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FEOBASME T, 15SM. 30M. 45M H1 60M Ab HIAH Lt it Ak AT Ab 3 4 48 42 A AR = T 2.73% . 10.93% . 11.47%
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R AR IR, A AIVRAN e
) L B R AL T &b L, X LR
RIS - A HUR A5 3, (H iR T4
FEI I | R | R R SR
SRR AR, S3H AT RBT LS M) 2% R
Ko MAKTTE, HATE A LA AL AU
T HSA ARSI AR L, HitL, #FREAR
A B L T L8 HUR A A i 1 45
W PE AL A A AL T SR P R R A . Bt
SEAR Ty . AR HEVE Y RS

AFFEMATHIFE A A 25 5% 25 W5 16 i i )
I B DR IR M AL R SR8, 40T
R ] A A BT S PR R B A MRS e
5 OISR, R SY T HE M AR IRy
2 I) f A 56 6 2 A HILAC 343 = 10 AL A 0 3 R 78
01, AR TLT RS I b R R L R g A R
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1 #MRETE

1.1 e

R TR T 2020 4F, S0 TR A Kb
Kb B B B A A B 2 B i 50 b (b4
30°28" , ARL114°25 ), I Z KU
X, GHFEE., EFEE. LRK. BRI,
AR H BRIk 2080 h, H P E = 10 CHY
BBUE R 5100 C, AFFE/K iR 1400 mm, 4FZ8 K
1500 mm, JoFEM 230 ~ 300 d, AR -HEh oL
TRBEMmMRLL R, HIEREE PR pH 5.80.
BT 23.63 o/kg. A 1.62 g/kg. 4 0.56 g/kg.
2P 18.08 grkg, JKMFVEA 164 mg/kg. A AW 6.9
me/keg . AL 86 me/kg. SRAKRE AN “Z8i
3907 Fl “EAME".
1.2 st

RIS 3 5 AS A HL: 100% A B A AL AR (NPK) 5
15% A HLAE B AR AL AR, PLAT (15M) 5 30% £ HL
HEEACALAE, LA (30M); 45% A HLAE 44k
HE, AR (45M); 60% A HLAEEACALAE, LLA
I (60M ) 5 B BRAS B2 I AR AR AR b 55 fitk il ik
JE R IR 2 (N46% ) . 45 8k @ IE (P05 46% ) . S
LA (K,0 60% ), 4 7 Jiti ] & & N 225 ke/hm’,
P,05 135 kg/hm’, K,0 180 kg/hm*, N : P,0, :
K,0=5:3:4, AHUIERTERSAVUIL, KIET L
FERBEHIET, HEKRE30%, THREFESHRHA

N 26.8 g/kg. P,05 27 g/kg. K,0 18 g/kg. A HL AL F
I BERRESME LA — R A, IREH I 4:3:3 [
BIVERE . BE. BALRGEA, SALEITIRE 150 kg/hm® 1
FEAE, HAVERIEA . BHER S N —F A +
LB, AR TRBEZEBA, SEERE
B 15 ke SREAT T, MAFE 5 ] BIA L1 HD
#H.
1.3 FEARESIE

BIET 2021 4F 10 H AKRFUGR G REHZ (0 ~
20 em ) TIEREAL, BEA/DNX ST SRR, HlERAE
Wigkik, AL MEAMZY )RRG5, BHRENL
RS — IR BB, BT 4 CCORRAR Y [H] S
BB RIS R ACR 55N b
E, THEECRAS ROR S A L AEN e, i
AR R T R PR L (kI %, 1239 SON
M A R : SON= AT 2R - (RS + A
A7, ARE Bremner " By 7 BRI G T IEA HLA
M SF, R MgO U028 181 00 s S8 R i e 25
R, R A BERR — D 22 v i 2 1 2k DU
FE T IER i BRI A, TR B AN AR IR e 2 b
AACRHER - Mab 22 vyl 2808 vk k1Tl dE
R e AN LI R SR DA ZEH; MR
B R NRAG DA SRS R . RREAERA
FIR fff 28 M A 2518, T IR/ & ik W
PR H A L IR Ak, fESRlm s 4 A e
BALHEATIN E . 43 MBN & 5 R ] & B2k
M 0
L4 BdEab L 5y

F] ] Excel 2010 1 SPSS 19.0 % iz 56 %5 5 vE 47
43T, i Oringe 2016 HEAT1E

2 HBREH

2.1 ANIEIEAR AR XS 384 A e s

mE R, A EA LA R B 2 A
JIES 7ot P Ak 38 6T A 38 4 A B s s e 22 0 AR K, Herp
NPK kb Bf & 5 ik, M 1.83 gkg, 1 60M &b F 4> 4
SRR, BE T 211 gke, ¥ NPK AL B N T
15.30%, #54b 3 4= 50 5 18 i AR 32 5 O NPK<15M<
30M<45M<60M, Ut WA HILAER 732 LAk 27 B LL 4
REE, BESASTEBZELEE, 15SM AP LT
NPK ZhFE, SH S mIn T 0.05 mgke, (H2ERAE
2, 1M 30M. 45M. 60M AbHHEAZ A& 50000 2.03,
204, 2.11 gkg, ¥ EET NPK AbFH, AHE NPK 4b
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FROMIHRES T 020, 021, 028 gkg, MR S
A 2] =5 40 93] 1.83, 1.88., 2.03, 2.04, 2.11 gkg, &
W TF AR 1T 1.62 g/kg 73 1 42 55 1 021, 026, 041,
042, 049 gke, ULHIEALERE R IR S HEARL
i, AR Gt AR AR, it A AR AR Uk
RICTAR TR R, H AR &tk
HAVARAC LB RS (B 1),

2571
a
7

ab ab
T
T

2.0r C T

151

1.0r

SRR (gkg)

05F

0.0

NPK 15M 30M 45M 60M
4bF

B 1 ANRERSERULEREXN LEERSENTIN
TE: AR EAR R TR BRI 22 R B2 (P<0.05), T,

2.2 NIFitE AR AL B X A 3 PR R B R A

mE 1w, ARG, +TEnERd
A4 ASHATE], R Ta]it AC A 2 A 3 ) SON Al MBN &
12 i1 K BN 60M>45M>30M>15M>NPK i /]
AP EACALE A J LA b B4 NPK AL B4 25 T
135 SON & &, KA VAL (15M) AL 2 1
19 SON & 148 NPK A BB I T 3.72 mg/kg, 1H A
KBNS E 22 5, 1 30M., 45M 1 60M Ab B AH F
NPK #b 3 i Z 42 5 7 SON & i (P<0.05), AS[Aljit
JE Ak #R 1 58 MBN % 5 48 b 4 # 5 SON — 2,
& A HLIE (15M) 2 A AL B A+ 58 MBN % & 4%
NPK Ab 3 A 3G, (HRBEIS it #225,
30M., 45M 1 60M 4b #H A H NPK Ab B 34 i 43 1) 15
16.04% . 26.71% 1 44.42%, . 3% = T 5 %6 1k AR
NPK ZbH (& 1), AV SERBMRIE G, 1%
SON F1 MBN i 2 & LB A e s, HEE
AL FI e, 14 SON Al MBN 5 4%t
Bl F SRR (R 1),

xR 1 AEFERLEY T EF RN

AT LA MAEMEER
sl
i (mgkg) AR (%) TE (mgkg) BRI (%)

NPK 15.16 + 0.55¢ 0.83 + 0.04c 78.16 + 6.63¢ 428 +0.44c
15M 18.88 + 1.10bc 1.01 +0.01b 78.88 + 1.10c 4.21+0.18¢c
30M 20.70 + 0.66b 1.02+0.01b 90.70 + 0.66h 4.47 +0.15b
45M 2571 +1.11a 1.26 +0.10a 99.04 + 5.22ab 4.86 = 0.46ab
60M 26.21+0.98a 1.19+0.07a 112.88 £ 6.61a 512+ 0.44a

T WP G A R R R R A B A 35 22 5 (P<0.05), R,

2.3 HHEAHUEA R LA AP &
W 2 s, AHUEFR AL AS b 2R R
it A S EE T NPK AR HE, H A B L 4
B3 A ALFE (30M. 45M. 60M ) i % B T NPK
AbEE, B 1SM b, HAE PR AL H 0 R A A
EHET NPK AH, HIHAEC AR 3 4k
P (30M, 45M., 60M ) & E (KT NPK 4b#, UiHH
& A HUIERR LB f 3 i, IR B AU & i
Rtz 3mSR R A A A AR
HE—2 M R B, A LA AR AR
AR R AR A . RS R+

SR f A SR AR, MR R R A
T, EA LA Ak B AR 2t Ak A A B X R A R
HAGENERAKR, SAMETEEES. 5
R i e R I Fa AR B, A HLRRR AR BRI T
AR R e A, LR R AR LR 5 39 i R
ik, Ho 30M. 45M 1 60M 4b B 1 R il AL & &
B F KT NPK ARER . A7 AL CAH L At £k AE 35 i
TR B AW L] BEAC T IR A L], 3
MTAHIARTEERAWLE, #58 TAILANA
bk

W 2 Fr7s, 4% it FE Ak T g0 2 At e R0 o 1 4
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AR N 72.08% ~ 84.89% , i B IR A A
SRR A R BRI, A, MR
PRA. MRAREASA . MR MR A
AR i A5 b AR 29.08% ~ 36.95% (F
¥13391% ). 1137% ~ 1433 % ( F1412.88 % ) .
0.50% ~ 2.02%( ¥ 1.42% ) . 28.16% ~ 32.58%( *F-
¥130.15% ) A 15.11% ~ 27.02% (34 21.64% ),
AWAEK SN AN R HE R A > BRI A

TR > AR R > IR HAS A > BRI EFERA, H
IR A SRR A . BRI AR A MAERRE N A LA
M EZA I (F2), AFTALAVE W 2E S T 4%
AYESEE S =, HAAN HIEAPLARN&H
0 e ST E S L I 3 B U S R RS AW L
o TR IR PRI B S R AR A S
RRMLH], AR TAERRM A LA R e f], xR
FRA TN A U LA W S 5

2 AEKELAETLRENASESNEE (mg/kg)

AE FRREILRRE R A A R R AR Wit A A

NPK 0.53+0.01c 0.21 + 0.00b 0.01 + 0.00b 0.59 +0.04a 1.34 £ 0.03¢ 0.49 +0.07a

15M 0.60 +0.01b 0.23 +0.01b 0.01 + 0.00b 0.53 +0.07a 1.37 +0.07¢ 0.51 +£0.14a

30M 0.63 £0.01b 0.26 + 0.02ab 0.04 + 0.00a 0.59 +0.04a 1.61 £0.01b 0.42 £ 0.10b

45M 0.65+0.01b 0.29 + 0.02a 0.04 +0.22a 0.66 +0.01a 1.73 £ 0.01ab 0.31+0.11¢

60M 0.73 +£0.01a 0.30 + 0.02a 0.04 + 0.00a 0.64 + 0.09a 1.80 £ 0.10a 0.41+£0.11b
W R O B AR [ R R 24 AFGEALT 2R WA AA LA A

00 SR LRI LIPS e
~ MM (£3) BZEREN, LA+
= wof HETEPER (SON, MBN) B B 3 IE I 56 A
é 3 Z B4y Wk 0.810 F10.781, SON. MBN 5 45 #l
§6“ ASHy (RMARERA. BMMESA. RFE
S Wl AR R AMEA ) WA R E N IEMELR
J@, (P<0.05), Hd1 SON, MBN 54 SaE . MR
g 0} FIRA . W S A A B B ARG, JERR S
RS PRIA AN BATAEMN B3 G, IF H SRk
e, out ont — SR, BARERAFHN AR IERRA BN
Jg .

B2 AEEELETHEENEREHS SRS RS

x3 AREBEETIESR. EEEMENERASEXXER

fabr AEMEAILA MAEYAY R RS E RMEERA  RWMEIERA O RERAA JEREA
KA 0.810" 0.781" 0.879" 0.871" 0.542" 0.395 -0.050
AR EAHLA 1 0.887" 0.927" 0.922" 0.688" 0.572° -0.502
[BGRIERY ¢ 1 0.903" 0.848" 0.735" 0.632° -0.421
RIS A 1 0.935" 0.772" 0.477 -0.434
TR A IR A 1 0.596" 0.564" -0.431
TR LA 1 0.335 -0.528
PR i A 1 -0.736"
TE 2 i w SRFIRAE 5% T 1% KR

m - mnssll
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3.1 ASIE B LA 2 FE XS - AN R
BRZENF M

FAEERE T R AR S RN EEF B, R
PEAA B T 45 AU . fh e 0 Ak
VAR Zm AR e A 1305 32 2 1 e S VR
Wl EHERR R LR FIE SR FE R . — B
T, THLARMEA S, Hoh a5 n] B
PEAEDI L, HABES 7 R R — S il At A AN [
AR Y BRI, BRSE R, APLIEMEA L
Hefm, AMIEA HLEAE 45 b i [ RE R = ik 50 % LA
b, R TORMAISAA S WK, FEfEt
S rb AT R B i A FLAU B BE 1 2 MBN
HISON J&sZm +HEF AW EZRRFE, ENXF
TR RIEA . A R RN e AR TR
W L2 gl AR e, AT LR B4 A T LK
HETF - SON [ f i 120, ARWFSE 4 RAIESE T4
HUAE R A3 404k R i FE o] LA AT %3 T 1 3% SON &
i, LR R A R AR L i B i n i
FHA BLIE () 45 4~ b BEAH He 2L A IS AL B, SON 11y
FEBHAINT 24.54% L) 1, MBN t3 02 435836 M A
JEMEZEA BT, B2 5 m R R NI
IR, TR A ORI T AT,
AHUECAL P A Bt L AR AL HE MBN 5 BRI A 58
HEE N 0.92% ~ 44.42% ., FILIE N, AHLEEA
fe2F Uit FH X MBN B2 AR 3, HREE =
AR A 3G i S R kA, X AT R T
LRSI T S REIRI R, S A A T
S A REEIE, BUESEERSM, R T RCEY
FARFERT, i 2R Z e Rl Wk, F
L NI - Ry, dEmR T A R
o, BT MEs AR Y

A PR R S HRAE A 5 AL AR TR 41439
o7 FA 2 o S R R AR, iR R
JIEAb 3, 2%t 25 5 e - AT AL R 1 i S A
AL AR, ARG T, +
BEA DLA R AL o Z [ A 4 00 B i) 22 AR
K, SHGECEM L, AU B S 1w
A A R A A R R i M A
o, RIS T R S A R, IR
FEAR T IR A S RIS A LT
B, HEAAPUIERAE TS & T TR AR SR TR

fifp R R SRR i A A 2 A L], S
Jiti FHA ALIE AT DA 25 3 v 398 R R kR g g A
K, APEW A K BRAEA RO S, AR R
B, R ERKAD]. EE FA HLIE AT L 35 i 1
ARSI BB 2 mEREY, R’
iR R TR SR A S SRR T 1 P A i D i
S AT W R R R S U, W,
i FHA HLAE S A0 A P HE S 5 2 -+ SR 2 i A
I A BRI BERT . SR B
B TER AT, AU LIRS B
AT AR A, BEBE R A DAL A . 42TF
VEM BRI, ST R AL AR WA | it JH D7 (i
(s, DEMTSR T LR SR ST, VRS =
W R R, A HUIREE ICHLIE AT R
AR R S R, N T R R R
AR . WAASHOESA SR, s
TR RE S
32 HHEEMEAS B PLELL R
ABFFELE R, 4 SON Fl 4 398 1% fife e 2
R RIS A SR i S R 2 3 IE A
%, TTRERE A LM A 135 B T SON
R A HLH 43 & iy b SON i i B 728
10 3% - ST W T 3 AR B R . AR SR SE 2
B, 3 MBN 7 A0+ HLA 410 22 6] 9 56 2
W, MBN 2 78 (b A 52 0 38 A HLA 443 10
AR R i AR He ], SE B A Y S TR TR
BRSO HUA LSy, 4500 13 MBN 5 +
A HLRAS PRI SR . R EERA R D
FIEME, 5T R MR BEEAE, X
SARWIERISE R T—3, BAMOTIEEN], Kl
T AT 398 MBN -5 - 98 1% fift 420 R 280 R R A 25
REREAL, SRR ARG MAZ
A ARG Y eI R KA K R B 4
By, 13 MBN S5 A PR IR 2 LR A2
777 B IE AL R L0 g4 o) f g g
W, IR LA T 118 MBN Z Al 7R e AR 83
EARRR, FLRRAR R SRR AR RR AR A
MBN () C8E R, AfF5EH, 1458 MBN 5 L3R
AR TRIREETRA . M EE A 2 %
EASEEZ, 1B 118 MBN 5 + i i A WL A4
YRR, L5 TR, 13 MBN 5 3EA HLA
B 4153 22 6] B R e LR R R4 5 45 SR I E R AR T
XATRE S LA . IR e SRR AR
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AKX

MRS D7 e 4 R, IR S A
ST PR A A R R R, Lu
s DSBS R, AR, BRI S AR I — Rl
AFRERA, Bwm S AN EEA . A0t
7, PRIREESRAS TSR 11.37% ~ 14.33%
(F)12.88% ), H.5 SON Fil MBN 4% i 2 1 A1
XK, SRR A SR By, X SRTA
W 4 R —2h . Amelung%[mﬁﬁ%%%i’%%, I
fiff 2 S R R 2 R e SR A, X -
REAEEE X, Bardgett 55 0 B 57 45 Pty 20,
T A AL IR i 2 R R U AR T R ORI
A SRR, Werdin 25 4V BFSE 45 R0, i3
A HUZ R ik 22 R R R T A P W SR FH A
Ao Atanasova %5 ' BSR4 R W], LHEAHLA.
TR i IR AN T R R A A IR 2
IEFHCKRR, AR, MRFESERA S HIEL2R
[ 29.08% ~ 36.95%, J&TIEAHLA TS K
4y, H5+HE SON Fl+4% MBN & 5 2% B 3 1E
FHOG, 50 A RO Y ) G4 73 . Wang
2 (OIS SRR, S R A R 32 R U
F A HUR R PR . He 5 1 BF5T
SR, LA PLAE D YRR A A 1R
YRGS UG, TE—a R LT DIRIEAEY)
Y . AT, A
TIEEEN 1.42%, {HA0 55200 1 35800 PR AU 0 3t
N, ATRESR R R A MR A SR R B i A
AR RS B B ARG, SR Bl
T AMER AR, SR R A A
LA RET T .

REMATIEE, —daaat e RER
DIAHLRIE B E EFE 38D, ZRER MER AL
RN AW — DA, A DIRE R T X
R R e A HLEIRAS . ARSI,
FHLC AL, A HLEGR B A A AT ZORT 1 S8 1R A
KRAE G RIS, (HI RN T IR A 2
RA . RN E MRS AN & &, BIK
HomT RS AN SR, B, SHRIEIEHLE,
B HLIE R A3 TR i e A 1 RN R i e S R
A A AR, (BB ERT T IR SR
AR AR S 2R B, WL T 15
MR A S T EE I, AYLERBRLEEIE
R T IR A LA S SR, R

fem T TR EERAN S ', WA PUCER
FRMEAEA B T T AL RE S A AL ST, Ab
T RFEIEIRA, BT LIS TR S, *f
T HIRET AN R A BWAEH, 1A

PURERZ R, WEEm 1 EIERAE S . o,
60M Kb BHAY -4 5 PR B PRI R

PRI% IR PR RS e LR 2 TR
AR A RO, AT PRI R IRA
R FEMMERBE T R

4 Z5ig

HHEL AR AR, A LA O A S
THELEN SR, 15M, 30M, 45M F1 60M AbHf
A2 NPK 40 B2 B #2375 T 2.73% ., 10.93% ., 11.47%
F120.77%, Vi -3/ 0 & a b A A PR AR
R ISEDINTTTE I

FHEARARIE, APLRR AU R &
T HEE PR A i SON FI MBN (52 A e, H
o1 SON & 548 55 T 24.53% ~ 72.89%, MBN 7 & 1%
BT 092% ~ 4442%,

+ 34 5 SON, MBN 24 & FAHE, +
RS A IRIREIERR A AR E I AR
I+ 4% SON Al MBN 19548 K 1,

SE Wk
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Effects of partial substitution of chemical fertilizer with organic fertilizer on soil organic nitrogen and active
nitrogen

GAO Peng', LEI Xing—yu’, LU Yao—xiong', ZHANG Tuo’, LONG Shi-ping’, CUI Xin-wei'", PENG Fu—yuan'( 1. Institute
of Agro—Environment and Ecology, Hunan Academy of Agricultural Sciences, Changsha Hunan 410125; 2. Institute of
Nuclear Agriculture Science and Space Breeding, Hunan Academy of Agricultural Sciences, Changsha Hunan 430125;
3. Institute of Agricultural Environment and Sustainable Development, Chinese Academy of Agricultural Science, Beijing
100081 )

Abstract: In order to comprehensively evaluate the application effect of organic fertilizer instead of chemical fertilizer and
guide the scientific fertilization of rice fields in southern China, the effects of partial substitution of chemical nitrogen with
different proportions of organic nitrogen on soil organic nitrogen components were studied. The experimental site located in
the scientific research and test base of Hunan Academy of Agricultural Sciences, Gaogiao town, Changsha county, Hunan
province. Five treatments were set up: single fertilizer treatment (NPK ), 15% organic fertilizer replacement treatment ( 15M ) ,
30% organic fertilizer replacement treatment ( 30M ), 45% organic fertilizer replacement treatment (45M ), 60% organic
fertilizer replacement treatment ( 60M ) . After the late rice harvest in 2021, the contents of total nitrogen, soluble organic
nitrogen, microbial biomass nitrogen and organic nitrogen components in 0-20 cm soil layer were determined. The results
showed that the partial substitution of organic nitrogen for chemical nitrogen significantly increased the total nitrogen content
in the topsoil of paddy field compared with NPK treatment. Under the condition of equal nitrogen and phosphorus input,
the total nitrogen content in the soil treated with 15M, 30M, 45M and 60M were increased by 2.73%, 10.93%, 11.47% and
20.77%, respectively, compared NPK treatment. The contents of soil soluble organic nitrogen and microbial biomass nitrogen
were increased by 24.53%-72.89%, and 0.92%-44.42%, respectively. Partial substitution of organic nitrogen for chemical
nitrogen increased the contents of acidolytic amino acid nitrogen, acidolytic ammonium nitrogen and acidolytic amino sugar
nitrogen, and decreased the contents of non-acidolytic nitrogen. Soil total nitrogen was significantly positively correlated
with soluble organic nitrogen and microbial biomass nitrogen, and soluble organic nitrogen and microbial biomass nitrogen
were significantly positively correlated with soil acidolytic ammonium nitrogen, acidolytic amino acid nitrogen and acidolytic
amino sugar nitrogen. Compared with single fertilizer application, partial substitution of organic nitrogen for chemical nitrogen
increased the contents of total nitrogen, active nitrogen ( soluble organic nitrogen and microbial biomass nitrogen ) , acidolytic
amino acid nitrogen, acidolytic ammonium nitrogen and acidolytic amino sugar nitrogen in soil, which was beneficial to
improving the nitrogen supply capacity of soil. Soil acidolytic ammonium nitrogen, acidolytic amino acid nitrogen and acidolytic
amino sugar nitrogen are the key factors affecting soil active nitrogen. In this study, 60% organic fertilizer replacement
treatment has the best fertilization effect.

Key words: organic fertilizer instead of chemical fertilizer; soil organic nitrogen fractions; soil active nitrogen




