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Combined application of formula, zinc, and sulfur fertilizers to improve the yield and grain quality of wheat
YUAN Man—-man, WU Gang, GENG Wei, WANG Jia—bao, JING Yu—dan, SUN Yi-xiang"

(Key Laboratory of Nutrient Cycling, Resources and Environment of Anhui/Institute of Soil and Fertilizer, Anhui Academy of Agricultural
Sciences, Hefei 230031, China)

Abstract: To investigate the effects of combined application formula, zinc, and sulfur fertilizers on yield and grain quality of wheat, two
field experiments were performed in the Xi’erpu and Huting villages, the main growing areas of winter wheat in the Anhui Province. The ex-
periments included usual farmer’s practices, application of different formula fertilizers, and application of combined formula, zine, and sul-
fur fertilizers. The results showed that compared with the farmer’ s usual practices, the use of formula fertilizers significantly increased
wheat yield, and the combined application of zinc and sulfur fertilizers provided the highest yield. Therefore, the economic benefit of wheat
was the highest under the treatment with combined formula, zinc, and sulfur fertilizers. Similarly, compared with the farmer’s usual practic-
es, applying this combination of formula, zine, and sulfur fertilizer increased the partial productivity of nitrogen, phosphorus, and potassium
in wheat on average by 35.0%, 107.0%, and 99.1%, respectively. Meanwhile, the content of zinc and the accumulation of zinc and sulfur in
the wheat grain increased upon use of zinc, sulfur, and formula fertilizers. However, they had no obvious effect on sulfur content, protein
and its components content, and starch and its components content in the grains. However, the glutenin to gliadin ratio had a general in-
creasing trend, and amylase to amylopectin ratio had a general decreasing trend under the treatment of combined zinc, sulfur, and formula
fertilizers compared with farmer’s usual practices. The results suggested that the wheat quality increased with the application of zinc and
sulfur fertilizers. Therefore, in areas with low soil zinc and sulfur content, the combined application of formula, zinc, and sulfur fertilizers
could improve the wheat grain yield and quality.
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Table 1 Soil physical and chemical properties of the experiment site

M AL TR A AR AR AR EERL T
S'ltm pH Organic matter/  Hydrolyzable nitrogen/ Olsen—P/ NH.OAc-K/ DTPA~Zn/ Available sulfur/
N g-kg mg-kg mg-kg mg-kg mg-kg mg-kg
T4 4l Xi erpu village  6.95 19.7 116 19.2 78 0.34 5.88
BT F Huting village 6.89 19.8 121 20.3 84 0.36 7.69
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R FRSMEFIR-HE37E5-F4H

Rz 2 KIS IEFAHEARIE S (kg-hm™)

Table 2 Fertilizer application in different trealments(kg- hm™)

= .
ﬂsl»_j; ‘tf\ 'l‘r(ﬁfiﬁ *(ide %:Iifizzf Form flﬂaj?eﬂr%]izer )I?rj:l S@Ef;/fr ZnS0-TH.0 Fert?ﬁfiz)fn%node N P:0s K0
[ty o) T15-15-15-N KRB (CK) 750 450 0 0 — WA it 216 1125 1125

Xi'erpuvillage 195 g 19 [ 750 0 0 0 VR 1875 60 75
T25-18-7 i 7 e 750 0 0 0 — WA it 187.5 135 525

T27-8-10-Zn-S i J7 IE+EENE+A7RIE 750 0 15 15 — WA it 2025 60 75
T A T15-15-15-N LR H(CK) 750 225 0 0 JREZE N 150 216 1125 1125

Huting village BRI 75

T25-18-7 fic 7 e 750 0 0 0 — st A 187.5 135 525

T27-8-10 it 5 JIES 750 0 0 0 — Y 2025 60 75

T27-8-10-Zn Ty I+ A 750 0 0 15 — it A 202.5 60 75

T27-8-10-S e 7 e+ I 750 0 15 0 — UMt A 2025 60 75

T27-8-10-Zn-S it J7 AE-+45 HE+47 A 750 0 15 15 — Uit AT 202.5 60 75
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Table 3 Yield and its composition of wheat under the treatments of combined applying formula, zinc and sulfur fertilizers

WA 3T ik A G TR THE
Site Treatment  Yield/kg-hm™  Numbers of effective ears/10*+hm™ Seed setting rate/% Grain number per car 1000-grain weight/g

P Ak TI5-15-15-N  4973.3+287.0¢ 393.5:23.1c 93.120.8a 33.4+0.2a 35.7+1.0a
Xi'erpuvillage 158 10 5997.3+360.9h 651.0+68.4b 94.2+0.6a 34.3+2.8a 37.5+1.5a4
T25-18-7  6769.1:447.4a 635.0+35.3b 91.0+3.8a 35.142.8a 36.3+0.5a
T27-8-10-Zn-S 7 060.8+97.9a 823.8+18.1a 92.2+2.8a 33.12.5a 37.12.2a
WITK  TI5-15-15-N  6400.8+127.1d 618.3+14.0a 94.4x1.3a 30.2:0.8b 36.7+1.3ab
Hutingvillage 75 187 6452.3:94.1cd 633.7+35.9a 93.3+2.6a 35.1+1.5a 36.9+0.9ab
T27-8-10  6471.3142.2cd 645.7+15.2a 94.8+1.0a 35.9:1.2a 33.6+2.3b
T27-8-10-Zn 6 873.0+331.0b 632.3+6.9a 96.5:1.6a 34.8:13a 36.7+2.9ab
T27-8-10-S 6 761.8+81.5he 613.6:43.4a 95.2+2.6a 34.6+1.4a 35.3:+1.8ab
T27-8-10-Zn-S 8 087.8+227.5a 676.3:116.5a 94.2+0.1a 35.141.9a 37.7+1.3a

TE R EUE N A AR 22 (n=3) , RIS [ — b i A [R) B R 22 5 .2 (P<0.05) . Rl

Notes: Date is Mean=SD(n=3). Different letters in the same column for the same site indicate significant differences at the 0.05 level. The same below.

4 B REEFIEAFEIEX /N E TS R BIRE S BIR M0
Table 4 Nutrient accumulation and partial factor productivity of wheat under the treatments of combined applying formula, zinc

and sulfur fertilizers

bk is: | #3750 FL B Aboveground nutrient accumulation/kg-hm™  {i£E = 47 Partial factor productivity/kg kg™
Site Treatment N P K N P,0;s K0

7 ikt T15-15-15-N 159.0+3.4c 38.9+4.2¢ 212.4+0.9¢ 23.0:13c  442+2.6c  44.2+2.6d

Xierpu village T25-8-10 184.6+8.3b 41.6+8.3be 238.329.4be 32.0:1.9b  100.0£6.0b  80.0+6.0c

T25-18-7 212.249.7a 54.39.7ab 271.7+24.1a 361252 50.1+35¢  128.9+3.5a

T27-8-10-Zn-S  210.6+11.0a 50.2+5.2a 264.6+19.3ab 34.9+0.5ab  117.7+1.6a  94.1=1.6b

AT A T15-15-15-N  199.7+9.0be 57.1+3.7a 260.9+27.5b 29.6:0.6d  569+1.1d  56.9+l.le

Huting village T25-18-7 189.9+2.0¢ 52.2+11.7a 294.5+4.4ab 344+05h  47.8+07¢  122.9+1.8a

T27-8-10 194.1+8 3¢ 46.8+4.1a 259.2+17.1b 320£07¢  107.9+24c  86.3+1.9d

T27-8-10-Zn 211.7+8.0b 55.8+9.5a 295.2+11.7ab 339+1.6b  114.6+55b  91.6+4.4c

T27-8-10-S 213.314.9b 55.5+5.1a 311.7+47.1a 334+04be  1127+14be  90.2+1.led

T27-8-10-Zn-S  246.4%2.1a 57.4+5.9a 292.5+9.0ab 39.9+1.1a 1348382  107.8+3.0b

301 P4 —HA Xi” erpu village _ia_ 351 WHTA Huting village
T b I T Tap L a
£ 25f T ab s - a a
. —— T : ab a
g J_ 1 \%D 25k —I— T _I_ Ew CIo _I_
Z 2071 z
g £ 20f
H L =
S b S 151
2 2
< 10} S i
1 = 10
& st 1
# g >
0
0 T15-15-15-N T25-8-10 T25-18-7 T27-8-10-Zn-S T15-15- T25-18-7 T25-8-10 T27-8- T27-8- T27-8-
15-N 10-Zn 10-S  10-Zn-S
Kb Treatment b3 Treatment
ANRING FBE RN b PR 2% 5 o # (P<0.05) . Rl

Different letters indicate significant differences among treatments (P<0.05). The same below

B 1 EEAREEERTAL MR NE AR S E MR

Figure 1 Zinc contents of wheat grain under the treatments of combined applying formula, zinc and sulfur fertilizers
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Figure 2 Zinc accumulation of wheat grain under the treatments of combined applying formula, zinc and sulfur fertilizers
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Figure 3 Sulfur contents of wheat grain under the treatments of combined applying formula, zinc and sulfur fertilizers
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Figure 4 Sulfur accumulation of wheat grain under the treatments of combined applying formula, zinc and sulfur fertilizers
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Table 5 Protein and its components content of wheat grain under the treatments of combined applying formula, zinc and sulfur fertilizers

b sl BT HEN BRI JiE 1 I AL

Site Treatment Protein/% Albumin/% Globin/% Gliadin/% Glutenin/%  Glutenin to gliadin ratio

[ifptsi:r oy T15-15-15-N 12.28+0.43a 2.00+0.09a 2.47+0.18a 3.75+0.20a 4.05+0.37b 1.08+0.05b

Xi"erpu village T25-8-10 13.06+0.30a 2.08+0.07a 2.17+0.06b 3.99+0.05a 4.81+0.34a 1.21+0.08a

T25-18-7 13.00+0.70a 2.04+0.09a 2.17+0.06b 4.00+0.29a 4.79+0.39a 1.20+0.01a

T27-8-10-Zn-S  13.1920.47a 1.99+0.12a 2.16+0.10b 4.0420.24a 5.00+0.38a 1.2420.04a

IR T15-15-15-N 11.66+0.18h  1.88+0.05ab  2.22+0.01hc 3.55+0.09h 4.0020.13b 1.1320.04b

Huting village T25-18-7 13.04+0.42a 1.97+0.17a 2.40+0.07a 3.95+0.03ab 4.71+0.30a 1.19+0.07ab

T27-8-10 12.25+0.36ab  1.9320.05ab 2.19£0.13¢ 3.69£0.12ab  4.43+0.21ab 1.20£0.07ab

T27-8-10-Zn  12.70+0.4lab  1.86%0.06ab  2.2740.06bc  3.88+0.19ab 4.6920.33a 1.2120.04ab

T27-8-10-S 13.02+0.91a 1.7720.11b 2.25+0.10bc 4.0320.34a 4.97+0.36a 1.2320.02a

T27-8-10~Zn-S  12.79+0.23ab  1.97+0.04ab  2.3620.06ab  3.86=0.11ab  4.61x0.10ab 1.19£0.02ab

Fo BAREEREFFEIRNEFIENREASSE

Table 6 Starch and its components content of wheat grain under the treatments of combined applying formula, zinc and sulfur fertilizers

Hh A Qb3 EHETEN SCHEVERY TEH B/

Site Treatment Amylase/% Amylopectin/% Starch/% Amylase to amylopectin ratio
75—l T15-15-15-N 18.72+0.84a 47.2020.71b 65.92+1.34a 0.40+0.02a
Xierpu village T25-8-10 17.79+0.52a 48.04+0.80ab 65.8320.77a 0.36:0.01b
T25-18-7 17.56+0.51a 48.13+1.19ab 65.69+1.16a 0.36+0.02b
T27-8-10-Zn-$ 18.22+0.95a 49.06+0.29a 67.28+1.23a 0.37+0.02ab
LIRS T15-15-15-N 17.76+0.67a 46.89+1.02a 64.66x1.48a 0.38+0.01a
Huting village T25-18-7 18.30+0.43a 47.21%2.14a 65.51+2.46a 0.39+0.01a
T27-8-10 17.46+1.10a 46.76+1.64a 64.23+1.42a 0.37+0.03a
T27-8-10Zn 17.81+0.25a 47.69+1.31a 65.50+1.26a 0.37+0.01a
T27-8-10-S 17.44:0.39a 46.98+0.33a 64.42+0.23a 0.37+0.01a
T27-8-10-Zn-S 17.21:0.78a 47.34+0.78a 64.55+1.52a 0.36+0.01a

%7 B IEEMERIEMSEIEAE/NEZFFRELRE (OT-hm™?)

Table 7 Economic benefit of wheat under the treatments of combined applying formula, zinc and sulfur fertilizers (yuan+hm™)

AT BB 2R

l’@ﬁ - pisel , Hllf’ﬁﬁ'l‘*% Labour charge and é’%‘l}fiﬂ'{%& . J%ﬂﬂ‘ﬂ. L‘Iﬁ'l‘lﬂS—lS—lS—NjﬁA‘iHﬁl
Site I'reatment Fertilizer price mechanical cost Economic benefit Net profit Increase income than T15-15-15-N
P AR T15-15-15-N 2595 750 4476 1131 —
Xierpuvillage 75519 2800 750 5398 1848 717
T25-18-7 2 800 750 6 092 2542 1411
T27-8-10-Zn-S 2950 750 6355 2655 1524
T T15-15-15-N 2595 1200 5761 1 966 —
Huting village 5187 2800 750 5807 2257 291
T27-8-10 2800 750 5824 2274 309
T27-8-10-7Zn 2950 750 6186 2486 520
T27-8-10-S 2950 750 6086 2386 420
T27-8-10-Zn-S 3100 750 7279 3429 1463

1 2018 4R Mg At /INAZ SE S W AN 45 1.8 G - kg™, IR A T15-15-15-N 3B JE L 2% 450 J6 - hm ™, JRZE (N) 4% 2 200 JG -7, N/P,0s/K,0=15: 15
15 A7 ARHHS 2 10076 -0, Hofth it 7 NE A% 2 800 7T -t it BENE ANBRNE 4% 2554 150 78 - hm ™,

Notes: Average wheat price was 1.8 yuan - kg™ in 2018. Labor charge was 450 yuan + hm™ for top dressing. Urea price was 2 200 yuan - t"'. Formula
fertilizer price was 2 100 yuan -t for N, P.Os and K,O all containing 15%. The other formula fertilizer price was 2 800 yuan-t". The price of zinc and sulfur
fertilizers application in the experiment was both 150 yuan«hm™.
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i 71 B A 423K 50% (1) FH T Fors AR 2 1 40 (0 B b i
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it 0 AE & J v B R R AR R B MR AR S
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