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Effects of Nitrogen and Sulfur Interaction on Dry Matter
Accumulation and Grain Yield of Winter Wheat
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CAI Ruiguo, YANG Qing, LI Haoyu, YANG Min

(College of Agronomy and Biotechnology, Hebei Normal University of Science and Technology/ Hebei Key Laboratory of Crop
Stress Biology, Qinhuangdao, Hebei 066600, China)

Abstract: In order to investigate the interaction effect of nitrogen(N) and sulfur(S) fertilizer on dry
matter accumulation and grain yield of winter wheat in eastern Hebei Province, a winter wheat Shi-
nong 952 was used as material. A split plot design was adopted, with the N application as main plot:
0 kg * hm ?(N0), 180 kg « hm *(N1), 240 kg « hm *(N2) and 300 kg * hm ?(N3), and S applica-
tion as the sub-plot:82.5 kg « hm *(S1), 112.5 kg * hm 2(S2), 142.5 kg « hm ?(S3) and 172.5 kg *
hm™?(S4). The differences of chlorophyll relative content(SPAD) , leaf area index(LLAD), dry matter
and nitrogen translocation, and grain yield of winter wheat under different treatments were analyzed.
The results showed that N and S application significantly affected ILAI and flag leaf SPAD of winter
wheat. The SPAD value of N1S2 treatment was the highest at anthesis, which was significantly high-
er than the other treatments except N2S2 and N3S2. The N and S application had positive effects on
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the translocation of dry matter and nitrogen restored before anthesis, and the accumulation of dry
matter and nitrogen after anthesis, the interaction between N and S nutrition also was significant.
Wheat grain yield ranged from 7 364. 71 kg «+ hm ™% to 10 078. 20 kg « hm * under different treat-
ments, and increased significantly with the increase of N application amount. The grain yield of N2S3
treatment was significantly higher than the treatments under NO and N1 levels, but was no signifi-
cantly different from the other treatments under N2 and N3 levels. S application had no significant
effect on grain yield and 1 000-grain weight of wheat. Overall, the application of nitrogen-sulfur fertil-
izer with right amounts is conducive to higher SPAD values and LLAI in the flag leaves of winter
wheat, can enhance the photosynthetic capacity of the leaves, promote post-anthesis dry matter accu-
mulation and pre-anthesis nitrogen translocation, and ultimately increase winter wheat yield. 240 kg

N+ hm * and 82.5 kg S+ hm * were the most suitable N and S fertilizer combinations for saving fer-

tilizer and increasing efficiency in winter wheat production.

Keywords: Wheat; N and S interaction; Dry matter; Grain yield
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Fig. 1 Precipitation and temperature of experimental
field in wheat growing season from 2022 to 2023
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Table 1 Effects of nitrogen and sulfur combined application on SPAD value of flag leaves of winter wheat after anthesis
i K Wi 85 7K 7 165 KHL Days after anthesis/d
Nitrogen level Sulfur level 0 14 21 28
NO S1 55. 33cde 52,73 51. 20cd 48. 23cd 41.931fg
S2 57.07cde 55. 00def 52.10c 51. 30bed 43.07efg
S3 56. 27cde 55. 10def 47.73de 46. 83de 41.731fg
S4 53.37e 52. 48 45.00e 42.97e 38.90g
N1 S1 59. 20bc 58. 90abced 59. 87a 57.57a 49. 03bed
S2 64. 83a 62. 3 60. 33a 58.73a 50. 47abc
S3 59. 17bc 60. 00abc 58. 83a 56. 40a 48. 40bcde
S4 54.50de 53. 90ef 53.67bc 51.57bc 44, 07defg
N2 S1 57.13cde 58. 40abcde 58.17a 56.53a 48. 67bcde
S2 62. 83ab 60. 20abc 59. 33a 57.43a 50. 00abc
S3 59. 87bc 57. 20bcdef 56.90ab 55. 53ab 46. 80bcdef
S4 56. 57cde 55. 97cdef 53.03bc 51.57bc 44, 83cdef
N3 S1 59.47bc 60. 07abc 59.03a 57.10a 48. 23bcde
S2 63. 03ab 61.57ab 60. 43a 58. 20a 55.10a
S3 58. 67bed 58. 17abcde 56. 83ab 54, 50ab 52. 20ab
S4 56. 63cde 53.97ef 50. 87cd 46. 97cde 44, 80cdef
it R
Napplication 8.65" " 11.137~ 44,657 30,117~ 18.48 "~
amount(N)
P i g it
F value S application 17.88" " 11.61"" 27.57 23.54 9.60" "
amount(S)
NXS 1.08 1. 0. 47 0. 66 0.79

R 0548 5 AN 7] /NS bk R R AN RAR BRI AE 0. 05 K P2 57 B35 * . P<<0.05; » » ;P<{0.01, N[,

Different lowercase letters after the values same columns of the same variety indicate significant difference among different treat-

ments at 0. 05 level; * ; P<C0.05; % % ; P<C0.01. The same in tables 1—6.
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Table 2 Effects of nitrogen and sulfur combined application on leaf area index of winter wheat

Jiti 2 7K *F Nitrogen level Jiti % 7K S Sulfur level 78 Booting stage FFAEH Anthesis
NO S1 5. 14f 4. 83e
S2 6. 29cde 5. 38cde
S3 6. 07cdefl 5. 21cde
S4 5.42ef 5.18de
N1 S1 6. 09cdefl 5. 30cde
S2 8.05a 6. 36ab
S3 7.88a 5. 95abc
S4 7.07abc 5. 96abc
N2 S1 5. 72def 5. 36¢cde
S2 7.45ab 6. 46a
S3 7.07abc 5. 63bed
S4 7. 04abc 5.42cde
N3 S1 6. 52bcde 5.92abced
S2 7.51ab 6.29ab
S3 7. 20abc 5. 78abced
S4 6. 60bed 5. 23cde
=
N applica?%)d?fnount(N) 16.96" .70""
FFVLEUE S applicatbiﬁiﬁﬁioum [©) 15.507* 10.137~
NXS 0.76 1. 64
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Table 3 Effects of nitrogen and sulfur combined application on dry matter accumulation and distribution in winter wheat at maturity

T — I Maturity/ (X 10° kg « hm—?2) 3Bt e ) Distribution ratio/ %
Nitrogen  Sulfur s xppropgy BEMTEOE gy T R L I U
level level Leafl Stem+ sheath Spike axis+ Grain Leafl Stem+sheath Spike axis+ Grain
glume glume
NO S1 0.92h 3.49h 2.54e 7.80h 6. 24e 23. 65abc 17.21b 52.90f
S2 0.98h 3. 96{g 2.75¢cd 10. 45bcde 5. 43f 21. 83e 15.17¢ 57.57a
S3 1. 23f 4.33cd 3.13b 11. 23ab 6.21e 21.75e 15.69¢ 56. 35abc
S4 1. 30ef 4. 38¢ 3.11b 10. 00def 6.93d 23. 34bcd 16. 54b 53. 19ef
N1 S1 1. 48cd 3.96fg 3. 80a 10. 77bced 7. 41bcd 19. 80f 19.02a 53. 78ef
S2 1. 60b 4. 95a 2.78cd 11.79a 7.58bc 23. 44bced 13. 15fg 55. 83bed
S3 1.62b 4. 90a 2.82¢ 11. 23ab 7.87b 23. 85ab 13. 69defg 54. 59cdef
S4 1. 52bc 4.53b 2.75¢cd 11. 10ab 7.62bc 22.78d 13. 81defg 55. 79bed
N2 Sl1 1.43cd 4. 20de 2.55¢e 10. 26¢cde 7.73b 22.80cd 13. 83def 55. 64cd
S2 1. 88a 4.91a 3.11b 11.77a 8. 66a 22.66d 14. 37d 54. 31def
S3 1.41cd 4.17de 2. 66de 11.12ab 7.29bcd 21.55e 13. 71defg 57. 44ab
S4 1. 39de 4.09ef 2.56e 11. 0labce 7.28bcd  21.49e 13. 43efg 57. 80a
N3 S1 1. 46cd 3.86g 2. 34f 9. 26{g 8. 62a 22.81cd 13. 84def 54. 72cde
S2 1. 84a 4.62b 2.87¢ 10. 69bced 9. 20a 23.06bed 14. 32de 53.41ef
S3 1.61b 4. 20de 2.54e 9. 75ef 8. 90a 23. 24bed 14. 06de 53. 80ef
St 1. 12¢ 3.88¢ 2.06g 8. 88¢ 7.00cd  24.38a 12. 93¢ 55. 69cd
it R
N application  139.89* * 87.80" " 99.95" " 40.68" " 91.81"* 16. 57" 7 67.197 " 8.86" "
amount (N)
P‘Fvﬁe ﬁﬁﬁﬁﬁ
S application 46,13 * 144.16" * 19.19° "  33.30" " 4,84 559" 40,74 " 5.46"

amount (S)

NXS 33.69° 7 33.297 " 64.56" " 6.57" " 14,127~ 24.517 7 26,48 " 9.77" "
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Table 4 Effects of nitrogen and sulfur combined application on dry matter transport characteristics of winter wheat

WHI T Y F Dry matter before anthesis

5 T¥ 5 Dry matter after anthesis

Mo ke S - i -a — p— = e
(BRI 512 it 38 HOR Tk R kK
ttrogen level  Sullur leve Translocation amount/  Translocation Contribution Accumulation amount/  Contribution
(X10° kg » hm ?) rate/ % rate/ % (X10° kg » hm 2) rate/ %
NO S1 1. 76de 20. 21ab 22.58a 6.03g 77.42h
S2 1. 89cd 19.67b 18. 07bcde 8. 57cde 81. 93defg
S3 2.53a 22.54a 22.51a 8. 70bcde 77.49h
S4 2. 11bc 19. 34b 21.12ab 7.89% 78. 88gh
N1 S1 1. 40fg 13.13f 13.01gh 9. 37abc 86. 99ab
S2 2.24b 19. 31b 18. 95bed 9. 55ab 81. 05efg
S3 1. 71def 15. 48def 15. 33efg 9.52ab 84. 67bcd
S4 1. 69def 16. 10cde 15. 21efg 9. 42abc 84. 79bcd
N2 S1 1. 82cde 18. 22bc 17. 77cde 8. 44de 82. 23def
S2 1. 81cde 15. 44def 15. 39efg 9.96a 84. 61bcd
S3 1. 52efg 15. 54def 13. 66fgh 9. 60a 86. 34abc
S4 1.25¢g 13. 42ef 11. 34h 9.76a 88. 66a
N3 S1 1. 401g 15. 44def 15. 13efg 7. 86e 84. 87bcd
S2 1. 49efg 13. 80def 13. 99fgh 9. 20abed 86. 0labc
S3 1. 64def 16. 46¢d 17. 01def 8. 1le 82. 99cde
S4 1. 81lcde 20. 38ab 20. 37abc 7.07f 79. 63fgh
it it
N application 20,01 9.31" " 7.87" " 44,3277 7.87" "
amount (N)
- H it
: S application 6.09" " 0.61 30,48~ 20.56" " 30.48"
F value
amount (S)
NXS 9.13" " 9.31"" 0.23 6.16" 0.23
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Table 5 Effects of combined application of nitrogen and sulfur on nitrogen transport characteristics of winter wheat

R A ZE N accumulation before anthesis W5 A £ N accumulation after anthesis

WEOKF  EAF ah —— P " —
Nitrogen level = Sulfur level Transloift:;fimoum/ ijrflgfafon Corﬁfﬁfion Accumuﬁt%?ﬂmount/ Coiﬁziion
(kg * hm %) rate/ % rate/ % (kg + hm %) rate/ %
NoO S1 86. 85¢g 72.59cd 49. 05e 90. 17def 50. 95b
S2 107. 461 74. 24b 43.43f 139. 66a 56.57a
S3 127. 62e 72.03cde 47.92ef 138. 54a 52.08ab
S4 162. 16bc 75. 88a 69.02a 72.90fg 30. 981
N1 S1 161. 96bc 68.18g 64. 17abc 91. 15def 35. 83def
S2 179. 41a 70. 32f 64. 17abc 100. 38cd 35. 83def
S3 173. 44ab 71. 26def 64. 85ab 94. 67cdef 35. 15ef
S4 158. 98¢ 70. 60ef 60. 24bed 104. 95¢d 39. 76cde
N2 S1 169. 34abc 73.51bc 69. 37a 74.81{g 30. 63f
S2 167. 26bc 64.65h 56.37d 129. 60ab 43.63c
S3 159. 86¢ 70. 28f 58.41cd 113. 75bc 41.59cd
S4 179.72a 77.39%a 66. 64a 90. 00def 33. 361
N3 Sl 136. 27de 62. 061 63. 65abc 77.90efg 36. 35def
S2 170. 38abc 65.52h 67.19a 83. 51delg 32. 811
S3 142.73d 60. 661 59. 65abc 98.07cde 40. 35cde
S4 139. 12de 69. 95 67.45a 67.31g 32. 551
N application 183. 96" 34.13" " 13.39" " 15.28" " 13.39
amount (N)
FFvglﬁ{lc ﬁﬂ"@ﬁ% ;
S application 31.02" " 214. 97" 39.99" " 28.93" " 39.99" "
amount (S)
NXS 32.46 " 78.39" " 78. 77 7.53"" 18,77
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Table 6 Effects of nitrogen and sulfur combined application on grain yield and its components of winter wheat

it K- Jiti B 7K P FFRL™ i T THERLEL TR E
Nitrogen level  Sulfur level Grain yield/(kg « hm2) Spike/(X10* « hm~?)  Grain number per spike 1 000-grain weight/g
NO S1 7 364.71f 603. 34d 31.58e 44, 28a
S2 7 728.43f 612. 22cd 34. 62bcde 44, 20a
S3 7 402.67f 635. 56abced 37.07abced 42.43ab
S4 7 945, 27efl 618. 89bed 39.47a 44. 14a
N1 S1 8 847. 84cde 643. 33abced 38.96ab 43.57a
S2 8 657.97de 678. 89abed 34. 91abcede 43.48a
S3 8 910. 92bcde 654. 45abed 33.91cde 43.89a
S4 8 859. 20cde 675. 56abced 34. 42bcde 41. 54ab
N2 S1 9 662. 41abed 647. 78abced 37. 76abc 42. 89ab
S2 9 818. 74abc 707.78a 38. 44abc 41.41ab
S3 10 078. 20a 658. 89abed 33. 82cde 41.72ab
S4 9 989. 36a 653. 33abed 33. 96cde 42.19ab
N3 S1 9 572. 87abed 607. 78d 37. 22abced 42, 23ab
S2 9 564. 14abed 696. 67ab 32. 80de 40. 40bc
S3 9 905. 07ab 688. 89abc 34. 42bcde 40. 30bc
S4 9 267. 36abed 648. 89abc 37. 47abced 37.55¢
N application 90.98" 3.99% 0.15 40,70~
amount (N)
5
FFvﬁe S ai?p?ilt:iion 0.75 3.08" 1. 54 9.72
amount (S)
NXS 1. 16 0.78 4,847 " 4.86"
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