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Effects of annual nitrogen fertilization on yield structure and
photosynthetic characteristics of flag leaves in ‘Taishan 28’

LV Guangde, SUN Xianyin, SUN Yingying, QI Xiaolei, WU Ke, QIAN Zhaoguo"

(Wheat Research Institute of Tai’an Academy of Agricultural Science, Tai’an 271000, China)

Abstract In order to clarify the effects of annual nitrogen fertilizer operation on the yield composition and flag leaf
photosynthetic characteristics of wheat in Shandong Province. Using corn ‘Zhengdan 958’ and wheat ‘Taishan 28” as
materials, annual field nitrogen fertilizer operation experiment was conducted in the growing season of 2016 — 2018.
Three nitrogen application levels were set for maize: 113 (E;), 181 (E,) and 249 kg/hm? (E;), and four nitrogen
application levels were set for wheat: 90 (F;), 135 (F,), 180 (F;) and 225 kg/hm? (F,). The SPAD value,
transpiration rate ( T,), stomatal conductance (C;) and net photosynthetic rate (P,) of ‘Taishan 28’ leaf were
determined and analyzed under different nitrogen fertilizer operation conditions, and the effects of annual nitrogen
operation on the grain yield and yield composition of ‘ Taishan 28" were analyzed. The results showed that when maize
nitrogen application rate was E; , SPAD, T,, C;, P, and yield composition of ‘ Taishan 28’ flag leaf increased with the
increase of wheat season nitrogen application rate, and the difference of wheat nitrogen application rate was
significant. Under the nitrogen application rates of both E, and E;, SPAD, T,, C;, P, and yield components of
‘Taishan 28’ flag leaf all increased first and then decreased with the increase of nitrogen application in wheat season.
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The two-year results showed that the average yield of ‘ Taishan 28’ under E, F5 treatment was 9 453. 15 kg/hm?,

which was 24.56 % higher than the minimum nitrogen fertilizer operation. Through path analysis, it was found that the

spike number, grain number per spike and 1 000-grain weight under the annual fertilization mode had a more significant

influence on the yield of ‘Taishan 28" than other fertilization modes. In conclusion, the nitrogen application amount of

181 kg/hm? in maize and 180 kg/hm’ in wheat season were reasonable nitrogen application under the planting

conditions of ‘Taishan 28" anniversary.

Keywords nitrogen fertilizer; wheat; Taishan 28; photosynthesis; yield
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Table 1 Soil nutrient content before maize planting in 2016 and 2017

Ay +JZE/cm 2%/ (g/kg) B/ (mg/ke) B/ (mg/kg)
Year Soil profile Total N Available P Available K
0~20 1.65 28. 36 111.43
2016
>20~40 0.97 5.39 83. 54
0~20 1. 64 27.59 112. 22
2017
=>20~40 0. 89 4.97 76.69
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x2 ER-DERAFERREENNE R 28 FERTEMMBIZIT

Table 2 Effects of annual nitrogen fertilization on yield and yield structure of ‘Taishan 28’

. e A/ — T F‘Ei/‘ R 3 ﬁﬂﬂflét%ﬁ
Vear Treatment (10" /hm®*) (NS - (kg/hm?®) R/ (kg/kg) iR
SN Yield NUE NHI
E F 555.3 f 33.51i 42.03 i 7 518. 60 j 83.54 ¢ 0.82 ab
EF, 570.2 e 34.0 hi 43.12 hi 7 802.40 i 57.80 f 0.82 ab
E F, 591.3 cd 35.8 elg 45.06 efg 8 337.15 1 46.32 i 0.83 a
E\F, 594.6 cd 36. 4 def 45.68 def 8 434.35 f 37.49 k 0.81 ab
E.F, 581. 4 de 34. 6 ghi 44.09 gh 8 000.70 h 88.90 b 0.82 ab
E.F, 618.5 b 37.6 bed 46.56 cd 8 722.05 d 64.61 e 0.80 cd
2016 E,F, 633.9 a 39.6 a 48.85 a 9 376.95 a 52.09 g 0.72 f
2017 E.F, 624.2 d 38. 2 abc 47.03 bed 8 885.85 ¢ 39.49 j 0.79d
E;F, 588.3 cd 35.2 fgh 44,51 fgh 8 119.35 g 90. 22 a 0. 83 ab
E;F, 629.1 ab 39.1 ab 48.16 ab  9185.55 b 68.04 d 0.75 e
E,F, 626.0 ab 38.5 abc 47.53 abe 9 079.35 b 50. 44 h 0.76 e
E,F, 599.1 ¢ 37.2 cde 46,15 cde 8 579.10 e 38.13 k 0. 81 be
R ey o4 Fr 44 047.71" 214 581.87" 3690.14™ 96 633.03" 101 364.99"  587.44"
Test of significance  Fp 2.840.34™ 18 793.77" 1447.29" 81 484.64 299 718.23"  302.76"
(F-value) FeXFr 419.917 2957.79°  221.717 11 194.98" 9 857.44™ 198.10
E F, 557.6 d 33.71 42.55 i 7 659. 60 85.11 ¢ 0.78 ab
E F, 572.9 cd 34.1 hi 43.72 h 7 971.90 i 59.05 f 0.78 ab
E F, 594.9 b 36.0 efg 45.55 fg 8 463.45 f 47.02 i 0.80 a
E\F, 597.2 b 36. 4 def 46.29 ef 8 667.30 e 38.52 k 0.78 ab
E.F, 584. 3 be 34.7 ghi 44.61 gh  8162.40 h 90.69 b 0.79 ab
E.F, 620.9 a 37.8 bed 47.15 cde 8 950.20 ¢ 66.30 e 0.77 be
2017— E.F, 636.8 a 39.8 a 49.42 a 9 529.35 a 52.94 g 0.70 f
2018 E.F, 626.9 a 38. 4 abc 47.62 cd 9 049.35 ¢ 40. 22 j 0.76 cd
E.F, 590. 3 be 35.4 fgh 45.14 g 8 284.35 g 92.05 a 0.79 ab
E.F, 631.8 a 39.2 b 48.71 ab  9338.70 b 69.18 d 0.72 ef
E.F, 629.1 a 38.7 abc 48.13 be  9258.90 b 51.44 h 0.73 de
E.F, 602.0 b 37.3 cde 46.74 de  8785.35d 39.05 k 0.77 be
2 P I Fe  53086.14™ 22179.68™ 2611.10™ 98 890.73 59 610.71~ 1253.71"

Test of significance Fr 3903.20" 26 448.517 3 242.54™ 69 155.45™ 328 794.65™ 444,67
(F-value) FeXFp 543.917 4152.927 492.33™ 9 280.727 10 387.42™ 291.46™

T SN B 5L GNS, BUR 2 TGW ., T8 5 ; NUE, U0 A A 4% % NHI, & B Y 3K #8 %0 E1 . N 113 kg/hm?; E» . N 181 kg/hm?; E; ,
N 249 kg/hm?;F; ,N 90 kg/hm?;F,,N 135 kg/hm?; F5,N 180 kg/hm?;F, ,N 225 kg/hm?; Fr .Fr .Fr X Fr . 9 2% 8 56 T K i A
TR L/INZE it K AR TR it UK XN il EUK R FE . BB FVNG 78 R s 78 [ — S A R R AL BE 0. 05 /K25 7 1o 3%

Note:

* Fl % A3 BIRIR 2T 3K 0,05 R 0. 01 K, T,

SN, spike number; GNS, grain number per spike; TGW, thousand grain weight; NUE, nutrient use efficiency; NHI, nitrogen
harvest index; E;, N 113 kg/hm?; E», N 181 kg/hm®; E;, N 249 kg/hm?; F;, N 90 kg/hm?; F,, N 135 kg/hm?; F3,
N 180 kg/hm?; Fy, N 225 kg/hm?; Fi .Fr.Fr X Fr mean F-values of nitrogen application level of maize, nitrogen application level
of wheat, nitrogen application level of maize X nitrogen application level of wheat. Values followed by different small letters within
a column under the same hybrid treatment are significantly different at the 0. 05 probability level. ** indicate difference at the 0. 01

probability levels, respectively. The same below.
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Table 3 Correlation coefficients between yield and its components and path coefficients

& R %L Correlation coefficient IDPC
Ey Akt - ‘
. PMCC  DPC pnt
Year Variable y kS T T T s ke
Total
y 1. 000 0.985 0.984 0.992
2016 X 0.985 1. 000 0.972 0.982 0.985 0.138 0.315 0.532 0. 847
2018 X2 0.984 0.972 1. 000 0.970 0.984 0.324 0.134 0.526 0. 660
Z; 0.992 0.982 0.970 1. 000 0.992 0.542 0.136 0.314 0. 450

TE con  BEE o BRI oy TRETE 5y, 72 4 s PMCC, R BRAH S R 80 DPC, B3R 12 R4 IDPC, [l 328 42 R 4L
Note: x1, spike number; x>, grain number per spike; x5, thousand grain weight; v, yield; PMCC, Pearson product moment correlation

coefficient; DPC, direct path coefficient; IDPC, indirect path coefficient.

x4 EX-NEZERAFERRIEEI/NEREM SPAD IR

Table 4 Effect of annual nitrogen fertilizer on SPAD of maize and wheat

2016-—2017 446 J5 B[] /d 20172018 4F- ¢ J5 B i) /d
ik Days after anthesis in 2016 —2017 Days after anthesis in 2016 —2017
Treatment
0 15 30 45 0 15 30 45

E F, 53.67 1 56.10 k 44.68 1 11.56 b 53.95 1 56.49 k 44.89 j 11.82 b
EF, 54.29 hi 56. 80 jk 45. 54 hi 11.76 ab 54.56 hi 57.18 jk 45.76 1 12.03 ab
E F; 55.76 ef 58.50 gh 47.53 efg  12.01 ab 56.07 ef 58.92 gh 47.77 {g 12.29 ab
E\F, 56.20 e 59.01 fg 48.12 def  12.04 ab 56.50 de  59.44 fg 48. 35 ef 12.33 ab
E,F, 54. 83 gh 57.44 1j 46. 31 gh 11. 89 ab 55.13 gh 57.86 ij 46.51 hi 12.19 ab
E.F, 57.03 c¢d  59.97d 49. 34 cd 12.16 a 57.25c¢d  60.40 de 49.50 d 12. 46 ab
E.F; 59.32 a 62.48 a 52.22 a 12.29 a 59.64 a 62.85 a 52.42 a 12.58 a
E,F, 57.61 be 60.62 cd 50. 10 be 12.21 a 57.92 be 61.03 cd 50. 36 ¢ 12. 44 ab
E.F, 55.23 Ig 57.93 hi 46. 88 Ig 11. 94 ab 55.44 g 58. 34 hi 47.11 gh  12.22 ab
E.F, 58.39 b 61.50 b 51.15ab  12.28 a 58.60 b 61.92 b 51.39 b 12.59 a
E.F; 57.84 b 60.89 ¢ 50.45 bc  12.26 a 58.12 b 61. 25 be 50.63 bc  12.58 a
E,F, 56.53 de  59.40 ef 48.62 de  12.10 ab 56.77 de  59.74 ef 48.81 de  12.33 ab

x5 EXERENEZHEIAEREEEMNNEZFEF/NEEM SPAD B0
Table 5 The SPAD of flag leaf after flowering about N application rate of maize, N application

rate of wheat and the interaction about N application of maize and wheat

AEJ5 I [/ d 2016—2017 4F 2017—2018 4F
Days after anthesis Fe Fr FpXFp F Fe Fp X Fy
0 223.59" 69. 06" 12.53" 60.31" 99.95™ 17.79™
15 295.28" 78.55" 14.05" 260.94™ 89.28" 16.56"
30 185.97™ 42.93" 7.50" 57.25" 152.09™ 27.20"

45 3. 67 2.90 0.32 4.52 1.76 0. 27
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HHN 11, 37 % (2016—2017 4£) F1 11. 26 % (2017—
2018 4F) s 465 30 d i, SPAD % fe 1 48 i AR AG 14
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i NCHW 3 2 18] 1Y B 8 6 /N # 4R IS it SPAD
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M 6 Al AL 2 AE g M T, 7RIS 14 d
IR BB s Z 05 0 BB AR A A, B (Y AR
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(m* « ), £ E, KT, B & /N2 200 A &89
IR T, SRR PG I i L 25 R R 2 4R
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RGN, HE R T, 0y AR Ak $AOR Ae HE I S BE AR
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IS4
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R 7 AL M C fETFAES 7 d I8 Hem s
FE 14 RIS N B, Z 05 PR Bl R 5 0 3
QAR BN e S 1 BLTE ELF, 2 B A
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t2 8 nl AL M P, FIC, A8kt $—3k, ¥ 78
e 7 d kB, 2 )a HEREAR Y e i s E )
A EF, bW 7 K, 2 LR 50K
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ISR L E Fy A0 H B 2 38w 421l 287 JFAE
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xo6 EXRMNEAFELEEN/NE S 28 EM T, MW

Table 6

Effect of annual nitrogen fertilization on T, of flag leaf of ‘Taishan 28’

©s)

mmol/ (m?

2016-—2017 4E4E J i a) /d

20172018 4E4E 5 B [a] /d

L Days after anthesis Days after anthesis
Treatment
0 7 14 21 28 0 7 14 21 28
E F, 3.021 4.61]j 6.82 1 5.56 g 2.13] 3.25 h 4.99 h 7.29 1 5.77 g 2.69 g
E\F, 3.22 h 4.88 1 7.13 h 5.95 1 2.751 3.46 gh 5.35 g 7.64 h 6.19 f 3.08 f
E F; 3.64 1 5.55gh 7.77 fg 5.81 {g 3.63 1 3.85ef 5.93f 8.25 1 7.12 ¢ 4,02 ¢
EF, 3.71ef  5.71fg 7.92ef  6.03 ef 3.85 e 3.91de 6.27 ¢ 8.39ef 7.07cd 4.26Db
E,F, 3.43 g 5.45 h 7.57 g 5.68 g 3.06 h 3.62fg 5.56¢g 7.88 gh 6.54 e 3.43 e
E, F, 3.94 cd 6.06 de 8.28 ¢cd 6.53d 4.03d 4.16 bed 6.46 de 8.78 ¢cd 6.89d 3.79d
E, F, 4.35 a 6.66 a 8.88 a 7.35 a 4.79 a 4.55 a 7.08 a 9.42 a 7.75 a 4.66 a
E,F, 4.03 ¢ 6.21cd 8.43bc 6.74cd 4.35¢ 4,23 bc 6.63cd  8.92bc  7.08cd 3.97 cd
E;F, 3.55fg 5.38h 7.62 g 5.58 g 3.36 g 3.83ef 5.84f 8.16 fg 5.91¢g 2.81g¢g
E;F, 4.21 ab  6.47ab 8.69ab 7.13ab 4.85a 4,42 ab  6.88ab  9.21ab 7.52b 4.41 b
E, F, 4.11 be 6.33 be 8.55 bc  6.91 be 4.62 b 4.33 ab 6.74 be 9.06 bc 7.29 ¢ 4.24 b
E.F, 3.82 de 5.87 ef 8.09de 6.25¢ 4.01d 4.03 cde 6.26 e 8.58 de 6.64 e 3.53 e
Fr 71.22" 282.93" 37.99" 129.27" 1873.97" 30.62" 176.13™ 113.31" 15.49™ 52.36"
Fr 89.73" 71.51"  92.80° 81.05™ 435.21° 33.07 112. 687 68.25" 264.02" 241.63"
Fp X Fp 13.237 11.50™"  13.58" 18.737 58.207 5.10™ 18.80° 9.79™  49.28™ 54,947
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Table 7 Effect of annual nitrogen fertilization on C; of flag leaf of ‘Taishan 28’ mmol/(m* * s)
2016-—2017 4E4E J5 I a) /d 20172018 4E4E 5 B [a] /d
4t Days after anthesis Days after anthesis
Treatment
0 7 14 21 28 0 7 14 21 28
E\ F, 0.34 1 0.58 g 0.46 h 0.28 1 0.11 g 0.42 1 0.62 g 0.53 h 0.42 g 0.16 f
E F, 0.35hi 0.58¢ 0.48 gh  0.291i 0.13 fg 0.43 hi 0.65¢g 0.53 h 0.44 g 0.18 ef
E F, 0. 46 ef 0.70 ef 0.56 f 0. 36 fg 0.15 efg  0.51 ef 0.74 f 0.62 ef 0.53d 0. 20 de
E\F, 0.47 e 0.72 de 0.62 e 0. 39 ef 0.17 def 0.54de 0.79 ¢ 0.66 de 0.54 d 0.22 cd
E.F, 0.39gh 0.67f 0.53fg  0.31hi 0.13fg 0.46gh 0.75f  0.56gh 0.47f{  0.18 ef
E,F, 0.49de 0.76d 0.64de 0.43cd 0.20 bed 0.51ef 0.84d 0.69cd 0.58¢ 0.25 be
E, F, 0.62 a 0.89 a 0.80 a 0.52 a 0.25 a 0.67 a 0.96 a 0.85 a 0.66 a 0.30 a
E,F, 0.52cd 0.81¢ 0. 68 cd 0.45 bec  0.22 abc  0.55cd 0.86 cd 0.73 be 0.61 b 0.27 ab
E. F, 0.42 fg 0.69 ef 0.53 fg 0.34 gh 0.15 efg 0.49 fg 0.74 f 0.58 fg 0.50 e 0. 20 de
E.F, 0.58 ab 0.87 ab 0.77 ab 0.48 b 0.25 a 0.66 ab 0.91b 0.82 a 0.62 b 0.30 a
E;F; 0.56 bc  0.83bc  0.72bc  0.47 b 0.24 ab  0.63b 0.88bc 0.77 b 0.61b 0.29 a
E;F, 0.49de 0.75d 0.63de 0.41de 0.19cde 0.58¢c 0.84 d 0.68 d 0.57 ¢ 0.24 be
Fr 167.24™ 83.26™  64.81" 185.38"  27.57" 55.33"7 156.32"" 157.917 248.29° 47.49™
Fr 58.08" 79.92" 66.33" 65.54" 19.00" 89.36" 139.65" 85.39" 106.94" 20. 87"
Fpy X Fg 10.92" 21.10™ 17.93" 11.95" 3.58" 23.05" 26.67" 23.42" 13.72" 3.937
3o @ 7 AR R R R HO IR A OG ., A IS
Y 7 A5 A i DR 2R e g DA A B ORT 7 4 5 ) B
AR RAEY) ™ B A B R0 it T Y PN S Py KR [ = oA RN g

TN R e d e R R B R A R
K/ AR A, B oK FR il A 189 kg/hm® . /NEE
Zifi & 231 kg/hm®, BE % 3K 15 &% /= 72 & 0 L AR
GRS R B, B B AEY i A i 200 kg/hm®
PR A B 5 AR 5 45 BN — B, HE P T RE S IR
B o th VB W) A KR B AR B R R TR A
Setisaeol CORHESY kB, oK ZE it A 181 kg/hm’,
INFZ it A 180 kg/hm® sEAEIRAS/INE < Z& 1l 287 &k
B2 AR S Rl 9 453, 15 kg/hm?, H R &
R Z R A T R B e . R AT R
B, T OK-/INFZ ) A it S e 3 e A N L DR IR T kL
HIL[E LM AR 1L 287 kP RL R, BN Y B AR
FBORN LA R 2R Y (] B2l AR R BB AR 4
BN 7 A 0GR BB R, 7 IR R N R RL P
R HE 56 22 8003 ) 2 < BRERR 0. 985, BRI %K 0. 984, Tkr
#H0.992, BB I 28" HEHE R RIBHERMUT,

IS4
W

PRl RE 55 B T b B AR A G AR BESE R I
287 it A A o il A2 LA A B 1 (o A 1) 75 5K L 4
5 M DX gy T A R T IR R TS
TR -2 AR TR IR L 45 5 R
K ANA /N ZZ HUBR AL T HE 2 A 1y % R 5k

EA TR 3 it %08 BE 8 e 5 3 Jin /) & et
Rt ER R A B mOB A ORI HBE A it AUK
SRR L /N IOl R B R AR Y
PER SRS SRR STV NI U Rl S
IG5 T A 459 Kb T i e L IR A9 i 20 B 7K P 5 AR T 5
AR A3 A PR AT R 5 R S X R 8 I /N
A FPRAT il T R AR e A R T A AR
CO, B RS 158 55 5 R R & A S ARG . %
R — S B 2 AR IR A0 B e AR ke
KA G PRI R AR AR . AT R B, EOK
Fhti A 181 kg/hm® MI/NZ F i & 180 kg/hm® i,
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Table 8 Effect of annual nitrogen fertilization on P, of flag leaf of ‘Taishan 28’

15

pmol/(m* « s)

2016-—2017 4E4E J5 I a) /d

20172018 4E4E 5 B [a] /d

4t Days after anthesis Days after anthesis
Treatment
0 7 14 21 28 0 7 14 21 28
E\F, 15.71 17.97 16. 27 j 11.01 1 6.05 h 16.03 1 18.76 1 16.90 h 11.74{g 5.58 g
EF, 16.13 1 18.55 1 16.71 4 11.43 hi 6.39gh 16.52 h 19.34 h 17.39 g 12.09 ef 5.83 g
E F, 17.28 f 19.61 g 17.97 fg 12.33 ef  6.99 ef 17.63 g  20.68 f 18.52 e 12.84 de 7.30 ef
E\F, 17.49 f 20.28 f 18. 26 f 12.42 ¢ 7.16 de  17.99fg 21.15e 18.93 e 13.16cd 7.54 e
E,F, 16.46 h 18.97 h 17.16 hi 11.67 gh 6.58 fg 16.72 h 19.63h 17.62f{g 11.21 ¢ 6.86 f
E,F, 18.43 e 21.37d 19.21 e 13.29 cd 7.63 ¢ 19.13d  22.46 ¢ 20.06 ¢ 13.15cd 8.43d
E,F, 20.53 b  24.35a 22.64 a 15.65a 10.01 a 21.89 a 25.51a 22.83a 16.57 a 9.58 b
E,F, 18.99d 21.92 ¢ 19.71d 13.60 bc 8.09 b 19.39d 22.81 ¢ 20.35¢ 14.33b 8.54 cd
E; F, 16.82 g 19.40 g 17.53 gh 11.93 fg 6.77 efg 18.15ef 20.13 g 18.05f 12.50 de  7.07 f
E;F, 21.05a 24.31 a 21.87 b 15.46 a 9.86 a 21.46 b 25.04b 22.42a 16.22a 10.30 a
E;F, 19.55 ¢ 22.52b  20.25 ¢ 14.03 b 8.48 b 20.94 ¢ 22.45¢ 21.94b 15.83a 8.97 ¢
E;F, 18.16 e 20.92 e 18.84 e 12.90 d 7.49 ¢d 18.52 e 21.76 d 19.45d 13.62 bc 8.94 ¢
Fg 551.58" 581.98" 214.77" 323.83" 165.69" 151.98™ 565.86" 625.52™ 446.62" 154,98
Fr 350. 71" 381.64" 247.14™ 111.02" 98.14™  427.62" 322.94" 249.75"  68.36" 130.32"
Fpy X Fg 101.20™ 121.75" 82.26" 36.20"  42.36" 117.78™ 114.08" 57.33" 20.10" 30.51"

AR 287 BT Ol A R AR R AL
oy 2 I d v (L (L 2 7 % 22 ) ) P O B O L 0
R AR AR AL R R B AR BT
H Z A PR 5 2R O K F 0 A A 181 kg/hm?
HI/INZE 20 1 0 180 kg/hm?

b

=R

3 P 5 53 A S AR AN TR BUIE i 25 24T Z& 1l
287t SPAD i (75 i BUR AL JE ML G 3
R OIFHT AR R KB N Z2 10 287 KFokL 7 i K
AL I RN L 2 A 25 R R W] AR B OK it Al R
181 kg/hm* F1<Z& 1l 287 jifi & &= & 180 kg/hm” K,
‘Fil 287 A RE Ty i, HmEOF O 9 453, 15
kg/hm” , B AR AN 38 25 Ak 33 w24, 56 %6, [m] )
3 o 3 AR AT R 3 AT it I A TR R A R B
AT R B0 22 1L 287 1 ™tk 5 i) A JHC At e A A5 5
W, A% EEAREMA RN 181 kg/hm” Al
/N ZE i K R 180 kg/hm® JZ 7R <& 1h 28 A
AERHE SR T A B ANEIE %,

4 it
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