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HEs P ARBEFEAIA o E AR B PR = IR AR B T — I PEEAC A BT SCER(ECE 2021 4F 12 A 20 FD#TRR, 78—
UCHEREREZE SR 5 a B 5 a DL st =IO a1 =it . £ M ERER RS sEm, DR —U AR S0E 3 a & 3 a LI EXF
AR A SRS (452 553530 PR 3 AU NEAH L, — R MR IR S 2t S @ S DL B f/INEE  FORFK ARG = SR 4.9% ~ 19.6%.
0~14.4%. 0~17.6%, EIEFIFHZRDIIRE 24.2% ~ 52.0%. 14.3% ~ 80.3%. 4.4% ~80.7%, +TIE4%E . HHL . THLAENO-N,
NHi-NYSE SRR 0~8.7%. 0~6.7%. 0~23.8%, 3.8% ~11.8%. 0~6.4%. 0~16.6% F1 0~772%. 0~66.3%. 0~42.4%;

— MRS 3 a UL /N | FORFIKAEAR I NLO HEAC . NH; # & 73 HIFEAL 16.9% ~ 43.3% . 5.1% ~ 56.0% . 5.6% ~ 43.2%
Hl 18.6% ~37.6%. 6.1% ~52.4%. 37.2% ~ 66.0%, —IRKMEHEALTE = M EVEYIESL N F nT KIAAERE N0 FfEY =, IR
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Progress of Long-term Effects of One-off Fertilization on Major Food Crops in China

LIU Zhongyang'?, WU Xiaobin?", ZHENG Fuli’, ZHANG Lingfei'?, CUI Xiumin', TAN Deshui’

(1 College of Recourses and Environment, Shandong Agricultural University, Taian, Shandong 271018, China; 2 Institute of
Agricultural Resources and Environment, Shandong Academy of Agricultural Sciences | Key Laboratory of Agro-Environment of
Huang-Huai-Hai Plain, Ministry of Agriculture and Rural Affairs, Jinan 250100, China)

Abstract: One-off fertilization is an urgent need for light and simplified agricultural production in China. The long-term effects
of controlled-release fertilizers are less reported in comparation with those of short-term effects, thus, this study aims to explore
the effects of long-term application of one-off controlled-release urea on the yields, soil fertilities, nitrogen use efficiencies and
environmental effects of the major food crops to provide the supports for the light and green sustainable production of agriculture
in China. We collected the related papers (as of December 20, 2021) from the China National Knowledge Infrastructure database
(http://www.cnki.net/) and analyzed the effects of controlled-release urea (CRU) continuous application for five years or more on
the yields, soil fertilities, and nitrogen use efficiencies of three major food crops (wheat, maize and rice) as well as the effects of
CRU continuous application for three years or more on the ecological environment of farmlands. Compared with the normal urea
split application, CRU continuous application for 5 years or more can increase the yields of wheat, maize and rice by 4.9%—19.6%,
0-14.4% and 0-17.6%, nitrogen use efficiencies by 24.2%-52.0%, 14.3%-80.3%, 4.4%—80.7%, soil total nitrogen by 0-8.7%,
0-6.7% and 0-23.8%, organic matter by 3.8%—11.8%, 0-6.4% and 0-16.6%, and inorganic nitrogen (NO; -N, NH,"-N) by 0-77.2%,
0-66.3% and 0-42.4%, respectively. While CRU continuous application for three years or more can reduce N,O emission by

16.9%-43.3%, 5.1%-56.0%, 5.6%-43.2% and NH; volatilization by 18.6%-37.6%, 6.1%—-52.4%, 37.2%—66.0%, respectively in
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wheat, maize and rice fields. In conclusion, one-oftf CRU application continuously can not only maintain soil fertility and crop yield

in the long term, but also improve nitrogen use efficiency and reduce N losses for the three major food crops.

Key words: One-off application of controlled-release urea; Yield; Soil fertility; Nitrogen use efficiency; Environmental effect

T Xk 24 R 55 Bl ) S R % G e 7 v kit A
BEAR IR B whhy , = R BV it N ) A LA A
b LA TR [ Al AT RS A R 38 DI R . — Mt
JEH AR LAEY) & B BRI 8k ARTEVEY 77
T SRR AR AN - HEAE 5 0 R e AR AT i, AR AR
SR DI VEY) & R B AR BL A W 0 — kv
it , BAED A F N A TIEARR N, R/
N — AR A AE 2R B VR A R FHRCR S
B2, SIREDUGIEHIEL, — Ui IE (35 B2
— UM FL ) A5 AT AR 24 2 i MRS R FH SR 43531
PR 11.4% 1 44.0%) 5 — it A 32 St PR G 2
BB AR 5 007 B 2.8 % A
21.9%; —RMEREALIE S 3 a AR SRR,
INAE A HAYBE | B KT EE | AT B AN A A R
5.7% ~ 14.7%. 10.9% ~22.2% . 4.5% ~ 6.0% 1 2.6%
~ 4.6%M, — Ui A 7 B e VR A i R U R R
) [ B TS T i 2 A R i 28 SR HE T, — R Mt A R
ROPEHEA L, B EKH 22 N,O REHEGE B
Fhb 18.2%0) MR R, BERANL—
YRSt TIE AR AE Y NH; 5%, EYEA
AR NH; 45 K B 3R 25 U IE A L 250
1 13.8% ~ 86.4%. BTG K BB AAE— K
P BE it 5 PR 22 43 Uit AEAH LG v A 30> N,O Fil CH,

HE i, Zr 9l 49.6% Fl 15.1%, ZEGTRER
L REAG 19.8%. XIFEMI SR IEHE 1, FRREUE—K
PRI T USRI A0 Ty, R R A3 Uit FE A FEAH
o, #EREENE — kPR AT 4 /N A2/ OKR BRI &R
T4 4R . NHi-N Hl NO3-N Zra/r 94 36.4%.,

39.7% F127.0%. Fif AT —IRPEMEAE X VEY) ™ 1
FAEFI AR . L HEAR Sy K BREE R0 25 05 1 A9 0T 58 45
Z AR KRG SRR — U R AR AE 3R I R 2R
YEY) L2 AR W F 5 o ARBIFSE R o e ) 4
E AT ORISR, DL “ERAIL” . UhNET L CE
K”OR KRS A ICHERIRE R 2021 4F 12 H 20 HZ
& A 80 SOk, JE T AHIEGT B A4 LT 25445 3C
BRI T L : OB A SR AL B A g i ], 12l
T R HAE; QRN ES H=3; @K
W20 [ A 55 47 88 SR — Y 1 3 i A LR 253 R R
SRUCIEAE AL . BT LA LARiE, SRR A SN
e K AR 2 B R — WP R it (— R M it ) A K
IR IFEIR 3C 773 s, FAFAERR(1 ~2. 3 ~ 4,

=5 a)FHEPRO™ B . 1. AR AR IS ) 732K,
Gt £ bn N ASRAEBRIE S0 51 138 br 418 3
MIHAE . Hod 1~ 2 a A IIATSE 5 89.9%, 3 ~4a
M IARFTE b7 6.2%, 1 TR RERME — K 3Lt
W (=5 a)F RSB (R 1) KIE 7156

x1 ZAREBED—REREREREFRIEXDHIER

Table 1 Distribution of papers on one-off fertilization of three major grain crops with different experimental years

BB iz SRR AT ()
1~2a 3~4a =5a

I [ 126(86.9%) 11(7.6%) 8(5.5%)
i[sW] 79(83.1%) 9(9.5%) 7(7.4%)
NUE 95(84.8%) 10(8.9%) 7(6.3%)
78 20(90.9%) 2(9.1%) -

EX S = 296(89.2%) 22(6.6%) 14(4.2%)
e A1 152(89.4%) 8(4.7%) 10(5.9%)
NUE 221(89.5%) 16(6.5%) 10(4.0%)
7325 43(79.6%) 6(20.4%) -

K Fe [ 265(90.1%) 19(6.5%) 10(3.4%)
Ji[sW] 94(86.2%) 6(5.5%) 9(8.3%)
NUE 192(89.3%) 15(7.0%) 8(3.7%)
78 62(91.2%) 6(8.8%) -

Hit 695(89.9%) 48(6.2%) 30(3.9%)

e ARG RERHLR . A AYUR . ARSI NUE: ZALAAR, SOFRFRMAAR . ALR=FA AR
MR 15 FREEIEPRGE AR I NH: #5%, N,O, CHa. COHFBBA R AR MAE . BB 55 NEdR b,
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AR R RAE RIS B el APt AT R G0 i, B
% SRS 045 22 270 J DU R R Bt A T R I
=5 a iy HIHHAEE E SO RWPERIRE . I, A&
WIFEEE 5 a S 5 a L1 A4 T E) R SLe0 — Uit
I (2 R SRUME — O PRt ) A 7= L USR] S5 -
NETT SR bR T LR o th T 2 AF IS — IR REAL A
FERSE AN A2 a5 W DT, AR GE T — it
NEFESE 3 a Je 3 a UL E NI VR o — R A XS
SRR M0 ) R IO A TEEAY o WA — ek it A o %
[l B AR i RIRAR ) . RS IR A
PRI ARSI, AT o B [l 2 ) Al (0 m] 1525 4K
A SR AR 1R S I EOR S

1 —RMERIEX/NER R

1.1 M NEFEERNZN

1585 PR R AU RE AR L, — Uit A (3 B
JIE — Y L it ) K 30 it FH T DA S R N R e, R
[Fi] 3838 PR 2R 77 o DR R TG s AT ISR i 8 L S
WIFEA N AN, F B RUIE A IR 50 B AT AR PRV E P AN
[0 A= & AT IR, IR/ R I 5 it
N, AR AR R . BRI IELE 5 a K ENL
IREGIF TR, FEWE L0, BRBIRE—K
P L 4 R A it AR ] B E R R R 9.6% ~
11.8%, ARASH =AY 32 2B PR /N2 R A 4 i 1O
A S VR R AT s A SRR B8 7 ML B 5 I R A 9
B, SEIBORS R ELREE . B BB R N AT i 0 B 47 g RIS
HEAT [R5 A , AN R R UL B 3% 20 R 0T 2R
3AH, S5REWE, 78 210 kg/hm® fERE T, A
FRE B RNEAL B 7 a S35 Hb 150 A= 9 R = i A IR
RO WAL B4 AN 8.4% ~ 11.2% 1 4.9% ~
11.5%, M7 0 @RI se a5 R R,
JEAEE T, 70% FERANBIE 30% JRE &Lkt
507 AN ZE T A W R 3R 4 Uit AT Ak B
6.0%. BUHEME X 8 a KB MIFTRM, RS
TRIRFE AL 8 a ]/ HE{LEE AR5 IR &K 43 Uit A Ak 34
ZEZESFARE, HNFENYEE, 8 a3~
IR 14.6%, FEBARLAIRE = 1E R R
FoE e, Zheng “F ST KB, WHUGAE T,
70% HEREMYE 30% IREBCEAHA/NE 8 a
Bre i R ZE U ARAL BB B 11.9%. Li UK
WIRE AR (2013—2020 4E)WFSE 45 R KM, HRA
RE it P IR T /NAE 3 SRS AR R AR K, R AR
ACPRARG | AR A, AREL. MR . T BUE B

2 28 L T PR R AL, VR T R Y
FE AL T IRl FEFRAH T, ERREAA
P77 5 (2018—2020 4F ) B IR 43 Uit JE Ak 3 4
19.6%, Wik 1/3 Z&0F PGS . — IR Pkt e
RIE A KIA R AR T A= i B Tk, ()£
B TN RS R A
1.2 WEHITEEARNEMm

RNEF AN AR ) B 4e b5 542 m e, Kb
— U it 4 T SR B ) - 88 %) 55 B 4 B AR T
WIRE . PR AL AT AT B0 52 IR K i, b
NO;-N I B SHR 1, NV X 4 0 5 7 3
0 1) - S 3 ST RN Ak 2 BT TR ST R B, SR
ROiab PR, EREAERIRE 7.3 BIRIEL S a
Jits FA X AR L DA FL R R I R s
pH. &% . &BUASHEELR EER, LT
LA ALK& o5t m 8.4% Ml 5.3%; EBEA
NE SR AT 00 . BRI, IR A R .
RO RIEAR, 5 a BRI R, 210 kg/hm®
Jiti R T, AN P B U AR A /NS WSR3 - 398 4 SURN
A AL R R o Uit AE AL BE AR 5.8% ~
8.7% i1 3.8% ~ 5.8%, #)Z(0 ~ 20 cm) L3 NH,-N
T ZERARE, NO-N F N 31.4% ~ 34.3%,
FERRNEIR 0 S REOR S T 3% pH 1Y T B IE
JE, A>T 20 ~ 60 em +JEAY NHI-N & iE, FRIKT
AR AMRIER T A S S I T A T A ) 4
TR It 0T 32 Al T 52 S A & R, A
S5B3RS 6 a R REEUIL S HIETCHLA S
R B SPUCALAL B 5 31.1% ~ 35.0%. fE&H
X 7 a ENIFFR AR BN, FFFEEAET, BB
RIEESLEH 7 a J5/NEWERIRIZ 0 ~ 20 cm) 14
1 NO;-N & R E b PEE 15.8%, NH3-N 7%
IC WA 2, AR A LT AR B R 7.5%
A1 11.8%", 41T 2008—2015 4E7E LR A IT
BT 7 amRKIMIENnRE, MR, 240 kg/hm? Jii
AT, WBBIRIREELNT 7 a J5 £ NO3-N,
NH;-N . 22U LT 5 3538 PR 2 Ui AL AH L
PR 77.2%. 15.6%. 3.0% FI 6.0%. Zheng Z5!3%
B, FERAEE S 7 RSN 7 a ERHBIRIEE
INFEWERZERIZ(0 ~ 20 c) TIEA LT . 2E &8
FRZE ML B3 5134 00 9.0% F1 4.9%, pH #55 0.17
AN, IR Rl A 7 R SR, BRI A )
— MR T AR R i AR T A R T A T
SLRJE
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SRR FH R ke T Rt A5 VE Y R R R Y
PR U ] R A i RUIE G A A BT B
TRV, ERANL IR B SEY IR R T
1T S g [ S I 2T A W 176 S = W W 15!
SREG PR R MU B AL B AT HE 5 36.3% ~ 52.0%""., K
WE AR ZE BRI, SIREDUTENEAHLL, AR
5 IR 2 Ah 3L (B B A 0 RS R A T AR i A R R
F) a PHANRAMMHRT R EERS 287% ~
34.4%"M, wp SRR L AR A TSR A R0 RE AR
FPRRY], 5 IRR P UOEIEA L, ERAE SR
R T3BIREL S 7 4F AT 4 5 A FH 2 24.7%
REAEEA R T, HEBBIRIKREAIE 7 a M4 /NE
RCH I Ze 3y T80 PR R AL HE, AR AL R H a4
1 35.7%, JAEERU O, SRR IR B T AL
INEEEFEMMARMN, 5B 8 (il s L i
N, PERBEB TR PR 3 A 30 28 WS A AU ) 238
PRE U AL AL 353501 1 254 = 19.0% il 24.2%.
RBR R, ERAE IR R S NEARAE
W IR o3 it SR EA ARG 0 [R5 1, Rt S8 T %
PR RS = ORI
1.4 33 AIREIA A0

QK . iR Ve A R AR
WA EERAEY, ARORKERKC L@ T ™
HAYFRBE A, pME R Y R B, SRR —
YRR AU 5 BB PR 2R 0 Uit FH Y S 43R IR A T
N,O Fl NH; FYHEROIEAE, 3 a 2RHEMCRKIRE 3 1K
it B A AT 23 BB 37.6% ~ 43.3% FI 18.6% ~
37.6%. Shakoor 54 4% 4 a XA M X /N A A= 1
B 2= SR IEAT I, S5RFR I, 225 kg/hm? jifi U=
T, BEREAAEAEY N,O il CO, HEltREIR R 7
YRt AE AL BR300 2 B 16.9% I 19.4%, IRESR
IRHEC BE AR 26.1% HIE™ 10.8%. #BEIEE
A 3 B R U HEVE A, b 1/3 BRI R AU
b 3L PR 2R 43 Ui N Ak LR e R ) 7 a1 ) Bk 3
FEAR T 4 a V3 N,O REBHFIER 25.0%, “F8HR=E
R S ARHE R 2 A 20.0%  F1122.0%24,
DL R, B T B AU — U T i it Sk 250
DT NEAF IR NH; #& N,O DU SUAHEL
AR TR LR O RO A TR R

2 —RMERERER ERHIR M

2.1 XEXRFEZM
FULBAGEA R P TR S5, 50 R 3 A

e, G Mo B R I L — R i 5 ~ 11 a )3
AT R B R OK ™ i SRR R X E Y R AR
R B FEHE R R o EIAMEE 40, — ki
MERBIRREBIRE OG5 & 5w 72 EoK
Mo AR, AR TR mAREEFS, 5 a
AR PR RN 10.4% ~ 14.4%>), HilF& ki &L
K= S a KIEM T 45 R, BREAME—K
it FAE DS 55 3l 1 g Rl st 24 T VRN, S a 4E3Y
Fed 5 IR U AR AR oG 2 22 0 P, Rt Ep ol
WM, 5REMEH L, EBBIRIRES S 4t
FHE E K B FHE 6.9% ~ 11.0%. 5 Hb X K1
FENFR R, — Mt B AU v] L 2 4 =
Prr=tt, 5 a FH P ERR R i A B R 13.6%7),
PR DR (6 ISR A 5 285 SR 2 B, 7 JHUita R
KR, BRANESEHSE 5. 6 FHRERT’Y
30 PR 2 Ui N AR B 2 18] TG B 3 25 5 /b T 95 )
FIARTEA S FE ST a SERLIFSE A SRR, B
BEALREE . B BRI AR g GRS R ZR AL P 7 & P34
5 R E AL B I 7.3% ~ 13.0% .
300 kg/hm® Jl AU T, FERRAUEIB IR IR 2 AL B 5 45
PREZEP UL FRA FL 5 7 4F /N B = 5.5% 2 M
i T, 70% HERALS 30% bR E Bk
8 a X e H R Z AL PR R 6.8% ~ 9.8%!),
BERNE B AT 3 e, K Al st oe 45
TR, RBIRIREALTT 8 a A=Y B2 TIR KRS
YOI EAbEE, 8 a FHF=EHE 10.9%", Gao 45
11 a(2008—2019 4F)E Mo R, =REANETARL
P EoKH LAY B, MIFEERE T, B8
FIBIRIRZ{BIR L 7:3)40H 3 a(2017—2019 4F)F
W7 A6 ) 0 3 R B A Ut S Ak B AR 8.6% ~
20.2%, FEERE 9.4% ~ 14.0%.,

P B AR AE Wl i £ F T X E Y P A AT G
/N BESR R o A It Ui DA SR 25% -4 T
— YR VA A B B AR PR 2R T SCBE RS, 5 a 4R
7R 5 PR A U AT Ak B 2 ] PG 3 25 RO B
FIPTEAR IR+ AT T 6 a AL, e
37.6% WMEAE AT, RS IE KRR K H]
G 22 . RSO ISR R, e 30% Y
WY LB FN BT INAR i L PR R AL B FOK 7 a P37
SRR EMEZ A 22 R A E, R Ag AL
I 6.3%. WF5E R, BB IR IR R AL Hl i 50%
TEOL T 8 a AFEX =it 5 IR BB Z M5 T2
S, RN 14.8%% . FoRE AR it F A9
SN AT R AR A BRI R R RO S, HR

http://soils.issas.ac.cn



5 4 19

XUMBHASE ;3 B RO B VR — UM A A4 18 5 20 671

T IR Ty A R AR AL S it A 2T 45
GRS, KA T4 R NE D i it P (0% B 5% 445
RARFIKR
2.2 ¥ H T EERE A KRG

PR AN IR SRS RSB T 337 A ik 1y
SEYFR TR Z 4R, W TRERK, K
Wits A A F 3R IRy 1 HRS RAN, S R
B, BRI R, FERRAENEAIIRE 7:3 BIRA A TS
TIERZ MR, FEAFEHEANT, BRBIRIR
FHELNE] 5 a T4 NOs-N |, NH;-N., 43 &% # FlE
SR i A BRI S (PR 3R 43 YR A ) Ak 4 )
TR 52.0% ~ 66.3%. 18.6% ~ 25.2%. 19.5% ~
30.8%F1 15.1% ~ 48.4%, HHEAHLT . R &5l
PR 6.1% ~ 6.7%F1 2.9% ~ 6.7%>%, i e 1L
AN 5 a @ik, HRENEAB T RmE £
KICHEA:F IR L3 NOJAI NH4-N &, LIRS
RS, FORIGI R Z £ NO3-N Fl NH;-N
PR R UL AL B 3 B3 37.9% ~ 62.5%
1 37.5% ~ 52.1% AFEHEEFEOE AL IX 7 5ok =
A5 (ST R B, 16 180 kg/hm?® & i T, #k
RUE A — kP it 5 PR R A3 VOB AH L3 5 T +
BAWLE &R 6.4%, X HIEER MR LE .
Zheng Z5BVR I, 7€ 375 kg/hm® iE A T, HREUD
Ficjifi R 3 LEN H 6 a i, EARIGRZERIZ (0 ~ 20 cm)
-1 NO3-N il NH,-N 5 52 48 PR 2 it b 243 31 3 in
19.2% F160.5%. 52K, RERIBUERAET, &
BBIRIRFESMH 7 a TR H IR SRS
W 3E PR AL AR LB 5 4.6%, T IEAT LT 7
TN FR, M8 2R E R R)Z R
NO3-N NH-N & 5B AL FAH G5 13.3% Al
43.4%, NO;3-N Fl NH;-N 7£ 20 ~ 200 cm + /2 ki
L=y AN 11 I o NG = 0 N S/ B N S
WFFE eI, 3] — Ut 2 it 4 B RUBE v 4 v 3
NO;-N Al NH-N i, ARk, Rt
X ISR MA LW B AR AEN.
2.3 XTERFREF AR

P o R R T B SR 2 IR b0 5 8 =1
I Gl LYV L1 M A 1 S N 1 e
KIE RIS 5 4R R, BRHBIR IR R AL FE Y
R FH R IR APt Ab BT 5 42.6% ~ 49.6%'%),
M, SRESWHEEM L, HBREEBIRIRER
LA 5 AR R A EEA 2 FH 555
P 57.5% ~ 61.3% 1 24.7% ~ 27.4%>), HE K™
I e (i oE 22 B, TERUEBERF 25 1F T, B RAE

A PR 2RV E RS RO TR e 2 s T /AR RCR
5 a AR AR SRR 65.9%%°, BAIPITERILE
FoK 6 a EAORIMIFR R, SIS H kb
it P AU ] $2 2 FAR I R 55.1%. Zheng %5117 a
K e k3, RIEIBUEEE T, B3
TRIRFALEE 7 a 4F3ZUEA 23R8 PR R 43 Uit e Ak
PREE R 14.3%. AR IS T A 1 0 1 10 25
T, 5 R RS GEIEA L, B RRBIRIREE
SERAS 7 AF T HE e oK R AIHIE 20.5%!,
S I AR ST A R R, 5 R 2R At b B
FHEL, PR ELAR | A7 EL B AUATE AR A 0 B PR 2 — R
FEJits AT AT R L ORRIE R, 7 a 4R EAEA]
R IS 65.9%. 75.7% il 80.3%. JEjEENNY
TEARATF 52 A B0 A B R 0t AE ACE- B 5 Hh 4
L, ERBIR IR R AT LR 4R K Rl R
EARNEFIHZ, 56 8 R RR, HRBIRIREL
PR ANE R R EIR R 73 Ut AT AL B 5 18.3%.
Gao %5111 a(2008—2019 )Y KW E N HF7E £, M
[ A T, — IRV BB IR L 3 a(2017— 2019
EYRZEFAR . AER AR R AR A 5%
FRZ A3V A AL B3 50142 75 22.2% ~ 53.0% . 47.3% ~
73.1% F19.5% ~ 10.8%. £ |, FEREANAI —k 1k
LR S T AR R A = ORI, SR R A,
FAEF PR 5 14.3% ~ 80.3%, AL F#H F&%
AT 24.7% ~ 73.1%.
2.4 PR HINE R A R0

P R UM S XY T 4 v VR A o A ] B s
FEI 9 2 A MR HE T B A 2 4T, 30— v Ji i m]
AR H NH; #% . N,O RIS H Al 3 2 <M HE
i, 210 kg/hm? i &R R, SHBEALAEE SR E 3
Jiti FEAH B A R o TR K 7= i 4 RIS B 25080 T N0 HE
L, WEFRL 3 a S N0 HERUE & 9.1%50, Lk
B = it AEL (PR 2R 43 Ut AR L A% B B s B R UIE
A A T R ZRA AL BT ™= A 1 NH; ¥ &2 Bk, NH;
PR SR IH /L 48.0% ~ 52.4%7 ek M2 445 4 o
SR E KA KBNE NLO HERE T WA oT %0,
A A 8 SIS Ak A Lt A (R 2R it ) Ak B o
KT NLO HERCIEF-HIUEAE 32.9% , K =5 14381 17] N,O
HEBCER AR 50.8%, 4 NLO HEli > 37.8% HIY
77 16.0%, BRI 5 IR FEA SR A 0y
o HRAHF AR BRKWIE R RK, 180 kg/hm’
MERE T, ERAENALEE A B 2 15 I (PR 2 Ik
AR NLO HEBUSR 19.2%, NH, % s>
6.1%% BB AR POTEH N A& sk T A K= Bk
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77 MW 5 a(2011—2015 4F)AYIR MK, BFFT
SEIRR, Wl 1/3 MR U A B A R it A Ak 3
RZED KIS a 1 N,O RFEHERC R 8 58>
56.0%, N,O HAEHE R B HPEL 43.2%, FHA
BRI FH A1 65.9%, 5 a +3% CH, 2RI E 1 CO,
SURUHE I R I AR A B ) B > 21.7%
F126.2%, ¥ERANE 5 PR R FENE L8R 05 st i)
T PEILREEX KR AR 4 ~ 5 AFIRESRM
HESE NI 25 SR, AR T EE PR 2 3 Uit FH T AR
B NoO HEIE, BRI AR AT AR ok A KA
IR0 NLO HEJiL, NLO HEBUR R FEAR 5.1% ~ 9.5%%.
BREYHABSARERE AN RS, &
2009—2013 4R F FORAE K R NLO HEjlE
TSN E , MR, BRI RIRE T [ 2
SEEE NLO WHERIERI =35 7=, 5 a “F-3 N,O HEji 2
R IR R S Uit NE AL 3 /D 36.8% , ~F-3 B T AR
PN 15.6%. 15 BERUIE A 2818 B SRR T 4
I NH; 4% % 1 N,O HEflC, K0t A 85080 T R/ UE
AT BTG Y, A R T s R R L0l AR
FERR

AR AUV AL R o8 22 4 IRV T 25 A B
FEh R, AR RS R A AN IR | 3
IS RHE P X, EZ B AR S,
rh A AR B S A A e U AR R T SR AR AN 2 T B i
KO E AR LB, K 10 ~ 40 a AR HESR A
SR — WA PO AR LA SR
o F W20 S H] 10 a BRALIIE S0 i R
RILJG, BN PRl &, (RN 4
BE Y, A # T R HERRR AR 0 R AR BRI AT
R fy i ARy 53T,

3 —RMERERE X K FE B S0

3.1 XKFEFEHI N

T B EUE R 10 5% 00 BETBCRR I T (5 - b () 2
RN SRR AR W T KRR8I 8 AT
YEYIR A= 7= . e R0, S BEEUIEvT et 42
KRS . BRI, SORIBOR TR B SE IS, A
270 kg/hm’ i & T, HREB IR IR F AL #A IR R 4
YO AR AL BEES 5 AE PR R R 11.0% ~ 12.6%*Y, Sun
G R, A YA R B U B3 RN B
ARG R e, 5 a M RAENEANHL B KRS = 5y
o TR R 3 Uita AL A 38 HAFE R B AT 90 12.1%.
7= R AR K B, B ALIELE S a i
FHACPR R oy A 3 v] 4 = MRS AR 3 = i 5.0%, X

Feir= 0 Y G — B = 40%
RIEFRAET , R A I A U — v i it Ak R
WIRE P UKHIEAL B 6 a SEHIRL | AR s
4.2%7 X1 25 0l A 3 BUBRL 5 M i 002 A IR 3
FIAR N2 15 R 28 R4 7 10 FH () 5 067 3056 (2008—2013
4F), 7E 210 kg/hm’ i E T, BRRIRE BEWHM T
IKREA SOEEOR AR SR L, 2R FRIRE K
AL BRI 7.6% ~ 17.6%. Mi ZEHIF5e R0, X
T FIESEH] 7 a ERBIRIK R (70%+30%) BUR R
A3 YR it B Ak B T 38 7= 5.3%

P B UM AR I it 2 1 it P X VR 2 7= AT
BA ksl MEse s e, S5IRE U0t AR L, #2
BRI 30% — I EHLEAL I 6 a P37 h it
4.5% ~ 6.7%, SeEEBANNIE - RE@.7% ~
8.20%0)FEAKE O, b gTH, P BRI S
Vol S R S T AR P, (2R SR P K
FENIAFGE T, W 1/3 MR EAL B R AERT 3 a
5 U U AC R, 5 3 a 3R AR AN I B
FE, FEUEE TR, S AR R X R A KA B L
oA e 1 AR A TR VTSR, R AL AS JE 5 7 B
] N
3.2 xR H T EE A BN

0 — U 5 it 4 g R R LA B3 A 383
Bio JKHH NH-N 2 RHLARR FEFAE AP, &
BRI IR AR RO T R ZE Wk %, 5 F
THERZPFRSR, P EW, 7em &=
ML, 60% MERANEEE 40% %5295 2L
6alm, AR, WA . S FHPE T ES 60%
3 PR 40% S8 JeAb B [a) R0 i 25 7,
1) 5 1 A SIS I 1) 2 07 1 36 (2008—2013 4F) 4%
FEM, AR i U2 A0 S PR 25 AR i (i P PR 3R 3% 25
Jiti FH 6 a J5 =436 BLJTTRN 4 S i PR R A3 U A 43
PRI 3.5% ~ 16.6% FI 13.1% ~ 15.6%. 5% a
ENARIIF IR, AR Bt AE & T (180 kg/hm?),
ANEFEBREAATE 0 ~ 20 cm, 20 ~ 40 cm +)Z 1Y)
NH,'-N &5 R E /Ut LA #5338 13.6% ~
37.3%. 26.0% ~28.6%, THEXKZ pH, NOy-N. filifit
AHUR . A TR EEZER . Mi S0 R0,
MRS 7 a F AT IR ERIK RS, 0~ 60 cm
+ )2 NH, N FINO; -N & it i 2 5 T IR R /it e
AEFR, 3R 20.3% i 42.4%, HEMEHEER
TR RPEAL N SO FIHT, S8+ pH F#(.

HAEAE T L, R R R B IR R A B
(70%+30% , 50%+50%)# 2L 5 a J5 + 345 pH
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HESERE MR Z R 2R, HEeR . A
BUTE . B . A 50 AR Sk 40 ) S AR
3.2% ~52%. 1.3% ~4.9%. 12.0% ~19.6%. 2.7% ~
6.0% F18.1% ~ 18.4%, Geng ZP eI 12
PIWFIELE M, 7E 180 kg/hm? i & & F , BRALMEEE
AN LG 7a )5, 0 ~60 cm + )2 A HHEAHL
JBT NH-N 5 5 R Z AL B4 4 57 8.9% .15.5% Al
13.3%, RKZTEERSEIT 9.9%. Gao %511 a
(2008—2019 ) KM AR I i R W, [7) S
T, BRI IR E AR A D = T 14
NH;-N F1 NO3-N & & Ll 23.3% ~ 24.5%, A &0k />
TRMEBLR  ERBIR R R BN T 1
RERAEME, B0 T A 9 A R R B R .
LR, KRS B 1/3 BRI ELE N T 6 a
Jei . A HLTT A R A o R A 1 2T Bt A Ah P 4
T 9.9%F1 23.8%", R ALK it A T LA+
HEFRoy Er i, o AR T, (H 2 AN - A
AR AL DL e -3 e mti it 55 ) g, R B EUIEEAS
) 1 56 r o A 5 M RN e PRI A — 3K
3.3 XPKTEBREFAEAZMm

SRE I FH SRR 2 B ] e 0 el 2 7™ 5 B0 % U 15
ORI BB N 2R, SRR 5 0 B S K A~
A= Y R W) 6 R B B 2 OG0t
P BRI A S T2 U R 4 s IR R &
T EBEAEM . BRAENE v PR SB35k, WG
£ PR BB IR IR F AL (70%+30%,  50%+50%) % 45
TS S AR ZUIE A S8 58 PR 2 43V it AT Ak 242
1 36.2% ~ 51.4%%, RSCHEUORE A, B AR
— ML AN BB IR A B SE 5 a it FHAR IR 2 /)i
AhFE S a SEHIR | R EUER RS R R 4.4% ~
15.7% i 37.8% ~ 44.2%. EHi2r S E R 00, 78
%Wt 40% AT, WA R AL b 2
AN ISR 38 5 11.9%, ZAER2EECRE
= 10.9%, AICIWRA 1225 AR, HREV, 5
PRE SR b, EAR/K ARG AL 7= 1 3% S it FR P R A
HEER 6 4T ] 4 i AR R 5.59%1,

PR R R A5 T, IR R A 4 o 5 i
Fo XSRS R, W 30% PERAEALFE
R FH 22530 R R AL PR 5 6.1% ~ 7.2%, g
ARERHRE T 10.9% ~ 13.3%. HIRFE /UG L, 6k
i 30% BANFAE IR E . WK EALH 6 a
S E I ISR R 8.6% ~ 13.5%, 4 HH Ak iR
11 9.2% ~ 10.3%% KA T3 R — VR M FE i ]
I AR KA AR I, S e 2k ) B %o 7

RN . b EE TR A R R BNt ELA A AR
3.4 XS HEINE RN B 20

TR A2 H NLO HERUR NH; #5 & 1 32k
T8, AERLE R0 N,O HEROR NH; #5 % 1) 522 K
FOW FEH NLO HEf 0 AL S . 5
AR RSB/ BP0, 7 240 kg/hm?® AR T,
SRFESTUMEACAE L, SR BRI PR 2 — kM S it
PREZE S UHEAE P A RHER NH; 44 & WE(E Y 3L )L
HEREME R RN, XF NLO BHEROIA (Rt ELAT R AR A
F, Wb NH; % 37.2%07, A6 rbh [X SRR iR
FAMIESE 3 a WEINES LR, Ry B A —K
P 3 it 5 R 28 43 Uit FHAR ELs 2> T e NLO HECR:
43.2%% ) Guo %P3 a EHiMFSE M, 1E 195 kg/hm?
JAG T, AW B A — U M St ikt e T 38
JERE B NH; #8126, SR BT BEA (PR ZE 3 Wit )
AHEG, NH; fECER D 64.2% ~ 66.0%, CH, F1 N,O
FRHERCR > 16.5% ~ 24.2% Il 32.8% ~
38.0%, Ji %4 a WM ZERFZW, S5 BEAL R R
SyUCHE M EL, AR A AU R (240 kg/hm?), — M
Jite AR B B s B I AT (A . NLO HE il i v 2>
13.0%. Shakoor 25314 4% 4 a TEAE A M IX K RS AT IR
TR, GERIY], EREANCAHKAE =Y
N,O HEBCRH IR IR b B 5 250> 5.6%, CO, HE
ORI 11.9%, 2= SRHEBCREREAL 14.5% H
HAT= 3.1%. Ji O a BT R B, HIREK 3 Wit Ak
AL, RS s B AR TR CH, HERCR:
3.9% ~ 15.2%. B AU A0t FH o i e M i
ARG T AR R BRI T itk 5 22, Al a7
B TR SRR E AR, XS Yang ZE O LEAR s R —3 .

4 g

— KRS ES M S a & Sa DL F RS RS
Frae ER R A AL )y, BERE/NE | £
KR EAEH R, FIRHRIE/ N | B KRR ™
i —RPERE AL ELERGE ] 3 a ) 3 a LI B Al 3%
D = RAEYIAR R R, NoO HEOR NH; %
VSO RTE 2N ONTY S SO e RS 78 W S
MR o — W it I W ] 5 B A B A
7R RHEREAL | IR RIS AL, AR E R AL
Ml A A 2 (0 ] 5 i BT R I T TS

B3k
(1] XUJBHE, S/NEE, WA, 4. — VR £ i 1 2

MRS h R R S PR EN ], AR, 2018,
51(20): 3827-3839.
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