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Effect of N Application as Basal Fertilizer on Grain Yield of

Winter Wheat,Fertilizer N Recovery and N Balance
LIU Xue-Jun, ZHAOQO Zi-Juan, JU Xiao-Tang, ZHANG Fu-Suo  (Department of Plant Nutrition
China Agricultural University, Beijing 100094, China). Acta Ecologica Sinica,2002,22(7):1122~1128.
Abstract: Application of N fertilizer is one of the most important measures that increase crop yield in
agriculture. According to statistical data from FAO (1995), the contribution of N fertilizer application to
the newly increased yield reaches 50% since 1960’s in the whole world. However, misuse of N fertilizer
(particularly overuse) will also cause the decline of economic effects and related environmental problems
like N gas emission to atmosphere and NO3-N leaching to groundwater. Thus it is of course significant to
optimize N fertilizer application in crop production. The amount, date and methods of N fertilizer
application are three key factors that control the effect of N fertilizer on crop yield. The application of
basal N fertilizer in autumn is forbidden in most of western European countries because of large amount of
rainfall during the whole winter, which may lead to NO;-N leaching. On the contrary, the basal N
fertilizer has been considered as a critical method to ensure high grain yield and to maintain soil fertility in
Chinese traditional agriculture. Winter wheat, as the most important crop in Northern China, consumes
the majority of N fertilizer. It is of typical significance to identify the role of basal N fertilizer on winter
wheat in Northern China Plain.

A field experiment was carried out at a field station of China Agricultural University (16.5km
northwest of Beijing, China) with the objective of assessing the effect of nitrogen application as basal
fertilizer on grain yield, N recovery and N balance in winter wheat. The experiment was conducted on a

calcareous meadow cinnamon soil with pH 8. 25, organic matter 26.7 g/kg, total N 1.43 g/kg, Olsen-P
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41. 9 mg/kg, NH,OAc-K 99.5 mg/kg. According to Beijing Classification Standard for Soil fertility, the
tested soil belongs to high fertile soil. The supplied variety of winter wheat is Nongda 101. Four N
treatments (0, 75, 112.5 and 150 N kg/hm?) were randomly placed in 12 plots as 3 blocks. All of N
fertilizer was incorporated into 0 ~ 10cm surface soil before sowing. Meanwhile, concentrated
superphosphate (90 P,O; kg/hm?*) as P fertilizer was applied to soil as broadcast before sowing. Dynamics
of shoot dry matter, shoot N content and soil Nmin (mineral N) were monitored during wheat growing
period. After harvest, the grain yield and straw yield were calculated according to the weighed results
from sampling mini-plot (10 m*). Apparent N recovery was calculated by method of difference. N balance
between N input and N output was calculated according to both different growth stages and whole growth
stage of winter wheat.

The results showed that wheat grain yield (dry matter), which ranged from 4217 to 4450 kg/hm?*, did
not respond to N fertilizer in the high fertile soil. But N removal by harvest significantly increased with N
application as basal fertilizer, showing luxury N uptake by winter wheat under condition of higher N
supply. The apparent N recovery was only 16. 0%, 14.5% and 13.5% when N rates were 75, 112. 5 and
150 N kg/hm?(Ny;, Ny, 5 and Nys0) respectively, showing a declining trend with the increasing N rate. On
the contrary, soil N dependent rate (percentage of soil contribution to shoot N uptake) was 90.6% ,
87.6% and 85.1% at the corresponding N treatments of N5, N5 5 and Nys5. During the whole growing
period of wheat, both shoot dry matter and N uptake did not show obvious differences among different N
treatments, which were consistent with the results at harvest. Soil N, increased with the application of N
fertilizer. From sowing to winter, soil N, significantly increased with the application of basal N fertilizer.
After that, Ny, dramatically declined in all N treatments until shooting stage because of large N uptake
from regreening to shooting stage. Then soil N, partly recovered from shooting to harvest. But the Ny,
content in N2 5 and N5 was much higher than that in Ny (control) and Ny; after harvest. The research on
N balance showed that N surplus (apparent N losses) mainly occurred before winter, indicating N losses
and/or N immobilization just after N fertilization. After winter season, the apparent N losses in three N
treatments kept negative value or near zero, showing the re-mineralization of fertilizer N immobilized into
organic fraction. In winter wheat season, total net N mineralization was 47. 3 N kg/hm?. The apparent N
losses were 0.5, 43. 8 and 28. 5 N kg/hm?*, or 0. 7%, 38.9% and 19. 0% of applied N in the treatments of
Ny;s Nypos and Nys. The results of residual soil Ny, and apparent N losses showed that the amount of
basal fertilizer N should be controlled within 75 N kg/hm?® or cancelled in such high fertile soil considering
high efficient N use and low N losses.
Key words :high fertile soil; winter wheat; fertilizer N recovery; N balance
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Table 1 Some selected properties of tested soil
Soil layer et Bulk density 15 i)) O.M.  Total N Olsen-P NH,OAc- K
(g/cm?®) (g/kg) (g/kg) (mg/kg) (mg/kg)
0~20 cm Medium loam 1.32 8. 25 26.7 1. 43 41.9 99.5
1.2
. 4 N s 0,75,112.5
150 kg/hm*( No»N7ssNipzssNigo) o ( 46 %) ,
o 90 kg/hm*C  P,O; ) o 3
o 6m X 21lm=126 m’, . ; 101,
1997 10 4 26 . 1997 11 18 75 mm, 1 16
75 mm,1998 6 10 o
1.3
o N N N s 0~100
cm., 20ecm 1 3 1 o 0. 01 mol/
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Table 2 Wheat yield and apparent N recovery as
R affected by different N applied rates
.’
Grain Straw  Total N Soil N Apparent
Treat . .
yield yield uptake  dependent N recovery
ment , )
.2 , N (kg/hm?) (kg/hm?) (kg/hm?) rate (%) %)
No 4217 a 5310a 115.9b — —
, ( ) 4400 Nrs 4433 a 5324 a 127.9ab  90.6 16.0
_ , a5 A 2. . 4.5
~ 4450 kg/hmz , kg 1.6 Nii2.5 4400a 5339a 132.3a 87.6 14.5
Niso0 4450 a 5354 a 136.2a 85.1 13.5
~2.9 kg, Ny
5%
5% ’
Note: The values in the same line without same letters
‘ show significant difference at 5% level.
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Fig. 1 Effect of N rate on dynamics of wheat shoot biomass and its N uptake
“1,2,3.4,5” “ s , , 75 ( )“1,2,3,4,5” in the figure

represent wheat growing stages of “before sowing, before winter, shooting, flowering and harvest” (below is the

same)
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3
Table 3 N balance at different wheat growing stages
Items Ny Nos Niiz.s Niso
- From sowing to winter
N N input N fertilizer 0 75 112.5 150
Initial Npyin 233.1 167.5 230. 4 198.0
Net Mineralization 56.9 56.9 56.9 56.9
N N output N uptake 29.3 29.7 27.9 33.1
Residual Npin 260.7 197. 4 312.0 277.6
N surplus 0 72.3 59.9 94.2
From winter to shooting
N N input N fertilizer 0 0 0 0
Initial Nupin 260.7 197. 4 312.0 277.6
Net Mineralization —73.4 —73.4 —73.4 —73.4
N N output N uptake 62.3 48. 8 53.0 51.3
Residual Npin 125.0 140.9 142. 1 195.5
N surplus 0 —65.7 43.5 —42.6
From shooting to flowering
N N input N fertilizer 0 0 0 0
Initial Nuin 125.0 140.9 142.1 195.5
Net Mineralization 70.5 70. 5 70.5 70.5
N N output N uptake 18.1 24.0 32.4 30.9
Residual Npin 177. 4 207.9 202.5 270. 8
N surplus 0 —20.5 —22.3 —35.7
From flowering to harvest
N N input N fertilizer 0 0 0 0
Initial Nupin 177.4 207.9 202.5 270. 8
Net Mineralization —6.7 —6.7 —6.7 —6.7
N N output N uptake 6.2 25.4 18.8 20.9
Residual Nyin 164.5 161. 4 214. 1 230. 6
N surplus 0 14. 4 —37.1 12.6
4 (kg/hm?)
Table 4 N balance during the whole wheat season
Items No Nzs Niiz.s Niso
N input
N fertilizer 0 75 112.5 150
Nmin before sowing 233.1 167.5 230. 4 198.0
Net mineralization 47.3 47.3 47.3 47.3
Sum 280. 4 289.8 390. 2 395.3
(= ) N output (=N input)
N removal by harvest 115.9 127.9 132.3 136. 2
Nmin after harvest 164.5 161. 4 214.1 230. 6
N surplus 0 0.5 43.8 28.5
Sum 280. 4 289.8 390. 2 395. 3
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