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Effects of soil and foliar applications of Zn on winter wheat grain
Zn concentration and bioavailability

CAO Yu-xian, TIAN Xiao-hong* , YANG Xi-wen, LU Xin-chun, CHEN Hui-lin, NAN Xiong-xiong, LI Xiu-li
( College of Resource and Environment, Northwest A & F University/Key Lab for Agricultural Resources and
Environmental Remediation in Loess Plateau of Agriculture Ministry of China, Yangling, Shaanxi 712100, China)

Abstract: A field experiment with a split plot design was conducted to investigate the effects of different Zn appli-
cation methods (soil application or foliar spray) on grain Zn concentration and Zn bioavailability of 5 winter wheat
cultivars in potentially zinc (Zn)-deficient calcareous soil. The results show that there are little effects of applying
Zn fertilizer on grain yield of wheat, while the grain Zn concentration is significantly increased under certain meth-
ods of Zn application. Compared with the control treatment ( no Zn application) , the grain Zn concentrations are
increased by —6. 1% , 63. 9% and 82. 6% under the methods of soil application, foliar spray and soil + foliar appli-
cation of Zn fertilizers, and the grain Zn uptakes are increased by 3. 6% , 69% and 83% , respectively. The phyt-
ic acid concentrations are decreased by -2.4% , 7.2% and 1. 5% and the phytic acids to Zn molar ratios are de-
creased by =25% , 41% and 44% of the three treatments, respectively, and there are differences of the phytic acid
concentration and the ratio among wheat cultivars. Although the molar ratios of phytic acid to Zn are decreased by
the Zn applications, the ratios are still higher than 20. The soil application of Zn can increase the content of soil
DTPA-Zn significantly, while the effects of the soil application of Zn on grain Zn concentration and biocavailability
are not significant. In conclusion, comparing with the 3 Zn application methods, the foliar application of Zn fertiliz-
er to wheat at the late growth stage (for example, the milk and dough stage) is an economical and effective method

to attain high Zn concentration and bioavailability, and to improve the Zn quality of wheat grain in potentially Zn-
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deficiency calcareous soil.
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Table 1 Effects of different Zn application treatments and genotypes on wheat yield components

T H THE(g) B4 (No. /m”) FRREL (No. /spike)

Ttem 1000-seed wt. Panicles Grains
Xt B8 Control 37.1a 431 a 36 a
4+ Soil application of Zn 36.1 ab 391 a 37 a
B5iE Foliar application of Zn 37.3 a 458 a 32 a
i + W34t Soil and foliar application of Zn 34.5b 436 a 38 a
#HE 151 WF 151 37.2a 403 b 35a
BE 715 S 715 36.0 a 405 b 36 a
= 175 YF 175 35.8a 438 ab 34 a
FH4c 889 XN 889 36.7 a 438 ab 37 a
/ME 216 XY 216 35.5a 462 a 38 a

1 (Note) : £ A HIFER—F H AR AL PEARIALBE (FF) [B]3E4T The multiple comparisons are carried out in different main treatments
and sub-treatments (cultivars), respectively. [F]FHAREFRFERERIE 5% B E KT Different letters in same column mean significant among treat-

ments at 5% level.

R2 ARABEFELENARGHNEZFENZIN
Table 2 Effects of different Zn application treatments on wheat yields of different cultivars

Fhif= & Grain yield (kg/hm?) Hop=R
Trﬁim HBEIST BE7I5S  mFELTS  FRS  ME216 ¥ Increase
WF 151 S 715 YF175  XN889 XY 216  Average (%)
Yt B Control 3804 he 4025 abc 4052 abec 4771 a 3647 he 4060 a
+-Jfi Soil application of Zn 3996 abc 3660 be 4022 abc 4488 ab 4773 a 4188 a 3.16
I5¢ji Foliar application of Zn 3985 abc 4595 ab 3894 abc 4222 abc 4153 abc 4170 a 2.71
+Hi + Wi Soil and foliar applications of Zn 4243 abe 3390 ¢ 4341 abe 3960 abc 4445 ab 4076 a 0.40
{H Average 4007 ab 3917 b 4077 ab 4360 a 4254 ab

1 (Note) : HMA £ 5 B4 HAE =40 BRA S A0 BE R HEAT , HoAB7E A [l 4 38 A] 47 The multiple comparisons of average are carried out in dif-

ferent main treatments and sub-treatments ( cultivars) , respectively, and others are carried out in different treatments. AS[R]ZR&FFRALPEE] 257K 5%

B.E KW Different letters mean significant among treatments at 5% level.
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Fig.1 Effects of different Zn application treatments on Zn concentration in wheat grain
HE(Note) ; B EARFIFEFREPEAEIZERE 5% B3 /KF Different letters above the bars mean significant difference among treatments at 5% level. ]
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Table 3 Effects of different Zn application treatments on Zn uptakes by wheat grain
e TR B Zn uptakes by wheat grain( g/ hm?) B =
3 i > Increase
Treatment B 151 Bk 715 EE 175 FHL 889 /ME 216 ¥E
WF 151 S 715 YF175  XN889 XY 216  Average (%)
X} E& Control 86.8 { 111.2 ¢f  106.9ef 108.9ef 109.3ef 104.6Db
+jifi Soil application of Zn 93.5¢ 91.9¢ 95.1¢ 107.3 ¢f 117.4 def 101.0b -3.6
F5s Foliar application of Zn 161.7 bed 207.8 ab  149.9 cde 172.3 abc 191.1 abe 176.5 a 69.0
+jifi + Wijiti Soil and foliar applications of Zn  194.3 abc 167.5 abc 188.8 abc 185.2ab 218.1a 190. 8 a 83.0
Y{H Average 134.1b 144.6 ab 135.2b 143.4 ab 159.0 a

VE(Note) ; HY(H A2 F 4 WIFE AL T B AL B0 R) 64T , HAZE A [R) AL 31 7] 64T The multiple comparisons of average are carried out in dif-

ferent main treatments and sub-treatments ( cultivars) , respectively, and others are carried out in different treatments. N [R] 56 F R AL PHE] 22 73K 5%

B /K F Different letters mean significant among treatments at 5% level.
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Fig.2 Effects of different Zn application treatments on the concentrations of phytic acid (PA) in wheat grain
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Fig.3 Effects of different Zn application treatments on the molar ratios of PA to Zn in wheat grain
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2.5 HEMNNEWRRETEERHFSENRM
KAFW, LHEPEACA L5 + i e AL b 2 8
i B E R INBEE £ (0—20 em) £ 3% 4 (DTPA -
Zn) {5, 735 LA HER T 167% H1204% 38 % 2. 47
281 mg/kg, BB FH T L IRBE IR FE 0. 50
mg/kg, f AR A RAL T HFAT, BEY
F 1 R Y R BB IR A s HRTAR B [F]
ZFARE . BUGEFALXHHE LEA RS R
AR, KRN 12.3% , FRAEAS ) Flrsd + 58

AHHESEOEE w5, WP 715 M+HIES
WP o R, O 2. 03 mg/kg, ML 175 (1 138H
P& BRAL, O 1.45 mg/ke, §T E W5 E &
40% 2=, LU AR S AN IR Sl AP 4 138
BRESERA -EHEW, TER—BHAREE
FRX R L BB & RN EREA -5,
BIRIA .+ + BUERHEAL R > HHEEEAE > Wi
FERE > X HE

R4 AEEHFLENHELEE(0—20 cm) DTPA-Zn EEHF N
Table 4 Effects of different Zn application treatments on the DTPA —Zn contents in 0 —20cm soil layer

T BEARYL Zn & DTPA —Zn contents( mg/kg)

s
4b 3 IE'
3 »= £ ncrease
Treatment EE 151 Bk 715 WLE 175 PH4 889  /ME 216 ¥IE

WF151 S 715 YF175 XN889 XY216  Average (%)
X F& Control 0.87 d 0.88 d 1.03 d 0.93d 0.89d 0.93 b
+jifi Soil application of Zn 2.56ab 2.73ab  2.20 be 1.3 ed 3.51a 2.47 a 167.0
%K Foliar application of Zn 0.82d 1.02d 1.05d 1.33 cd 0.98 d 1.04 b 12.3
+Hi + WEHi Soil and foliar applications of Zn 3.19 ab 3.52 a 1.50 cd 3.55a 2.32 be 2.81 a 204.0
Y{H Average 1. 86 ab 2.03 a 1.45b 1.79 ab 1.93 ab

1 (Note) : HMA £ 5 B4 HAE =40 BRA S A0 BE R HEAT , HoAB7E A [l 4 38 A] 47 The multiple comparisons of average are carried out in dif-

ferent main treatments and sub-treatments ( cultivars) , respectively, and others are carried out in different treatments. AS[R]ZR&FFRALPEE] 257K 5%

B /K F Different letters mean significant among treatments at 5% level.
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FAIEE IR LU R RS R B/ N SR B RAE T-hi
PERAEMA RS IRZ — o AE TSR+
W + W A A 2 B 4 E R A R 5 BRI BE R LE
1B , BI85 35 44% 1 40% ,3X 5 Erdal 262 g BF 5T
FER—3; {8 d i B T A B I BE R LERUR A
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