ik FsM
106 2020 4E 3 H

&l TRk

Transactions of the Chinese Society of Agricultural Engineering

Vol.36 No.5
Mar. 2020

KHZIES AR EE XK E~EFMLIEF ST S SR

WK BV BAL WIRL B OB BEK’

(1. A E A R 2 e AL BRI AR X R 52 /B s B SR X TRESEIR %, b 1000815 2. Hp A MV ) 27 e i BH 21 3 S 6

/AR BHA FAE S F 40 [ o B el ARRH 426182 3. iR ARWA E AR B AL ST TR, Kb 410125)

B OE: NRUNEAERXSEEH FHEREEEH R, & THTF 2008 F4F7F R 5K M A 2 A7l 56
(2009—2017) , HAGESFIEMEET WNERFR 2. ZIERERE. BIEWAES J10L R 2017 457 HEHE L%
TR . LT 6 ML, RHEEIESE AXE. (N =F. SREE. LE75 100% LR R . 255
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SRR — P AR AR BTE A VLR, WA PUER.
AR MRS RAERE R ST DL AU %
LIEAE, RS UH T RG H L IE pH . HGE LIRS TS
AL E RS, R R R, EaliE
b B R AR B R PR OK R, BR AR AR ML AR
JR AT PR TS Y S0 AR se it o E R R
Y96 0.2 12 hm® ZZE R AT DU SR R R ABAEAE, SEHLRE-
(8D -ZRMEPY (=) BAHIRRAE, X AEAU AT BAFE 43R Ot
B K EEERTE, A SR — R R
LRI (Astragalus sinicus L) J& T ERKE, &9 E
TR IX fi 3= SR AR FH ) & Z2 S NEVEYD R I 2 AR 4
H =AY 5 R E AR ERRIE, 2 B gk
W HIREER . fER KRR AR R, KR 2R it FH
W HIEA R S B MR R KA E, 1 HEE
SN L R R RN SR Sy RARE, TR & RS A
{1ty SRR R, A T AR A e R R A 85 X
HIBEAC. PR, BRI CRa30) ANKBRAIERZRZ
SR 77 R DX KRG 7 AR R ] 4R R R I B A i

FUHT, AR 75 1 AT 58 = 9 5 01 I8 B 1T T 1)
W e s B B W (e b, B E ARG
R, TEIE 20% 1 40%25F T, JRRELHE = %
BIrefe it BAE ARG A 3G e A SRR H R g e,
80% FR R ML i 2 5 FEAL BRI AT 7 B 100% R 3 AL B
77 7.5%, 60%JR R ACHE S 2= SEAL AR THR R R A &
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MR EE. BREEPWIES, LA A
(150 kg/hm?) XFHE, 46 7 JE g it U AL PR 7 1 /KA
TR R EAMAEF AR, AR gESE% 90 A
120 kg/hm® HURE R . DB 4T 2 2 IREG R,

B 5EER LB RIEKEEL. RaEerH
R, FEASEIZE 5 a WG REN, BE-SIrKs
MBS B IR A K SRR R AR Y. 1
KRS LHLX, ARERN ARG &4 FAME S
T 5 N Y T il ke /K R 7 B RN IR 6 DA - 3 9R
I3 B (I T 6 DL AR . A T I L 9 a S
-G-GO RS, BIF T AN 2 B R IO IR 20%
N 40%% WGP B, RIEAR R AR 1A
F e S m s m, AR RS 7 XU R K 2 el
R F J5 ot it FH RN B8 it e AR S 3 AR A

1 #RE7AZE

1.1 RIS XER AR I A1 5

TR0 B A5 T51 R 4 A0 BH LB L PR v [ Ak A 2 e Al
FH403%SEaG g (111°52/32"E, 26°45'42"N), #§#k 150 m,
SESPRIE 17.8°C, >10 CTRUEAN 5648 'C, Z4EFHI%E
FIE 1290 mm, TR 293d, FEHIE 1 610~1620h,
T RER ST 4 54938 MI/m®, K EM RS FEER KL
4—6 AMEWNM 8—10 HMZFENHETR. WRIEHM T4
B Es, T 2008 FEAFEHIHFEE Z 08, Al 115
NENLAEE R ERKRE L, NIRRT
GEIF 0~20 om T BEEEREFR /- EFEA MR 20.1 g/kg. A
0.90 g/kg. BEMFE 120 mg/kg. 4 0.66 ghkg. 1%
24.3 mg/kg. 241 8.9 g/kg RSN 42.6 mg/kg.pH 1H 6.55,

BER A RN AL 974, MRENEAR 207, FhFIE
HYHR BT, Radonig 15, 2%, 2. &
BRR B E N 0.62%. 0.18%. 0.70%, Fi+ Hi#i g
B IR AR 7T ATt .
1.2 Rt

FERAEMAE, W% 6 MAEEE, REAH R
T OLER 1o AR FR Ak R )16 it AT AR 7 e AR e R A0 A FH &
4l N 235159 150 F1172.5 kg/hm?, Horf 80%AEJEIE, 20%
B M P,Os 225109 90 F1 45 kg/hm?, 4= &6 FHAF e AL ;
K,0 735124 90 Al 112.5 kg/hm?, 4 #HEEAE: SN
BACHIEIM Lz, Hd, &, B SRS 8
JRZE (N46%) « BERRES (P,0s12%) « &b (K0
60%) , XML R FEAAL.

x1 FRAEEESE

Table 1 Different fertilization treatments

(kg-hm?)
LbE i FfE Earlyrice  MifF Late rice
Treatments Fertilization N P,0s KO N P05 KO
CK AHEEEEAXE 0 9 90 0 45 1125
MV fyar 0 9 9 0 45 1125
FFP100% S 150 90 90 1725 45 1125

MV+FFP100% £ Z3+100%EHLN 150 90 90 172.5 45 112.5
MV+FFP80% 4 =3+80%CHL N 120 90 90 138 45 112.5
MV+FFP60% £ Z3+60%THL N 90 90 90 103.5 45 112.5

TR RIS 2 0 ) R P AR B ) B 4 KB ) B
T 3 A aiEsh, 4 ARBR, 7 H TaUE; MET
6 H NAI#EF, 7 A N, 10 A FacE . N THk,
A RSN 255 000 di/hm?, BEAE A 250 000 i/hm’,
LRPFTF 10 A RS, BREHN 37.5 kg/hm®, K
FERFERIAT 10~15 d 8, SR EEmEERERN
22 500 kg/hm?, HIRE =T L, XEFH, HidFZBH
BIFEFENE. SAMEHEES 3R, 18 AKX, L
X HHEF, /NX A 60 cmx25 cm KR, /N XA 21 m?
(3mx7m) o HAREBIFE 4 Y o R AR AT, 5 M
FaA KA, R R EREE 7 5, P T KRR 4~
7 cm, SERFHEAKH I, WCEIET 15 d Wik, LT .
1.3 MEmMBRAE
1.3.1 ZFERRJH AT

TR RS DL/ DX Oy BT AT R, B T S PR R
&, MBS 8, kghm’. 5 2009—2017 47 E48
S RBOR B RREHREL Ho, PR R T R B (coefficient
of variation, CV) R ITVEIIHE, FrEnlfFF9EH
(sustainable yield index, SYD) M (1) "S5,

SYI=(Y=0,-1)/ Y max (D
A SYI A= s n FE4a 5L, Y o 2009—2017 4K
BV, kghm’s o, AZEFBIPREE: Yoo N
2009—2017 /K FEf =7/ &, kg/hm’.

FNEAR 2 30% (nitrogen agronomic efficiency, NAE)
FIENEAw A2 72 77 (nitrogen partial factor productivity,
NPFP) 43730 (2) A1 (3) 5

NAE=(Yy— Yyo)/N 2
NPFP=Y,/N (3
A NAE ARNERFZHR, kgkgs Yy MR X =&,
kg/hm?; Yy AR X 7 &, kg/hm?s N At % &, kg/hm®
NPFP NENOMRA 777, kg/kgo
1.3.2 132 A KIRILME

2017 4F 10 A M ABUGR 5 R &M ZE 0~20 cm 1I%,
BNX G HR 5 A S RIS iR, 3 pH e
RHBREETE OK D E=25mL 1) ; HIEHHTNE
SR FH AT 2 - BB TR 00 9 8 - I Ak s v T3 4 2
EF A EMEYRE R, LI AT T R A AL
VA Ah-AH AP LD (ks 3 AN R S A A A s -
KAATCRE s IR 0 5 R FH BRAR ™ 50 1 I W
s T AN R SR B R AR AR B L L
I R R R - KB
1.4 HuEALIE

K H Excel 2010 34T £ 4 /b #E 5 &, H DPSv15.10
B AT B b, SR /b B 22 R (least
significance difference, LSD) #H{7 £ HELL4.

2 HZRES

2.1 ZB5REEEKEEENZN
2.1.1 2009 -2017 FpFKAGFEHATA
SRRE S EE R FL i KR R (D .
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CK & # H & f % 7 & & # 1K T FFP100% -
MV+FFP100%+. MV+FFP80%. MV+FFP60%A1 MV 4k
(P<0.05) , CK 1 MV AHBEREAS - EEEKT
FFP100%. MV+FFP100%. MV+FFP80%7%1 MV+FFP60%
AbFE (P<0.05) o FFP100%4bF LR AR A FE 5 7= S 241
T MV+FFP100%. MV+FFP80%#1 MV+FFP60%4bFE,
YRz 5 RIER AR TKREE . B 2012 40
2015 FEEFEFEAL, MVAFFP60%AL . | 1RGP B 1K
F MV+FFP100%A1 MV+FFP80%ALH, i MV+FFP100%
F MV+FFPRO% AL B [y 4F B A = & 22 R A R %

—6—CK —— MV
—*—FFP100% —&— MV+FFP100%
—A*—MV+FFP80% —*— MV+FFP60%

5 5 00 , , , ,
g009 2011 2013 2015 2017
Ay Year
a. LAE
a. Early rice
8 000

5000
& 4000
I
L3000
&
¥ 2009 1 L L |

2009 2011 2013 2015 2017
A Year
b. WEFE
b. Late rice

B 1 4% 9a%el RIERA ST E0%a
Fig.1 Effect of continuous 9-year of green manure and reducing
nitrogen application on grain yield of rice

2.1.2 RRSEKABRAFTHFE

FACERER . MR BB AAEE (B D,
I, K AKRE A IR R e 3 AN TR B (2009 —
2011 4E. 2012—2014 M 2015—2017 ) BEATHTEE
B (£ 2).2009—2011 4. 2012—2014 5EF1 2015—2017
£, MV. FFP100%. MV+FFP100%. MV-+FFP80% Al
MV+FFP60% A0 T 7K F8 Ji 4--F- 38 7= 45 i 3 = T CK Ab
PR, HIE BN 24.41%~50.63% 17.84%~44.19%F1
18.12% ~ 42.42% ( P<0.05) . [& i , FFP100% +
MV+FFP100% . MV+FFP80% fll MV+FFP60% 4t # ~
2009—2011 . 2012—2014 £EF1 2015—2017 F/KAEH
PR RYEEST MV L, IESN 8.85%~
20.94%. 13.31%~22.26%#1 11.97%~20.57% (P<0.05) »
5 FFP100%#H L, MV+FFP100%. MV+FFP80%ALH# R
2009—2011 F/KFEJE 3= E35 A Frig s, ole
B 11.11%F1 9.72%(P<0.05) .3 N B MV+FEP100%-
MV+FFP80%H1 MV+FFP60%Ab B 7K & J& 45 3 1 B 5 2
7 (P>0.05) o [, SREJBEIEMHLL, SIESE
FMENE B 2% B 5 AL IE B R 20% ~40% e fiti 15 g {4 7 5

I

KRG
#2 3MMRFRALETR. BERAETE

Table 2 Annual yields of early and late rice under different
treatments during three periods

fEm

o

t-hm™
AbHE Treatments 2009—2011 2012—2014 2015—2017
CK 717+£1.11d 8.35+1.83¢ 778+ 1.07 ¢
MV 8.93+041¢c 9.84+0.84b 9.19+1.06b
FFP100% 9.72+1.00b 11.15+0.27 a 10.29+0.67 a
MV+FFP100% 10.80+092 a 11.81+0.58a 11.08+0.56 a
MV+FFP80% 10.46+0.96 a 12.04+0.30a 1091+0.40a
MV+FFP60% 10.23+10.23ab 11.61£0.51a 10.63+0.31a

I FAVARNE FRFRREREE (P<0.05) . TH.
Note: Different letters at same column indicate significant difference (P<0.05).
Same as below.

2.2 FRSEBEESKERZAARNZMm
FACELR L IAE B A 7 MR 2 RO AR PR AR AL
‘B (82 .

——FFP100% o MV+FFP100% ---+-- MV+FFP80% ——— MV+FFP60%
8 8

~
o O
>

JN 7/ N\ A
~ o o N

AL "~
N AR o~
NN e N S T
2008 2010 2012 2014 2016 2018
A} Year

a. NPFP (HLR%)
a. NPFP (Early rice)

[V =N
o O

NPFP/(kg-kg™)

D W s
k=] >

o
™~
L
=
=
=
&

S

20 L L L ' )
2008 2010 2012 2014 2016 2018
A Year
b. NPFP CIif)
b. NPFP (Late rice)

30, - “\ :
N_::c 25 / LN . Mo 25
v & AN iy
X215 AU A NN p
R 10 o\ /I/ o AN é
=p /T B
5 4 T K
2808 2010 2012 2014 2016 2018
10} Year A Year
¢. NAE (D d. NAE (efd)

c. NAE (Early rice) d. NAE (Late rice)

B2 FR4AE TS RIERF R E R nE =)
Fig.2 Nitrogen agronomic efficiency (NAE) and nitrogen partial
factor productivity (NPFP) of rice under different treatments

SR T 5 SN it T . R IR AR 2 BRI A
BEAmAE = JI5em B, B MR IR AR R R A IR
A= S35 BL MVAFFP60%ALH #5155 « 5 FFP100%AbHE A
., MV+FFP100%. MV+FFP80%. MV+FFP60%AL ¥
TR BREF RN R E AR BESR S (P<0.05) :
2009 — 2017 47, HFE V3 B A 5 A 43 Sl 1S
34.63%. 64.91%. 115.26%, MiF&E4r 530 29.69% -
56.23%- 72.09%. 5 FFP100%AbFAH Y, MVA+FFP100%-
MV+FFP80%. MV+FFP60% AbH |~ 555 AT £ 7 24 U IE
A= 1B R T (P<0.05) : 2009—2017 4 FFE5 51
P 8.73%- 35.06%- 78.92%, HEAE>AIFEE 7.51%-
32.90%- 68.06%. M., ZEAEEALAEERE 20%~40%
RERS 2 2 P M /KRB IR A= 77 7 AR AR 22 2380
2.3 FELTRREMFENHEES

PR RO R WAEY P AR E I, B R AUE
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AR, UE B B D AR U SR Bk . 2009 —2017 “ERLAG
FIM G A8 7 2505 UL MVAFFP60%Ab BEAIK (£ 3) .
5 CK #HH, MV.FEP100%.MV+FFP100%.MV+FFP80%
I MVA+FFP60% 402~ HAE = &4 7 R4 N 13.25~
1935 MHES A BB TNE 033~278 MH R 5
FFP100%#H L, MV+FFP80%A1 MV+FFP60%Ab H 5. g =
BLXRREAN T 161 M 503 NEH DA, 0
FFP100%+MV AbFEHR & 1.07 ANE 43 05 Mg~ |4 7 R
BRI MVAFFP100%F1 MV+FFP60% 4043 5 T B
0.21 A1 1.76 N %3 £, MV+FFPS0%ALH L 0.25 N H
Iy B

£x3 TERLEBTHEES=ENTRAKMNATHFEELY
Table 3 Coefficient of variation and sustainable index of double
cropping rice under different treatments

A5 A T RPEEHR AL
Kb FR Coefficient of variation/% Sustainable index
Treatments i A i A
Early rice Late rice Early rice Late rice

CK 25.59 16.17 0.50 0.67

MV 12.24 15.84 0.70 0.66
FFP100% 11.27 15.15 0.73 0.66
MV+FFP100% 12.34 14.94 0.73 0.67
MV+FFP80% 9.66 15.40 0.76 0.68
MV+FFP60% 6.24 13.39 0.83 0.68

7B ] R SR HOT WA R G A R
S, WRRSHREME, WHNZRGUA T IR S

. BAE. BRG] SR 0 L MV+FFP80% A1l
MV+FFP60%ALFE 45 5 . 5 CK ALFAH L, MV FFP100%.
MV+FFP100%- MV+FFP80%1 MV+FFP60%AbFE T~ FL.F5
PR A RFSFE R BB E 0.204 0231 0.23. 0.26 1 0.33,
T 2% AL B A v Fr R FR HO 2500, 7E 0.66~0.68 2
Bo A0, HRRIBEMAHLL, 2085 I & &
20%~40%RLiE ~, 1EPIr= Erfs e st o
2.4 FPB5FWEENTEHTIEFRS =N
HEE9a G, SAMIEANR. SR, 2.
PR DA T pH HI B R E 2 7 (R 4) .55 2008
SEHIEAE L, BR CK AbFRAL, AR EE HIEA NG & &3
H/NEESEE, MIEAN 2.49%~7.06%. FTA AbFE 14
R . SHE 2 2008 FH it E, WMES 5N
2.22%~24.44%. 133.33%~207.58%. 28.76%~41.35%.
B ALFR 9% pH B 2018 4215 0.27~0.50 NEAT,
HLL9a RNE, SACH IR AR A
BAAE—EMER, HIBEEMAEEESEI CK Ml MV 42
BE, BEET MVAFFP80%ALHE . 354 2l & & LA
MV+FFP100%4b FR % 57, MVAFFP60% A FRAAK, T &
TFIa# 47.12% (P<0.05) . T3EHEAMEELL CK 43
B, WHAMA R 32.33%~61.74%, EREE. 5
P IR (FFP100%) AHEL, ZRAESs & 5 Fiit At 5k
SRS IE R IR R 20%~40%00 i, AT LA4ERE A HL
R B B BEEER.

F4 REFRIAFBULBLIEFRNESE

Table 4 Soil nutrient content of different treatments after 9 years experiment

fh3m AL Eoe) T R A isgiil TR H

Treatment Organic matter/ Total N/ Available N/ Total P/ Available P/ Total K/ Available K/ plrjl value

(gkgh (gkgh (mgkg") (gkg" (mgkg") (gkgh (mgkg")

Y14 Tnitial 20.1 0.9 120 0.66 243 8.9 42.6 6.55
CK 19.8+2.53 a 0.9+0.03a  130.59+10.89 a 1.72+0.91 a 17.14+3.37 ab 11.64+3.35a 43.67£7.25a 7.00+0.15 a
MV 21.143.57 a 1.1£0.12a  127.76 £1429 a 2.03£0.23 a 17.67+5.27 ab 12.39+3.27 a 33.00£6.50 b 7.05+0.19 a

FFP100% 20.6+2.93 a 1.1£0.15a  111.68+11.82 ab 1.78+0.81 a 18.72+3.39 ab 12.16+1.38 a 30.5043.51 b 6.96+1.16 a

MV+FFP100%  20.8+1.57 a 1.1£0.07a  111.33+6.85 ab 1.62+0.70 a 22.98+1.36 a 12.3442.30 a 29.00+7.50 b 6.86+1.25a

MV+FFP80%  21.5+5.58 a 1.0£0.09 a 103.17+7.63 b 1.7740.51 a 19.8242.57 ab 12424525 a 30.00+3.10 b 6.83+1.18 a

MV+FFP60%  20.6+3.13 a 1.1£0.13a  113.10+8.21 ab 1.46+0.38 a 15.6246.38 b 12.5842.39 a 33.00£3.70 b 7.02+0.17 a

3 i B HEMRKERR, EERERIEFIH, mHEsESE

Fo & i, AR AL 1K RE A B D R 7 (K /5K
58 25 S (1 JES AR AR R e 0, T R S AN T 3t B T B K
R F %5, MWIMIMEHEKRAER R EZP. 595, %ok
AR BB UEL™Y, A e F -3 A= M 1y B A WL 4>
fRIFE T R R, R e AR A R,

3.1 ZFBSFEBREEE X KFE= 2RI
JEADLERORR R, FER T R P B RS =

] LA AR IE R,  JF AT e KA ™ AN 9% 23 R H

MR AR, ERIGEH AR, 5140

Jit AR AF L, B RO R A A Y PR A R R R, U
R R BRI R R T AR, AR B AREE.
AW TR ESMHLE A G EED ERMTE R, A
R, 5B, SRS 20%~40%
i, KRS A A R R . X A4 R ) R
I EE S 2 a ARG REIR A 72U H (A1 E0 45 SR 2L, i
i, SR S5LIEE R 28.98%~39.68%MC jiti 1)) fE {#
IKFEREF e X T R T @R R-ARR LA
[ R G5 ] s RS Ny, B IE S ml R A4

WEERHKBHIAERKET. Wik, LzEa B0
JEE . AFRRI, ETEEH 5K IFEELHET
HRE L MRS MW T 37 B 5 R ik S AL
AE R 20%~40% A0 FE 22 AR 2, UK 2 S0 H AT
PR, AL SRR B EL), B G IR B AR BT 5 L.
3.2 FBS5FALEEE XK SRR B RN
BRAET NFETHAXBE - ESEA =T
B, RIERERFETHAXFES 2SN R X FES
FrEZ ZEEEAERIE, PE AR RBAEY R
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R B H TR R BT AR L, R,
7 P R0 7700 T i 7R Al P 1 A B R R S K
Feim e S8 m A& NER R 777, MAHE SRR 5 &
JOES O e ) Y FE AR R o AT, 5 TRk AR L
K ATOEH SR E R E R SECR . MR &
TF, EERAHES, SRS EE 20%~40%315 T
EHi| TR BRI R AR AR, XS
D g e g B8, XRRT g SR
ANHEAR S S MR RS iR 5 2\ H 8 135,
RS EREE A, Fikftm T LR N
77, FE RN BT 20%~40%15 5 AT BE AR IE K g 4=
KRBWMEERNTR, HHSTHHFERIRE, Kok
EHAEE R KL ARG R K. Bk, 4 REI KRR
BEre, drmig s T EIRR A I EAER R .
3.3 FR5FTMHEEMEYTIEFSSENFIE

HEE9a RN, JAFE AN SR EREN,
H5 2008 AL, HEEMMEEaSE . HIEFT G
SEHBEE, BRTERGH IR KR RIS AR R - I B e 2
W, W7, KRR R R T R
IEEYE, PEEAE, WA ERARE, Ko ik H et
BHIURRRR, WiEm 7 8, AW v . —dh
N, i, BT BRSSO . AR, 5
HUrEAEAH L, ZRIE SRR 20% ~40%BC i ab 2 T+
HeAwh. AR, B RWEEAG A B TR, B
253 B 5 SRR ik F L i 4 5 38R 0 (R (R (3

4 & ®

&R HAEAHL, SRR 6 H i IR 5 sk it 5
PRI R 20% ~40% 0 Jiti ¥5) 5 4 7 L 2 352 =K Ra = &,
3 R EUKRE B AR 7 )RR AR 2 e, Y dE
AR, & B BN, HEEESIEERE 40%
RECRFr R P B AT ER R AR - B e . 2R A5 €,
KRR IR, IEEIRE 40%; 2 K5 XU RE P X A1
oA R A Bt T SHE B R 1R v R0 BB R 1
Pm, IRy, SR e IR .
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Effects of long-term green manure and reducing nitrogen applications on
rice yield and soil nutrient content

%, Cao Weidong", Gao Peng’, Yang Zhichang’

Zhang Lu*?, Huang Jing', Gao Jusheng
(1. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/ National Engineering Laboratory
for Improving Quality of Arable Land, Beijing 100081, China; 2. Hengyang Red Soil Experimental Station, Chinese Academy of
Agricultural Sciences/National Observation and Research Station of Farmland Ecosystem in Qiyang, Qiyang 426182, China,

3. Hunan Institute of Agricultural Environment and Ecology, Hunan Academy of Agricultural Sciences, Changsha 410125, China)

Abstract: Green manure is a natural clean organic source of fertilizer. Chinese milk vetch is the most popular winter green
manure crop in rice-growing regions of China. In this study, a long-term field experiment was conducted at an experimental
station managed by National Observation and Research Station of Farmland Ecosystem in Qiyang, China to explore suitable
application amount of nitrogen fertilizer when returning green manure(Chinese milk vetch, Astragalus sinicus L.) to the field in
the double-season rice area of southern Hunan. The double cropping rice experiment began from the winter of 2008. It lasted 9
years. A total of six treatments with different fertilization practices were included: 1) CK, without fertilization; 2) MV, Chinese
milk vetch only; 3) FFP100%, conventional application rate of chemical nitrogen fertilizer; 4) MV+FFP100%, Chinese milk
vetch combined with 100% conventional application rate of chemical nitrogen fertilizer; 5) MV+FFP80%, Chinese milk vetch
combined with 80% conventional application rate of chemical nitrogen fertilizer; 6) MV+FFP60%, Chinese milk vetch
combined with 60% conventional application rate of chemical nitrogen fertilizer. The yield of rice and soil nutrient content
were measured. The nitrogen agronomic efficiency and nitrogen partial factor productivity, coefficient of variation and
sustainable index of yield were calculated. The results showed that the treatments of green manure combined with different
chemical nitrogen fertilizer application rate kept and even increased annual rice yield. The treatments of MV combined with
reducing nitrogen application also increased the nitrogen agronomic efficiency and nitrogen partial factor productivity.
Compared to FFP100%, the treatments MV+FFP100%, MV+FFP80% and MV+FFP60% resulted in the increase of long-term
average of nitrogen agronomic efficiency by 34.63%, 64.91% and 115.26% in early rice, respectively, and by 29.69%, 56.23%
and 72.09% in late rice, respectively(P<0.05). Compared to that of FFP100%, the long-term averages of nitrogen partial factor
productivity of MV+FFP100%, MV+FFP80%, MV+FFP60% increased by 8.73%, 35.06% and 78.92% in early rice,
respectively, and 7.51%, 32.90% and 68.06% in late rice, respectively. Among all the treatments, regardless of early and late
rice, the treatment of MV+FFP60% had the smallest coefficient of variation of yield and the highest sustainable index. Soil
organic matter, total nitrogen, total phosphorus and total potassium were not significantly different among the treatments of
FFP100%, MV, MV+FFP100%, MV+FFP80%, MV+FFP60% (P>0.05). But, they were higher than the initial values in 2018.
The treatment of Chinese milk vetch combined with 60% conventional application rate of chemical nitrogen fertilizer could
achieve high and stable yield, and improve the nitrogen use efficiency and slowly improve soil fertility. Therefore, Chinese
milk vetch combined with 60% conventional application rate of chemical nitrogen fertilizer was suggested as the best
fertilization mode for double-cropping rice planting area in southern Hunan. In this case, the chemical fertilizer application rate
could be decreased by 40% compared to the conventional fertilizer practice.

Keywords: nitrogen; fertilizers; green manure; southern Hunan; rice yield; nitrogen use efficiency; soil nutrient



