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X R — 9, T DL B R AR TR b
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Ab PR FFP AL PRAE M2 A S & (< 1.5 gkg) FXI
KRG = TR R 10.85%, TR eR o
(15 ~ 2 ¢gkg) MIEREATE (52 gkg) FHETHIE
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GM AbBRXT P s T i sy, o 10.78%, TiAEHE
(65 ~ 7.5) FUmst: (57.5) 13 EAGHRTHIEREAAL,
3R 751% F17.33%, Ak, SALRIRE P RUR
TE T E AR, TERARA DL i
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(6.5~7.5] —e— 32
<65 —e—i 168
10 =5 0 5 10 15 20

FERETHIREE (%)
B4 AETEEIEEVR pH THIELZRAE
Xf = E MR A 20

224 ARIFEEER . RALFZE N AR SR b
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231 R[EIFAEIX . KRS . 3RS T A
NR (kg/hn? )>250 o 41 5
s FELER AL 3T HLT & T+ s
—e—i 1 L
(150-250] GM ALBXSA ML & A B RS (6),
<150 e 1 A 5 A DM R S I8 R A I B = 0 B2 T R R
——————————————————————————— (21.17%) & FRILHESFX (6.85%), H GM kb
R, e m P 2 ANREIX A A LR & 51943 57T 15 %)
R . 54 29.68 F138.42 g/kg, Wb #E T FFP ALFE (P<0.05),
TEARTRIKREHBR, FFP AL HE A A L & & 5 1)
YELASYS
et ‘ 199 g 28.03 F1 20.79 g/ke, GM AbHH IS A LR o a4 31
7.10 :5 0 é 1.0 1I5 2-0 Ed,é‘ii j]l] T 1.76 %ﬂ 3.59 g/kgo é iz %; I]r] iiﬁﬁ
FERERTHIRE (% ) LB & R EE RN R Z —, CM AR & &
Es5 REMESENGEME THEGEsemnen TR T A PUES R0 50 27.81, 30.83
T NR, %L TOM, SHIERIE. H136.37 g/kg, HHXTT FFP AL P 43 51 38 Jin 1 3.96.
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g 401 1s };E E 400 n—13 *x *k 1s 3@
4-5
0 -10 0 -5
(10, 20] (50,100] >100
H3k R
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T n REREAREL, * Fon P<0.05; ** Fon P<0.01, increase MAEFHIERE; GM: FEZHIE; FFP: &K, FE.

| e i




| T T

——

rhE SR 2024 (6)

1.40 Fl1 236 o/kg. WL TR /7 ( HUALA. A Rk
AR ) M, CM AR AR A
Hh S B g I A LT S AR TS, S
N 14.96% . 22.47% F1 13.12% .,
232 AFTHEEAHPR S, pH. it & R
T AMESAERT A LT T A5 1

FH L7 A0, GM AR BRXA AILRT & i S R
TR AP ORISR RS IR R R, BEE
AHUS SN, GM AR LT T HIR
A3RIR 6.02% . 13.63% F1 881%, EIRIeHA NG ARy
e TEIRBRTEHIE T, GM ALBEXHA WL & A
FHREE K (981%), Wik BERZ (564%), Btk
T HERAR (205% ). it A SR A LTS ST
HEHNERZ —, A EHESE, GMAEIXA LR

B B TR BE 2500 R 12.56% . 6.95% F122.36%, 1E
A T AP AR 3145 gke, HAE3 A
[l ZKSF T GM AR AT HLT & 53 1 35 T PP
(P<001 ), TEFMEA[RIFSELRIET GM ALFRR) AL &
B ER T FFP (P<005), GM 4B rpFfiy &Rl 4%
HE . AR R A LRI AE HLTT S S50 R 30.92,
2554 F134.36 ghkg, HPFEIRGERIE T, GM ZLHEXT
AHUR SR IRTHREE AR (1269% ), B2, 1
A PRI ORI I 11 - 3 FAE RN X 4358
AP AR TR FiETR A SRAEX, 3
MU AT TR G ARSRIE A SRR

2.4 FEWFESIERCR A E R R

GMAL LR, 52 i 7K A ™= & A+ 8 A g 48

B EERNRAAEZS (E8). GM AbFE T Xf /K #

100

: . . Incre.';lse

~ @ I CIFFP _
.Aodn r I GM {10 =
E -
~— 60 L o P
i *2:742 5 s
= n=95 n=10 1P =

401+ ok 1
T s

20 - ’—‘—' ’_1 | 0

0 . . -5
<65 (6.5, 7.5] >7.5
pH
100p Incred . 125
L] ncrease
7 FFP :

"> SO} HE GM
<
oh
~ 60}
ey n=152
= o 1
T 4 7T n=36

20}

0 N )
SR E[aEys)
LEABFRE

E7 ARLTEAVE. pH. EREMRZEHME THEFIEN VTR BN
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100 ¢ . 120
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~ 80} [_JFFP —~
o B GM 15 =
B n=67 ~
— 60} *%k ]:)2(
B n=82 10 =
= 40| ok 1 &=
Rlung n=46 =
LR _ 5
20 - ’—L-
0 0
<20 (20, 30] >30
AR (gkg)
100 . . . . 240
lil%:ri:c}gease
2 %F mmGM 30«
> N
~ 60 L #
=S =39 n=119 * g
T n=21 =
= 40F % o *k 10 5
= T b4
20 )
0 L L —10
<150 (150, 250] >250
i (kg/hm?)
Pl
SOM 18.47
NR
AP
, AN
e
AK
=
E?;% TN
pH 11.25
RT 10.83
TGM 10.24
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0.00 5.00 10.00 15.00 20.00
HEE (%)

PALESES
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13.54
12.41
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RN ER EEZ AR S R ( EEE
1847% ) . Jiti A i ( HE B 1551%) . A U8
i (FHEEE 1500% ) W52, — & 1R oT kR ik 2]
48.98%; XA LB S FHEH F A2 M X (R
1354% ) . S (B 1241%) . HSA S
i (EEE 11.48%) MUsEm, BoTiikeRisE] 37.43%.

3 itig
3.1 FRAEERAER KRS = 4 T A
AWFFEH, GM L FFP RERE e HEK R ™, 1E

AR AE AR DX IR A0, it S0 A 2 AE b
R OK A i R R IR AN [ o SR AL A T b E 2R

AHUIEIE ', GM REIR R +HEsh ), (235 4018
WO GIHUKRRI . R RS B R R

FE 2 N B /K A 7 E 1S 7 8.59% . SR 1M AZ | LT [
R R, e, AR PRI
Ry P i AR = TR X (E2), &3
RAEH E KRB X, mEZW, #EER
VEMIE R A T R >, B0 T SRS KRS
WA RCR, Hk, RREI A BRSPS AT
LD B R, T R M T R AR 7 3
PE 15 17.3% F130.3%, X 5 AWF 58 45 AL, F
TR BIEAC SRR, OM XK RS 72 i 4R Tt
R e A, LR ] B SR AT AE g A e UM s
TR REEMT, KRR, 5K
FEBCAOAR PR R 7, edh, SRS 77 A 2 i A
BRI, S RGBSR, ARG
b B ORLRE PR R B N 24.42% ~ 39.23%, WG 7R
19.34% ~ 31.59%, TRFTINSE ") dE—15 % B 24 i
A/NT 180 kg/hm® B, BN 1 BRI RCBEAL
Wil 25 it 2R B AT R R AR B R . AE
AHFFE TRt A < 150 kg/hm® B, GM X 77 i 42
FHIRBEE R (12.47% ). 33X AT BE S Kk £ i FH 3% Y
ARG, TEYSEIER R R, A BT
KRG 4 7 0 R It T RS2 7E S SR
ZEAMT PR R RAL, (5NN A+
U PTE T o N1 e Ll 0L by N 9 =
F AN [ DI PR S AR L A ] 30 GM X 7
BN 22 A U T LATR AN U R AT L
et LR e, SR RS Y RS R AR IR,
BT, PARRBRREI - RORAE, AHSE K IR
B = AR TR B AL T AR SRR A &I, 7
R 12.47% ., 7.22% F 6.32%, FEEE Rk

SRR EAT BRI AR A . RIREAR#ESE
IR IEAT 33 A A S B X KRR 7 4R
FrsEm, i T T
3.2 FAELRAT XA T SR 4R T S

GM 7E AR [ ARG R X 3k, oA 2 14 (4
ARBL . HAE ) SR RPN XA =318 ) Ay 4
THCRA 2SS SIRE A T R0 A e
ket AR T AT L ARBESEE BE— 0 R B GM
Xif A MU R T R B TR A SR A A S TR
el (1269% ), Mt it 1 AR E AR
B, SRACTRAEIA AL A WU & e, B
TRIEEER T 34%, TIERTANSCR LT 8 90l fhik
I, REIMAE DY HH50 R RIS T K R AR A AR
ST GRIERAE, 435120 582 #1 54.1 kg/hm®, —
5 1 1 BE SR TRAR A RIS AR nT AR &2 44545 A A9
P, RENE T AR AR Ty, R T R it
S P, I, GM BN A HUE A = [E]
PR T IR 0 RN ABESEIE &3 GM 5
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FRAETIOR (22.36% ) HAE (K 7), Alfgitit
FERBREA M T LSRR ),
SR AL A LT, FAAOHL ) . MR T Bk
PR AR A, SRR S AR R Y, HER
BER XA 75 ERARFST
3.3 SEMSRAE R YERIR RAEEE

SVASKR it i A LT R R e
M SRIE R = 1 iR (B 8), nTRRE S £ 1
AR AE R I B, R R A A & B

S

(T




| T T

——

(T

rhE SR 2024 (6)

SSRGS 4 MR 2, FREARIE e 4 I
B Canf HLBTFIA 250w ) VR T IE, a0t
B i FH I AT BB 25 %k K R G 77 7 LR R S ), [+
i Carvalhais 25 "7 BIF 9% % PR 4= 3 b (1% B 2207 A5 1
SRR R EENEZ —, B gt
— 5T e B R 23 5 e - 3 v I v R A 1Y B
b, DR it 2R A S i o X K R 84 7 Tt 6
B, HIR, SEmaEEr= AR, s iesghn
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P&, B mK AR w7 i R IR A, SRR

BLRE BRI H R

SE K

(1] WERGER. REGAES (M. L5t hEGE R,
2018.

[2] s, EEE, T8, % IR GAEX KR A
SERE s (1], RS R, 2013, 21 (10):
1209-1216.

[3] RERW, WIEE, THM, % REIA X 2B R A
TERy s [1]. PP, 2004, 6 (4): 42-45.

(4] Doran J W, Safley M. Defining and assessing soil healthy and

S

[5]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

sustainable productivity [ M ] //Biological indicators of soil health.
Wallingford, Oxon, UK: CAB International, 1997: 1-28.
FA A, A, TP, AR RN T AR AL X ZL MR
PER AR =ik [)]. h Rz, 2008, 24 (1)
286-292.

rr i, EE, B RO I S A A SR AL A Y
PN LR [T ], M E SRS AR, 2020, 26
(12): 2115-2126

EI, RAEE, W, S R RIEHIRE L MR
KRR A AL TR (], sPEAeHER, 2010, 26
(20): 299-303.

PR, aRadl, SO A - LI - R Z B EES G
FERNE AR SCHE [1]. 3, 2019, 56 (3):
507-515.

BUERA, B, Ea S ORI T O KR
WK R E VR (1], A A, 2000, 17
(1): 48-53.

KRR, KR, ERE, S AR R DO R AL AT
Fi BRI OEE ()], A AR #2440, 2016, 21
(9): 1-13.

Mellor A, Haywood A, Stone C, et al. The performance of
random forests in an operational setting for large area sclerophyll
forest classification [ J |. Remote Sensing, 2013, 5 (6):
2838-2856.

IR TR R A Al I SR B 2 SRR AR
JisE [D 1. deat: PR, 2014,

Zhang X, Fang Q, Zhang T, et al. Benefits and trade—offs of
replacing synthetic fertilizers by animal manures in crop production
in China: a meta—analysis [J]. Global Change Biology, 2020,
26 (2): 888-900.

S A AR, P EAE (ML dest P EgRE
JiAL, 1998: 356

R, KK, Wi, S5 BT Meta-analysis AFSEHENL
X e L e R A AR A LR s [0 ). RO R
%, 2015, 48 (15): 2995-3004.

Rosenberg M S, Adams D C, Gurevitch J. Metawin: statistical
software for meta—analysis with resampling tests ( Version 1) [ M ].
Sunderland MA ; Sinauer Associates Inc, 1997.

Luo Y Q, Hui D F, Zhang D Q. Elevated CO, stimulates net
accumulations of carbon and nitrogen in land ecosystems: a meta—
analysis [ J]. Ecology, 2006, 87 (1): 53-63

FERET, BRARWI, BSR4 AU I oK R
AR A [J ], Al B S BREE L, 2022,
39 (4): 716-725.

Hedges L V, Gurevitch J, Curtis P S. The meta—analysis of
response ratios in experimental ecology [ J ]. Ecology, 1999,
80 (4): 1150-1156

TFETT, BRI, Meta 0 A9 S BTSSR i% (1], R
A:5et, 2006, 23 (6): 486-487.

ZEORN], BRI, ERAG, SF RN SR I X £0 3R




| T T

rhE ISR 2024 (6)

——

(T

KR SRR ()], MY R S R R,
2011, 17 (3): 563-570

W RIEAR R e R (D], Aol TR, 2017, 33
(23): 157-163.

(2] A, sk, b, 55 RICEIOPEE S FE (3] KIS, XIWEEE. SRR ISANERRE M Ve R > Fi -+

R [T1. B, 2022, 33 (10): 2736-2742. HERRRERN: (1], WAl AleE, 2019, 60 (12): 2206-2208.
[B]  REL, TH, AU, % AR RS X KR (3] A&, WEVE, D5 fEHE RS REE A RN sk

BERER T R I s [ ], REE IR S LR AR, NBEFE [T, #idtfl b, 2014, 53 (23): 5677-5679.

2021, 27 (11): 1926-1937. [35] Yang L, Zhou X, Liao Y, et al. Co—incorporation of rice straw
(4] ZescEr, Mwrln, matfidk, 4. SRR - SR EY A R g and green manure benefits rice yield and nutrient uptake [J ].

FR &R e /A7 g R R ()], AR, Crop Science, 2019, 59 (2): 749-759.

2023, 34 (2): 471-480. [36]  Boca, Z3ChE, XE, AF RINSIUF AT 208K 1
[25] W, S, RO, S RIEIERH T IR A A HLBIRN T A LR A9 B A Rl [T ). Wl

JIEE %ok 7K i 7 e A RIS A 252 [0 ], E Al A2, iz, 2020, 32 (5): 879-886.

2012, 45 (14): 2886-2894. [37] Carvalhais N, Forkel M, Khomik M, et al. Global cova—riation
[26] WER, wH, A, &K EEERSREIHT of carbon turnover times with climate in terrestrial ecosystems [ J |.

BeFr o id B RDEARTEGE [V ], LR 4R, 2015, 31 Nature, 2014, 514: 213-217.

(3): 558-563. [38] Chen H, Li X, Hu F, et al. Soil nitrous oxide emissions
[27]  Phik)™, B, B, S AR AS [ KR A EUIE following crop residue addition: a meta—analysis [ J |. Global

RIS 2R psgm (1], TEvafolk =4, 2019, 31 Change Biology, 2013, 19 (10): 2956-2964.

(12): 23-28. [30]  BUKRSF, TRIERE, F3HE, & AR L AR )y
(8] BUER, #EE, X7, % SCERRE N ARG R X KA e AR, PRSP [ ], R EREER R T, 2018,

Fod IR B R (1], ARl e 33 (2): 191-197.

i, 2022, 41 (6): 16-26. [40]  BEFIAK, KBE5E, %A, AF RIINE AL AR 22T 4
(0] #EM, T, BEEPR, S G R R XU e AKFE Ny AA: Py Rk s [ ). b E O R,

LRNERIAR A ()], HYE IR S ILR Y, 2015, 21 2009, 42 (10): 3541-3550.

(3): 763-772. [41] Tang HM, XuY L, SunJ, et al. Soil enzyme activities and
[30] ik, XVNE, R A. A AR R R soil microbe population as influenced by long—term fertilizer

KRR Em (1], PERILE:, 2016, 49 (13): management under an intensive cropping system [ J ]. Journal of

2561-2571. Pure and Applied Microbiology, 2014, 8 (2): 15-23.
[31]  #RE, Dws, @dh, % BT Meta 007 EKFE ™ 4 (2] #®Wk, RERK, kRE. PESEEEE (M. Jiat

XS R SRR [ ] AR R, 2019, 52 (11) - TR L AL, 2006.

1918-1929. (48]  BRE. BRACLIN KGR R SR 3 A AT 5 BL
(2] JEEM, #ER, WK, & FESE—EsRKaEH [D]. bt pEARRRABE, 2017.

Effects of green manure on rice yield and soil fertility in China: a Meta—analysis

LI Xuan', XIAO Da-kang', HU Yang', HU Ren', LI Jin-tao', HOU Jun'", HAN Tian-fu’, CAO Yu-xian’, NIAN Jie-
xiang', ZHANG Wei-feng’ [ 1. College of Agriculture, Yangize University, Key Laboratory of Sustainable Crop Production
in the Middle Reaches of the Yangtze River, Ministry of Agriculture and Rural Affairs ( Co-construction by Ministry and
Province ) , Jingzhou Hubei 434025; 2. Institute of Agricultural Resources and Regional Planning, Chinese Academy of
Agricultural Sciences/National Engineering Laboratory for Improving Quality of Arable Land, Beijing 100081; 3. College of
Life Sciences, Yangtze University, Jingzhou Hubei 434025; 4. Xinhua Agricultural University ( Wuhan ) Technology Co.
Ltd., Wuhan Hubei 430070; 5. College of Resources and Environmental Science, China Agricultural University, Beijing
100193 ]

Abstract: This study provided scientific basis for exploring the effects of planting green fertilizer on rice yield and soil
fertility, and for increasing and stabilizing rice yield and soil improvement. Data were collected from the published literature
and 362 databases of rice yield and soil fertility under green manure ( GM ) and winter fallow field ( FFP ) treatments were
established. A Meta-analysis method was used to quantify the increase of green fertilizer on rice yield and soil fertility in
different regions, rice cropping patterns, soil properties, nitrogen fertilizer dosage, and green fertilizer types, and to
explore the main controlling factors affecting green fertilizer effects by using random forest model. The results showed that GM

treatment had the largest effect on soil organic matter content in southern rice region (21.17% ) . Under different cropping
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modes, the increase of GM treatment on rice yield and soil fertility was both ranked as double cropping rice > single cropping
rice. When soil total nitrogen content was less than or equal 1.5 g/kg and soil organic matter content was less than or equal 20
o/kg, the yield increased significantly. When the nitrogen application rate of GM treatment was less than or equal 150 kg/hm’,
the yield and soil organic matter content were both increased by 12.47% and 22.36%, respectively. However, the increase
rate of GM was decreased with the gradual increase of nitrogen application rate. Under different green fertilizer varieties, the
increase of GM on yield and soil organic matter content was different. In terms of yield increase, it ranked as leguminous
green fertilizer ( 12.47% ) > non-leguminous green fertilizer ( 7.22% ) > mixed green fertilizer (6.32% ) ; In terms of soil
organic matter content improvement, it ranked as mixed green fertilizer ( 12.69% ) > non-legume green fertilizer ( 10.93% )
> legume green fertilizer ( 9.37% ) . The results of random forest analysis showed that the main controlling factors of GM
treatment on rice yield were soil organic matter, nitrogen application and available phosphorus contents ( contribution rate
of 18%, 16% and 15%, respectively ), while the main influencing factors of GM on organic matter were region, available
potassium and available nitrogen contents ( contribution rate of 14%, 12% and 11%, respectively ) . Therefore, planting
green fertilizer could significantly improve rice yield and soil fertility, especially under the condition of low fertility soil,
GM treatment had a good increase in yield. The combination of GM and chemical fertilizer could promote rice yield increase
and soil organic matter content in paddy field, but the nitrogen application of GM treatment should not exceed 150 kg/hm’.
Legume green fertilizer was recommended for rice and green fertilizer rotation in the rice area of Yangtze River Basin. And in
the southern rice area, mixed green manure was recommended.

Key words: green fertilizer; rice; yield; soil fertility; integration analysis; random forest




