the P/Mg, P/Fe, and P/Zn ratios decreased, further improving the
bioavailability of Mg, Fe, and Zn in the grains. Therefore, the recommended optimal nitrogen fertilizer
treatments for wheat cultivation at the experimental sites are Niss+135 for Anyang, No for Hefei, Nigo+1s0 for
Liaocheng, and Niso+180 for Weifang. Moreover, No is determined to be the optimal nitrogen fertilizer treatment
for 15CA73 and Jimai 22, whereas Nigo+1s0 is optimal for Zhongmai 255 and Zhongmai 578.

Key words Wheat; Nitrogen application rate; Grain; Mineral element; Bioavailability
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