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Abstract: [Objective] Maize straw return has been one of agronomic practices for improving soil fertility. The effect of straw
return aftereffect on Nitrogen use efficiency (NUE) was considered, with the objective of suppling the theoretical guidance for
proposing the straw return patterns being favorable to enhance the NUE. [ Method 1 Based on the black soil with heavy clay content in
the Hailun agro-ecosystem experimental station of Chinese Academy of Sciences, the micro-plot experiment was carried out using
>N isotope techniques in 2016 under the treatment of the straw return (10 000 kg-hm™) only once established in 2011. Seven
treatments were set up, including control without maize straw return (CK), maize straw cover (D), maize straw incorporated within
0-20 cm soil depth (Dg.2), 0-35 cm soil depth (Dg_35), 20-35 cm soil depth (D,g.35), respectively, as well as maize straw placed on
the 35 cm depth (D3s) and 50 cm depth (Dsg). [Result] The aftereffect of maize straw return increased NUE by enhancing the
cumulation of dry biomass and nitrogen in maize organs. The maize dry biomass shown in the decreasing trend of Dy.35>Dyg.35>
Dy.20>>CK=Dy>D35>Dsg, Dg.35 and Dyg35 treatments (Maize straw incorporated within deep soil) significantly increased by
7.1%-47.7% and 2.0%-39.1% (with exception of leaf), respectively (P<<0.05), compared with other treatments. The different
treatments didn’t impact the nitrogen (N) contents of maize organs, but Dg_35, D535 and Dy 5 treatments significantly increased the
N cumulation in maize organs (P<<0.05) with the increase of 15.8%-20.2%, 8.5%-18.2% and 27.9%-39.5%, respectively (P<<0.05),
compared with CK, Dy, Ds3s, and Dso. The cumulation of 5N under Dgss and Dyg.3s treatments significantly increased by
5.1%-38.4% and 9.3%-31.8%, respectively, compared with other treatments. '°N of more than 74.1% were accumulated in the grain,
different treatments didn’t impact the '>N distribution in maize organs, indicating that NUE was increased by improving the N
uptake of whole maize. The NUE and N retention rate reached the largest value under Dy ;5 with the increase of 1.9-12.7 percentage
and 6.9-21.2 percentage, respectively, However, the N loss under D35 reached the lowest value with the decrease of 8.8-31.3
percentage. Dy, D35 and Ds, treatments (straw return in some soil layer) didn’t significantly increased the NUE compared with CK
treatment, meanwhile the N loss was higher 3.6 and 4.4 percentages than that in CK treatment. The result indicated that straw return
in some soil layer had potential risk in the increase of N loss, constructing fertile cultivated soil layer by straw incorporation within
deep soil depth was effective agronomic practice with high NUE. The correlation analysis demonstrated that root biomass, light
fraction organic carbon and soil physical properties contributed the increase of NUE in study site. N contribution rate was
significantly higher 3.74, 4.26, 3.79 and 4.51percentages in D,y3s, D35 and Dsy treatments than that in CK treatment, no
significantly difference was observed among treatments with straw return. [ Conclusion INUE could be increased by enhancing soil
fertility and improving soil structure under maize straw incorporated within deep soil, and constructing fertile soil layer in black
soil with heavy clay content.
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Table 1 Dry biomass accumulation of maize under straw return aftereffect (g/plant)

4B Treatment ¥R Grain R} Root 2% Steam M Leaf #hi Cob J I Total biomass
CK 129.6+3.5d 39.1£2.7d 55.7x1.8 ¢ 54.5+2.9d 31.1x1.3d 310.0+4.9d
Dy 127.7+£5.7d 31.8429e 57.7+0.7 ¢ 57.6x19c¢ 31.8+09d 306.6+8.2 d
Do2o 139.142.2 ¢ 41.6+x1.9 ¢ 62.1£0.6 b 63.8+0.9 b 34.0£0.4 ¢ 340.544.0 ¢
Do.ss 156.9+3.7 a 46.2+2.9 ab 66.5£2.2 a 66.9+1.9 a 37.7£0.6 a 374.144.3 a
Daoss 147.8+1.8 b 50.9+4.3 a 63.4+£3.7b 62.4+£29b 35.7£0.8 b 360.1+£5.4 b
Dss 114.2+1.8 ¢ 4277454 ¢ 47.9+1.6d 489+19e¢ 28.5+1.2¢ 282.3+55¢
Dso 106.2+1.7 f 32.5+1.7 de 45.5+£0.9d 451+1.1f 26.1£1.3 f 2553422 fF

[l — 58 5 AN S T RREE R B (P<0.05). R

Different lowercase letters indicate significant difference for the results in the same column (P<<0.05). The same as below
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Table 2 Nitrogen contents in different organs of maize under different straw return aftereffect

Kb 4% %% The contents of total nitrogen (g-kg™)

Treatment ¥FHi Grain i Root 2% Steam M Leaf 4 Cob

CK 12.1£0.78 a 3.2+025a 1.7+£0.04 a 3.5+£0.06 a 3.4+0.07 a

Dy 12.2£1.12a 3.5+046a 1.8+£0.05a 3.5£0.05a 3.6£0.26 a
Do-20 12.4+0.28 a 33+035a 1.8+£0.03 a 3.6+£0.03 a 3.6+£0.02 a
Do.35 12.6£0.97 a 33+0.11a 1.8+£0.05a 3.5£0.09 a 3.5£0.04 a
Dao3s 12.4£1.33 a 3.2+036a 1.8+0.06 a 3.5£0.03 a 3.5+£0.06 a

Dss 13.0£1.93 a 3.1£031a 1.8+£0.03 a 3.5£0.04 a 3.5+£0.06 a

Dso 12.6£0.23 a 3.1+£0.16 a 1.8+0.06 a 3.5£0.03 a 3.5£0.01 a
x3 BHCHREMNERAZERERRZRZNENZM

Table 3 Nitrogen accumulation in different organs of maize under different straw return aftereffect

pused A7 B R Nitrogen accumulation (mg/plant)

Treatment ¥FHi Grain 2 Root 2% Steam I Leaf i Cob M Total
CK 1568.2+£139.0 cd 125.7+17.4 be 96.0+4.4 b 189.0+£9.7 b 106.9+3.0d 2085.7+135.1 ¢
Dy 1558.4 +£179.1 cd 135.1+16.2 ab 101.0£3.3 b 199.3£8.0 b 114.1£9.3 cd 2107.9 £166.1 ¢
Do-20 1722.2+64.7 bc 137.0£10.9 ab 108.8+1.5a 228.7+174a 117.8+1.5 be 2314.5£39.8 b
Dos 1975.8+136.1 a 150.1£12.9 ab 116.0+5.2 a 2344+12.6 a 129.843.1 a 2606.1£135.7 a
Dao3s 1828.0+180.4 ab 162.1£29.2 a 111.649.6 a 218.2+11.6 a 123. 743.5 ab 2443.5+171.5 ab
Dss 1487.9+209.5d 134.3+£20.9 ab 84.3+4.0 ¢ 169.5+£5.2 ¢ 98.4+5.6 ¢ 1974.3£199.0 ¢
Dso 1335.8+29.2d 99.84+6.3 ¢ 80.1£2.7 ¢ 156.144.3 ¢ 89.9+4.7 f 1761.6£25.6 d

(L AT DAF Y, 74.1%8h B PN BRUER R,

8.1%—9.3%[1 "N RBIEMH, RIS 5.9%—7.8%-
2.5%—3.8%F1 3.8%—6.5%5 M 4B . ZERIAR,

Fim TIHABALEE CRERAN)  (P<0.05) , Skt AFEACBINEAE B2 2R, SRR IS A
FEAEE, 20 B4 R 5.1%—38.4%F11 9.3%—31.8% (% BRI T ) 5 M0 S R 3k T KRR e A 0 AR 4G 1) IR
4) o WEXRZZT PN BRI PN R AR o
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A
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Table 4 >N accumulation and distribution in different organs of maize under straw return aftereffect

ZHUE Accumulation (mg/plant) Lt Proportion (%)

B
Treatment ¥k e % i i KRR % i Al
Grain Root Steam Leaf Cob Grain Root Steam Leaf Cob
CK 408.8+29.4 d 20.6£0.9 b 18.8£0.9b 452+1.6d 37.7€1.2 cd 77.0 3.8 3.6 8.5 7.1
Dy 438.8434.1cd 37.3499a 14.8+1.6 ¢ 47.0+1.5 c¢d 39.843.3 ¢ 76.0 6.5 2.5 8.1 6.9
Do-20 491.3£22.4bc  33.0429a 16.8+1.3 be 57.7+4.8 be 458+1.2b 76.2 5.1 2.6 9.0 7.1
Do.3s 564.0£14.9 a 38.140.9 a 28.2+1.7a 70.8t7.2 a 59.3+2.2a 74.2 5.0 3.7 9.3 7.8
Daoss 537.1£18.8 ab  36.4+2.5a 274424 a 68.1+£9.5 ab 56.4+12a 74.1 5.0 3.8 9.3 7.8
Dss 451.7€16.1cd  21.7£0.8 b 19.5+£0.8 b 47.5+1.3 cd 33.9+0.8 de 78.7 3.8 3.4 8.1 5.9
Dso 407.5+19.6 d 20.4+09b 18.0+0.9 be 44.3+0.7 d 318.0+0.4 ¢ 78.1 39 3.5 8.4 6.1
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Table 5 Nitrogen use efficiency of maize under different straw return aftereffect (%)

AbH Treatment FIEFIHZE N use efficiency  ZFEIKH % N retention rate FEBIKE Nloss

FAL DI N contribution rate

CK 28.3+1.7¢ 34.2+4.5 be 37.54£5.4 ab 25.5+1.2b

Do 303823 ¢ 27.8+3.6 ¢ 41.9£39a 27.0£1.4 ab

Do-20 343+1.0b 33.6+3.6 be 32.1433 Db 27.8+0. 6 ab

Do3s 40.5t1.2 a 48.9+2.1a 10.6+1.1d 29.2+1.7a

Dyo:35 38.6£1.8a 42.0+4.1a 19.4+2.1¢ 29.8t1.6a

Dss 30.5¢1.0 ¢ 34.0+8.5 be 35.4+4.3 ab 29.8£2.7a

Dso 27.8+1.0¢ 3L.1£52¢ 41.2£59a 29.6£1.0a

#*6 EXRFTEAAZRESLIEBUMERABXRES

Table 6 The relationship between N use efficiency and selected soil properties

T H R BAFN  >0.25 mm BIRAE N TR KA [FEIHESY/ N

Items Root biomass Light fraction >0.25 mm Bulk density Saturated water Field water
organic carbon aggregate capacity capacity

FUEFIF R N use efficiency 0.72%% 0.98** 0.99%* -0.85%* 0.96%* 0.97%*

ZUETTHR®E N contribution rate 0.41%* 0.75% 0.77%* -0.70%* 0.74%* 0.76%*

*FEE T LIRAE 0.05 A1 0.01 KT L FEHHSE  * and** represent significant correlation at P<0.05 and P<0.01 levels, respectively
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