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Abstract: [ Objectives ] This study investigated the effects of chemical fertilizer N and straw returning on the
soil N balance in the wheat season, by considering the replenishing effect of residual fertilizer N and straw
returning to soil N pool consumption by wheat. [ Methods ] This study collected the publications on “N tracer
experiments of winter wheat in China since 1980, and analyzed the contribution of chemical fertilizer N and soil N
to N uptake by wheat, the relationship between N application rate and N uptake by wheat, the fate of fertilizer N
and soil N pool budget, and also investigated the effect of straw returning on soil N pool budget in the wheat
season through literature review. [ Results ] The N fertilizer application rate was significantly and positively
related to the proportion of N uptake from fertilizer N in wheat (P = 0.029), but significantly and negatively
related to the proportion of N from soil N (P = 0.031). The ratio of wheat N uptake derived from fertilizer N and
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soil N was about 1 : 2, and the contribution of topdressing N to wheat N was 1.5 times of that of basal N. The N
application rate showed significantly negative linear correlations with fertilizer N efficiency (N recovery + N
residual rate, P = 0.004), and significantly positive linear correlations with N loss rate (P < 0.001). Without
returning straw or with returning straw to field, there were the significantly positive correlation between soil N
pool budget and N fertilizer application rate over the wheat season (P < 0.001). [ Conclusions ] Within the
range of N 60-500 kg/hm’, the applied fertilizer N in wheat season has three main fates, wheat uptake, soil
residue and loss, with ratios in average of 36%, 33% and 31%, respectively. The contribution from chemical
fertilizer in the nitrogen uptake of wheat is about 1/3, and that from soil is 2/3. The soil N pool could reach

balance when N application rate is 308 kg/hm* without straw incorporation and 233 kg/hm’ with straw

incorporation, respectively.

Key words: winter wheat; fertilizer N efficiency; "N labeling; soil N pool balance; fate of fertilizer N
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F1 HREMDRRTNERRRIEBITIH (%)
Table 1 Contribution of fertilizer- and soil-derived N to N uptake by wheat

iU (kg/hm?) AEAHR Fertilizer N +HUR B3R
N application rate S Basal AR Topdressing 4 Total Soil N Reference

100 8.3 91.7 [16]
276 333 66.6 [17]
191 31.7 68.3 [18]
141 412 58.8 [19]

60 23.6 76.4 [20]
120 38.7 61.9 [20]
180 427 57.3 [20]
230 41.9 58.1 [21]
150 51.5 48.5 [22]
230 22.1 78.0 [23]
225 38.1 61.9 [24]

75 14.0 86.0 [25]
150 21.5 78.5 [25]
225 252 74.5 [25]
327 353 64.7 [26]

75 13.2 86.8 [27]
150 20.1 80.0 [27]
225 25.7 74.4 [27]
190 41.9 58.1 [28]
425 56.4 43.6 [29]

75 29.0 71.0 [30]
278 41.1 58.9 [31]

75 15.6 84.4 [32]
150 223 77.7 [32]
225 26.5 73.5 [32]
300 26.8 73.2 [32]
188 66.8 334 [33]
314 21.1 78.9 [34]
240 19.9 27.4 473 52.7 [10]
298 15.3 84.7 [35]
100 333 66.7 [36]
150 40.4 59.6 [36]
120 35.1 64.9 [37]
240 45.6 54.4 [37]
360 53.0 47.0 [37]

30.8 69.2 [38]
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%232 1 Table 1 continued

iU (kg/hm?) AEAHA Fertilizer N R e
N application rate L/ Basal B Topdressing . Total Soil N Reference

112 24.1 75.9 [39]
187 28.1 71.9 [39]
225 29.8 70.2 [39]
168 8.0 12.1 20.0 80.0 [40]
240 6.5 15.2 21.7 78.3 [40]
120 36.0 64.0 (5]
240 55.2 44.8 [5]

90 19.0 81.0 [41]
180 23.6 76.5 [41]
270 353 64.7 [41]
168 7.2 13.7 20.9 79.1 [42]
240 83 17.3 25.6 74.4 [42]
120 10.0 14.7 24.7 75.3 [43]
240 10.8 14.9 25.7 74.3 [43]
278 10.3 89.7 [44]
168 7.2 13.7 20.9 79.1 [45]
240 8.4 17.5 25.9 75.1 [45]

75 25.0 75.0 [46]
150 45.8 54.3 [46]
225 59.1 41.0 [46]
300 61.6 38.4 [46]
210 8.8 20.8 29.6 70.4 [47]
150 22.1 16.0 38.1 61.9 [9]
210 17.1 32.0 49.1 50.9 [9]
270 15.7 37.4 53.1 46.9 [9]
120 9.4 10.1 19.4 80.6 [48]
168 8.5 13.6 22.1 78.0 [48]
195 8.7 15.1 23.8 76.2 [48]
240 10.7 17.2 28.0 72.0 [48]
180 26.6 73.4 [49]
200 33.6 66.4 [49]
240 27.3 72.7 [49]
150 33.7 66.3 [13]
300 23.8 76.2 [13]
165 43.4 56.5 [50]
379 25.0 75.0 [51]

139 37.8 62.3 [52]
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%232 1 Table 1 continued

AR Fertilizer N

Jti% e (kg/hm?) TR 27 3k
N application rate L/ Basal B Topdressing . Total Soil N Reference
300 25.7 74.3 [52]
180 40.5 59.5 [53]
240 17.9 259 44.0 66.0 [53]
113 29.1 70.9 [54]
225 394 60.6 [54]
338 46.4 53.6 [54]
60 15.6 84.5 [3]
150 26.8 73.2 [3]
240 33.8 66.2 [3]
60 33.5 66.5 2]
150 51.0 49.0 2]
240 58.1 41.9 [2]
250 53.9 46.1 [55]
250 26.6 30.6 57.2 42.8 [4]
467 12.9 87.1 [56]
150 11.3 12.8 24.1 75.9 [57]
210 12.2 14.1 26.2 73.8 [57]
270 11.5 13.5 25.0 75.0 [57]
201 12.1 18.4 32.8 67.4 SE-YI{E Average value
200 10.4 152 29.4 70.7 P25 Median value
5.4 7.4 12.9 12.9 PR SD
R2 WRERENE-TERGPHER (%)
Table 2 Fate of fertilizer-derived N in wheat—soil system
MU (kghme)  SBLASEICK Recovery inshoot .y ARATHCR ik B30k
N application rate ¥PEL Grain FEFF Straw 44 Total Soil residual Fertilizer N efficiency Loss Reference
100 45.1 45.1 [16]
186 46.3 22.5 68.8 31.2 [58]
276 51.5 5.4 56.9 232 80.1 19.9 [17]
120 47.1 313 78.4 222 [59]
141 36.4 18.1 54.4 [19]
207 38.8 35.7 74.5 25.6 [20]
414 36.4 374 73.8 26.2 [20]
621 259 34.5 60.4 40.4 [20]
75 57.1 16.8 73.9 [60]
113 50.8 15.1 65.9 [60]
150 47.2 14.9 62.1 [60]
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%3% 2 Table 2 continued

Ho - #BEICE Recovery in shoot

Tt (kg/hm?) e AIEARE S SR
N application rate ¥PHI Grain #5FF Straw 4 Total Soil residual Fertilizer N efficiency Loss Reference

188 48.5 12.8 61.3 [60]
225 43.9 10.6 54.5 [60]
263 40.1 9.2 49.3 [60]

95 40.9 32.4 73.2 26.7 [61]
230 35.6 16.7 52.4 48.0 [21]
150 52.4 29.8 82.1 17.9 [22]
230 31.3 13.4 44.6 26.3 70.9 29.1 [23]
225 27.6 7.4 35.0 24.7 59.7 40.3 [24]

75 45.1 6.9 52.0 48.0 [25]
150 46.1 28.2 74.3 25.7 [25]
225 41.1 13.2 54.3 45.7 [25]
327 29.2 8.7 37.8 383 76.1 239 [26]
204 43.7 16.2 59.8 40.2 [62]
337 47.7 16.7 64.4 35.6 [62]

75 25.8 12.7 385 313 69.8 30.2 [27]
150 222 10.1 323 31.1 63.4 36.6 [27]
225 13.6 8.8 224 46.3 68.7 312 [27]
190 14.1 3.4 17.5 [28]
265 7.7 70.0 77.6 22.4 [63]
425 11.2 6.0 17.2 45.8 63.0 37.0 [29]
275 19.7 35 232 18.3 41.5 58.5 [30]
278 24.5 [31]

75 36.7 9.3 46.0 14.3 60.3 39.7 [32]
150 344 8.0 424 20.4 62.8 37.2 [32]
225 273 7.3 34.6 25.6 60.2 39.8 [32]
300 22.1 8.6 30.6 19.8 50.4 49.6 [32]
188 373 21.1 58.4 41.6 [33]
314 28.5 29.6 58.1 41.9 [34]
120 444 453 89.7 10.3 [10]
360 23.8 20.9 44.7 55.3 [10]
225 31.8 8.2 40.1 343 74.3 25.7 [64]
240 24.5 16.5 40.9 51.9 [65]
100 18.3 17.6 359 33.1 69.0 31.0 [36]
150 16.9 16.8 33.8 30.5 64.3 35.7 [36]
120 30.3 15.0 453 453 90.6 9.4 [37]
240 19.6 10.4 30.0 24.0 54.0 459 [37]
360 14.2 9.0 232 20.9 44.1 55.9 [37]
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%3% 2 Table 2 continued

iU (kg/hm?) Hb S [EICER Recovery in shoot T HE AR 2k B
N application rate ¥PHI Grain #5FF Straw 4 Total Soil residual Fertilizer N efficiency Loss Reference

112 29.0 13.6 42.6 [39]
187 239 11.3 352 [39]
225 18.8 11.0 29.8 [39]
100 325 [66]
168 453 29.3 74.6 25.7 [42]
240 39.7 23.3 63.0 373 [42]
90 37.9 41.7 79.7 20.3 [41]
180 35.6 38.1 73.7 26.3 [41]
270 28.3 24.5 52.7 473 [41]
150 11.5 [67]

84 253 15.1 40.4 404 [68]
100 46.7 34.1 80.8 19.1 [69]
200 46.8 327 79.5 20.5 [69]
278 44.0 36.6 80.6 19.4 [44]
100 21.8 [70]

84 20.4 14.4 34.8 [71]
210 352 4.1 39.3 27.8 67.1 329 [47]
120 445 453 89.8 10.3 [5]
360 23.8 50.1 73.9 26.1 [5]

75 47.6 33.6 81.2 18.9 [72]
150 49.8 26.8 76.5 23.5 [72]
225 454 35.6 81.0 19.1 [72]
300 37.5 39.9 77.3 22.7 [72]
150 11.5 2.9 14.4 [46]
150 38.0 7.5 455 40.5 86.0 13.5 [9]
210 40.5 7.5 48.0 27.0 75.0 24.5 [9]
270 38.0 6.5 44.5 26.5 71.0 28.5 [9]
180 32.4 56.3 88.7 11.3 [49]
200 30.1 433 73.4 27.6 [49]
240 22.1 29.6 51.7 48.3 [49]
417 329 [73]
150 38.4 19.4 57.8 422 [13]
300 349 16.4 51.3 48.8 [13]
379 28.2 33.4 61.6 37.2 [51]
139 18.2 69.3 87.5 12.5 [52]
300 34.8 39.2 74.0 26.0 [52]

278 20.0 41.2 61.1 389 [74]
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%3% 2 Table 2 continued

MR (kg ey B EAREIICE Recovery inshoot -y gy gy SRR ik B

N application rate ¥PHI Grain #5FF Straw 4 Total Soil residual Fertilizer N efficiency Loss Reference
180 40.5 26.3 66.8 32.2 [53]
240 37.9 27.4 65.3 34.7 [53]
113 32.3 54.0 86.3 13.7 [54]
225 25.1 46.5 71.6 28.4 [54]
338 16.7 38.4 55.1 449 [54]
60 26.8 6.3 33.1 46.8 79.9 202 [3]
150 19.7 7.0 26.7 38.0 64.7 35.4 [3]
240 17.7 7.2 24.9 30.7 55.6 45.5 [3]
60 31.0 6.6 37.5 54.0 91.5 8.4 2]
150 28.7 6.7 35.3 57.2 925 7.4 [2]
240 25.5 6.5 32.0 415 73.5 26.6 2]
250 29.0 3.0 32.0 29.0 61.0 39.0 [55]
250 29.1 7.4 36.5 28.6 65.1 33.9 [4]
150 332 47.4 80.6 19.4 [57]
210 312 44.8 76.0 24.0 [57]
270 222 45.0 67.2 32.8 [57]

206 29.2 9.5 36.4 33.1 68.3 31,1 “F3MH Average value
204 28.8 8.6 35.9 31.3 69.0 30.6  "T{i%( Median value
11.4 4.1 11.8 12.4 12.9 12.2 brifE2E SD

%3 BHTEHENTEERE)NESFTTEAERSHIFM (N kg/hm?)
Table 3 Balance of indigenous soil N in wheat season under different N application rates affected by straw incorporation

v = T :
— FPRURG RAPROOL LA R LR AR Soil N balance
R = . o
9 Jr 1 da] St 41 el 45 . . % ;
N application rate + %ﬂ iélﬂ %élﬂ HE_T%E‘ AE/JHEIH?%, AT T FEARm = fiﬁk
(N ke/hm?) AS(>1 N -Sm N .Sm N Feﬁl izer N Remdu:fl er‘tl izer With straw Without straw Reference
in grain in straw in shoot in straw N in soil incorporation incorporation

291 160.2 34.7 194.9 9.8 87.3 —63.1 -107.6 [75]

120 70.0 18.2 88.2 14.6 54.3 1.1 -33.9 [76]

240 50.6 20.7 71.3 22.4 57.7 29.5 —-13.6 [76]

360 45.6 15.4 61.0 30.8 75.3 60.5 14.3 [76]

75 88.8 18.3 107.1 6.8 243 -57.7 -82.8 [10]

150 73.8 17.4 91.2 14.3 40.1 -19.4 -51.1 [10]

225 54.5 15.5 70.0 21.9 78.1 455 8.1 [10]

300 47.7 15.6 63.3 25.3 121.9 99.5 58.6 [10]

100 69.3 31.8 -37.5 [36]

150 73.4 43.8 -29.6 [36]

75 93.0 26.0 119.0 7.7 323 -53.0 -86.7 [77]

225 67.2 12.2 79.4 24.1 68.1 25.0 -11.3 [77]
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%i3% 3 Table 3 continued

N ﬁgi% %Ei% Hﬁ}j;i ——— ifg?ji + 5% %7 Soil N balance |

N application rate A Ah R ey PRI TEFFIA I WAREn 25k

(N ke/hm?) .Soﬂ N .Soﬂ N .Soﬂ N 0 straw Re51duz.;11 fer.tlhzer With straw Without straw Reference

ingrain  instraw  inshoot N in soil incorporation incorporation

375 45.9 6.1 52.0 273 155.0 136.4 103.0 [77]
1052 217.6 51.1 268.7 6.9 21.3 -189.4 —247.4 [78]
1952 199.9 50.6 250.4 12.0 42.3 —-145.5 —208.1 [78]
2408 190.9 48.3 239.1 14.0 69.4 -107.5 -169.8 [78]
105° 191.1 41.6 232.7 7.4 20.2 —-163.6 -212.6 [78]
195° 185.6 45.0 230.6 11.0 40.6 —-134.0 -190.0 [78]
2400 183.4 44.0 227.4 13.6 67.2 -102.7 -160.2 [78]
75 88.5 17.4 105.9 5.0 26.0 -57.5 -79.9 [79]
150 67.1 14.7 81.8 12.6 40.2 -14.3 —41.6 [79]
225 53.2 12.5 65.7 18.3 82.2 473 16.5 [79]
300 47.5 14.5 62.0 22.8 117.2 92.5 55.2 [79]
105 214.4 48.6 263.0 7.5 19.3 —-187.6 —243.7 [42]
168 231.9 54.7 286.6 11.8 455 -174.6 -241.1 [42]
120 94.8 54.4 -40.4 [5]
360 69.5 180.4 110.9 [5]
150¢ 102.0 20.4 122.4 10.6 66.5 —24.9 —55.9 [9]
210¢ 96.8 17.6 114.4 15.4 53.9 -27.5 —60.5 [9]
270¢ 78.8 15.2 94.1 18.8 74.5 14.4 -19.6 [9]
1504 102.8 19.8 122.6 12.2 55.0 -35.6 —67.6 [9]
2104 88.1 19.9 107.9 19.1 59.2 -9.7 —48.7 [9]
2704 91.9 19.7 111.6 22.3 70.8 1.2 —40.8 [9]
139 117.7 224 140.1 6.3 54.4 -57.0 —85.7 [80]
300 73.3 16.7 90.0 8.9 208.0 143.6 118.0 [80]
180 68.3 349 103.2 19.4 473 -1.6 —55.9 [53]
240 74.1 37.3 111.4 28.5 65.8 20.2 —45.6 [53]
60¢ 85.9 19.3 105.2 4.5 25.8 -55.6 -79.4 [3]
150¢ 79.8 23.3 103.1 12.2 52.7 -14.9 -50.4 [3]
240¢ 83.4 29.0 112.4 22.1 75.0 13.7 -37.4 [3]
60° 88.7 22.6 111.3 3.1 30.3 —55.3 -81.0 [3]
150° 93.2 23.3 116.5 8.9 61.0 233 —55.5 [3]
240f 87.0 28.7 115.7 12.6 67.2 -7.2 —48.5 [3]
608 324 8.1 40.5 4.1 30.7 24 -9.8 [2]
1508 383 9.2 47.5 8.5 84.9 55.1 37.4 [2]
2408 42.5 9.7 52.2 15.1 88.3 60.9 36.1 [2]

60° 36.8 9.2 46.0 3.7 34.1 1.0 -11.9 [2]
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%i3% 3 Table 3 continued

+ 8% 77 Soil N balance

Rt B e T .
N application rate S;jiﬁ\l S;j‘iﬁ\l Soﬁi Fertilizer N Residua‘lA iilizer ﬁ.ﬁ:ﬂ\' . 1‘%71‘1"*‘15 ! I/jeference
(N kg/hm?) ) ) ) ) in straw o With straw Without straw
in grain  instraw  in shoot N in soil incorporation incorporation
150° 39.4 11.4 50.8 112 86.7 58.5 35.9 2]
240° 4.7 127 55.4 157 110.9 83.9 55.5 2]
113 80.7 61.0 -20.0 [54]
225 103.6 105.0 1.0 [54]
338 81.1 130.0 48.5 [54]
250h 61.7 7.7 69.4 7.4 722 17.9 2.8 [55]
250i 75.3 9.8 85.1 75 115.4 47.6 30.3 [55]
150 105.1 51.9 157.0 15.8 71.1 -18.2 -85.9 [57]
210 125.1 59.0 184.1 21.1 94.1 99 -90.0 [57]
270 121.2 58.5 179.7 19.5 1215 19.8 582 [57]
FHIMH Average value 96.0 252 116.4 14.0 69.6 -14.7 —46.8
fii % Median value 84.7 19.8 103.2 12.6 65.8 -85 —-41.6
b2 SD 53.5 15.2 63.9 7.1 38.8 715 84.5

H (Note) : a—f Aty -4 High fertility soil; b—fIKHE f1 11 Low fertility soil; c—{¥#E M Light irrigation; d—= 7 Heavy irrigation;
e— /AT Split fertilization; f—#IRJiE AT Banded fertilization; g—4#{#% Broadcast seeding; h—F%FT A& [ No straw returning; i—7 FTi4 [

Straw returning.

B A ARSR R R Z e RIEUIEA RCR (%) = 2R
FHE (%) + HIEP RN (%),
1.3.2 HAER T & AR ST, 15
R O LA R R AR, BRI AN
HErp R LR AR, HIERESE T (N kg/hm?)=
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Fig. 1 N application rate dependent relationship between contributions of fertilizer N and soil N to wheat N uptake
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