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Effects of rape straw returning and reduction of nitrogen fertilizer
on the growth and yield of summer maize

WU Yuru WANG Cheng  Aihaimaiti AIMAIERJIANG  YANG Youcai”

(College of Resources and Environment, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: A two-factors split zone design including three types of rape straw returning(straw removal, straw half returning
and straw full returning) and three types of nitrogen fertilizer application(reduction 40% of nitrogen fertilizer, reduction 20%
of nitrogen fertilizer and conventional nitrogen application) were performed for two consecutive years, 2018 and 2019, in
Mutangyuan Township, Taoyuan County, Hunan Province, aiming to investigate the effects of different amount of rape straw
returning and nitrogen fertilizer application on the growth and yield formation of summer maize. Results showed that the
growth period of maize increased slightly with the enhancement of straw returning and nitrogen fertilizer applied. In the first
year of straw returning to field, changes in leaf area index, total above-ground biomass, grain yield and partial factor
productivity of nitrogen fertilizer were mainly related to the amount of nitrogen fertilizer applied, and the effect of straw was
not obvious. In the second year, most of the indicators of the combination of straw half returning and reduction 20% of
nitrogen fertilizer were the best. The leaf area index at the spinning stage, the total above-ground biomass at maturity, and
grain actual yield were increased by 18.8%, 8.2%, and 7.6% respectively, compared with the conventional nitrogen
application treatments with straw removal. Under the same nitrogen application, the partial productivities of nitrogen
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fertilizer with straw returning were higher. Rape straw returning and nitrogen fertilizer reduction treatments had little effect

on the agronomic characteristics of maize in 2 years, and most of the indicators were not statistically different. It can be

concluded that straw returning has a good effect of reducing nitrogen fertilizer using and increasing yield. This discovery can

be applied into the rape-summer maize multiple cropping mode in the Dongting Lake area, and the combination of rape

straw half returning and reduction 20% of nitrogen fertilizer is appropriate.

Keywords: summer maize; rape; straw returning; reduction of nitrogen fertilizer; leaf area index; biomass; agronomic

characteristics; partial productivity of nitrogen fertilizer; grain yield
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Table 1 The growth stage of summer maize under different treatments of rape straw returning and nitrogen fertilizer reduction

6 12 /d
2018 SON1 05-17 06-12 07-03 07-10 08-29 105
SON2 05-17 06-12 07-03 07-10 08-30 106
SON3 05-17 06-12 07-03 07-11 08-31 107
SIN1 05-17 06-12 07-03 07-10 08-30 106
SIN2 05-17 06-12 07-03 07-10 08-30 106
SIN3 05-17 06-12 07-02 07-10 08-30 106
S2N1 05-17 06-12 07-03 07-10 08-31 107
S2N2 05-17 06-12 07-03 07-10 08-31 107
S2N3 05-17 06-12 07-02 07-10 08-31 107
2019 SON1 05-24 06-24 07-12 07-23 09-05 105
SON2 05-24 06-24 07-13 07-25 09-07 107
SON3 05-24 06-24 07-14 07-27 09-09 109
SIN1 05-24 06-24 07-12 07-25 09-07 107
SIN2 05-24 06-24 07-13 07-26 09-08 108
SIN3 05-24 06-24 07-14 07-27 09-09 109
S2N1 05-24 06-24 07-14 07-27 09-09 109
S2N2 05-24 06-24 07-14 07-27 09-09 109
S2N3 05-24 06-24 07-14 07-27 09-09 109
22 HIREEKREEFHMTERERNNSTTL 2018
) 6 SON3

6 S2N1  58.6%

6 C N 2019

SIN2

SON1  27.7% SON3 18.8%
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Table 2 The leaf area index of summer maize under different
treatments of rape straw returning and nitrogen

fertilizer reduction

6 12

2018 SON1  1.41d 2.33cd 4.03c 1.21e
SON2  1.53cd 2.97a 4.81b 1.55cd
SON3  1.71abc 2.99a 5.33a 1.89ab
SIN1  1.57cd 2.47bc 3.65¢cd 1.36de
SIN2  1.68abc 2.77ab 4.71b 2.08a
SIN3  1.80a 3.01a 4.72b 1.45de
S2N1  1.11le 2.11d 3.36d 1.72bc
S2N2  1.59bcd 2.95a 3.53d 1.76bc

S2N3  1.78ab 2.28cd 3.66¢d 1.75bc

2019 SON1  0.43cd 2.02bc 3.47c 0.78cd
SON2  0.43cd 2.24abc 3.57c 0.94bc
SON3  0.61a 2.30ab 3.73abc 1.09b
SIN1  0.36d 1.93c 3.49¢c 0.57d
SIN2  0.49bc 2.09abc 4.43a 1.46a
SIN3  0.51bc 2.43a 4.28ab 151a

S2N1  0.45bcd 2.10abc 3.63bc 0.88bc
S2N2  0.50bc 2.23abc 3.75abc 0.78bcd
S2N3  0.56ab 2.17abc 3.97abc 0.73cd

0.05

23 HHAEERXREEFHM EMSEVENDTS

Tk
3
2018 SON3
18 693 kg/hm?
S2N1  4.7%
2019 SIN2 SIN3 S2N3
SIN2 18 978 kg/hm?

SON1  25.2% SON3 8.2%

® 3 MNEMHICHRERRELETE R R
BoEME

Table 3 The total aboveground of summer maize biomass under

different treatments of rape straw returning and

nitrogen fertilizer reduction

/(kg-hm?)
6 12 20d

2018 SON1 919 4490 11040 14720ab 18 396ab
SON2 828 4643 11197 14929ab 18 66la
SON3 914 5282 11216 14 954a 18 693a
SIN1 868 4988 10846 14 46lab 18 077ab
SIN2 952 3478 11039 14719ab 18 399ab
SIN3 995 3968 11016 14 688ab 18 400ab
S2N1 759 4545 10711 14 281b 17 851b
S2N2 932 5342 10846 14 462ab 18 077ab
S2N3 900 4067 11036 14 715ab 18 360ab

2019 SON1 755b 3084d 9093e 12124d 15 156d
SON2 894ab 4070ab 10 334cd 13779bc 17 224bc
SON3 854ab 3 644abcd 10519¢c 14 026b 17 532hc
SIN1 920ab 3448cd 10080d 13439c 16 799c
SIN2 963a 4192a 11387a 15183a 18 978a
SIN3 855ab 3485bcd 11159b 14879 18 599a
S2N1 907ab 4 100a 10470c 13960bc 17 450bc
S2N2 753b 2414e 10473c 13965bc 17 456b
S2N3 893ab 3818abc 11 050b 14 734a 18417a

0.05
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Table 4 The agronomic characters of summer maize under different treatments of rape straw returning and nitrogen fertilizer reduction

/em /mm 1%
2018 SON1 22.0 236.6 25.64a 3.49+0.79 (1.52+0.11)b
SON2 21.3 242.0 21.42ab 1.63+1.08 (1.42+0.41)b
SON3 21.0 243.2 26.62a 2.25+1.26 (2.29+0.12)b
SIN1 22.0 243.2 22.38ab 2.42+1.25 (1.77£1.00)b
SIN2 21.3 243.2 21.84ab 2.89+1.70 (3.12+1.16)b
SIN3 21.3 237.2 18.76b 3.27+1.27 (2.550.76)b
S2N1 21.3 2445 23.00ab 2.42+1.28 (2.67+2.01)b
S2N2 22.0 244.3 21.50ab 4.57+1.92 (6.04+1.56)a
S2N3 21.3 234.4 18.49b 458+2.79 (3.84+2.88)ab
2019 SON1 20.3ab 222.7ab 20.30 0.00 0.00c
SON2 21.0a 221.3b 19.17 0.00 0.00c
SON3 20.7b 221.0b 19.34 0.00 (0.56+0.56)bc
SIN1 20.3ab 228.3ab 19.24 0.23+0.23 (5.13+2.60)a
SIN2 21.0a 219.4bc 20.90 0.00 (4.17+0.69)ab
SIN3 19.7ab 233.7a 21.53 0.00 (2.37+0.99)abc
S2N1 19.7ab 209.4c 20.34 0.56+0.56 (2.47+1.23)abc
S2N2 20.7ab 216.7bc 20.85 0.00 (2.72+1.43)abc
S2N3 19.3b 223.8ab 21.06 0.09+0.07 (4.59+1.12)ab
0.05
25 HHEERN~EREHREER 2019 SINZ
5 2 SON1  23.2% SIN1 11.2%
SON3 7.6%
2018 2019 13.7~14.8
12.5~13.9 2018
SON3 S2N1  10.4%
2
SON3 SON1  SON2
+ 20%
2019
2018
S2N3 SON1  10.9% 2018
SON3 S2N1 8.1%
SON2 SON3 2019
SIN2 SON1
2018
2019 SIN2
SON3 S2N1  6.4%
SON1 18.8% SON3  5.2%
+ 20%
2
5 HMEBTTHRARERELETE ERNTERAKESR
Table5 The yield and yield components of summer maize under different treatments of rape straw returning and nitrogen fertilizer reduction
Ig /(kg-hm?) /(kg-hm)
2018 SON1 14.1 (472.20+2.58)bc (31.74+0.07)ab (9 311.49+41.17)ab (9 555.49+77.49)ab
SON2 14.2 (469.88+7.11)bc (32.41+0.73)a (9 502.84+137.00)ab (9 713.62+631.82)ab
SON3 14.1 (502.06+2.70)a (31.04+0.34)b (9 613.26+92.69)a (9 934.60+97.58)a
SIN1 14.3 (483.02+9.54)abc (31.20+0.29)ab (9 296.37+201.41)ab (9 521.16+217.15)ab
SIN2 14.1 (472.74+8.42)bc (32.07+0.39)ab (9 369.17+68.04)ab (9 661.75+213.66)ab
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% 5(4%)
Ig /(kg-hm™) /(kg-hm?)
SIN3 13.7 (493.02+8.36)ab (30.92+0.11)ab (9 442.27+36.64)ab (9 716.96+282.92)ab
S2N1 14.0 (454.89+8.51)c (31.70+0.41)ab (9 033.85+58.93)b (9 190.08+170.57)b
S2N2 14.3 (460.89+4.96)c (31.34+0.49)b (9 205.56+286.50)ab (9 209.86+142.42)ab
S2N3 14.8 (456.78+12.91)c (32.16+0.17)ab (9 308.46+147.24)ab (9 361.24+281.57)ab
2019 SON1 12.5 (415.80+7.28)b (29.93+0.32)c (7 567.17+409.52)b (7 934.18+161.69)b
SON2 13.2 (438.06+10.20)ab (30.98+0.67)abc (8 515.61+284.09)ab (8 646.26+178.83)ab
SON3 135 (447.75£19.63)ab (31.37+0.38)abc (8 667.84+601.62)ab (8 958.72+465.21)a
SIN1 13.1 (439.02+£10.63)ab (30.56+0.56)bc (8 387.78+266.92)ab (8 560.46+358.46)ab
SIN2 13.8 (454.56+20.19)ab (32.55+0.48)a (9 324.43+403.65)a (9 421.98+318.10)a
SIN3 13.9 (458.04+10.58)ab (31.95+0.57)ab (9 138.11+327.40)a (9 332.21+335.71)a
S2N1 13.9 (453.18+15.39)ab (30.14+0.39)bc (8 627.29+151.35)ab (8 703.29+473.08)ab
S2N2 13.1 (457.20+2.43)ab (31.11+0.21)abc (8 715.56+456.17)ab (9 066.24+29.51)a
S2N3 13.6 (461.28+8.41)a (30.78+0.94)abc (9 048.77+244.02)a (9 055.33+360.15)a
0.05
26 WIXEERKRNWEBERES~N
6
2018
S0 S1 S2 £ s
3 Fr5itie
N1 N3 61.4%
64.1% 61.8%
2019
2
2018 2.8%~18.7% 2019 SO0 S1
s2 N1 N3 !
455% 53.0% 58.9%
1
20%
7.6% i3]
2
[14]
* 6 HAXRBEHIHRAERELETEERNEE
REFN
Table 6 Summer maize’s partial factor productivity of nitrogen
fertilizer under different treatments of rape straw
returning and nitrogen fertilizer reduction [15]
I(kgkg™)
2018 2019
SON1 (49.79£0.13)a (40.47+2.19)bc
SON2 (38.10£0.55)b (34.14+1.14)d (16]
SON3 (30.84+0.30)c (27.81£1.93)e
SIN1 (49.71+1.08)a (44.85+1.43)ab (17
SIN2 (37.57+0.27)b (37.39+1.62)cd
SIN3 (30.29+0.12)c (29.32+1.05)e (11]
S2N1 (48.31+£0.32)a (46.14+0.81)a 2
S2N2 (36.91+1.15)b (34.95+1.83)d
S2N3 (29.86+0.47)c (29.03+0.78)e + 20%(S1N2)

0.05
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