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Effects of fertilization on wheat yield and processing quality
under water-saving irrigation mode

WU Qiang,ZHANG Yongping, XIE Min,GAO Feiyan,ZHAQO Zhiwei

(College of Agronomy , Inner Mongolia Agricultural University , Huhhot , Inner Mongolia 010019, China)

Abstract: [Objective) This study aimed to explore the fertilizer application rates to obtain high yield,
high quality,and water-saving wheat in the Hetao Irrigation District. [Method) In Wuyuan County,Bayan-
nur, Inner Mongolia, the medium-strong gluten wheat variety Yongliang 4 was selected for a five-level com-
pletely random block test of phosphorus and nitrogen in field. Through variance analysis,correlation analy-
sis and regression analysis,the effects of phosphorus and nitrogen application on agronomic traits at flow-
ering stage, yield, and primary and secondary processing quality of wheat in the water-saving irrigation
mode were studied. The amount of fertilization integrated with high quality and high yield under the water-
saving irrigation model of wheat in this region was determined. [Result] With the increase of phosphorus

application rate and nitrogen application rate, most morphological indicators (stalk thickness, flag leaf
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length, flag leaf width,flag leaf area and leaf area per plant),group indexes (leaf area index and dry mat-
ter) ,and photosynthetic physiological indexes (SPAD and net photosynthetic rate ) of wheat at the flower-
ing stage showed the trend of increasing first and then decreasing. The yield of wheat increased first and
then decreased with the increase of phosphorus and nitrogen application. The primary and secondary pro-
cessing quality of wheat showed a linear increasing trend with the increase of nitrogen application, but it
firstly increased and then decreased with the increase of phosphorus application. The effect of phosphorus
application,nitrogen application and their interaction on wheat yield and processing quality were in the or-
der of nitrogen application > phosphorus application >>nitrogen and phosphorus interaction. There was a
very significant positive correlation between wheat grain yield and protein content. Appropriately increasing
amount of fertilizer can simultaneously increase wheat yield and quality. Under the water-saving irrigation
mode, the recommended high-quality and high-yield phosphorus application (P,0O;) rate was 66.2—72.5
kg/hm?,and the nitrogen application (pure N) rate was 181. 7—193. 3 kg/hm?*. Compared with convention-
al fertilization application of farmers, this fertilization mode reduced phosphorus application by 44. 3% —
49.1% and nitrogen application reduces by 19. 5% —24. 3% , while increased yield by 12. 4% and protein

yield by 15. 7%. [Conclusion) The rational combination of phosphate fertilizer and nitrogen fertilizer was

beneficial to the synergistic improvement of wheat yield and quality.

Key words: wheat cultivation; water-saving irrigation; fertilization application; wheat yield; Hetao Irri-

gation District
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Table 1 Agronomic characteristics of wheat at flowering stage under different
phosphorus and nitrogen application rates
X -4t " FYFT/  ERAERE/
iy - . , - , o it o WAL
# g BRE/em  EHUem o BORK /e BEORSE om OB om? ﬁﬁ v i QR % (kg ;  Cumol e
* = Plant Stem Flag leaf Flag leaf Flag leaf nie (SPAD) hm~?2) s—h
P N . . : Leaf area . Leaf area .
height thick length width area Chlorophyll . Dry Photosynthetic
of per plant index
content matter rate
NO 58.6 ¢ 0.23 ¢ 15.9 ¢ 0.8 a 10.43 b 35.97 ¢ 33.04 ¢ 3.53 ¢ 8943.2 d 10.2 ¢
N1 60.2 ¢ 0.27b 17.9 b 0.8 a 11.74 b 38.43 b 44,14 b 3.69 ¢ 9078.3 ¢ 13.3 b
Po N2 65.3 b 0.30 a 19.4 a 0.9 a 14.32 a 42,13 a 44,91 b 4,38 a 9770.7 b 15.0 a
N3 69.6 ab 0.32 a 20.4 a 0.9 a 15.06 a 46.19 a 51.82 a 4,75 a 10841.4 a 16.7 a
N4 72.4 a 0.26 b 18.8 ab 0.8 a 10.79 b 37.52 b 50.04 a 4,23 b 9230.7 ¢ 15.8 a
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& 1(&) Continued table 1

wior TRy IO REREE)

W o e /em M /em MK /em HERFSE/cm VAL cm? i em? = (m? +m—2) <k§' (#mf’llm L
P Pl.ant St.cm Flag leaf Flag leaf Flag leaf Leal area (SPAD) Leal area hm~?2) s h
height thick length width area of per plant Chlorophyll index Dry Photosynthetic
content matter rate
NO 60.7 ¢ 0.27 ¢ 16.8 d 0.8 a 11.02 ¢ 36.06 ¢ 37.97 ¢ 3.13d 9005.4d 12.0 ¢
N1 64.4 b 0.29 be 17.5 ¢ 0.8 a 11.48 be 36.55 ¢ 46.42 b 3.66 ¢ 9853.4 ¢ 14.1¢
Pl N2 69.1a 0.31b 19.3 ab 0.8 a 12.66 b 43.25 b 49. 26 ab 4.57 b 10 413.2 b 17.0 b
N3 71.7 a 0.34 a 21.0 a 0.9a 15.50 a 50.99 a 52.37 a 5.49 a 11 340.5 a 19.0 a
N4 72.2 a 0.28 ¢ 18.4'b 0.8 a 10.56 ¢ 40. 26 be 51.39 a 4,40 b 10 513.2 b 17.9 a
NO 64.5d 0.25 ¢ 14.8 ¢ 0.8 a 8.50 ¢ 32.90 d 37.69 ¢ 4,04 d 9764.3d 12.4 d
N1 70.0 ¢ 0.28 b 15.6 ¢ 0.8 a 10.23 b 36.93 ¢ 49.52 b 4,33 ¢ 10 552.1 ¢ 14.5 ¢
P2 N2 72.9b 0.31 a 17.8 b 0.8 a 11.68 b 42.03 b 50.43 b 4.61b 11624.9 b 17.8 b
N3 73.4b 0.32 a 20.1a 0.9 a 13.19 a 47.09 a 53.21 a 5.30 a 12 348.2 a 20.3 a
N4 77.3 a 0.30 ab 19.5a 0.8 a 11.19 b 40.62 b 50.72 b 4.84b 10 564.7 ¢ 18.5 ab
NO 63.2 ¢ 0.26d 15.2d 0.8 a 8.72.d 34.48 ¢ 32.61 ¢ 3.42 e 9734.1¢ 13.8d
N1 70.3 b 0.29 ¢ 16.3 ¢ 0.8 a 10.69 ¢ 40.72 b 49.45 b 3.99d 10 234.4 ¢ 15.1¢
P3 N2 71.5 ab 0.33 a 18.7 ab 0.9 a 12.27 b 42.42°b 49.66 b 4,76 b 11 875.7 b 18.5 b
N3 72.8 a 0.35a 19.1a 0.9 a 14.10 a 48.09 a 52.29 a 5.65 a 12 854.6 a 21.6 a
N4 73.1a 0.31b 18.4 b 0.8 a 12.07 b 40.16 b 50.26 b 4.36 ¢ 11 946.6 b 18.7b
NO 62.2d 0.26 b 14.3 ¢ 0.8 a 9.38 ¢ 32.73 e 35.43 ¢ 3.31d 9702.8 ¢ 12.8d
N1 68.5 ¢ 0.28 b 15.7 ¢ 0.8 a 10. 30 be 35.78d 47.44 b 3.97 ¢ 9 976.5 ¢ 14.6 ¢
P4 N2 72.2b 0.32 a 17.4 b 0.9 a 11.41b 39.08 b 48.23 b 5.36 b 10 487. 4 be 17.7b
N3 72.3b 0.33 a 19.5 a 0.9a 14.39 a 45.58 a 52.06 a 5.24 a 12 118.8 a 20.8 a
N4 75.6 a 0. 30 ab 17.8 b 0.8 a 10. 22 be 37.07 ¢ 51.01 a 4.50 b 10 988.1 b 17.6 b
S Mean 68.7 0.29 17.8 0.8 11.68 40,12 46. 85 4,34 10 550.5 16.2
ERFEBU % CV 7.70 10. 29 10. 34 8.49 16.18 11.98 13.55 15.45 10.45 18.23
HERBR 0.439* 0.403* 0.622** —0.002 0.388 0,441~ 0.525% % 0,518 * 0. 304 0.458*

TE ARG R BURAFRLEE A BUE B S A OCR Z ORI A C R . * B+« 53] 327K 2 3 (P<C0. 05) I 2 35 (P<<0. O A G, [/ — 8ok
P4k T RS B SR AR AR [ /NS TR 3 A B i 22 7 2% (P<C0. 05)

Note: Correlation coefficients are between grain protein content and related agronomic traits. “ * ” and “ % *
g p g

”

indicate significant (P <C
0.05) and extremely significant (P<C0. 01) correlation, respectively. Different lowercase letters indicate significant differences be-

tween nitrogen treatments at same phosphorus level (P<C0. 05).
2.2 B ERMNEFERAMBEERNZMN RWEK 2 Piw.
A ) it B R i 0 T N A 6 7 B R HCAR i A
R2 FREHRENVEEETINENTEREMEEE

Table 2 Yield and its constituent factors of wheat under different phosphorus and nitrogen application rates

Ab 3 K L/ (X10* « hm™?) Tk 4 TR /g Feit/ (kg » hm™2)
Treatment Level Spikes Grains per spike 1 000-grain weight Yield
PO 746.98 b 30. 56 ¢ 30.56 a 5217.5d
P1 753.96 b 32.56 a 31.70 a 5 834.5 be
P P2 766. 42 ab 31. 46 abc 32.16 a 6 128.6 a
P3 802. 68 a 31.94 ab 31.66 a 6 087.3 ab
P4 772.16 ab 31.10 be 31.46 a 5678.0 ¢
NO 672.58 ¢ 27.46 d 31.10 be 4320.2d
N1 752.72 b 30.32 ¢ 33.22 a 5548.6 ¢
N N2 814.44 a 32.52 b 30.12 ¢ 6194.7 b
N3 826.18 a 33.80 a 30. 66 ¢ 6 600.2 a
N4 776.28 b 33.52 ab 32.44 ab 6 282.2 b
) P 4,70 3.53" 2.08 23.86" "
5 N 37.73* " 42,12 9.94** 143.52*

Source of variation
PXN 1.17 2.96" " 6.05** 2.80" "

W W — 3220 b B F W90 B0 5 AR A /NG B R A B A) 25 5 3 (P<T0. 05) % | » * 22 BIRR IR XA R B Mok B (P<
0. 05) FI g i Z (P<<0. 0D m, FIA,

”» ”

Note:; Different lowercase letters indicate significant differences between treatments for same nutrient (P<Z0.05).“ * ” and “ * % ” indicate

significant (P<C0. 05) and extremely significant (P<C0. 01) effects of nutrients on related agronomic traits. The same below.
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Table 3 Primary processing quality of wheat under different phosphorus and nitrogen rates
T KT FT T HE/ (e L D) A7
Treatment Level Content of protein Test weight Flour extraction
PO 15.40 a 801. 87 a 72.73 a
P1 15.99 a 801.93 a 73.00 a
P P2 15.73 a 800. 80 a 72.60 a
P3 15.38 a 805.47 a 73.33 a
P4 14.40 b 802.47 a 72.93 a
NO 14.06 ¢ 796. 27 a 72.60 a
N1 15.24 b 802. 60 a 73.07 a
N N2 15. 64 ab 805.93 a 73.00 a
N3 15. 80 ab 800. 80 a 73.07 a
N4 16.15 a 806.93 a 72.87 a
e P 5.49" " 0. 26 0.79
AR B 3l Y
S()urii;\%adi:ation N 9.807" 152 0.39
PXN 3.04° 0.89 0.52
A5 SR E 0 CV 8.01 0.91 0.71

HY ¢ 3 ], it W e R it R M H VR X R
Jo 5 R AR R T 28 TR At S5 K B R (R Y
TG W 25 AU b O B 2 S T
JE B, F P1 Ak 8 B R MH L i w5 Ab 38 P1
P2 R BN B (PO) &b B 43 B 3 in
2. 10 3. 8% , MM jifa s b #E P3 P4 25 4 I & A
it g (PO &b B3 SRR 0. 1 %0 F1 6.5 %, 3 W3 FT 44
Jita 5 A T DA R N 2 R R 1T A e 9 A
pNUIURS S & A S Wil =7 b R 75 2 N
JE BRI P ek i A il 2R A 1 G 2 e M B T a #
N1.N2 N3, N4 &b () 8 107 & & 88 il 2 Ak 3
(N R R 8. 4% ,11. 2% ,12. 4% Fl 14. 9% , 3
A 348 i R0 6 R R S AR T R A A, B —
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BT 7 — U0 T i s 30 e A )l e R A L
208 ROt i 2 A /N 22 000 T B 2 T

Tit 20 X I AT I ) N T T R ) £
5 O K B ARORER L A T O T A
Jot 45 o I Tl 0 A ) 39 B R O v A A it Ak
HUNO (1925 250 U T i o 249 3% B R A AR T A K
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Table 4 Secondary processing quality of wheat under different phosphorus and nitrogen rates
N / [ifzik b T AE L
145 Vi £ Wz 7K 3/ Y . . o . e . , ) ) , 15 ik
R WK/ R min DOEE/mL RO em? M /mm AU
Ab 3 IK S SE/ % Water . K . . fHA1/E. U
Dough Dough Sedimentation Extensibility Dough .
Treatment Level Wet gluten absorb . .. Maximum
stability development value area malleability ;
content rate . . resistance
time time
Po 32.37 a 62.26 a 7.41 ab 4.73 a 44,40 a 104. 53 be 183.13 b 367.27 ab
P1 33.71 a 62.23 a 8.65 a 4.92 a 46,32 a 105. 73 abce 190. 20 a 342.33 b
P P2 33.07 a 62.33 a 8.97 a 4.89 a 46.52 a 114.53 a 186. 67 ab 394. 87 a
P3 32.39 a 62.57 a 7.86 ab 4.87 a 44,17 a 109. 07 ab 182. 47 be 406. 73 a
P4 30.07 b 61.79 a 6.95 b 4.17 b 40.42 b 98.07 ¢ 176.47 ¢ 345.07 b
NO 29.22 ¢ 61.13 b 5.64 ¢ 3.74 ¢ 39.07 ¢ 97.20 b 175.93 b 306.93 b
N1 31.94 b 62.03 a 7.70 b 4.52 b 43.27 b 105. 47 ab 185.00 a 333.00 b
N N2 33.01 ab 62.78 a 8.18 ab 5.04 ab 45. 35 ab 107.87 a 184.33 a 392.73 a
N3 33.40 ab 62.89 a 8.74 ab 5.01 ab 46.48 a 110.40 a 186. 80 a 406. 27 a
N4 34.05 a 62.35 a 9.58 a 5.27 a 47.67 a 111.00 a 186.87 a 417,33 a
25 Sk A P 5.29* 0.82 2.45 3.18" 5.417%* 4,11~ 5.29"* 3.52"
Source of N 10. 07"~ 5.05%” 7.57* 11.9*~ 10,27~ 3.49* 4.13* " 9.88"
variation PXN 3.08% " 0.72 3,14+ 1,48 3.25% % 1. 42 3,18~ 1.03
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FEROIN TR BRI AL 25 o 8 H o i S /N AR = i
A7 A8 B I 35 IR A 5 O 2+ 32 WL >4 1 i 20 A A
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Table 5 Correlation between wheat yield, protein content and grain quality indicators
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Fig.1 Response surface of phosphorus and nitrogen application rate with wheat grain yield (left) and protein yield (right)
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