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Effects of straw returning form and amount on nitrogen accumulation
and translocation as well as yield and quality of rice
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Abstract; Straw returning to the field is a widely used straw treatment method at present. However, there are
problems such as low decomposition efficiency, easy occurrence of pests and diseases, and release of organic acids.
The steam explosion technology has an effect of destroying the cohesion between the straw fibers, increasing the
specific surface area of the straw, making it easier to be degraded by microorganisms and eliminate the eggs of dis-
eases and insects carried by the straw itself. In this study, two forms of straw returning to the field were used: ex-

truded straw and conventional straw. A pot experiment was carried out in 2020 and 2021 to investigate effects of the
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two return methods on rice growth, yield, quality, nitrogen accumulation and translocation. A single-factor com-
pletely randomized design was adopted. The rice variety ‘ Kenjing 8’ was used as the test material and with no
straw returning to the field as the control (CK) and 7 500 kg « hm™ of local straw return to the field as the base.
Four return rates for each return method of 25% , 50% , 75% and 100% were employed with a total of 9 treatments.
The results show that nitrogen accumulation in the full heading stage was in the form of puffed straw return > CK >
direct straw return, and decreased with the increase of returning amount. Compared with CK, the 25% puffed straw
returning to the field increased by 10.92% and 11.66% respectively, and the direct straw return was slightly lower
than that of CK. At the mature stage, 25% extruded straw returning to the field increased 1.11% and 10.54% com-
pared with CK in two years, respectively, and 75% straw returning to the field significantly increased 4.99% com-
pared with CK in 2020. The treatment of 50% of 2021 straw returning to field was the best, which increased 8.51%
compared with CK. Compared with CK, the straw returning treatment increased the yield of rice. Under different re-
turning rates, the puffed straw return rate was the highest at 25%, increasing by 5.54% and 8.93% respectively
compared with CK in two years. The direct straw return was highest at 75%, increasing by 6.65% and 9.14% re-
spectively compared with CK in the two years. The processing quality, nutritional quality and eating quality of rice
were improved by straw extruding treatment and direct straw returning treatment during the two years. The taste
scores of rice with 25% and 50% extruded straw return were higher than that of rice with the same amount of straw,
but the difference was not significant. In conclusion, the treatment of 25% extruded straw returning to the field was
beneficial to improvement of rice yield and quality followed by the treatment of 75% direct straw returning to the
field. The study provides a theoretical and technical reference for high yield and good quality of rice.

Keywords: rice; straw returning; nitrogen; yield; quality
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Table 1 Soil basic nutrient status
I ik AL AR T AL
v Available N Available P Available K Organic matter pH
ear

/(mg-kg™") /(mg-kg™') /(mg-kg™) /(g-kg")

2020 134.80 20.81 72.05 27.91 6.69
2021 137.76 13.69 92.05 28.79 6.90
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Table 2 Ways and amounts of straw returning

to the field for different treatments

72 g W] B (g - 1)

Returning method Treatment Retur.mng Straw amoimt
proportion/% /(g + pot™!)
A H
Returning no CK 0 0
straw to the field
P1 25 90
Wit P2 50 180
Returning extruded
e P3 75 270
straw to field
P4 100 360
S1 25 90
EE S $2 50 180
Returning conventional
L S3 75 270
straw to field
S4 100 360
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Fig.3 Comparison of nitrogen accumulation in rice shoot
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Table 3 Comparison of nitrogen transport in stem sheath and leaf of rice
. AEHER/ (g-m™?) ARER/ % RERTTRE/ %
A A3 N transports Apparent N transport rate Contribution rate of N transport
Year Treatment o o "
- F Leaf ZE# Stem-sheath I F Leaf ZE¥ Stem-sheath I F Leaf Z£¥ Stem-sheath
CK 623.27¢ 351.96b 78.64c 52.86bc 50.37d 28.44h
P1 737.59a 389.63a 81.41a 56.53a 66.31a 31.16a
P2 691.26b 284.64d 79.59h 50.75¢d 58.97b 27.29h
P3 573.28d 276.31de 77.43de 48.32d 46.74e 22.53¢
2020 P4 458.62g 104.99h 75.25¢g 29.14¢g 36.66g 8.3%¢
S1 626.60¢ 327.30c 78.07cd 55.19ab 52.28¢ 27.29h
S2 610.94c¢ 254.31e 76.71ef 48.00d 50.77d 21.13¢
S3 514.28¢ 135.65g 74.66g 32.96f 37.93g 10.01e
s4 542.28e 193.31f 76.51f 39.92e 41.21f 14.68d
CK 516.28a 142.32b 77.76a 28.02a 65.79a 18.12b
P1 425.29b 42.00e 74.18b 9.53f 49.75b¢ 4.92f
P2 415.63b 82.33cd 71.65¢ 20.37de 45.31de 8.98de
P3 341.63de 86.32cd 71.80c 23.03d 45.86¢d 11.57¢d
2021 P4 314.64e 207.65a 67.22¢ 40.67a 41.27e 27.26a
S1 412.96b 98.99¢ 72.67be 22.84de 52.72b 12.65¢
S2 398.96bc 45.00e 72.07¢ 10.75¢ 47.56¢d 5.12f
S3 416.29h 141.32b 73.06bc 35.41b 53.01b 18.81b
S4 369.63cd 67.99de 69.66d 18.73e 43.69de 8.02e

TE : [ FV U5 S RN P REFROR AL BRI 22 53K 5% Bk, T 1A,

Note: The different lowercase letters in the same column represent the significant difference at P<0.05. The same below.
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Table 4  Distribution of nitrogen in various organs of rice at maturity

) 258 Stem-sheath I H Leaf ## Panicle
My Jb ¥ — 5 — 5 . —— S .
Year Treatment PRI/ (g - m™) il % AR/ (g m?) LA/ % AR/ (g m?) LA/ %
Accumulation Proportion Accumulation Proportion Accumulation Proportion
CK 298.97h 18.24a 169.32bc 9.84d 1237.21cd 71.93d
P1 304.64a 18.70a 188.98a 10.87h 1250.54¢ 71.92d
P2 275.97¢ 17.20b 157.98d 10.69bc 1042.23¢ 70.61e
P3 295.30b 17.49b 166.98¢ 9.89d 1226.21cd 72.62¢
2020 P4 254.97d 15.38e 150.98e 9.10f 1251.21¢ 75.51a
S1 265.64c 16.05d 190.31a 11.50a 1198.88d 72.45¢cd
S2 275.31¢ 16.68¢ 171.65bc 10.40c 1203.55d 72.92¢
S3 275.64c¢ 15.26e 174.65b 9.67de 1355.53a 75.08a
S4 290.97b 16.40cd 166.65¢ 9.39¢f 1316.20b 74.21b
CK 364.63b 28.07a 147.65¢ 11.38ab 784.92¢ 60.55¢
P1 410.63a 28.62a 168.32a 11.74ab 854.91b 59.64¢
P2 321.63cd 23.25he 144.65¢d 10.63b 917.57a 66.11a
P3 286.30de 24.48bc 133.65d 11.49ab 745.26¢ 64.03ab
2021 P4 264.64e 22.41c¢ 153.32be 13.00a 762.26¢ 64.59ab
S1 333.97be 26.25ab 154.65bc 12.17ab 782.92¢ 61.58bc
S2 370.63b 26.27ab 161.32ab 11.47ab 875.58ab 62.26bc
S3 257.97e 22.27¢ 146.99¢ 12.70a 752.26¢ 65.03ab
S4 294.30cde 22.60c 160.98ab 12.37a 845.92b 65.04ab
x5 FEREMBERALLER
Table 5 Comparison of yield and its components
30 4ba (B - m?)  FERECCRL- BT IR/ % THIE/ g P
Year Treatment Number of panicles Grains per panicle Seed setting rate 1000—grain weight Yield/(g » m™2)
CK 410.96b 138.74a 90.75ab 22.12a 1143.55b
P1 438.96ab 138.80a 94.10a 20.99ab 1206.88a
P2 433.29b 134.03a 94.57a 21.01ab 1149.89b
P3 427.62b 140.76a 93.18ab 21.15ab 1182.55ab
2020 P4 422.29b 134.83a 93.22ab 22.10a 1175.88ab
S1 433.29b 138.60a 93.06ab 20.61ab 1149.55b
S2 426.62b 138.86a 90.73ab 21.37ab 1148.55b
S3 472.29a 130.88a 92.70ab 21.28b 1219.54a
S4 433.29b 142.44a 89.42h 21.99a 1212.21a
CK 433.29a 83.25f 95.69ab 23.03a 795.25b
P1 399.96h 95.25de 97.03a 23.44a 866.25a
P2 366.63c 99.48cde 97.05a 23.11a 817.92ab
P3 333.30d 103.97bed 96.12ab 23.27a 774.59b
2021 P4 333.30d 110.76ab 96.97a 23.07a 825.58ab
S1 405.63b 90.95ef 95.60ab 23.36a 823.92ab
S2 333.30d 105.75abe 95.89ab 23.26a 822.92ab
S3 399.96h 95.15de 96.82ab 23.49a 867.91a
S4 327.63d 113.78a 95.34h 23.16a 786.59h




224

T F XA 5T

541 45

B, B CK B3 T 5.54% F1 8.93% ; H.#£34
DL S3 Ab PR AR 5,2 a AR CK 2053 16.65%
F19.14% ; N7~ 5 (14 1L 32 R &, 2020 4F 7 ik
B 2545 A A B 7 J7 K B A4 e vl BERE ey, G
83 Kb FRARE 5 KRR £ (472.29 B - m?) P
ARFRVR 22 52021 4R850 HH AL BRAEF 5 K AR A8 4
CK 35 P AR BRI B 2 a [A]H4 L) S4 b £, 488
CK P25 T 19.65% , (H 45 b PR R 22 57 R 1K B 3%
IR 45 SRD P2 Ab B R 5,2 a [A]5% CK 4342 5
T 4.21% f11.42% , P1 AL BRIR 2 ; P4 4 #H F F
2020 4FT-ki B (4, S3 AL BRTE 2021 TR d i,
P1 ACBRYR 2 {H AL PRI G i 2 22 5

2.3 FEFE EESE HEX B &R RN
231 AR T S MR 6 L2 a [AREAKM
IS A R B A5 AR B > CK, Hirf 2020 4 1
AbIR RS K R LI N P2>P1>P4>P3 A HIHK
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Fm T HALN B, B HORS KRR DL ST A i
(73.65%) , W& =T CK 1 S3 AL B, iz fbif 1 P2
QBB CR I 3 CK 388 T 1.70% , B ik 1
S4 RbFREAEA A Ay, 3 T AAL B 3 CK
FREE T 3.36% ;2021 AL HRT E HE A H RS
K KK HILL P2 S3 AbH AR, H = H i
FE T CK P AL B Ak 38 H 9 3RS K R Rl
P3>P4>P2>P1, B %8 H W R K R KB S4>
S3>S81>S2, Hirfr P3 I S4 Ab BEEOKS K R 73 Hil4E CK
P 6.04% f19.58% , H S4 4b P& % & T Hofth
LS

2,32 AGARSPUSLA AN 7 A1, 2020 A R
A R P4 A HANA R RS FFA H >CK, H
£ 2021 FISA AR, RN CK> B4 H > g {bid
HH, HL 2 a ()2 A4 R 2340 FH R K 0 S R 2R
WL 100% 34 W5 i, 3 CK AL, 2 ali]$y
DAZ AL A P4 Rb B S AR AR e WD, R W
A FH A2 ) T RO AR A AU 5T
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Table 6 Comparison of rice processing quality

2020 2021
b
e WA /% HERAR % Bk % WK /% HHOK /%
Brown rice rate Milled rice rate Head rice rate Brown rice rate Milled rice rate Head rice rate
CK 81.94b 72.78e 64.22b 79.09¢ 72.07¢ 58.79d
P1 82.28ab 73.78bc 64.78b 79.38bc 72.45bc 60.06¢
P2 82.42ab 74.60a 65.31b 79.91a 73.24a 60.36¢
P3 82.14ab 74.03b 64.72b 79.56abc 72.67ab 62.34b
P4 82.15ab 73.88bc 65.17b 79.74ab 73.06a 62.05b
S1 82.44a 73.65bc 65.24b 79.97a 73.12a 63.12b
S2 82.22ab 73.43cd 65.11b 79.91a 73.01a 62.70b
S3 82.00ab 72.93de 65.29b 79.99a 73.16a 64.28a
S4 82.33ab 73.47cd 66.38a 79.88ab 73.11a 64.42a
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Table 7 Comparison of rice appearance quality HEEE LS4 4b 3 Ik i H & A 1 Ab B
" 2020 2021 (25%F1 50% ) v, Ak ik F A B 42540 A R T e
B wEkR/e EAE/%  FARR/% EHE/% A e A \ I
Treatment  Chalkiness Chalkiness Chalkiness Chalkiness {E‘EE IJ:_[ E‘i P EL, E& ﬁﬁ I]jk ’ {EEJ‘Z—:’ H B EBL 1= E/‘J ﬁlﬂ
rate degree rate degree (75%;’5[] 100%) I:I:l , ﬁ CK ;I:H It , W*ﬁh%&*ﬂij& H ﬂ}i
CK 5.17d 2.93d 0.53¢ 0.32bc =1 - N e 302\ A L
( C C O MERARS RS2 o R L
P1 6.42cd 3.63cd 1.15a 0.62a N .
HREEA W ST A PR AR, 2020 4F S1 4D B F KT
P2 8.15b 4.70b 0.45¢d 0.23cde ALI\}E 45'3 g ﬁ}ii%{f‘i C
P3 7.08bc 4.12bc 0.35d 0.22de P1.P2.82.84 ’ 2021 1 7 1R ﬂ: K,
P4 3.70e 2.05e 0.33d 0.20e P3.52 ﬂiﬂo
s 8.12h 4.82b 0.78b 0.37b 2.3.4 RAREeR&A MR8 AIALE CK AL,
$2 9.85a 5.68a 0.55¢ 0.30bed 2 a5 FFIA H AL FIEE & T R A B IR TT 43, R
S3 9.83a 6.13a 0.72b 0.35b RREAIA B > B4 v g Ak A 3 a) 5% R
S4 6.42cd 3.82¢ 0.48cd 0.25cde

A P2>P4>P1>P3,2 a [A1¥L P2 AbFEERIT 5,
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Fig.4 Comparison of nutritional quality of rice
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Table 8 Comparison of rice eating quality

Ay Year AbFH Treatment X, Aroma 6P Gloss  SE#ME Completeness  BRIE Taste /8 Texture EMREES; Taste score
CK 7.29bc 7.03b 7.40a 7.76b 6.95¢ 75.52a
P1 7.28¢ 7.10b 7.24b 7.82ab 6.93¢c 76.36a
P2 7.41a 7.39a 7.30ab 7.93a 7.25ab 76.97a
P3 7.25¢ 7.04b 7.32ab 7.77b 6.98¢c 76.31a
2020 P4 7.31abc 7.19ab 7.32ab 7.82ab 7.14abc 76.73a
S1 7.32abc 7.06b 7.40a 7.76b 7.01c 75.58a
S2 7.34abc 7.08b 7.36ab 7.75b 7.04bc 75.75a
S3 7.34abc 7.19ab 7.34ab 7.85ab 7.09abc 76.26a
S4 7.39ab 7.36a 7.32ab 7.89a 7.27a 76.71a
CK 7.22¢ 7.45¢ 7.31a 7.85b 7.65a 80.73a
P1 7.32ab 7.68ab 7.20b 7.98a 7.73a 81.42a
P2 7.38a 7.65abc 7.23ab 8.0la 7.69a 81.71a
P3 7.35a 7.71ab 7.23ab 8.00a 7.77a 81.08a
2021 P4 7.34a 7.77a 7.18b 7.98a 7.78a 81.44a
S1 7.24bc 7.52bc 7.22ab 7.89b 7.64a 81.24a
S2 7.36a 7.67ab 7.26ab 8.03a 7.69a 81.29a
S3 7.36a 7.67ab 7.24ab 8.04a 7.66a 81.29a
S4 7.37a 7.71ab 7.21b 8.06a 7.66a 81.53a
Gr 76.97 rAI8LT1 4y A HAR BRI RIS O BEABFIE RIS REFFIE B KA A

S4>83>82>S1,2 a [A]#] DL S4 A FRE R IE 7 e i, o0
SR 76.71 431 81.53 4y, HIMLAT L, & CK A 3%
S AR EE B2 AR A F R AT ) A KA A ot Jo ) A

30w
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RE LMYV Z B0 A5 19 ) i S Ay, A3
JOE PR 5 AL AR 1N 25 b 0 Joi B i R 114 P A DAY

WA AR PR 2 BB 5, —J7 12 PO R AT 57
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