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Effect of Soil Fertility and Nitrogen Application Types on
Absorption and Utilization Rate of Two Types of Nitrogen
Sources in Wheat at Different Growth Stages

XU Feng-jiao, TIAN Qi-zhuo, PEI Yan-ting ,LI Hui, LIU Xin, LI Na-na, SHI Yu-hua
(Key Laboratory of Crop Eco-physiology and Cultivation, Ministry of Agriculture,

Shandong Agricultural University, Taian,Shandong 271018, China)

Abstract. In order to clarify the effects of soil fertility and nitrogen application types on fertilizer dis-
tribution and use efficiency at different growth stages, winter wheat were cultivated with pipe using
"N tracer technique. The results showed that: treatment A,B,C, (high soil fertility, N basal dressing
depth of 20 cm, 50% of N fertilizer as basal fertilizer and 50% as topdressing) of eight treatments was
with the highest grain yield and balanced combination of yield components. The average percentage of
absorption of nitrogen fertilizer at winter, jointing, flowering, 20 d after flowering and maturity were
gradually decreasing with the growth process,respectively, the proportion of uptake of soil nitrogen
fertility process with progressively. Fertile soil can increase the total amount of nitrogen absorption at
each growth stage, the mature season fertilizer nitrogen use efficiency increased by 10. 51 percentage
points,lowered loss rate by 4. 6 percentage points, but reduced the absorption of nitrogen fertilizer at

the middle-late growth and proportion to the distribution of grain. Only deep application of nitrogen
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fertilizer have the significant effect on fertilizer nitrogen uptake and accumulation before jointing and

different nitrogen sources; but deep application of fertilizer can significantly increase the maturity of

nitrogen utilization and reduce the loss rate. Basal dressing of nitrogen fertilizer can increase the total

N uptake and reduce the proportion of soil nitrogen uptake at winter and jointing stage; 50 %of N fer-

tilizer applied as basal fertilizer and 50 % applied in ways that favor the accumulation of N uptake at

late growth stages, the mature season nitrogen fertilizer use increased by 2. 72 percentage points, the

loss rate decreased by 13. 5 percentage points, but the proportion allocated to the grain was signifi-

cantly lower than all the basal treatment.

Key words: Winter wheat; Soil fertility; Nitrogen application types; Different nitrogen sources; Ni-

trogen fertilizer; Nitrogen utilization
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Table 1 Based on nutrient status of both soil fertility

o AL/ % & A5/ % B R AL AL
Si%ﬁEljjléFﬂlﬂ Organic Total Alkali-hydrolysabl N Available P Available K
Don tertility type matter nitrogen /(mg » kg™ 1) /(mg+ kg™ ') /(mge-kg V)

Al (FF) Medium soil fertility 1.17 0.07 69. 38 42. 85 64.11

A» (i) High soil fertility 1. 24 0.11 96. 64 43.83 84. 95
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Table 2 Effect of single factor on wheat tillers and dry matter accumulation

A AT TFAE )5 20 d AL
Wintering Jointing Flowering 20 d after flowering ~ Maturity
Ab 3
Treatments 43 BE%L T & 53 BERR T & AL TYE TYE Ty =
Tillers Dry weight Tillers Dry weight Ears Dry weight Dry weight Dry weight
/(No. « pipe ')(g « pipe ') /(No. * pipe ') /(g pipe ') /(No. « pipe ') /(g + pipe ') /(g * pipe 1) /(g + pipe 1)
Ay 59b 12. 36b 103b 30.57b 55a 89.71a 125. 39b 138. 74b
A, 68a 16. 25a 128a 42.59%a 7T4a 136. 95a 169. 12a 187. 29a
B, 63a 13. 84b 114a 35.39b 63a 111.21a 140. 44b 160. 20b
B 64a 14.77a 117a 37.77a 66a 115. 45a 154.07a 165. 84a
Cy 66a 15.02a 122a 38. 3a 60b 102. 16b 136. 38b 146.72b
Cy 61b 13.58b 109b 34.87b 69a 124.50a 158. 14a 179. 32a

BB A R 5 B 7% AN R b B 22 53 88 35 PEGA 0. 05 KF . Rl

Values followed by a different letter within the same column are significantly different at 0. 05 probability level.
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Table 3 Effect of single factor on wheat yield and its components

s (233 L TR HF L LY 20 RA

Treat s Ears Grains 1000-grain Grain yield Biological yield Economic

reatments /(No. « pipe 1) (No. « pipe 1) weight /g /(g « pipe 1) /(g + pipe 1) coefficient
Al 54.5b 1 383b 36. 15a 50. 08b 138.74b 0. 36b
A, 74. 0a 2 135a 38. 06a 81. 28a 187. 29a 0. 44a
B, 62. 5a 1727a 36. 81a 63. 98a 160. 20a 0. 39%a
B, 66. 0a 1791a 37.41a 67. 38a 165. 84a 0.41a
G 59. 3b 1 610b 36. 80a 59.61b 146.72b 0.39%a
Cy 69. 3a 1 909a 37.42a 71.74a 179. 31a 0. 40a

x4 FALKLEBEXNNMNEFERFE=HREZHNZME
Table 4 Effect of treatment on wheat yield components

4b 3 i AL Tk HF AL ik A7 20 RAL

Treatments Ears Grains 1000-grain Grain yield Biological yield Economic

catments /(No. « pipe 1) (No. « pipe 1) weight /g /(g * pipe 1) /(g * pipe 1) coefficient
A1 B Cy 44f 1175 h 35. 84f 42.12h 112.42h 0. 35b
A1B G, 61d 1517f 35. 851 54, 391 159. 67e 0. 34b
ALB:Cy 52¢ 1 245¢ 35.78g 14, 56¢ 126. 11g 0.35b
A1B;C, 61d 1 595e 37.13d 59. 23e 156. 77f 0.38b
AyBCy 68¢c 2 036¢ 36.79e 74.9d 171. 54d 0. 44a
AyBCy T7a 2 181b 38. 74b 84.47b 197.17b 0.43a
Ay B, Cy 73b 1 983d 38.77a 76.87c 176. 82¢ 0.43a
Ay B, C, 78a 2 341a 37.95¢ 88. 85a 203. 64a 0. 44a
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Table 5 Effect of single factor on N absorption and nitrogen sources at different growth stages

ik 4 1 P 3 iR ] 1) 20 d AL
Ab B Over-wintering Jointing Flowering 20 d after flowering Maturity
Treatments
TN NFR  NSR TN NFR NSR TN NFR  NSR TN NFR  NSR N NFR  NSR
Ay 0.40b 41.67b 58.33a 0.93b 32.63a 67.37b 1.44b 27.82a 72.18a 1.6la 29.06a 70.94a 1.85b 27.00a 73.00b
A, 0.54a 42.48a 57.52b 1.16a 31.44b 68.56a 2.23a 26.63a 73.37a 2.32a 24.67b 75.33a 2.49a 25.07a 74.93a
By 0.43b 44.33a 55.67b 0.97b 36.05a 63.95b 1.8la 27.68a 72.32a 1.84a 27.36a 72.64a 2.1la 25.85a 74.15a
B, 0.50a 39.82b 60.18a 1.12a 28.02b 71.98a 1.86a 26.77a 73.23a 1.89a 26.37a 73.63a 2.23a 26.2la 73.79a
G 0.49a 49.29a 50.71b 1.1la 43.25a 56.75b 1.69b 29.88a 70.12b 1.70b 29.22a 70.78b 1.95b 27.99a 72.01b
G, 0.44b 34.86b 65.14a 0.99b 20.83b 79.17a 1.98a 24.57b 75.43a 2.02a 24.51b 75.49a 2.39a 24.08b 75.92a
TN.NFR HI NSR 43 55 B H R K (g« pipe D LB (NP IR OO Rl R NS IR (%) s TN= NF + NS,
TN: Total N; NFR: Nitrogen ratio from fertilizer ( %); NSR: Nitrogen ratio from soil (%); TN= NF+NS
x6 AERBEENERAHERERTEPRNIE
Table 6 Distribution of different nitrogen sources in different organs of plant at maturity
ZEFF 4 5 o+ R AN AL
K Jih T Stems + leaf sheath Leaf Ear axis + Grain husk Grains
Nsources  Treatments yigig DA AR MR DA ARHGI SR DA ARG SRR DA M H I
/(g pipe™!) DP/% /(g «pipe ') DP/% /(g pipe ) DP/% /(g « pipe ') DP/%
kLA NF A 0. 05b 25.71a 0. 04a 24.71a 0.035a 24. 94a 0.37b 27.69a
A, 0.07a 24.50a 0. 04a 22.76a 0.033a 23.17a 0.47a 25.54b
+ A NS Ay 0. 15a 74.29a 0.13b 75.29a 0.108a 75.06b 0.97b 72.31b
A, 0.22a 75.50a 0. 14a 77. 24a 0.111a 76.83a 1.39%a 74.46a
AR A NF By 0.056b 24.77a 0.038b 23. 35a 0.033a 24.94a 0.41b 26.49a
By 0.065a 25.44a 0.043a 24.12a 0.035a 23.17a 0.43a 26. 75a
+HEA NS B 0.18a 75.23a 0.13a 76.65a 0.107a 76.15a 1. 16b 73.51a
B, 0. 20a 74.56a 0. 14a 75. 88a 0.112a 75.74a 1.21a 73.25a
Bk A NF C 0. 06a 28. 23a 0. 044a 28.62a 0.030a 25.53a 0.41b 28. 06a
Cs 0. 06a 21.98b 0.037b 18. 85b 0.038a 22.58b 0. 44a 25.18b
+HE R NS Cy 0. 15b 71.77b 0.11b 71. 38b 0.089b 74.47b 1. 05b 71.94b
Cs 0.22a 78.02a 0. 16a 81. 15a 0.129a 77.42a 1. 31a 74.82a

DA :distribution amount; DP. distribution proportion.
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Table 7 Effect of single factor on nitrogen utilization efficiency, soil residual rate and loss rate

4 10 ) AL 5 20 d e8]
Wintering Jointing Flowering 20 d after flowering Maturity

Jopil
Treatments gy ghpgox U E S S UTNE St S T (& S e S Wl E  FREE ik
NUE/%  RRS/% NUE/% RRS/% NUE/% RRS/% NUE/% RRS/% NUE/% RRS/% Loss/%
Ay 19. 66b 80. 34a 29.63b 70. 37a 33.55b  66.45a 39.54a  60.46a 42.17b 38.53a 19. 3a
A, 28.02a 71.98b 38.98a 61.02b 50.26a 49.74b  43.97a  56.03a 52.68a 32.65a 14.7b
B, 23.96a 76. 04a 32.25b 67.75a 41.79a 58.2la 41.79a 58.2la 46.01b 36. 33a 17. 7a
B, 23.72a 76.28a 36. 36a 63. 64b 42.02a 57.98a 41.72a 58.28a 48. 84a 34. 85a 16. 3b
Ci 18.39b 81.61a 34.49a 65.51a 42.69a 57.3la 41.94a 58.06a 46. 06a 30.19b 23.7a
C, 29. 29a 70.71b 34.12a 65. 88a 41.12a 58.88a 41.56a 58.44a 48. 78a 40. 99a 10. 2b

NUE: N uptake efficiency; RRS; Residual rate of soil.
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