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Effects of rice stalk mulching combined with green manure retention and nitrogen reduction on rice yield and
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the integrated effect of milk vetch (Astragalus sinicus L.) and rice (Oryza sativa L.) straw return with nitrogen reduction on rice yield and

2024528

ammonia volatilization in milk vetch-rice rotation system. The four treatments were : no returning of rice straw in winter accompanied by
conventional N application, namely, control (CK); co—incorporation of Chinese milk vetch and rice straw in winter accompanied by
conventional N application (GRNi); reducing 20% of N application rate based on the GRN1oo( GRNs); and reducing 30% of N application
rate based on the GRNio (GRN7). A ventilation NH; volatilization collection device monitored the characteristics of ammonia (NH;)
volatilization during the rice growth periods. The results showed that: compared with the CK, the co—incorporation of Chinese milk vetch
and rice straw in winter increased the grain yield of Huanghuazhan in the order of GRNg > GRNs > GRNig. In particular, the average
annual increase of GRNg and GRN7 was 7.66% and 6.37%, respectively, relative to the CK. The NHj; volatilization in the canopy mainly
occurred after 30 days of fertilization, with a higher rate in the periods from the heading to maturity stage. The soil NH3 volatilization
occurred mainly within 16 days after fertilization and peaked on the second day after fertilization, which was 0.53 kg-hm™-d™" and 0.58 kg-
hm™-d™" in 2020 and 2021, respectively. Compared with the CK, the GRNy, significantly reduced both the accumulation value and intensity
of canopy NHj; volatilization by 58.73% and 57.14%, respectively, during the entire rice growth period. The accumulation value and
intensity of soil NH; volatilization were also significantly reduced under the co—incorporation of Chinese milk vetch and rice straw in winter
during the whole rice growth periods relative to the CK, with the order of GRNw > GRN7 > GRNygo. In terms of the accumulation value and
intensity of NHj volatilization during the entire rice growth period, compared with the CK, the co—incorporation of Chinese milk vetch and
rice straw in winter significantly reduced them by 2.88%—8.32% and 5.26%—13.88%, respectively, with the highest reduction rate under
the GRNgo. Correlation analysis showed that the NHi=N concentration in surface water was significantly positively correlated with soil NH;
volatilization rate under every treatment, while it was significantly negatively correlated with the canopy NHj volatilization rate under
GRNso and GRN7. The research shows that the co—incorporation of Chinese milk vetch and rice straw in winter accompanied by reducing
20% or 30% N application rate based on the conventional N application rate, can significantly increase rice yield and reduce NH;
volatilization. It thus may be a suitable rice cultivation strategy for high grain yields and environmental friendliness.

Keywords : Chinese milk vetch — rice rotation; straw return; nitrogen reduction; rice grain yield; ammonia volatilization
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Figure 1 Rainfall,relative humidity and daily air temperature during 2020 and 2021 rice stage

K1 KBHNEZENHEEE

Table 1 Field management of rice and Chinese milk vetch

b0 JKAE Rice 48 7% Chinese milk vetch
ot R L R S R R
Sowing date Transplanting date Base fertilizer date Topdressing date Sowing date Incorporating date
2019—20204  2020-04-10 2020-05-25 2020-05-25 2020-06-01 2019-09-28 2020-04-24
2020—2021 4 2021-04-10 2021-05-26 2021-05-24 2021-06-03 2020-09-30 2021-04-26

P 1%) WHARTY
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Table 2 Fertilizer application, straw yield and Chinese milk vetch return and nitrogen content
RIEAR s, FHFT Straw %8233 Chinese milk vetch
Base—manure amounts/(kg+-hm™)
JBIE(N) - - . -
b Topdressing 20204~ 20214 20204 20214
: : ; B2y S waE ., elHE ., dEE
freatment N K0 P20s dmoum:/ Returﬂnl R Retur?ll R jEelurT R Retur?ll R
(kg+hm™) N content/ N content/ N content/ N content/
amount/ (ake) amount/ (oke) amount/ (ake) amount/ (ake)
(thm?) BT (b ETE T (e BT (epm?) T
CK 126 105 90 54 — — — — — — — —
GRNioo 126 105 90 54 18.15 8.18 17.07 10.10 18.00 30.31 18.00 31.83
GRNso 101 105 90 43 20.39 7.43 18.59 9.34 18.00 29.86 18.00 31.47
GRN~o 88 105 90 38 18.54 7.67 17.22 8.52 18.00 28.73 18.00 30.26
<)

25 CHK[19]. KFERAR G 30 d RAE H KR &L, R
FET ] 5 208 R AR ) — %, FTfIK pH R A4
S pH T , FH AT 7K B 2 R0k 3R 3% 282 3 8 43 A
ILCAAZ) A
1.4 BHEITE 5402
BN PR A R R (kg - o) =B T AR 3% R
R (kg hm™) AN RWEY) ™ & (t-hm ™),
B 0 ] Excel 2010 F1 SAS 8.1 48343 #r k14 ik
AR, f FOBLR 26 58 4 B AL X 20 3 Ty 2243 B Fl i
/NGB 22 S (LSD) X B S kAT 2 J b A,
H Origin 2017 224 .

HRE5SM

2.1 XKFE=ERF N

W 2 froR , KRS 7 R AR B ) 22 S i 3 (P<
0.01). 20204F12021 /KR P24 5253 11k 8 942.75
kg-hm™F1 10 645.74 kg~ hm™, 2021 4F 4 2020 4F 14 7~

2

12000 [ (a)20204F S: F=0.002 9%
T N:F=0.055 8
£ 11000 SXN: F=0.709 8
i
< 10000
= a a
a ab
F 9000 | b
fa'ef
ng 8000 |
i
B 7000
S N e

0
CK GRNuw GRNy GRNy
Kb P Treatment

19.04% . 5 CKAHLL, % = SR AP A8 HI 45 Ab B
BT AR SRR R 7 R BRI R GRNso>
GRN7>GRN g0, F: 71 GRNgo Al GRNo Zb P 25 55 F CK
(P<0.05) , PRAEF- 3435 0E 53 58 7.66% F116.37%
22 MKBEEMREZNEME

RUIE 2552 0 KR A RO R A SR SO TR
A AL SRR B R S ORI TR 25 S
SO S, B A SR ORI T T 7 R AR s
VEFHSZM B 25 (6 3) . 2019—20204F , %8 = SEREFF
] i FH T 4% A B 0] A7 25088 2 2 5 T CK(P<0.05) ,
GRN g0 Ab 1o 5147 55 fb 25 8 T LAt b 3, 184 i oy
22.76%~24.76% , GRNy, Zb B T it B B & & F CK,
IR R 6.60% ., 2020—2021 4F , GRNso 2b FH A5 45 i i3
R T A A AE B HE I R 7.00%~9.76% , GRN o0 Ak
P AR SR B S T CK L 4R 2 10.62% , GRNgo b
PR o T CK 3G R R 1.94%, TAEFE ],
GRNgo Zb B AT LI 2 32 3 /K R AT 2508 7.00%~29.32%

12000 [ (bh)2021 4%

ab

——ie

e

11000

10 000

9000

8000 -

7 000

JK & 4 Rice yield/(kg-hm™)

CK

GRNigo GRNgo
Kb 3 Treatment

GRN+o

TR b AT NE FREFR IR AL BRETE 5% 7KV 22 58 1 %, P<0.05 5% P<0.015 S AF s N ZUIL s SN AR AV ALY 3 AR . R 1]

Different lowercase letters above the bars indicate significant difference among treatments at the 5% level , *: P<0.05;**: P<0.01;S:season;N:nitrogen;

SXN:interaction between annual and nitrogen fertilizer. The same below.
E2 KkEFETWL
Figure 2 Rice yield change
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Table 3 Changes in rice yield components under different treatments
0y S OFL AR EERESC R TR BT g
Year Treatment Effective panicle/(10*-hm™) Filled grain number per panicle Thousand seed weight/g Seed setting rate/%
20204 CK 222.41+8.12¢ 141.30+0.17b 21.51+0.41b 95.83+0.64a
GRNioo 264.98+8.23ab 176.21+3.77a 22.12+0.63ab 94.88+1.21a
GRNjo 287.62+4.91a 141.24+7.03b 22.93+0.45a 94.84+0.65a
GRN7 259.35+11.24h 143.54+11.89h 22.52+0.21ab 95.41+£0.36a
2021 4F CK 297.93+11.07h 153.16+8.63b 21.17+0.24b 96.07+0.14a
GRNoo 305.28+7.60b 169.44+12.70a 21.27+0.07ab 96.18+1.52a
GRNgo 326.65+4.05a 167.12+16.35ab 21.58+0.19a 96.46+0.62a
GRN7 297.59+6.58b 167.86+13.35ab 21.31+0.16ab 96.19+1.00a
J5 251 HT ANOVA
AP Season(S) * * ok NS
ZUE Nitrogen(N) o o ok NS
AEBEXHIE SXN NS * * NS

T FFVEAR IS A RN TR 20K R 26 K R A AL B 22 57 3% (P<0.05) o #: P<0.05;%%: P<0.01;NS: JC k. T,

Note: Values followed by different lowercase letters in the same column are significantly different between the treatments at the 0.05 probability level

for the same factor. *: P<0.05;*%:P<0.01;NS:no significance. The same below.

TR T 1.94%~6.60% , GRN o0 1] LA I 35 42 155 45 1
SRR 10.62%~24.76%
23 WHEMBEESIZELNZN

2020 4F Ak B R R AL S 16 AN,
HAERFAL (5 7 25 H)FLEBIE(6 1 H ) J5 - 88244
KR SR (B 3) o MEFENE 555 2 K, GRN o
GRNso Fll GRNqo 4k 2P+ 38 54 45 i 3 22 43 51 2 0.57
0.55 kg+hm™-d" 1 0.53 kg hm™-d", ¥ /& F CK 1y
0.48 kg-hm?-d™'. JiiBE/F 55 2 K, CKF GRN o0 3
+ e S5 S R K F] 0.56 kg hm ™+ d ™', 7 F GRNg
i 0.53 kg+hm™-d™" F1 GRN4 1) 0.47 kg-hm2-d", jifi
JEJ5 16 d Y, GRN oo . GRNgo Al GRNyo &b B 4 32 50 45 &
R0 5.03.4.72 kg-hm > F14.80 kg-hm™, (%
F CK 11 5.19 kg-hm™, 58 2= JEAFFF D3 [F] 34 H Ak 3Lt AE

Ja 16 d 3 %k B OB i A & Y 2.79%~
3.81%. JifilE 16 dJ5 , £ Ab B 4 505 % R A Fr i
B AH BN, 4 0.06~0.23 kg-hm™2+d ™',

2021 4F M R R R ATERIES 16 d(H
4), JiEHEAL G 2 d 45 Ah FE A S5 i R IR B I (E , R
A GRN0>GRNso>GRN->CK, H A 43 %1 24 0.60.
0.59.0.57 kg-hm™-d™" F10.54 kg-hm?-d™'. jfiiBIE)5
2 d, FIEEIE L ARSI, GRNiooH 0.54 kg-hm ™
d™', % F GRNso 1 GRN#. Jifi B J5 16 d P, GRNioo
GRNso Fll GRNyo b B 4 38 28 # & B 43 51 R 6.46
5.98 kg+hm?F15.49 kg-hm™, 4L T 140 5 K 16.92
16.47 kg-hm™>F116.21 kg-hm, KT CK 9 17.08 kg-
hm?, e 16 d J& 38 2 # & # A 7E 0.07~0.18 kg -
hm2-d™' Z [a]3E )

0.7
S:F=0.200 -O- CK

2 06 N: F=3.000% — GRNio

= SXN:F=0.710 —/ GRNy
%@j_EA 05 ~O- GRNy
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Figure 3 Changes of soil ammonia emission flux in 2019—2020
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Figure 4 Changes of soil ammonia emission flux in 2020—2021

021 20204F
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Figure 5 Changes of canopy ammonia emission flux in 2019—2020

gk J 22 2 7 e T Bl AR A R 4 i R AT BT AN [
(F5) . ERAE)S 30 d P, 45 Ab 385k )22 24 44 ki % 32
BEUUE R, U B B DL . RIS
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GRNso I GRNyo A2b 34 1y 765 )22 2, W WAC 3 23 43 33 4 0.09
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GRN 00 GRNgo FlI GRNo b 3 76 J22 42 W e 22 FH 7 43 1)
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hm?, JitiAE 30 d J5 56 )2 FE 2 LA SR 32, ) 8
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Table 4 Changes in the accumulative ammonia volatilization throughout the growth with 2019—2020 stage
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+ 4 Soil

5 H Rice yield

f= S =X
TR BTN . s
i Accumulative (‘ai) ) AL i BRI
Treatment . > CANOPY A mmonia emission per

ammonia volatilization/ K K
unit area yield/(kg-t™")

TR R
Accumulative soil

ammonia volatilization/

BIEREBEL 0 o e o i

e I A e 21
AN AR R S
. o Accumulative rice . o
Ammonia emission per . .. . ,Ammonia emission per
ammonia volatilization/

unit area yield/(kg-t™") unit area yield/(kg-t")

(kg+hm™) (kg-hm™) (kg+hm™)
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GRNy 0.95+0.28ab 0.10+0.03a 16.32+0.21b 1.79+0.06b 17.27+0.10ab 1.89+0.03bce
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Figure 8 Relationship between ammonia emission flux and surface water pH and NHi-N
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