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Effects of Long-term Application of Blended Controlled-release Urea on
Soil Enzyme Activities and Nutrients in Stubble Wheat Fields
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2.Shandong Nongda Fertilizer Technology Co., Lid., Feicheng, Shandong 271600)
Abstract: In order to investigate the effects of long-term application of blended controlled-release urea (CRF)
on soil enzyme activities and nutrient status under straw returning condition to the field, soil samples ranging
from 0 to 20 cm were collected from the field experiment of long-term positioning fertilization since 2008 at
the rejuvenation stage, flag stage, filling stage and maturity stages of wheat in 2021. Without fertilized
nitrogen as a control, the effects of CRF and normal urea (BBF), and four application levels that no nitrogen
application (N 0 kg/hm?), reduced nitrogen application (N 120 kg/hm”, N1), conventional nitrogen application
(N 240 kg/hm?®, N2) and increased nitrogen application (N 360 kg/hm®, N3) on soil enzyme activities and
soil nutrients in wheat season were studied under straw returning, and the correlation analysis of the indexes
was conducted. The results showed that under the same nitrogen application level, soil sucrase activity and
cellulase activity were increased by 9.6% ~21.0% and 9.0% ~31.5% under CRF treatment compared with
BBF treatment, respectively. The soil nitrate nitrogen content in CRF treatment was significantly higher than
that in BBF treatment at the rejuvenation and maturity stages of wheat, increasing by 23.2% ~145.0%. At
the rejuvenation stage, the soil NH, " —N content under CRF2 treatment was significantly increased by

148.0% compared with that in BBF2 treatment. At maturity stage, the content of ammonium nitrogn in soil
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under CRF treatments was significantly higher than that of BBF treatments at all nitrogen application levels.
Compared with BBF1 and BBF2, CRF1 and CRF2 treatments increased wheat grain yield by 9.8% and

12.4%, respectively. Soil urease and catalase activities were significantly positively correlated with the

contents of soil total nitrogen, organic matter and nitrate nitrogen, while catalase and cellulase activities

were significantly negatively correlated with phosphorus and available potassium contents. Straw returning

combined with CRF increased soil enzyme activities at the middle and late growth stages of wheat compared

with BBF, and was more conducive to the supply of available nitrogen at the early and late growth stages of

wheat. Long-term application of straw returning combined with CRF significantly increased soil organic

matter content, improved soil fertility retention and buffering, and improved soil fertility. Among them, the

optimal treatment was CRF with conventional fertilizer application rate.

Keywords: blended controlled-release urea; soil enzymes; soil nutrients; long-term fertilization

RIEXHEY AR K =Rt m E X EE, HAl
FEERAOECEAR, KHAEZASEE KA
FPREEN L R AR 1 B R Ak R AR R
b, 51 AR 7 T B 8 X R AR AR 1 s e, AN
FFRBEHTTRLE LR . BRALMAZRZSRB
BT 5 4 1 TR AT R R AR — B RB A W R
FOFIH R B R A R R R
JRE DR R A R IR S e e A R R A B R
BEfe = mm O AR RANEERRZ —,

Tl R — b 52 5 A0 A Ml A= 0 S5 9 VR L R A T
PR AR Ty A s A A ), g 3
W, PR A FH T it RO X R B R R P AR
R T AU AE L T DL R R IR A R DR
4 36 107 B 7 A0 R R0 s Wang %50 BF 92 45 R R 1.
Tl AT 10 H LA e ot 7 B A 4808 A T L e 0 R
F AR fE ) HEARAEY TOBCR

R AR A GE R A IR B ARl W] R4k
R T B, A T A RS FF R H G 4R iR T LA
T AR AE W T B 1) SR 0T L 4 Bl O P RE S
J Bt - A A W 3 P AIE g R 5 e AT g i DG A TR
. WABEIED R R AT e 4 IR L o
122 ity P 2T 24 2% T 55 - M9t 0 5 2 A AR g R
B, 34 58 PR 2 5 R IR 2R T e 136 08 2 w5 - 1 JOR N L Bk
PR RR B M A AR LA R A A S =, Lk
FaE i ERAERK R EREETHHRAE. HER
B 1R AL T LU AR sk /b it NE B Ak b B IR R
MKFE =5, A B E WL FMAESH G, 5%
FIPR Z AR LE L R AT 5 22 45 B8 I e T DA S 35 0l 2 X 2
P R R A LR S N R R
9.1% ~23.6%, E AR EH#E 2.2%~3.7%" .
FEIA FH T it 45 R 45 1R PR 25 1T 05 [ 18 8, Bk 3 4 v -
HE 3 FAE B = ARk B A R AT R 1Y
T AERE FF 0 H 3L Al b G4y 4 Ak 008 b FH Y R %
Jit A 6 it S ESF ) Rt P Oy vk — B AR M AT 9 1 A

Mo FHOCHIF T 22 4 vh T AR M a2 R 5 AT g A
SR SR FH A5 5 T % AN TR RUNE 2 8 5 % A G
Jite B 9T 4 20, B E RS FE AR H G i 45 B 48 1R IR 7E /)
A — FORFCAEMR R 3t 3k 0 L (H it AR A =X X T
R PR A D KA R O e Z . AR SGE R
2008 AFTF 4R 14 R FH 2 A7 33 56, 45 150 < 00 A AT 34 H
AN ) U A 2 RN K Y 22 )6 g8 g O R B R
3 BR Y B4 S R 5 DT Sk 5 P 34 FH TR it 4% PR 4B TR R R 2
AR $2 BEIS AR I B B S .
1 ®RS %
1.1 ik #H

WS IR A G B AR S
S0 B S U (36°57' 75N L 117°59/21"E) AR E 1 K,
IR 13.0 C 4R /K & 640.5 mm, LREWZ 200 K78
W RS b R X 8 O TR R AR
&£, W2k A KR 0 8 4 2 £ (Carbonatic
Ochri-Aquic Cambosols) , + 33¢ i 3}y ¥y + (& % kL
14.03% AWk 12.49% By KE 73.48%0) i, & Ak TT
LRI (2008 4F 6 HDOBFZ 1 He il 4 By pH 8.35 (47K
Fo1s 2.5), B W& & 9.2 mg/kg, BALH & &/ 112.5
mg/ kg HAR S E 5.0 mg/kg AR & & 4.1 mg/kg,
AHLF A 18.3 g/ke, AT 0.81 g/kg™ .

BER/NE R CTE & 227 A FE W 240 KL R
K Fp R KB 9587, AEFH WAL 103 R, &/NETH
AE 10 H oA RP L BUAE 6 H i leak . B ORI 6
A FaFE. 10 A EAWGR . NEREF RN 120 ke/
hm?, K TP AR 25 B 82 000 Kk /hm? . 4E ¥ k7 i i
e FEFFHUBLAE A B B HE A 1, 3 FR S 20 em,
Al B i [ A P R A B L (I R SR B AR
e RS B R 25 (PSCU, & N 35 %) AR fig 40 i 4 B
PRE (PCU, & N 43%0) . F2 - BHUH Ay 3 A~ H . 3
F I v R R TR R 5 v R R A 7 R
HiJRE (Urea, f N 46 %) il BEER 45 (% P, O5 16 %)
AR (5 K. O 50%)



5% 2 3

1o 1 A 45 < A S G 47 R 45 R DR R %) A2 T ST 1 L 5% 0 WO 5 345

1.2 RIEigit

I 7 AL RSB E R 3 K, K5
XN 26 m*, 2403 43008 - (1) CK, At ZE 5
(2)CRF1,1/2 # M A & i EBBIRRE; (3)
CRF2, % #ljiti A =B BIR IR K (1) CRF3,3/2
U A & 1 BB IR IR R 5 (5) BBF1, 1/2 # MUt &
T R K 5 (6) BBF2, W ML % A 3% 8 IR &
(7)BBF3,3/2 # MUl A it i) 5 R £ . Hrp CRF1,
CRF2 il CRF3 4P ) AUE & PSCU @ PCU ¢ Urea $#%
iz Ll 5 ¢ 2 ¢ 3 BB, — K SL it ; BBFL,
BBF2 Fll BBF3 4b # i it ZUIE Ay 538 JR 2 L 60 V0 L it
40% THATWB AL . 45 Ak FREEE A0 A By — kM 3 it
AR 0% 1,

F1 HEEAEMERS

ZNERRIENE/  BERICREN 2/ P
] AR/
b3 (kg * hm™?*) (kg hm™?) ,
(kgehm % ea ")
N P05 K.0 N  P,0s K.0O
CK 0 120 90 0 75 300 0
CRF1 120 120 90 150 75 300 270
CRF2 240 120 90 300 75 300 540
CRF3 360 120 90 450 75 300 810
BBF1 120 120 90 150 75 300 270
BBF2 240 120 90 300 75 300 540
BBF3 360 120 90 450 75 300 810

Y. CK AR ; CRFL 2 1/2 % MG AR B BB IR IR
CRF2 % B %0 i 45 B2 R IR % 5 CRF3  3/2 3 ML 20
BB IR IR 5 BBF1 O 1/2 % MU % B 0 3% 3 R % 5
BBF2 Jy & #0514 3% 3 JR 2 ; BBF3 i 3/2 & #jiti A &
W E R, T,

1.3 HmXEENUE

T 2021 AEWIRAE/ANEZRE W (3 9 H) B

W4 A 14 B ERBG A 13 B B 6 A 9

H)0—20 cm T IEFEM, RJUXT ML 5 R, 5

SPIRA G R 43 %, B HLE 200 g + HERE & 3%

BAg AR E AN 2 6 — i 2 mm

i BT —20 “CUKAH T HERG G PR RS A AL B A

R E 5 55 — 0y B T B AR KA, W B IF 43 0l

i 2,0.25 mm G, 0 5E A BERE S 0 AP R

- 98 R Tl R T4 T B — U R N L 8, 1 A 5

S AL ST SR o A TR 0 10 R 5 B Wl TR R

B TR A% B L € Y DN 5 5 R il 0 27 24 3R 0% kR )

3.5 TR KAG IR L kI E . R A A

iR KCL R 3 XA 28 A0 20 0l 06 B 1 I e 5

BA S ERA KCL R 5 B 3% b a2k 0 2 ; 4741

J5T Fr R PH E B R P — AN AR U E 5 A R

2 [ 8 A AT E s A 8 E R A NaHCO, B

PE—AHBR P L 75 I S 5 HUACER & ok H NH, OAc

B — G T e

1.4 HESWHZE

BAREAL IR 5 53 M il i Excel 2019 1 SPSS 23.0
BRAFSE R + SRS R 5 SR A B R R R Ty 2250 B
(One-way ANOVA) Fllig /) i & 22 715 (LSD) 47 £ 5
A (p=0.05) . AH M50 #7  FH 3T iz 7K %28 (Spearman)
% (p<<0.05,p<C0.01) ;2R Origin 2021 {424,
2 RS0
21 BHATHTEEBEREZNHESEENZIE
2.1.1 RAZW TFTREESRE LI LEREERY
Hom IR T, A [ EI0 S T Ak B A IR TS 22
SR (B D s I AL 2 >k F . BBF Ab £ v 38 i 4
JIES Ak IR i 3% P W 2 TR DA S OUR it AL
1M CRF Ab 33 A 7i JIE 7K ~F- 18] JBR il 3% 14 O @ 3% 22 5+ .
TE PRI ST RSO I, 3t RUIE AL #E R , BBEF3 ik
PR G P 2% T CRE3 Ab B 255 7.3% ~23.2%,
HARMEOKET 2 FhEUIE 2870 (8] 22 58 2%, e
SR A P B TR PR AR 3 3 it I AR [l ik
il % PR TG Wk 2 25 S, 5 5E PR 2 Ak B 1 it 500K Ab B
JOR it 7% 3 R DA Rl IR A B, Ok
F o D AR i A R OR R 4R 2 A [ R g S
PE2ZE RN, i il AU T . 3l PR 2 A B IR S PR
FE PRI SR RN OR ) . s TR BB IR IR R AL
PR 7.3%~23.2%.,

50

CK —o— CRF1
CRF2 —x— CRF3
BBF1 —— BBF2

17

>
(=4
T

»
(=
T

REEEM/ (mgeg'+ d

e
n

BEH PREEH A B
EHH

E1 AELEHNESEEH T EREEYE

2.1.2 FAZW T BB R E L LB R
EMEA o R R S B R O R Bk
A G o e B a3 (1 2) L it 0I0 35 4R 1 - e el
TRl 1% R [0 it A i S ] 40 2 780 i) i e PR
BTG 2 . Al — AR T, 7R
CRF1 Ab PR Wl 12 il 5 14 0 3% =5 T CREF3 Kb 3, 76 Pk
JAEIDY, BBE2 Kb L6801 56 12 i 05 1% 2. 2% = T BBF1 403,
TEFEN I, CRF2 A1 BBF2 Ab BB i R 05 7 45 CRE3
1 BBE3 Zb 35y 5] i 4 5 7.8 0 1 6.6 %0, AE AN,
85t SN A R el 1 il 0 G W 3 25 5

2.1.3 RAZW THRESRE L LE A EH
FHA Y PSR EA RSN E R
AT G R E R () 3) . AR i A A EE T



346 KPR 2= R

537 &

IR CRF3 Ab 3 i3 Ak &0l 15 M 4 BBF3 Ab 3 42
9.4 %, B ] CRFL Ab 2 3 A6 &0 6 M4 BBF1
Ab R 6.8 00, JL AR I 0T 4% it L i Ak R AN TR /U
KRz A LS SR E . ERTHL.A
I7i) 2R 1S Ak 388 ] 4% 2 300 s 0 4 it 2 Ak R ot 4 Ak Sl O
P G 3 R TR e Rl e e AL B LR RO i R
AhERE G EAC R RS R E R, BBRBIRIRE
AEFRR PR CRF1 4035 401k Ul 35 1 8 3% = T
CRF2 fil CRF3 b, 3¢ 1] CRF1 #l CRF2 2b # i
AL S WG B S T CRF3 A3, i3 CRF1 Ab
By b UG T T W = T CRE3 b3, At 4b 3 (1]
ZSANEE . AEPRE T R R L R R
Ak B E K R R E 2R

3.0

l.d

g
(3%
n

T

g
(=
T

WM B R Y 14/ (mg -
> G

BEH iy 3% 3 RE
EEH
B2 AELEMNESEEH I EREREREENE
Z10
Bl
vz O
B |
b
ﬁ"] CK —o— CRF1
D —o— CRF2 —»— CRF3
ga 4 —— BBFI1 —— BBF2
3 —»— BBF3
E 2 1 1 1 ]
RE Y P 3% 5 AR
EEH

B3 FARLAEHNESETHIBETALSEHEY
2.1.4 FAFZE FTHRBBRAEZNS LI ERBEET
Ay e b SR REONE S Tk B AR 8 R R RS T
PR P R BB 4, 7R IR T, A R it K P
,CRF1 4b 3 5% 0% i 05 % B % = T BBF1 4 3,
BBE2 4b P 0 G 05 M B = T CRF2 &b HE, 789k
T, BB IR IR R AL BE CRF2 Ml CRF3 &b B 7 4 it
TEPE R 2 = T CRFL A3, 4058 i 21.0 %6 1 18.4 00 53
i R 2 AL HE BBF2 Ab 38 IR il 05 4 2 S T M 2
RNEKF- . AH A E K P T . CRF2 #1 CRF3 &b B
BERGG ME B 3 % T BBF2 F1 BBF3 Ab 3, 43 9l $2 &
12.6 %61 21.6 %0 . TEREIK I, [a]— FUIE & B A [a] )it 240
JK P 1] R A G M 22 RN L A A UK S R
CRF1 F1 CRF2 b # 7 W% i 1% M & 2% = T BBF1 M
BBF2 &b B, 23 5142 85 10.4 % F1 9.6 %, 768U, 45

BB IR R Z AL B CRES Ab BH % i 06 PE 0 3 5 T
CRF2 Ab 3 ;%38 R 240 BT K [8] it 28 7K S [ 758 il
W22 S A, AR EE KT, CRF3 AL 2 B
FifE 75 M 48 BBE3 Kb B i E 3 R 16.7 %

‘; 80T —— CK —o— CRF1
S0 b —o— CRF2 F —— CRF3
o
g 60 |
.
0 -
s 5
B a0 f
30 !
BEH PhEEH R o0
EHH

E4 FARLGENNESEETH T EEREETY
2.1.5 RAZETHEBESREEXN LB LELIHBE
Moy Hrn IR RIE RN E TR R
ARG SR (B 5., EEBIRIRE LA
TSI CREL b BT 2 2 06 : 48 CRF3 b3 i
ZHLES 9,200, RV CRF1 Ab 1 2F 4k 2 W 0 1 B &
=T CRF2 #l CRF3 4B, 43 54 &5 25.1 %0 F0 14.8% , 1
b Bt S0 AN ] i B K SF- T 45 A B 2R 4E R IS 1 25 SR
B MR BT & 0 BT A 6 6 & K 7 b B
[ e 2 M 2= 5. R —MAK T RE
Wi CRF2 Ab ¥ 27 2k K W 1 1 3¢ BBF2 43 I 35 42 5
20.4% S CRF1 Ml CRF3 4b B 2T 4 2 il 3% M 43
J% BBF1 Fll BBF3 Ab # & 3 3 /5 12.4 % F1 9.0% .
A CRF1 4k B 2T 4k 2 5 P48 BBEL Ab 2 5 2%
P 31,5940, HoAh i 00 45t S0 KO T A [ 0N 288 A5 [
2T Y G P 25 Ak R B i 2 K

~ 030
= —— CK —o— CRF1
o024l —— CRF2  —— CRF3
"y —— BBF1 —— BBF2 O
. —»— BBF3
on 0.18 | _x
\E/ o - /’/
sonf f =——.4
4
& 0.06
&
0 1 1 1 J
oy

BEH PR R B
4 HH

Bs5 FRLAENNESEEHTEAREMHEY
22 BHTHTEEBEREZMNLTEFRSNEMN
221 HAFZTETHEHEHREAEZNSLEALAR AM
ReEHHm  E/NERAW ERBIRIREZLHT,
it KA PR TE] 4 & 1 C % 25 57, CRF2 fll CRF3
A ER A A ML B CREL b3 g 4 5 7.0% A
8.0%(F 2), MiHIK FALH T, 4 14 57 it 2 i
G & BBF3 A HIEANE S R R E S T
Ay 2 AIKF AL B 6] — it ZAKCE T I8 it L T 5 R
BRI R AL F 4 R & i Sl R R AL PR 5 14196



5% 2 3

TR T B A« T P 5 TR B TR PR R N 2 - R e S SR S 5 347

AREELHET AR EEESARE. BEBH
PR 2 A 8 it 2 A PR A vk o it A A B A R L
SRl 2R L 5 7T A 3 R 2R Ak PR i O o it 2R A 3 AR o
it AL B T AR AL R A N BRI IR R
Aob H A5 31 3 R A BRI - SRR AL .

*k2 MNERBRBEAMEINESE

b LRI/ ﬁﬂbﬁ‘ﬁ%/ BRI
(g+ kg™ (g kg™

CK 0.9540.0023c 19.4640.06d 11.92+0.01b
CRF1 1.13£0.0038ab 21.22+0.31c 10.90+0.12d
CREF2 1.15£0.0059ab 22.7140.18ab 11.474+0.05¢
CRF3 1.15£0.0059ab 22.92+0.09a 11.57£0.10¢
BBF1 0.9940.0070c 21.14£0.03c 12.44%£0.07a
BBF2 1.11£0.0144b 21.53£0.17bc 11.29£0.17¢
BBF3 1.16£0.0344a 22.91£0.96a 11.45%+0.14c

B A T A bR e 255 R BOR [ NE 2 R 36 R A [A] Ab 3 )
ZRBE(Pp<<0.05, FH,

222 BHIWHTHEBBRAEESLERS R Aok

BEMAATEES AR EFN A HIEMESA SR
I it S 1A I 0 (e 3) . AR IR T AN s, ]
—Hﬁfukﬂ?? BERBIRRZCH HEMESA TR
W TR R, $2 5 23.2% ~145.0% ., 1
PEHE ], BBF2 Fl BBEF3 Ab # 4 38 il 25 & & i 2
T CRF2 F1 CRF3 &3, 73 5l $¢ 5 12.1% F1 32.1 %,
FEVE R W], BBF2 A0 A S A & it B 3 & T CRF2 &b
B T A A i AR TERBIRIR RS A S
R E S TR AR,

IR H W, CRF2 Ab 3 + 8 8 A % 2 % CRF1
F CRE3 Ah ¥ 3 B4 5 85.5 % Fl 74.1 % , Tl JR & Ab
PR ATt UK 18]G B 35 25 5 CRF2 b3 + 3B 8 4
D E R T BBF2 A, $E 5 148.0% ., FEHRIE I
B, CRF3 b 3 + 58 8 8 A & i CRF1 M
CRF2 Ab ¥ i E 8 41.6 %0 ~52.7% . % 38 JR E 4b 2
2t JOK 1) G B 22 5 CRFS AP + e S A%
it S T BBF3 B, 7ERESR . Rt AOK AN TR

ARAZHH A BRIEKI CRF1 fil CRF2 43+ RACAL BRI LIS A S E LR EES.
£3 NETRALEHIEHSR.EIRLE P . mg/kg
s il 75 2 e 2SR

iR T P 1 W3 R iR 7 e 11 W R 22 4
CK 23.540.5f 21.44+0.7f 10.3+0.3e 35.7+0.7b 5.5+0.3ab 7.6+0.1a 15.0+0.1ab 4,0+0.4a
CRF1 46.240.4d 31.14+0.7e 21.84+0.2d 22.2+0.5d 3.4+0.2cd 2.54+0.1c 16.5+0.7a 2.6+0.1b
CRF2 113.1£+0.1b  38.94+0.4d 22.34+0.6d 34.8+0.2b 6.3£0.5a 2.610.5¢ 15.640.3ab 2.41+0.1b
CRF3 117.5+0.4a 62.4+0.5b 48.1%1.2a 75.340.2a 3.6£0.7cd 3.840.2b 14.2£0.8b 3.71+0.4a
BBF1 37.540.8e 32.61+0.6e 10.9£0.5¢ 16.3£0.2¢ 4.6+0.5bc 2.84+0.1c 15.9£0.2ab 1.540.2¢
BBEF2 50.1£0.7d 43.64+0.5¢ 25.440.9¢ 21.0£1.0d 2.5+0.4d 2.940.1c 14.2£0.9b 1.740.1c
BBF3 71.8+3.4c¢ 82.4+0.8a 45.84+0.3b 30.740.9¢ 2.7+0.6d 2.4+0.1c 14.4+0.3b 1.14+0.2¢

2.23 RHAZTETHBLREAEZNSLEAXELSE
e EREN L EBRBIRIRRAAIT A S
&8 MBS MK ) CRF3 > CRF1 > CRF2, BBF1
Ab 3R A A W S & W % S T BBF2 Fil BBF3 4b i
(F 4, MIFIEEKFE T . CRF3 4B 4 e A7 5k 5
iR 3 T BBF3 Ab B, fi 98 & R i A T BBF

FA T S AK T ) R S S R E R AR E,
BBF1 4b# 4 HEA7 20w & it i % = T BBF3 Zb 3. [A]
— it BKE N P R R PR 2R AL B 4 A A iy
T R R AL HR 14,290 ~39.0% . TE ML
PJW,CRF1 Ab 3 306 20w & & W% = T CRF2 &b
B, BBF2 4b 3 + A 0wk & it W 3 % T BBF3 431,

b PR R A i L T CRF AL B, 78 Pk A2, vk WEMMEHEA T CRFUAMANBESERES T
BAFEBA T CRF A4 A% 5= 2% S T BBF BBF 4b3, 0 BBF2 M+ AR B S E R ES T
BB LHRES 39.0% 1 19.5% , MK, ERBIRIR CRF2 4b¥g
£4 NETRALEBEHTIETABMNELHSE Bf :mg/kg
- A5 WO B ik HUICH B i
iR 7 P 1] W 3 A iR 7 P 1] 3 3 A
CK 36.4+0.5a 35.2+1.6b 29.0+£0.4a 22.0+0.3a 351.0+1.7ab 359.5+1.7a 323.94+1.5a 334.1*+1.3a
CRF1 26.8+0.2d 27.9+0.1c 20.3+0.5b 19.9+1.4ab 329.0+3.4d 320.5+2.4b 318.84+1.7a 295.1+1.7b
CREF2 22.7t0.1f 30.9+0.6b 19.1+0.9bec 12.0-+£0.6d 276.4+2.9¢e 298.5+3.5d 298.5+1.7b 232.4+1.6e
CRF3 29.7+0.4c 24.24+0.4de 20.5+1.4b 18.3+0.8b 344.2+1.1bc 262.94+1.7e 252.7+1.9¢ 283.2=+1.6¢
BBF1 31.3+0.6b 20.0+0.7f 17.6+0.2cd 14.9+2.0cd 356.1+1.2a 240.94+2.6f 220.5+2.5f 201.9+1.8f

BBF2 25.2+0.2¢
BBF3 25.24+0.5¢  23.1+0.5¢  14.8+0.8¢

25.940.2cd

16.7+0.4de 16.940.7bc
12.2+0.5d

340.8+£1.1c 308.6+t1.5¢ 281.5+2.9c 273.1+1.5d
337.5+2.5¢c 327.3+2.8b 274.7+1.1d 278.14+1.2cd

224 FBHFLEHTEHEHBREESS IIERFSTES S
wy e e/ R IR e AN i A B R

JREALBR A+ HE A & B E & T — 2 KT
BERBRBIRIRZAH, 43545 8.2 %1 23.3% (& 4).,



348 KPR 2= R

537 &

FEBRIE I, 5 B 45 1R PR 25 A0 311 4 498 o A5 4 % o Bt it
R 1 T A AT 5 35 38 DR 2R Ak FE Y - S AR 5 i B
it G 0 i T . CRFL Ab B 4 38 24 & = i
5T BBF1 AbHR, 15 2 A0 44 & il 20 Ak PR 5 3 R
A0 P A A i S T IR — i AR TR
BEBIRIR R AL B, i $E &5 3.4 %0 M1 24.5% . AEVER
31 B R R i AL BT 4R BB R R R AL A B
RO B i 0 = T R — it AU TR R E IR R AL 4
T 44.6 % F1 6.0% . BBF3 4k 3 + 38 ol 2504 5 &
WFE T CRF3 AL ¥E, 78z, CRF1 4b 3 - 18
RN 0 T BBF1 AL HELL 1 BBF2 Ab B - 3
RS 8B E T CRE2 AR BE,

2.25 RAZATHBLREAZTNDEFEZZH
B K BEAIRIE 2021 4E/NEE KRS B 3EAT
B (B 6) . 25 B3R WT L 3E 22 13 47 )it I AU JG /1N 22 ¥ KL
PEBEAS AR ERE 195.2%0~240.0% .. W
I LH R A it AL B AR BB IR IR R Z RN A
R 22 AR . il ] 8 PR &R (BBF3) 82 0
it FH AL (BBF1) /N 22 FF A 7 £ i 3 & 1 8.5 00,
TEUR 2 A1 =i BUK T SR BIRIR R N
KR o 1 25 T 38 PR R AL B, 43 53 7 9.8 06 il
12.4 %, i 78 3 1t K T 2 B /U 2 B 1 /N 22 A

B SR
12000 [ ..
§ b a b
g : y 2
= 10000 | 2 O -
g 7/
< 8000 |
ﬂﬂﬁ
& 6000 |
£ 4000 |
< 7
~ 2000 1 1 1 1 1 1 J
CK CRFI CRF2 CRF3 BBFI BBF2 BBF3
at #=
B 6 ARLEHNEFHTE

3 W
3.1 FEFRE FAC MR ) 2 B g AR R + G IS 1 B0
- SR A A AR T B 9 — A T T B
T MR 0+ HEAL 22 P R - AV 14 A 05 7E 5 S
I 190 040 B2 W 1 AR 0 B0 725 1+ SR I M B 5 32 55
B T, AT RS W) R R I G O
SR G T L I M . A5 M X R
TRV, P 8 5 1 525 6 0 I 0 g 2 4
22 I 5% 0 250 6 P £ 8 W, 2R 2K 280 s 80 Ak G
ST AT 52 A IR I (3 5) . 2R
S S W] R T I 0 000 1 490 B W K, % T
S I T 220 B R I 4 460 % 6 MR 0 5 1L
P B B AT T A L % B A A B Y

PR, U AE — 7 70 Bl PN mT LA i 1 T
1L SRS i o o o — S A - S S PR R . 7RG
(60 kg/hm?) , # (120 kg/hm*) . & & (180 kg/
hm®) 3 it A K P 56 b, AR A 6 it &K O 2
o RE A T RO Rl 2 o e v it G K T B R e
[ AT N N T W A eV B U o S o
P Tl R e o Rt I R, L D Y AR
A B WA AT DR R RS R0 . L R RO
it 2R Ak 3 M R A O M AR O i AL R
6.6%~7.8% . ERUGHMELTIHFILIN N, B FF A M AL i
I 2t S0 Ak 38 G DR G 9% M v e R o U Ak B
A I P P BB IR IR 2 A B R 4% it S K S Ak 2L ] ik
it % P AE /N 22 3R I A R U TG B 2
3 PR 2R AL B b o i 2R A B R T T 1 ) R T
Hofth 2 4Nt K S b B LR 7.0 % ~30.1%.

EARRE U KRB ERAES IR EB LN
1s 28012 ¢ 1 B RE A58 i A7 01 IR 3 R 0 DR B ORI S
4 B R A RS B B AME T B R AEE
J 3 A SR R TE AL B AN U5 A W] it
RUKFT PB4 1R IR 24 #1435 3 JR R A BT % il
TP 9.6 %0~21.0% , £ 4 B ISE MEHE  9.0 %0 ~
31.5% . ERAB IR IR R 4b P43 3 R 2 A 21 RE 98 17
R L RO G AT e R R s M. W EEAT
3 PR 2R Ak IR il 05 M E PO ) R D R AR
ETETHERBIRIRELAM, B 7.3%~23.2%,

32 HACHEEAREEGEN LESRSHZMNE

ABEFE A T R e/ AL A A
A T R R ER W (R 5, HHEAE
B2 HET WA LB R, R RS RN EELTE
R R W CRFL Fl CRF2 4b P + 58l 25 4
T 2E AN AN A A A A A B R
PG, A AR HE T PR A R BB TR
PR 2R A T - A AR S o ot TS 3 2 T AR AT,
(14385 3 PR 28 Ak B A MO B R R 2 2
BERBIRIREMI T 40 ZUK T B 2 A & T
F#5¢ ,CRF2 Ml CRF3 4B+ A MU & =4 CRFL 4k
PR 7000 8.0%0, EEIRFALH T, LR
e Bt 2R 4 o i 2 % =, BBE3 Ak B+ e BT
T T HAR 2 KA,

RN LR AR SR VS A
R A S R A R E R (R 5, Wit
RKFT B4 1R IR AL PR T 0 0 Al 20 ) £ ey
SAGTEYEERS T @R XA, $#& 5 23.2% ~
145.0% ., AR E . EBEBRIR Z BT8R ZES
IR T I 0 it KO R 45 e UK T B A
R a, /NEAET PRI H0E S0 & &t E IR &



% 2

TR T B A« T P 5 TR B TR PR R N 2 - R e S SR S 5 349

AbEEES 14.2%~39.0% ., WEBASHTE2A S &

ot i PR AR AL PR v 1410

x5 NEEFH ERMENEFTIAN TERIE. LEFINFTEIN

4R AFEGS  AEHEN AR R SXN SXR NXR SXNXR
TIK T % % * % * % NS * % % % *

U AN ® % NS NS NS ® % NS ® %

il 1 ® % NS ® % NS * NS NS
TE I il ® % ® % NS NS ® % NS NS

£ R i * % ® % NS NS NS NS NS
25 NS * % * % NS NS * % NS
AL NS * * % NS NS * NS
BAR * % ** NS NS * % * % * %

L SXN RRAH WS AR AL 0 SXR FREF W 5 A 528 B NXR R /AL 28 5l A 38 B SXN X R R AEH W AN 26 A
SRR % x * FAREIIEE] p<<0.05,p<C0.01 EKFE NS FKRHMIARE.,

33 TEMEUEMIESRSNEEXR

B 3 W L K i S MDY . 2RO
FEI R o SR U R | G R I R R
V5 A LT 42 0 3 AR AT O, o RO it A
I g P 52 AR R B R R S A
S 5 e AU S S M A AE B B A OGO R,
AT IREE G H R S 2R AR SR
L FIEM SR D,

Ure Ure. -0.17 022 -045 006 0338 034 041 -0.67 -0.09 -0.07 1.0

Cat. Cat. 016 019 031 0.02 003 -054 024 055 048
Pho. 0. 032 0001
Suc.
Cel.
TN
SoOM
NO,-N
NH,-N
Olsen-P
Avail-K

-1.0

A

1
5 3
Z B
o <«

H: Ure. IR ; Cat. 2y i % Ak S ; Pho. B M B B2 [ 5 Suc. A
JHE B 5 Cel. O £F 4 % Wl ; TN b 4 %(; SOM b A Bl SR

NO3; ™ — N R &% NH, - —N 8 8 % Olsen—P A
RO s Avail—K Jg#ALEN s « % x BHIRAZWILE p<
0.05F1 p<<0.01 . EIKFsn=284,
B7 TEMFEEMTERSNBEXEDST
2 L SR AT BILJT e B PR B Y 3 IR
Py 3 AT AR AR 2 b S A W 5 Bl AT A
SEREIG SR . MAh, R AT LN S A PLBAH S S
Mo LA E M . A U A 3 AT DA v IR S 0 b
U AR R R IR S AL By 1k i S A S TR
WRAMBFEFEEN AT LR AR . IR R
i S S S e A A R S R AR Y B

SR, ek AR U 2T A 3R O R A = A
KB D BRBTIX 2 il 375 M 109 28 Ak AT DA IR 2 5 e A K
T RIS RO B S, 2o A U T R 2T A 38 i 0 M R A1, T
RE B o &R 40 AN RE B IG Ak XE LB AE P R I
HET AR 10

4 &

(D ¥ BB TR IR 2 A0 3 4505 3 PR 28 A $HL R 1 il %
PEFEES 9.6 % ~21.0% . £F 4k KB IE R4 5 9.0% ~
31.5% . FE/NZ IR T I ARG, = BB IR IR & b 1
TIEMESRA S EREEIR RO P E R E 23.2% ~
145.0% . & BB IR 2 A0 3% 30 PR R A0 #v] 32 5
IR T R S R KT PR 0 2ot e it 0K R A
K B PSR G #,

(2) 3 b il FH 35 38 R 28 A 38 4 98 U g 0% 1 4 )
T T H R i R AL B LR 7,090 ~30.1% . i
IR 8 e = 8 kP T T A O e s e 2, 5 Ao it R A
LY 5 il F RR it S A T ol R R A R IR
FRi s Pk . b, 78 3 0 o o it 2R Ak P e
P T 3% P 0 ok il LA FRAR R 6.6 90 ~T7.8 %0

(3)ELE 13 4F i &AL J5 /N 22 b7k 7= i 3 R A8
P Ak B G 195.2% ~240.0% , 1E IR H R
Tt B KT T A5 BB TR IR 3R A BRI /N 22 R 7 i B
R ZE AL HE S v 9.8 %0 AN 12.4 %6, T 7 5 il R
KFT 2 FRNESE R/ N R i 22 RN W,

25 L RTIR P R PR E B IR N 55 38 PR B IR A A
FRRE B = /N A2 v IS 1) A 15 il T P R AR Y 2 Y 5
JEMA AR T AR AR, H R A
e it 4 B PR R AR IR NS A A T 22 25 -+ g 5 M A R
G4 R Tt AR
5% ik
[1] Zhang C, Ju X T, Powlson D, et al. Nitrogen surplus

benchmarks for controlling N pollution in the main



PRt N

537 &

[2]

[3]

[4]

(6]

7]

(8]

(9]

[10]

(11]

(12]

(13]

[14]

[15]

[16]

cropping systems of china [ J]. Environmental Science
and Technology.2019,53(12) :6678-6687.
IR FREASAS, PR = 5. E KR BE A [ A 7 Kosakonia
radicincitans GXGL-4 A #% i 58 AR R M & [ ]. k=
YyFi 4, 2018,45(8) :1711-1718.
S K BT B R OT L SF R R AUIE — WM it AR  A
T A R AL AE Y E % 50824, 2019,
25(4) :639-646.
Wang W H, Cheng Z C, Cong Q. The comprehensive utiliza-
tion technology of crop straw[]].IOP Conference Series:
Earth and Environmental Science,2020,446(3) :e032047.
Zhang M M, Song D P, Pu X, et al. Effect of different
straw returning measures on resource use efficiency and
spring maize yield under a plastic film mulch system[]].
European Journal of Agronomy.2022,134:¢126461.
Qin X L, Huang T T, Lu C, et al. Benefits and limitations
of straw mulching and incorporation on maize yield, water
use efficiency, and nitrogen use efficiency [ J ]. Agricultural
Water Management.2021,256:e107128.
EiIbe . BUIE A RO% A & J i - 3l xA% e AR A
FHAR ) B DR IX (], 1 3247 . 2014, 51(5) 1 921-933.
Wang Z, Wang Z, Ma L J, et al. Straw returning cou-
pled with nitrogen fertilization increases canopy photo-
synthetic capacity, yield and nitrogen use efficiency in
cotton[ J ]. European Journal of Agronomy, 2021, 126
el26267.
SuY. Kwong R W, Tang W L, et al. Straw return en-
hances the risks of metals in soil[ J]. Ecotoxicology and
Environmental Safety.2021,207:e111201.
B e 2R 5T HE LY S RS R A T T Ak T X —
A AF L S T R A W R TR A B s e [T ] PR SR
%,2021,42(8) :3985-3996.
T R R AR IR R SRR R I L
(R I 3 ok - R AR AR R AR R OK 7 R S [ )4
YE #5250 R2E R ,2020,26(4) :692-704.
TETTA] 225258 B LR , S T VLB 2R X 4 BB R I il
FHROS BT LT ] AP HLIR 247 - 2021, 52(6) : 314-323.
M OHTE R, A S AT 5 58 15 R I TG it X X 2 A
7 R i P R L) D4Rl TR BE RE 4% 2 4, 2021, 40
(12) :2788-2800,2809.
sKASHE , 2 R R I AR AT A TG i 2% 45 R I X
TSRS AR R R e ()], £ A 4R 2018, 49
(1) :140-149.
RARHE AR A IR R S R AT IS IS i 4 B B IR IR R
X K 7 B R AR S R [T ], 44 4R . 2021, 58
(6):1507-1519.
Zheng W K, Liu Z G, Zhang M, et al. Improving crop
yields, nitrogen use efficiencies, and profits by using
mixtures of controlled-released and uncoated urea in a
wheat-maize system [ ] ]. Field Crops Research, 2017,
205(6) :106-115.

[17]
[18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

DGR b el B o vk LML 5 R0l i, 1986
i+ L HER A s Hr LML« i R0 A, 2000,
Xu X W, Qu Q, Chen Y H, et al. Responses of soil
enzyme activity and soil organic carbon stability over
time after cropland abandonment in different vegetation
zones of the Loess Plateau of China[]].Catena, 2021,
196:¢104812.

LiZQ, LiDD, Ma L, et al. Effects of straw management
and nitrogen application rate on soil organic matter fractions
and microbial properties in North China Plain[ ] ].Journal of
Soils and Sediments,2019,19:618-628.
ARV 2 SR X B L S R FE S P XS o O 4 K A 1
VL 588 A 1 I 9% Ak T 3% 3 4 A Y 5 ma [ ], o Tl
%£,2016,49(20) : 3886-3895.

s i o B ), RO A A AR A T IS Ak AT X - R
BE AR BRGCAE W B m T M s e )], AR 4R . 2014 ,51
(1):150-157.

ZERAE WS, B ORAE S5 AU o B oA e
Wy ek O P B R R LT T 95 AR 2, 2021549 (1)
170-175.

W ETHE 5 KT X 8 R A B R
EAER M ). P E AR . 2011.44(8) - 1618-1627.
BRI M A I LS 8 B, A5 RS AT R T Ak N0 2 R
W T 7R X K F O P AN AR M B s e [ . 2R
AR ,2012,21(3) : 440-445.

R R AA] R 2, 250k, A5 4% B PR 3R 38 5 FR 3R T L X
AN TR AR B K i e 5 2 e e R 3 Tl T A 5
()4 25242, 2021,41(23) 1 9410-9421.

Shang Q Y, Gao C M, Yang X X, et al. Ammonia volatili-
zation in Chinese double rice-cropping systems: A 3-year
field measurement in long-term fertilizer experiments[]].
Biology and Fertility of Soils,2014.50:715-725.
WL T, R — B S5 R AT I X A [) FIE K1 £ 4
TRERARRIS VR R S L] 1 rh A7 4R 5 2021, 37(24) £ 79-83.
ZEEK TR TR AR L A5 A ML TE HILAE T HE R e R A2 1+
IR A RO K E M LT A B IR SRR R
2019,25(4) :544-554.,

TR W B R, S AT R A AR S A W
Wyt % W PEREAE S [T, + 4. 2020, 52(1) - 97-105.
T AR, Bl HEMR L I T L 45 40 B4R il IXOAS R A Bk R R
v Bt L S8 Tt 35 1 A Gl 2 W 2o A AR A T 0 A5 PR A
PR ,2021,27(3)  734-T41.

2R R0KC RN M 5 SR S5 BT i R e E X /N A e
i 8 J5 o AR K 43 R 8 e . A R AR R 2
#.2022,43(2) :57-67.

JAR A AN Te, Bk, SF LR TS G R L A
T 0 e Tl 05 P ) 22 S P e BT (D BRI LA 5 2020, 38
(10) :202-206,227.

T3y BN, RE G, S AR 2 it ik B ) I A ) A
I K I 1 A R A A S [ ] e ARl
RAEEACASRBL2A 1D ,2018,42(1) £ 73-80.



