el B RSINESZ IR m:

XRiPIZiis http. //www.aed.org.cn

N

AR KT KRS = B R & R B

BB, BEARBA, 40Ut 35, EER, vr R, B, Brgide

FIHASC:

FERFF BT AR WL AR IS, B0V AoV, P B S B, AU A OSHR VL TSk e i RO 1 R S IR D], Al B8R 5 A
24417, 2022, 39(4): 716-725.

TEZR R View online: https:/doi.org/10.13254/j.jare.2021.0380

L] RO BR A A R

Articles you may be interested in

KA HLICA AT e it %o 2T 398 P /KRS - A 0 2 2 e A LIS 54 114 52 )

WEGEHE, QAR PR, B, SRR, IR, XIF5HE

LV BT S PRI AAR. 2021, 38(5): 810-819  hitps:/doi.org/10.13254/j.jare.2020.0584
T I AR T) DX Sl £ A 7 Xt A B IES e FH g 7 25 5

fEREE, TR, 5Kk, Boete, B
AV SR 2EH. 2021, 38(1): 143150  https://doi.org/10.13254/j.jare.2020.0150

UV I A Rl it S 5 T AT O VR 7 5 R T 0 5 i

BiRte, Faml, ERUEE, X E Sy, MOk, EN S

LV RS 2A4. 2020, 37(4): 503-510  hitps://doi.org/10.13254/j.jare.2018.0254
FE NS i %o 7K R RN 2R 2R FH AR 5 i)

XIZE, F bz, ik, 25, BN, £ 5k, XIZ0R

LMV BRI, 2022, 39(3): 545-555  htps://doi.org/10.13254/j.jare.2021.0096
BRI 1A AR F X KA 1 b K AR R 28 G 52

FI, 1R H, 5kaE, L, g, A

AV BEPR S ERE AR 2021, 38(1): 96-103  https://doi.org/10.13254/j jare.2020.0072



http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2021.0380
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0584
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0150
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2018.0254
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2021.0096
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0072

R E RS IFIEFH 2022,39(4): 716-725 Journal of Agricultural Resources and Environment

RN, BEARHT, ARUEER, 45 AL RO ACRE ™ te R AL 25 S8 (RS2 M. ARl 53 IR S FRIE 74T, 2022, 39(4): 716-725.
REN K Y, LU D M, ZOU H Q, et al. Effects of substituting manure for fertilizer on yield and nitrogen content of rice grain in the Yangtze
River basin[J]. Journal of Agricultural Resources and Environment, 2022, 39(4): 716-725.

TFHFEF: OSID

BB KILREBKEFEMHFAR/EN T
/[{‘ﬁ‘]—?la ]‘Li—“éi‘ﬂﬂz, g[i&h‘:_gl’ i%%ﬁ3, i%iiiya )Jj %ily 'F)B(‘g%ilgl*

(1. WP E AR B2 B Al W5 R -5 4R ol IX R 5% T A b 1 5 B R IR T AR SC56 2, bt 1000815 2. SR NI PLAs A BRA |, 715
T 2151015 3. AP ARRT kB I AR Haes, JEat 100125)

ORI HUE A 3R VT KR 7 R RL 2 R A ), AT 99 3 o 8 AR R R SOk, T T 207 AL AN it
HECCK) Bt Ak HE (NPRO FIA HLIE RS AR 2 fb 27 U (NPRM) b3 7K A8 =t FURERL & S MBI P . SRS B T 10 5 1 8
AT A MU AR [] it It i | - 338 14 o R0 A PR 3R T R VLI oK At e FORE AL 25 8 (9 S I 5 R T BEATL AR MR ASE B B Ay
WA HUBRARRCR M R K o 45 TR, i I RENS 0 25 H2 i KRS 0 7= s RUR R 5 U NPR AR B 7= FURFRE 5 AR 4 CK
AEFAY R T 2.3 1 hm? A1 1.2 g-kg™'o 55 NPKAH EE , NPKM &b BT /K &5 ¢ 7 & FUFFRL & AU 2 3R 4R TH T 3.7% F11.9%
NPKM ik Bt 7= FUEEAE o U SR A E K 25 5 . NPKM b FRAE it 0 IR T 250 kg - hm 2 ¥ EL 9] 309%~60% N fEfS 0.5 %
FEKAE I i AR & S0 . NPKM ALFRAE 135503 B m A A5 0 T A R KR 3R T 6 IR /0 Oy AR 45 I
FITFAHERL S BRIl . ZEAEIRER A< 200 mm A H BRI 1 800 h AEIIE> 15 CALET , NPKM A FRAERS B 25 42 K AR e
FAPRL S AR . S0 NPKM b KA 1) E 2 DR 2R AR L] | 133 pH AR R o, INTRE IR & AU Y F 2R 3002 L
B R K pH. S5 TR A HUIEERH b 2 R B 05 42 25 3 5 T R VT S s Ay 7= i R 5 R, 76 HR i
ARFRCR AL A WU QB AT i B T 250 kg - hm ™ GBI LL 309%~60% h FL
SEHEIR A UL FPRLE BT 5 TSRV SR R 2 5 40T s B L AR AR
RESES:S511 XEAREE A X E4RE:2095-6819(2022)04-0716-10 doi: 10.13254/j.jare.2021.0380

Effects of substituting manure for fertilizer on yield and nitrogen content of rice grain in the Yangtze River
basin

REN Keyu', LU Dongming®, ZOU Hongqin', WANG Huiying’, XU Fahui*, LU Chang’ai', DUAN Yinghua"

(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. Suzhou Huanyou Testing Co., Ltd., Suzhou 215101, China; 3. Cultivated
Land Quality Monitoring and Protection Center, Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: It is essential to clarify the effects of substituting manure for chemical fertilizer on the yield and nitrogen (N) content of rice
grains in the Yangtze River basin for high—quality grain production and fertilizer application reduction. This study was conducted based on
a grain yield and N content of rice database, including 207 sets on no fertilization (CK); chemical N, P, and K fertilization (NPK); and
substituting manure for fertilizer (NPKM), as collected from 42 published articles. The effect of substituting manure for fertilizer on yield
and N content of rice grain was quantified in different fertilization measures, soil properties, and climatic factors by meta—analysis. The

importance of various environmental factors on this effect was identified by random forest analysis. Compared with the CK, the yield and
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grain N content under NPK treatment increased by 2.3 t - hm™ and 1.2 g - kg™, respectively, suggesting that fertilization significantly

increased the yield and N content of rice grain. Compared with NPK, the NPKM treatment increased the yield and grain N content by 3.7%

and 1.9%, respectively. The effect of NPKM treatment on yield and grain N content varied across regions. The NPKM treatment

significantly increased the yield and grain N content of rice under the conditions of a <250 kg + hm™ N application rate and 30%~60%

substitution ratio. Manure substitution was more conducive to improving yield in soil with higher nutrient content while increasing grain N

content in soil with low nutrient content. The yield and N content of rice grains could be significantly increased under the condition of average

annual rainfall<1 200 mm, annual sunshine duration>1 800 h, and annual average temperature>15 °C by substituting manure for fertilizer.

The main factors affecting yield increase in NPKM were the rate of manure substitution, soil pH, and average annual rainfall, while the

affected grain N content increase was soil properties (available phosphorus, total nitrogen, and pH). Substituting manure for fertilizer could

significantly increase the yield and N content of rice grains in the Yangtze River basin, especially in the middle Yangtze River region. The N

application rate should be less than 250 kg - hm when substituting manure for fertilizer and the substitution ratio 30%~60%.

Keywords : organic fertilizer; grain quality; soil properties; climate; meta—analysis; random forest
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Figure 5 Effect of manure substitution on yield and grain N content of rice under different nutrient levels

In n In n

R <1200 {—O— 1.9 79 SRR it <1200 f —O— 33 79
AAR/mm >1 200 | —Oo— 49 128 AAR/mm 51200 H-O— 1.1 128

AEH IR <1800 i —O0— 438 111 AR H IR <1 800 ?{Fa 1.6 111

ASD/h >1 800 P —O— 25 96 ASD/h >1800 {—O— 23 96

SRR <15 ——— 0.0 20 HEHIE <15 ——+—O0——1 17 20
MAT/C >15 PR0= 4 187 MATrC >15 | —O— 2.0 187
-5 0 5 10 15 -5 0 5 10 15

P R THIREE Increase of yield/%

R R L THIR BE Increase of grain N content/%

6 BIBERELFRSEZE TIKE~EMIFR S RERZM

Figure 6 Effect of manure substitution on yield and grain N content of rice under different climatic factors
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Figure 7 The contribution of factors affecting manure substitution to increase yield and grain N content of rice

151 (9.7% ) F1 S A PR 2 o ) 4 X5 R RN 1 (9.6% )\ AE 3
1R(9.4%) TRk EIR Z .

3 iFig

ST AU R fh 2 /e (G R ED RE
10 8 5 B 7 R VTR SRS A 7 DR 1 R (18] 2
ME4) . AHIEE—FE & 2R EFRICE SR
FG A P05 A A B 5, 5 Bt Ak AE AR L, A5 LAE
BRI L IE AR Rl s PRk $2 IV ) e 75 1 2Rl
Fi 43, T EL AT LLRM 84 4 I it (0 i o6 R [R]
A HLUIE AR 1 B A R R A SRR TR A, ek
3 B FRAL PR A U 4 3 A B A9 T R RN 43
i, IHSR A3 POOE IR, R VR A A SR A1 78 2 9 3% 43
RAF I IREE A R AR 3 =020 KR RERLTE B
T EEMIZ )5 6 7 BT SR K (HJR AR IR 3R 4
B, S AR A AL i AL 8 22 ek, 57
I REIRNE | RERSFF S AT L L B K RERPRE 2 5
TERE R I B SR AT, R R RL Y R AR A
G MU A 1 L B R S R R SRR N £
JRIEW T, X A MLAS /NG F- e XHVE D A b o A
LT, SR, B e R G, A LR AR
Xof 8 1R KR 7 i RO 1 AU P RICR 3 2 R R (1A
4) . TRARPIAEDIRE AR TR [ H AT A AR R R AR
KT, R VR W 0 41 7 it &0 1 R 150~200 kg -
hm2, BPRE7E & 7 4500 F AR R L 250 kg hm 2, 3
A RAEBEA 2 P B A BRBEAL , 7500
— 722 —

S, Rl VEIHRA B 2R 9 3 Ko U 1 BE it &
TR A5 it KT 250 kg hm R A LR
PRI REAFAL B L A P T RICRAS 1835, 106 B 2o it
R AT RO 8 2 ML Tk i — 2 2 Tk
R o i,

A HUAE (B4R B B 1 4 7= o RO 5 U 1)
MR (E 4) DB A HUIE A (<30%) H AR RERS
PR KRR B, HIIE R B R AR B A T
AR IF R AT, o B A FLIR AT KRS
7 AR O AR AR TIOR3, IR A AL Y
SR RFE A3 (R TR i T B — 5 R AR R AR a] 2o A
L FHNE 2 FBUKRE A K TR IR 00 AL, A K
RE NG, AR F KRG 7 A2 =173, 35 5 (4 ik
AR A S5 KR A K 0 A 5 K RE 4
AL SR R W R HER Y AT PR R AR e i 7
30%~60% s} BE A 7] B 8 25 58 i 7K AR 1) )7 et FRF R 5
A, L, AT LR 25 KRS 7= i RO 1 R
TN, A ML B B 7E 30%~60% I fiE 1 52 81
KA P B RA B Ao HE BT A E A B R
il L 30%~60% 1A o B3 1A AR X 45, B MIAS
(R S B BGA T B3 1 FH (e o — A5 HH g

DRI, A B AR AT, A AT A ) 3
VT I R 7= KL 57 2R 1) 5 W A7 M s 22
S (F3) . FERIT R IX , A ML AL FE K 22 41
e KRR P = R AR 5 U, L R AT BB R Ui X
MBI - ERIR OB RE B, HLAE BKOE

http://www.aed.org.cn



FERE, % AT LB R VK R RV L B

202247 H

15, B A A F T AR 11 7 i FUR P L SR A X A
0 AT AR AE 24 2 K i S 4 X e AU
REIARTHEN . 16 EHIX A WU E R B4R
KRR H R TR IR AU, X
AR T Rl X 2 R L, R
A, & FEHR VT 0 Sl g 1) 7= RO 75 R 7 AR TR
HEFR Ay O i T HLRR AR i A AR 22 5 (81 S) ,
BeR oy Fr BRI A AU SR T KRR 7 i 4R IR
JEERR/IN, TRPRL & AU AR TR . A AL
Ab R KRR HE AN A K B I PN L3R 43 A R 1 i A 3=
B VRF AL 2E AR+ AR B 1 7540, S5 W R
BLIE A3 e o WAL, i 1A 3% 43 38 2 A 1) /K e )
BEFIIAR , J5 0 LB RR2: 10 3% 3 LR A T oK Rk
7 T RT , A LR R AR R, AR B
FrA3 i g, KRR A 1) A AR AR SR 4
M2 SR IR o 7= £ HE R R R ) 2k b i
WK 4 BERNSAR , J5 WA HLIE RS 352 4 &3 m
FERLIG B U, T 3R o i 4 1F R T A IR A
HUIEFE 20 Tk il L BT A ROk 37 40 O 0, AT 5 830FF
WL A N KT e X, A AU R R
1 T KRR R 7= s RO L, DR R R i X O A 2%
TR 78 M A R T A5 HUAE Y 43 i A0 55 4 O RR . i
A, AT BEAE 3R K VT AP i X K R AL Aok T, H
BT 3 A9 pH ALK 5.61, 45 2000 4 T[4 T 0.81 4~
A A HLAE A it P B 6 A 2ok 42 ) - S R 1k
PER VRN IR 43 I W, AR B 58 Al 2R B AE RR 1 -3
[ UEAT A HURRARS KR 0 7 i R R £ R B TR
JEBRR(ES).,

KRR (7 S FURF L 7 280 A %A AILAE 2 AR i )i
TEAS R 3255 43 (18 5) R 40 (I 6) F AEAE 2%
S, HAE A MU SO Y F 75 R R A i R[] (&
7) A AR A3 7= ROR 2 B R i (RS) | -1
K2 (pH) RS 45 12 (AAR) L[] 52 ), i £ FHFE hr
A P RCR Bz - HE K (AP TN Al pH) 152
M), LA 22 55 14 D5 PR AT BB HILAE 38 7= g AL o
Y€ 2L RVATIR AV OF Y TR G I Erio i ) i T =y
T 0 ML B U] 4R R B REURE R Y R W RN
gl Pk, o T SEEUA HLIE A R RORI L A AL
Rk ) R 7= S Tk Rr 28 1 BRSO, T AR
oA WU AR R K R 7 i FURER 25 R AN () 5 i ok
TPA B o SR UL, FEET T A BT, B A
JIE A A AN 45 250 kg - hm™, A HLIE 498848 H 151
A I TE 30%~60% . X T VLT kb X, 2 A

http://'www.aed.org.cn

NEBEAMA WU RE RS DR KRS 7= 18 A1 dh it E 45
IEAIAE 7, SCRT LAk A A ARy T, DA T i 2
190 o M VAR b i DX 75 76 & BEAY AU L ) T
SEIAT HLAE BB, HE— 25 v K R ) 7 R 1 o
FhE s AN, 0T L A A R R RR A B ™
Al DX, PR T AT LR AR I I 2 1 it A
SRR AR IR FHR] , plcat A PR PR SRR S AR
TKAE B R

4 it

(1) BV, AT T Bt AT , A B AR S
R RV I UK R 1 77 i (3.7% ) FIOFFRL 2 A
(1.9%) AR XS B AEAE 22 5, A HLRR AR KR ™= d A
FERL S R (3R THSCR 2 30 i b X > 1 3 i X >
UMLK

() FESATA BB, B BB A R AL T
250 kg*hm™, AL AIHA I 7E 30%~60% , 5 A7 ) T 55
KA 3 = HE

(3) A MU AR AEAS ] - HE R S5 25 T %K A
i AURPRL UL S AR TR] R 25525 AR L X 1) +
BRSSP TR WU AE R 0 & R = i
S X, P32 WU AR S KR 1 8 T 2

S 3k

(1] HEKGeit R . P EGEHAESE M), AU a0 P ESET AL, 2020, Na-
tional Bureau of Statistics of the People’s Republic of China. China sta-
tistical yearbook[M]. Beijing: China Statistics Press, 2020.

[2] SUI B, FENG X, TIAN G, et al. Optimizing nitrogen supply increases
rice yield and nitrogen use efficiency by regulating yield formation fac-
tors[J]. Field Crops Research, 2013, 150( 15):99-107.

[3] WU L, CHEN X, CUI Z, et al. Improving nitrogen management via a re-
gional management plan for Chinese rice production[]]. Environmental
Research Letters, 2015, 10(9) :95011.

[4] ZHANG Q. Strategies for developing green super rice[]]. Proceedings of
the National Academy of Sciences of the United States of America, 2007,
104(42) : 16402-16409.

(517NN, EER, SRR A HUAC XS 130 T - R 555 o 14 5%
WA BIF 7Tk JRE ()], AR A ERET AR, 2016, 25(1):175-181. NING C C,
WANG J W, CAI K Z. The effects of organic fertilizers on soil fertility
and soil environmental quality: A review[]]. Ecology and Environmen-
tal Sciences, 2016, 25(1) :175-181.

[6] AR, Besthe, 1RIIRd, 55 . it HIAT AILAE XS X [ A0 S A 45
W R S BT R RO A%, 2019, 52(17) : 29832996, REN
K'Y, DUAN Y H, XU M G, et al. Effect of manure application on nitro-
gen use efficiency of crops in China: A meta—analysis[J]. Scientia Agri-
cultura Sinica, 2019, 52(17) :2983-2996.

(7R, TR, TKEE, 45 . FRIEAN TR DO £ 47 B I it

— 723 —



AV TR IR B 24 - 5 39 4 - 2R 4 1

I R 2 S )], ARl BEUR S PR A A, 2021, 38(1) : 143-150.
REN K'Y, XU M G, ZHANG L, et al. Response of grain crop yield to
manure application in different regions of ChinalJ]. Journal of Agricul-
tural Resources and Environment, 2021, 38(1) :143-150.

(8] IF1 Mt Iz, Beaie e, AR b, 45 . RN T v = BT e FH /N2 R
FHERM A2 BAR[T]. o E AR, 2011, 44(7) :1399-1407. YAN
HY,DUANY H, XU M G, et al. Nitrogen use efficiency of wheat as af-
fected by long—term fertilization in the typical soil of China[]]. Scientia
Agricultura Sinica, 2011, 44(7) : 1399-1407.

[9] CONG R, ZHANG Z, LU ], et al. Evaluation of nitrogen requirement
and efficiency of rice in the region of Yangtze River valley based on
large—scale field experiments|]]. Journal of Integrative Agriculture,
2015, 14(10) :2090-2098.

[10] #5806, XUAEAR, BRE . AR5 I 0 [ b AL ] 2 AT A5 i)

T A0 7 10 Sk e ol e o) 2 b S RIDRR £ 77 S ] BB I 174 4317

[J1. o Al R4, 2010, 43(2) :329-336. YANG X G, LIU Z ],
CHEN F. The possible effects of global warming on cropping systems
in China I . The possible effects of climate warming on northern lim-
its of cropping systems and crop yields in China[J]. Scientia Agricul-
tura Sinica, 2010, 43(2) :329-336.

(1] Bl AR, T, S, 45 . ST R A d2 0 i B PR 22 e 5 G
AEF ARG T AR DGR (T VIR AL 4, 2020, 36(6) : 1361~
1372. LUJL, WANG J, MA C, et al. Correlation between the differ-
ences in yield and quality traits among various types of middle rice
and meteorological factors during growth period in the Yangtze River
basin[J]. Jiangsu Journal of Agricultural Sciences, 2020, 36(6) : 1361
1372.

[12] XTA L, LA S K, YAN X, et al. How does recycling of livestock manure
in agroecosystems affect crop productivity, reactive nitrogen losses,
and soil carbon balance? [J]. Environmental Science & Technology,
2017, 51(13) :7450-7457.

[13] XULLIT, 54040, s, 25 A HL-JCHUIEAS R ROt o451 3 7K Fi A
FLICR F AR B2 ()). v R SRR, 2017(5) :61-66.  LIU
H J, JIANG H W, SUN G F, et al. Effect of different organic—inorgan-
ic fertilizers combination ratio on nitrogen use efficiency of rice[]].
Soil and Fertilizer Sciences in China, 2017(5) :61-66.

[14] DAWE D, DOBERMANN A, LADHA ] K, et al. Do organic amend-
ments improve yield trends and profitability in intensive rice systems?
[J]. Field Crops Research, 2003, 83(2):191-213.

[15] BELLHE, JEERAE, X F5 4, 45 . ASIR) HL A LIS AR AR AT X /K A
IR R A0 m ()], £, 2020, 52(4) : 110-117.  HOU H
Q. JIJ H, LIU X M, et al. Effect of long—term combined application of
organic and inorganic fertilizers on rice yield, nitrogen uptake and uti-
lization in red soil area of China[J]. Soils, 2020, 52(4):110-117.

[16] FE5eT, 230k, WAk, 4 . ASIR) H s 266 B e it X 5 AR
[ P o 205 L 2 A B2 AT, 0l “#412, 2018, 49(10) - 1940~
1945, TANG X G, QIN W J, XIE J S, et al. Effects of organic pig
manure application with different proportions on grain nitrogen con-
tents at different positions of rice spike[l]]. Journal of Southern Agri-
culture, 2018, 49(10) : 1940-1945.

[17] T BA . A LT AUAE IC 5 X 7K A 7 it BT B 2803 I A Ay 5 i

— 724 —

[J]. A 35 S5 MR 42, 2012, 18(1) :234-240.  ZHOU J M. Ef-
fect of combined application of organic and mineral fertilizers on
yield, quality and nitrogen uptake of rice[J]. Plant Nutrition and Fer-
tilizer Science, 2012, 18(1) :234-240.

[18] ZHANG X, FANG Q, ZHANG T, et al. Benefits and trade—-offs of re-
placing synthetic fertilizers by animal manures in crop production in
China: A meta—analysis[J]. Global Change Biology, 2020, 26(2) : 888~
900.

[19] 1 523, mB, #9924 . I e ] AU B R e F T AR Bk ik 25 [
S A BUHED)]. B S 4R 4R, 2001, 21(5) 1 689-693.  SHANG Z B,
GAO Q, YANG D A. Spatial pattern analysis of annual precipitation
with climate information system of Chinal]]. Acta Ecologica Sinica,
2001, 21(5) :689-693.

[20] 20, APV, MBS, &5 b R X H NGO 50 40k #9722 1k
BRAE[D). A 5 EREEESE, 2013, 18(2) :203-209. LI H Q, FU Z
T, WEN X Y, et al. Characteristic analysis of sunshine duration
change in China during the last 50 years[J]. Climatic and Environmen-
tal Research, 2013, 18(2):203-209.

[21] J5 e, 2K, A7 . R 41 2 R A& 2= UR WP T Ik JE (). 28
Al B2, 2016, 12(5) : 153-154.  FANG X, CAI B, ZHENG S. Re-
search progress and prospect of annual mean temperature and winter
mean temperature in China[J|. Journal of Anhui Agricultural Sciences,
2016, 12(5) : 153-154.

[22] 4 e Ay % L P M. b A Ol R,
1998 : 356.  National Soil Census Office. China soil[M]. Beijing:
China Agriculture Press, 1998:356.

[23] ZE i 4%, 5K SCHE, Mt i, 55 . 3T Meta—analysis B 53 Jifi HE X H [
A H - HEAT MURK S L2043 1) B2 e (], v RO B2, 2015, 48
(15):2995-3004. CAI A D, ZHANG W J, YANG P P, et al. Effects
degree of fertilization practices on soil organic carbon and fraction of
croplands in China: Based on meta—analysis|J]. Scientia Agricultura
Sinica, 2015, 48(15) :2995-3004.

[24] ROSENBERG M S, ADAMS D C, GUREVITCE J. MetaWin: Statisti-
cal software for meta—analysis with resampling tests (Version 1) [M].
Sunderland : MA Sinauer Associates Inc, 1997.

[25] HEDGES LV, GUREVITCH J, CURTIS P S. The meta—analysis of re-
sponse ratios in experimental ecology[J]. Ecology, 1999, 80(4): 1150~
1156.

[26] LUO Y Q, HUL D F, ZHANG D Q. Elevated CO, stimulates net accu-
mulations of carbon and nitrogen in land ecosystems: A meta—analysis
[J]. Ecology, 2006, 87(1) : 53-63.

[27] PALLMANN P. Applied meta—analysis with R[J]. Journal of Applied
Statistics, 2015, 42(4) :914-915.

[28] LIU C, LU M, CUL J, et al. Effects of straw carbon input on carbon dy-
namics in agricultural soils: A meta—analysis|J]. Global Change Biolo-
gy, 2014,20(5) : 1366-1381.

[29] BREIMAN L. Random forests[J]. Machine Learning, 2001, 45:5-32.

[30] 1 E 2, faf &t M IEER . A HUIEXS T 38E A RS2 ). +
HE2# 4, 1990, 27(2) :196-201.  YANG Y A, HE N Z, YE Z Q. Ef-
fects of organic manure on the availability of Zn and Mn in soil[J]. Ac-

ta Pedologica Sinica, 1990, 27(2) :196-201.

http://www.aed.org.cn



FERET, 55 A DR KL T K R 7= ek AR 5 R 1Y 52 T

202247 H

[31] HAN S, BAQUERIZO M D, LUO X, et al. Soil aggregate size—depen-
dent relationships between microbial functional diversity and multi-
functionality[]]. Soil Biology and Biochemistry, 2021, 154:108143.

[32] #R M ixi, 2400, 240, 45 AR AT UL At X6 7K A 57 43 W IR
PRI, E AR FR, 2008, 41(10):3133-3139. XU M
G, LI D C, LI J M, et al. Effects of organic manure application com-
bined with chemical fertilizers on nutrients absorption and yield of
rice in Hunan of China[J]. Scientia Agricultura Sinica, 2008, 41(10) :
3133-3139.

[33] SUBEDI K D, MA B L. Effects of N=deficiency and timing of N sup-
ply on the recovery and distribution of labeled "N in contrasting
maize hybrids[J]. Plant and Soil, 2005, 273(1) : 189-202.

[34] A5HeH , IRAE L, ARVA %, 55 . R AT HLIE S5 AL IS AC it x50 R A
N N T B S R D). AR E TR SRR, 2019, 25(10) -
1669-1678. LIY Q, WEN Y C, LI Z A, et al. Effect of different or-
ganic manures combined with chemical fertilizer on nitrogen use effi-
ciency and soil fertility[J]. Plant Nutrition and Fertilizer Science,
2019, 25(10) : 1669-1678.

[35] skAR B, F WO, TR TG, 45 . o [ I SRR VR MR AR IR
SR IRAR[)). L HEAEA, 2008, 45(5) :915-924.  ZHANG F S,
WANG J Q, ZHANG W F, et al. Nutrient use efficiencies of major ce-
real crops in China and measures for improvement|[J]. Acta Pedologica
Sinica, 2008, 45(5) :915-924.

[36]ZHU Z L, JU X T, CUI Z L, et al. Reducing environmental risk by im-
proving N management in intensive Chinese agricultural systems[J].
Proceedings of the National Academy of Sciences of the United States
of America, 2009, 106(9) :3041-3046.

[37] WAL, £ BHAR, TR A LR Jr B AL K A P B R
FEAAAFE ] LR 241, 2009, 25(1) :106-111 OU Y
H, XU Y C, SHEN Q R. Effect of combined use of organic and inor-

ganic nitrogen fertilizer on rice yield and nitrogen use efficiencylJ]. Ji-

http://'www.aed.org.cn

angsu Journal of Agricultural Sciences, 2009, 25(1):106-111.

[38] 1 2235, AL, TIII, 45 . A HUIE AU AL HE XS KA & i
28GR 20 B B (7. B AR 2SS 4R, 2021, 32(1) ¢
154-162. SHI X R, REN B B, JIANG L L, et al. Effects of organic
manure partial substitution for chemical fertilizer on the photosynthet-
ic rate, nitrogen use efficiency and yield of rice[]]. Chinese Journal of
Applied Ecology, 2021, 32(1) : 154-162.

[39] ke B, KB IEAR, X Mee, 55 . AL (AL AL & it 1 SRR L9y
RSN R RAEEASAEL]. P AR R, 2007, 40(4) 1 765-
772. HAN X R, ZHENG G D, LIU X Y, et al. Dynamics, sources
and supply characteristic of microbial biomass nitrogen in soil applied
with manure and fertilizer|J]. Scientia Agricultura Sinica, 2007, 40
(4):765-777.

[40] 5¢ BLAR, 3R, BRI, A5 oy KOS DX Jul et A S e 4 P o IS
BHEE I BIFFE L] ROl 224, 2016, 21(9) :1-13. WU L Q,
WU L, CUI Z L, et al. Studies on recommended nitrogen, phosphorus
and potassium application rates and special fertilizer formulae for dif-
ferent rice production regions in China[J]. Journal of China Agricultur-
al University, 2016, 21 (9):1-13.

[41] SR, WIHF A, #h, 45  AL 30 45 o [ 2 22 I L 498 pH e 2 i
AR B LIRS IR R (1. A 57 5 AR 4R, 2020, 26(12) : 2137
2149. HANTF, LIU K L, HUANG ], et al. Spatio—temporal evolu-
tion of soil pH and its driving factors in the main Chinese farmland
during past 30 years[J]. Plant Nutrition and Fertilizer Science, 2020,
26(12):2137-2149.

(42] FLTHE, BRI, TRV, 55 . A HUIE A8 EE 2 ol 22 - HERR AL 1Y
HLEI[T]. AP 37 S R4, 2012, 18(5) : 1153-1160.  MENG
H Q, LU J L, XU M G, et al. Alkalinity of organic manure and its
mechanism for mitigating soil acidification[J]. Plant Nutrition and

Fertilizer Science, 2012, 18(5):1153-1160.

— 725 —



