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Abstract The positioning test was carried out in the Chongzhou Experimental Base of Sichuan Agricultural
University in 2018—2019, aiming at exploring the effects of straw returning and nitrogen (N) fertilizer
management on soil N supply and yield of direct seeding rice under the wheat (rape)—rice rotation. The two-
factor split-zone design was adopted. The main area was wheat/rape straw being turned over to field (M) and
straw being not returned to field (control, M,). In the sub-area, on the basis of 150 kg/hm' of N application, there
were three kinds of N fertilizer operation, including N fertilizer moving forward (N). balanced N application (N,)
and N fertilizer moving backward (N,), with no N fertilizer application as a control (N). Then, the contents of
soil ammonium~-N, nitrate—N and total N, N accumulation and yield of direct seeding rice were determined. The
results showed that the N accumulation of rice plant increased by 7.13% (8.50%) and the yield increased by
0.94% (1.43%) in 2018, and which increased to 15.17% (17.12%) and 6.60% (7.42%) in 2019 under the wheat
(rape)—rice rotation at the maturing stage compared with those without straw returning. At the jointing stage in
2018, N accumulation amounts of direct seeding rice in the wheat (rape) stubble field were N,=>N,>N,
treatments as a whole. At the full heading stage and maturing stage, N accumulation amounts and yields of rice
plants were N,>N,>N, treatments under the no straw returning, as well as N,=>N, =N, treatments under the
straw returning. Compared with the no straw returning, the ammonium—N contents in 0—10 and = 10-20 c¢m soil
layers at the rice maturing stage under the wheat (rape)-rice rotation increased or decreased after straw returning.
While the nitrate—N contents decreased by 44.22% (30.99%) and 8.05% (20.09%) overall. Soil total N contents
had little change in each growth stage of direct seeding rice, and the contents of nitrate—N, ammonium—N and
total N in the soils under the N, treatment remained at a high level in each growth stage. In conclusion,
continuous straw returning is beneficial to increase soil total N content; under the wheat (rape)—rice rotation, the
balanced N application could effectively promote the N uptake by rice plants and significantly increase the rice
yield, and the effect of increasing yield is better under the rape-rice rotation.
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Table 1 Fertility status of topsoil (0-20 ¢m} in the test field
L e ATHLIG e A LR
Year Test field Organic matter/(g/kg) Total Nf{g/kg) Available P/img/kg)  Available K/{img/kg)
5018 A7 ZE T Wheat stubble field 31.36 1.65 16.74 187.43
?Hif‘lﬂ Rape swbble field 39.49 1.83 17.47 226.76
i LN Wheatswbble field 3243 135 1em 16859
il #E H Rape stubble field 39.55 1.87 20.55 207.22

I 20184 HT iR Precipitation in 2018
I 2019FRRIE Precipitation in 2019

—@— 201 84E TR Mean temperature in 2018
—@— 20194 TR Mean temperature in 2019
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Mean temperature and precipitation during the growth period of rice in the experimental area from 2018 o 2019
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Table 2 Nitrogen application amounts of rice at different growth stages under different nitrogen fertilizer management models

kg/hm’
Uz A 204 501 {54 -5 {203
Nitrogen fertilizer management model 2-leaf stage S-leaf stage Inverted 4-leaf stage  Inverted 2-leaf stage
N, HALHT#E Nitrogen fertilizer moving forward 150 0 0 0
N, it % Balanced nitrogen application 45 43 30 30
N, #IEE%% Nitrogen fertilizer moving backward 30 30 45 45

132 #HHREFRFE QN
G BT 3 L 5 R L R A A ) (X i B
K —FHHEREBEFEMKBI R ERBPL
105 CAHF A4S minJ5,.7E80 CEMY FHTFEHE,
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Table 3 Effects of straw returning and nitrogen fertilizer management on ammonium nitrogen (NH~N) content in each soil layer

of paddy field under wheat (rape)—rice rotation (2018) mg'kg
: 0~ 10 em T IRFEE I B =10~~20 em R E SR
Trfa_tf;:m NH; =N content in the 0-10 cm soil layer NH; -N content in the = 10-20 cm soil layer
POOWIS  FEMFHS  BEUMS WIS FEIFHS U MS
N, 6.58b 4.82c 3.98b 5.70a 241b 2.19ah
o N, 9.67a 6.05b 491a 5.83a 4.02a 1.52b
e N, 8.61a 5.28bc 2.80¢ 4326 2.52ab 2.95a
N, 9.67a 7.48a 3.69b 6.23a 3.42ab 3.15a
""" (H Average 863 591 38 552 309 245
N, 6.11h 6.15a 2.29b 6.13a 4.28a 3.8la
N, 8.73a 6.09 3.78a 3.29¢ 2.69h 3.07ah
i M, 7.63ab 5.35a 1.63¢ 3.67c 3.38ab 2.65ab
N, 9.22a 5.42a 2.74b 4.89b 4.43a 2.06b
 HyffiAveage 792 535 261 449 370 290
) M 0.37 0.04 54901499 1.84 1.25 15.61
iii]ue N 6.97" 2.36 34.70" 10.047 0.98 0.90
MxN 0.07 4.21° 1.14 493 2.84 4.59"
N, 8.79a 5.50a 4.15a 5.82b 4.55b 2.96ab
P M, N, 7.87a 5.93a 3.18b ?.] la 6.55a 2.90ab
N, 6.82a 6.02a 3.48ab 6.08b 4.69h 2.54b
N, 6.92a 6.12a 3.13b 5.44b 4.26b 3.28a
""" B Average 760 58 349 636 S0 292
N, 7.20b 8.03a 5.49a 6.50a 4.40b 3.08ab
PM, N, 9.92a 6.15b 4.01b 344 5.98a 2.48b
» N, 9.81ab 6.72ab 2.86¢ 4.82h 6.47a 3.15a
N, 8.09ab 4.78¢ 3.01c 7.64a 3.29¢ 2.88ab
Ml Average 875 642 38 560 S04 280
N M 17.47 428 88" 0.32 14.13 0.008 0.02
Eﬁ;ms N 0.66 2.57 11.89" 1.27 14.41" 1.02
M=N 1.90 5.32 3.63° 12.54" 431 1.97

P, : A2 FEI P JHFELL ; M, < R FF AR [ 5 M, : BEFF 4 B BHMIER 1015 N, < A EUAE s N, UM S N, < TR R s N, U B (130
BUHE 5 A [ 5 2 B e A [ il A BRI 7 P<-0005 7K 35 A7 S 2 0 50 =R i B Fom A8 P<<0.05 Fil P<00.01 2K T35 AT HETT
FHIRESTEE C(LSD R . TR,

P,: Wheat stubble field; P: Rape stubble field; M;: Straw is not returned to the field; M : Full amount of straw is turned over and
returned to the field: N No nitrogen fertilizer application; N,: Nitrogen fertilizer moving forward: N,: Balanced nitrogen application;
N,: Nitrogen fertilizer moving backward. JS: Jointing stage: FHS: Full heading stage; MS: Maturing stage. The values within the same
column followed by different lowercase letters indicate significant differences among different nitrogen application treatments at the (.05
probability level; single asterisk (*) and double asterisks (**) indicate significant and highly significant differences at the 0.05 and 0.01
probability levels, respectively (LSD test). The same below,

TEMEAERAEERMEEEM, 2009 ME  10cm LESE & HE 2018 lAERFALH .
Hol R EMIEEEM>10~20cm LE SN FEFRE B R 0 BIARE T 7.19%(10.00%) . 4.09%
MAEM=10~20cm L EFEMMN AR SR, B (7.43%). 2 FFEFFL E R R AS il 2000 b B & e
EEWMARMBALESRSET R SNMEER HH0~10.>10~-20cm L B2 R SERBRKTH
mi . FLA A E AR B A BN fily A2b 38, it E0AE S B B A3 0~10 em L2 4,

SLEPRIAI SRR 2019 FE AT GO #EH 0~ 20184 EHH0~10.>10~20cm L EEE S &
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Table 4 Effects of straw returning and nitrogen fertilizer management on nitrate nitrogen (NO, =N) content in each soil layer of

paddy field under wheat (rapej—rice rotation (2018)

mg'kg

0--10 cm + /2555

= 10-~20 cm +E A E T

Tr:_:tf-ent NO7 =N content in the 0-10 cm soil layer NO; =N content in the = 10-20 cm soil layer
AT I8 Fri#EH] FHS L] MS FATW 18 Fridi FHS R MS
N, 0.90b 372 3.20bc 1.24b 1.93b 1.68a
o N, 2.8% 2.48b 3.51b 1.82a 1.31c 1.54a
e N, 2.44a 4.23a 6.57a 0. 76c 1.33¢ 1.90a
N, 1.31b 3.83a 2.28¢ 0.67c 3.6la 1.85a
it Average 189 6 380 L1z 204 174
N, 3.40a 1.60c 2.52ab 1.03a 2.53a 1.89a
N, 1.95b 2.31b 2.83a 0.45b 2.04a 2.04a
fy N, 1.23bc 3.77a 1.85ab 0.37b 2.08a 1.15a
N, 1.15¢ 2.60b 1.47b 0.79ab 1.98a 1.33a
Hff Averige 193 257 217 066 216 160
M 0.01 32.99" 28 419.33” 37.74 0.28 1.19
i’Em N 5.98" 18.19 10.007 6.68 11.83° 0.27
MxN 1653 6.97" 10.72" 815" 14387 1.32
N, 2.60a 2.27b 2.96h 0.71a 2.23a 2.22a
i N, 34la 2.07b 3.62b 0.84a 1.50b 2.45a
AT N, 26la 294a 3.45b 0.70a 2.67a 2.27a
N, 3.48a 3.10a 6.48a 0.74a 2.28a 1.99a
i Average | 303 260 a3 074 27 224
N, 2.(da 1.84c 2.13b 1.09b 2.78a 1.34b
N, 1.27a 3.57a 5.28a 1.66a 1.38b 2.98a
PM, N, 1.32a 3.48ab 2.50b 042¢ 2.07ab 1.74b
N, 1.65a 2.71b 1.50b 1.97a 1.38b 1.07b
H(f Average ST 290 285 129 %0 1719
M 51.62° 245 454993 109.27" 1.79 6.84
?E]ue N 0.67 5.28 9.77" 19.36" 6.70" 5.31°
MxN 1.31 4.62 23.68" 15.49" 278" 3.38
BAEFFAE K, 2019 EF#HH0~10em LB LR HE(ES~6).

R AEHZERE D 2 FR5% i H L
A B A TEAT AL TR ] 25 He e

WMENLEE M 5, 2018 FEF GIDFEMH 0~10cm
TEMEEASRERTAEHEZS FRITBILIN,
AL P FERES N AR HE B SR T NN A, B AT
EHEEHHTE2RESEEKBSEFHERN
AN ACEE T NN, AR, il 2 &l AL 2 2= e
ARFE. 2019 FF FEHFHL B BRATHIN, &5
SREGEETHA S, G SERL RS
SRERED MEHEESESEEKESES
WILIN AP E . 285, G EH > 10~
20cm EELEFREKFEESETIRE DL EE
e, ek E, R LE SRS REUN AH
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Table 5 Effects of straw returning and nitrogen fertilizer management on total nitrogen content in each soil layer of paddy field

under wheat (rape)—rice rotation (2018)

g'kg

010 em + 2450 % Gt

>10—~20em + B R FE

Trﬁfcnl Total nitrogen content in the 0=10 cm soil layer Total nitrogen content in the = 10-20 cm soil layer
30 1S FriH FHS BN MS i3 18 Fr #8301 FHS HIEERIE MS
N, L.67b 1.71ab 1.55b 1.42ab 1.48b 1.52ab
ki N, 1.91a 1.54b 1.42¢ 1.49ah 1.68a 1.63a
e N, 1.854 1.77a 1.88a léla 1.53b 1.50b
N, 1.84a 1.81a 1.84a 1.37b 1.47b 1.39¢
HjffiAverage 182 17l 167 141 154 151
N, l.4lc 1.45b 1.60b 1.29b 1.40a 1.37b
N, 1.79ab 1.83a 1.87a 1.29b 1.30a 1.52a
M, N, 1.71b 1.67ab 1.69b 1.58a 1.27a 1.41ab
N, 1.90a 1.67ab 1.70ab 1.33b 1.41a 1.21e
HyffiAvesge 170 165 L1 131 135 138
) M 212847 (.74 7.15 421 75.28 32.88°
};E!ue N 31.84" 1.01 574 4.69° 0.92 146"
MxN 6.027 2.84 11.98" 0.53 40" (1.36
N, 1.82b 1.86a 1.63b 1.48b 1.51a 1.47b
P, N, 1.97a 1.63b 1.56b 1.49b 1.63a 1.70a
N, 1.99a 1.94a 1.84a 1.54ab 1.45a 1.50b
N, 1.86ab 1.94a 1.79a 1.64a 1.52a 1.28¢
Hff Average Lo 184 10 154 153 149
N, 1.58b 1.78a 1.57b 1.46c 1.25¢ 1.19b
N, 1.95a 1.82a 1.83a .71a 1.79a 1.59a
FeM, N, 1.83a 1.74a 1.77a 1.58b 1.52b 149
N, 1.88a 1.67a 1.83a 1.65ab 1.20¢ 1.25b
Wyl Aveage 181 175 L5 60 144 I
N M 5.07 942 0.79 0.62 1.26 12.96
?:ilue N 7.58" 0.67 4.20° 487 8407 35.84"
MxN 2.11 2.73 2.69 251 4.56° 4.75"

25 ZE(H)-BRETEAEESARESME
EREEEN

¥ bE 2 FE P AR T 0, 2019 FE 3 Ll 7 HI EL 4
& 5 2018 4k 7™ 448,352 kg/hm* (FH 3) . 2018
9 B OB AR SRS R AL WA I | 4 Bl
0.94%1.43%,2019 F 38 %2 6.60%.7.42%. T 5HHE
IZ %, 22 Gl H BELE RS f AN L A P R R
AN >N>N, BffdEEFEENAIN>N>N,.
26 E(H)-BRETIEXTVNEASEEREEE
HEERFENXR

A DM 2 HT (R T ol i E-FR 5 fE MU R
0~10cm LR HEEARSEEHERER
EERETRIPEEZEFEN:E, FHEEMBEES
B ENECSESRBREEFRRLER R B
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Table 6 Effects of straw returning and nitrogen fertilizer management on total nitrogen content in each soil layer of paddy field

under wheat (rape)—rice rotation (2019)

glkg

0~10cm HJ2 R & >10~20 cm T JE A & Gt
b Total nitrogen content in the 0-10 ¢cm soil layer Total nitrogen content in the = 10-20 cm soil layer
Treatment fif T PO SRR ARl &R W SRR Al
Before sowing IS FHS M5 Before sowing IS FHS M5
N, 1.63c 1.77a 1.72b 1.72b 1.35a 1.08a 1.14a 1.32a
N, 1.76b 1.82a 1.80a 1.75ab 1.36a 1.34a 1.12a Lala
Pu=My N, 1.91a 187a  L74b  186a 1.24b 1192 1362 1.4%
N, 160 1.77a 1.70b 1.83a 1.41a 0.99a 1.32a 1.49a
""" Wi Aveage 172 181 L7 L1 13 115 123 142
N, 1.72ab 151¢ 1.51c 1.62b 1.00¢ 1.03b 0.88b 0.98b
N, 1.84a 2.05a 1.76a 1.8%9 1.79a 1.56a 1.17ab 1.40a
EM, N, 1.85a 1.79b 1.69b 1.80a 1.39b 1.42a 1.08ab 1.01h
N, 1.68b 1.76b 1.77a 1.82a 1.31b l.4la 1.29a 1.15ab
""" Wi Average 177 178 Le8 L8 137 135 L0 113
) M 271 17.23 0.57 0.11 123.32 19683977 60.54° 19.19°
?Elue N 798 117 2212 4.46' 23.11 3.00 2.24 3.30
M=N 0.89 7.34" 14.65" 1.98 23.12 1.00 1.01 2.85
N, 1.67b 1.94ab 1.84a 1.82a 1.57a 1.32b 1.77a 1.51b
N, 1.81b 2.03a 1.83a 1.88a 1.42b 1.67a 1.58b 1.75a
FMy N, 2.03a 1.90b 1.84a 191a 1.63a 1.62a 1.53be 1.56b
N, 1.72b 1.94ab 1.76b 1.88a 1.62a 1.38b 1.44¢ 1.50b
""" By Average 181 195 18 187 156 150 158 158
N, 1.97ab 1.86b 1.82b 1.72¢ 1.50be 1.32¢ 1.21¢ 1.34¢
N, 2.12a 1.9%a 1.84b 1.97ab 1.56ab 1.73a 1.39b l.64a
FM, N, 1.74¢ 1.87b 1.85ab 1.86b 1.67a 1.58b 1.25he 1.54h
N, 1.90b 1.94ab 1.92a 1.98a l4le 1.40¢ 1.59a 1.60ab
""" Byl Average 193 192 186 188 153 15l 136 153
i M 253.087 2.15 1.46 1.03 12.07 015 163227 443
E{ilue N 2.11 402 015 6.55 574 34.317 1.90 RIRL
M=N 8317 0.35 433 299 57T 0.47 13.147 9.06™

AL SRR, T AR A MR MR
A & R R B D R FSFS R A o, RS AT
MHEBEES LIRS E HAETES W
. ARG RER, F-FREMTEINER
BALS FRTRE L im-BR SR TEER
SRAEM. X0Ee S R R AR RS L
HFR AR R 2R TR E S
AIEHERLR S RIFLEEZER,(H2018.2019
ERHEEEEGHDE M EFEOEEHEN g
BAEHERT 7.13%(8.50%) . 15.17%(17.12%)
156 AR 7E 48 (7] i) IR i ) & 1 L R T4 H U R e R
RO ECE ORI, HRSFEE S 2019 456 4
W F (HDFEF0~10 em L B4 E 5 B 5 2018 4F
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>10~-20 ecm L2 244 F LUEUHE AT RS (N b2 (1) A4
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oo HIHAEUIE KB HE AR T HER 0 T AL, i
ot Jim A A N BURE , S Bk v e A A P Re T A
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Different lowercase letters above the bars indicate significant differences among the different sub-treatments under the same main treatment at
the same stage at the (.05 probability level.
B2 ZE(@)-BRETHFITHSEARESHAERAENRNN
Fig.2 Effects of straw returning and nitrogen fertilizer management on nitrogen accumulation in direct seeding rice under wheat

(rape)—rice rotation
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Different lowercase letters above the bars indicate significant differences among the different sub-treatments under the same rotation model and
main treatiment at the 0.05 probability level.
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Fig. 3  Effects of straw returning and nitrogen fertilizer management on yield of direct seeding rice under wheat (rape)-rice rotation
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Table 7 Correlation between inorganic nitrogen contents in the 0-20 cm soil layer and total nitrogen accumulation, yield of direct

seeding rice under wheat (rape)-rice rotation (2018)

A T HEAE Wheat-rice rotation

il -#i%E 71 Rape-rice rotation

12 f5t5 k= e : s :
Soil layerfem Index Growth stage FribkE %'L"-"‘.M‘ ’ﬁ_‘iﬁ Frib e *’I"E’i‘g}-"—"_ﬁ ?fﬂ*
Total N accumulation in plants Yield Total N accumulation in plants Yield
i Py 18 047 0.46° 0.04 0.04
PAEAE T
NH:—N content FrEEH FHS 0.15 0.02 —0.24 —032
HEERIE MS —0.33 — (.06 —0.62" —0.63"
_ T 18 —0.37 —0.34 —0.20 —0.13
[ i , . oy .
0~10 NO:—N content Fri FHS 0.47 0.33 0.62 0.59
M MS —0.13 —0.03 0.16 0.20
EHE s OIS 0.23 0.23 —0.08 —0.04
Total inorganic FriH FHS 044 0.23 0.14 0.06
NUTOZEN COMEnL  peug i) MS —0.26 —0.05 —0.19 —0.17
po—— A7 i 18 —0.37 —0.28 —0.15 —0.09
\:-’5!{ = _‘i_ %
NH:-N content FFHEW FHS 0.07 —0.09 —0.03 0.00
R MS —0.05 —0.19 0.05 —0.02
et WA IS —0.55" —0.35 0.04 0.02
=10—20 'ﬂ"i‘“:""aw}'”t FriLl FHS 0.13 —0.01 —0.13 —0.25
NO; =N content
R MS —i0.22 —0.13 —0.18 —0.07
e :
Emaas  KOHIS —0.47 034 —0.13 —0.08
Tortal inorganic Frid) FHS 0.13 —0.08 — (.09 —0.12
nitrogen contenl  pam 40 MS —0.14 —0.21 —0.14 —0.07

w41 B ATE P=20.05 P =20.01 AT I35 FdE 2 35 H G

Single asterisk (*) and double asterisks (*#) indicate significant and extremely significant correlations at the 0.05 and 0.01 probability

levels, respectively.
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