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B, K g (it AT 233 il HE RS R A2 Ak,
BEMIRE R AE e rh e g, 3l ZIE T L g
TR R R, (Hit S 22 I 2 i
THEAT MRS L, FAE SAHUEBCHE RES B4 Y
PR R R R BE D, R ARy R R R A
ARG Jrmee, SR K H IR R 55
WIT BT Z , A SR IR U R A%
PET, LR EIEI S FAC T 1 A B ST AR W
Wt - A HLRA M S F AL T b B2 TR ARG
BT o ABITSE LA 26 B 1 25 1R T 25 7 AR RE A
A EH )R - o B SE &, B9 AU 5 A LR
Pt o 1 it - S AL R s SR, R
it e AR S P TR PR A R AR
B MR A, BFTEE R it 1 3 & P H]

PRl
1 #MR5ERE
1.1 RISt E AR

TG0 b A Pk BH A b A2 it A R g S,
B HEH T 2012 AFEEA, AR FH SRR A 55 o i
B HE 2012 AR AR AR, B R AR I,
2012 4FFl 2013 4F- 75 75 22 5% Hb i it A 55 0 J3 s AR 26
(22.5thm?, fifd; LITIHEG, APLK 189.6 gkg™.
4% 184 g kg, C/NK 10.3) FIfEEAGZE (375
thm?, fifd; DI, ALK 217.0 gkg!. A
31.0 gkg!', C/NH 7.0, #E% 5.7 mgkg'. A
A 33mgkg ") PTG A A
B, 2012 AFFF A MRT AR PE L 1.

1 2012 FiRIG 2 AT HIRIBUMER
Table 1 Physicochemical properties of the tested soil in 2012 before the experiment design

+2 AHLBT 2R Bl A U AR e AL Fayy

Soil layer Organic matter Total N Alkaline N Total P Available P Total K Available K pH  Soil bulk density
(cm) (gkg") (gkg") (mgkg™) (gkg™) (mgkg™) (gkg™) (mgkg™) (gem™)

0~10 25.2 2.1 58.5 0.8 13.5 19.3 29.7 7.1 1.3
10~20 8.4 1.2 53.2 0.7 11.3 18.5 42.5 7.0 1.6

20~ 40 9.8 1.5 342 0.4 8.5 18.6 35.5 7.0 1.8

40 ~ 60 12.0 1.5 26.6 0.3 9.2 17.2 63.3 7.0 1.9

1.2 ENCAMERRRIE T

Pt 3 it AR % 1 S AE )R S6 T 2013 4E TR
LRI, A Y Mt o A v AR 2 0 A
Ar 25 AR AT A T 45 8, o T )l e
AU RS2 . BERE R i . ARAFoR ik
P8 ALH, 4y F NO. NI, N2, N3, MNO,
MNI1, MN2, MN3, HH1NO, N1, N2, N3 Ajiti %
AOFR, R 0. 1875, 375.0 F11562.5 kg hm2;
MNO., MNI1., MN2 Fl MN3 & &5 A HLAC B it b
M, AU (X2 ) AR, S 75000 kg hm 2,
HFE 4 E i S A T it A MR 35 50 RSO ]
NO. NI, N2 fl N3 4hHiti & & S n i Aa . 8 4~k
P57t A BEAE (P05 ok 225.0 kg hm) FIEHAE
(K,O 4 450.0 kg hm?) . SACFEAEAHULFIA
B, BREHEAMIE . A HUAEE A AR A it 2%
Btio A HEEIZ 15 ~ 20 cm, 2E#EAE . 1/3 AACFI
1/3 SRIEVE R IERE A, 2/3 EAEF 2/3 BRAEA: ) T4
—REARISE = (=) BRI 2 T R
i, FRUGEEEAHR . S ACFEREALHES], fE—AbHE
3WHEE . HAHEH 60 cm FIRRERIE T,

AHUINX IR 3.8 m?, RRHAEARSEEY AL T

ARG 5T R P 4L 7 A 2 v it AE FH [R50 + 3
o HHEREART 2019 4F 9 AWt TR, &/ NXKE
MU 5 5, [l— 1 )2 5 S BFRRR A N — 1 FES,
HUREVRBE R 0~ 10 cm., 10 ~20 cmo SRAEAY T HERE S
Zert KT, WHEE . 52 60 BN 10 BG4
1.3 EAFSEFAE

FREL 30 g Btk 1 (LI +it, o 10 Bif) jik
A 50ml )T BT, RS AN AZE R ACK
gk ETHE 80% MM FrKE, ML HBESEE D
JEET 30 °C HIRAA T RE AR, R 3 d #h K
F—FEARYN 3WERE . 7RSI 7. 14, 28,
49, 70, 91, 112, 140, 196 d BUkE, ¥ mmisiitE
Ff o BRRIRERT, 4T 10 ¢ T A9 HFEAR R
0.5 mol L' K,SO, i Miz$E (W : £ h4:1) , H
S ml R I AR R R AL, IR PRI AL
JE W R AA3 A 3 73 AT 4L ( Seal Analytical,
USA ) Mi%E +HETEHLA (NO,-N Al NH,~N ) FIm]i%
PEEEL, P E RES TOHL A 22 (A0 Sk 1 T iR
PEAMLE; HXST 10 g T A ff - REACR FH S 15 5
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7%, 0.5mol LK, SO, it (M : - h4:1),
Horfr 5 ml BRI BRI B AL, SR AA3 A
o H A e rT AR R, Rl —REAR 2R S R R R
e ] e B A 2R A R R, &K
IERECH 0.4507, FrFER 00T T EFEACSR TR 4307
{¥ ( Elementar Vario EL I, Germany ) |5 134>
A rf, R 0.5 mol L K,SO, IR, AA3
N5 E HIETHLA (NO, -N Fl NH,-N) .

IR (mg kg’l) =N,—-N,,

T HE R L (mg kg ) = [N~ N,,] /1

A, NOWEBCRERTE] ¢ B R3S E A (mg kg!)
N, J¥EFRAT LR TCHLA; ¢ MEESREIE] (d) .
1.4 Zitoth

¥ H Origin Pro 2017 3 {4 4: 1€, fdi ] SPSS13.0
BRAFHEA T B R R RORUR 26 7 224081, R Pearson 7
FHSEME T, B 3 IRE A P41 + brifiiR,

2 HERESOH

2.1 AEAETESFEMEIESE

AR TR, 7E 0~ 10 cm £ 10 ~
20cm +2, AL (MNO) . ZIESAH VAL
Jiti Ak P A 45 A FURTCHLAR & i 3 0 2 5 T i AU
AhEE (P <0.05) , RN TSR SR LD EY
M), fEF - BETCHL A e AT 0 e, BE A
SRR ) | - E RN 7 NI S [ R 1 P11 o
RAMTHA G /AW L2 E AR, HRZ
TrEmAAYEI (K1) o Bt ECAN I 1 584 E )
W IEHLE & 55 A 1.05 ~ 1.42 g kg ' Fll 29.84 ~
99.98 mg kg'; MM GAPLIEL . RIESAVLUEADEL

4 @

-|:|0~ 10 cm
V10 ~20 cm . e PR

Total nitrogen
[\S) (O8]
N> -

2K (gkg)

=
===
==

NO NI N2 N3 MNOMNIMN2MN3
Ab 3

Treatment

B3 AL S 505k 2.28 ~ 3.13 g kg™ Al
57.28 ~292.06 mg kg, SHEARAEAHL, RS
AP ECEAN B4R S A T 103.75% ~ 160.87%,
THLA S EIRE T 91.93% ~ 240.24%, ¥JLL MN3 kb
PR S0 R R . X — 4SRRI, A MU R+
e ERTHWESRA, ARG R LS
AU E TR S B E RN E
22 FEVELIEST HEASERRSRT KRR

RIEhASTEL

T R F B S AR S R, AT
T A PR SR LA S BRI (0~7d) +4E
BRRSTEL N ST LA 22% ~ 56%, 7d)5
W TRE, WHLRER R FE. 760~ 10 cm F1 10 ~
20 cm 12, FACHE 0510 R G R IR (R E
KRB NG T RS TR | R ]
XS A S I (P<0.05) , HUiaaLUIe.,
B 5 HUAE B it Ak 22 + 3 (b R R R E S T
PATEAEANTE , A AR FEAERE S 140 d #1245 8
WM, ZJEEEA TR AR A s
0 R, W A R, /RS A MU R
Jiti - g A R R R PR (’12) o Rk
b, BEAPUE . FZIE S U R T W R L
BEs AR, 0~ 10 cm 2 HES T AW
BET 10~20cm +)2,

760~ 10 cm 1 10 ~ 20 cm +J2, &3 3045
R ACHRAERG R 7 d R K, 7~ 70 d Wi PR T
B, 70 d 218 NS, A PL . ZLS5H
HLAE P it Ak 38 - S04 R b 3R 2 I 2 1 T Lt 2
AEALEE (P <0.05) ;5 Jili AE A 355 HURE A 1] X 4 391
B AR B3 (P<0.05) ; ME R 3505
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MN1, MN2 Fl MN3 JENE SHEPVUCECRALRE, AHUE (3838) e, 24 75000 kg hm2, FE.,
Bl HELEMENEASE

Fig.1 The contents of soil total nitrogen and inorganic nitrogen
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Fig.2 Dynamic changes of soil net mineralized nitrogen content

AW LHCR AN B, HAYEAIAE ., JE5a
HLAC B it - 198 14 S0 1™ b 3 4 B il 2 2t 196 Jon 52 T e
B(K3) .

(@)0~10cm
6 -
TH® Dk - |- NO
D -@- NI
5t -\~ N2

4 —— MNO

—#— MN3

A

R LHER (mg kg'd™)
Net nitrogen mineralization rate
w2

0 30 60 90 120 150
IR KB (d)

Incubation time

B b, A PR . EAE S HUAE BT
EiRe sy b A B R R AT bR, Lo~
10 cm +EREIREE T (K2 fK3) .

(b) 10~20cm

(o))
1

- - NO

Tk D**
; -®- NI

wn

N

,:»
P8
&}

LA (mg kg 'd ™)
Net nitrogen mineralization rate
w

G

0 30 60 90 120 150 180 210
FiFRREL (d)

Incubation time

B3 TIRSRF WRRNHEEN

Fig.3 Dynamic changes of soil net nitrogen mineralization rate

23 FREILELETIMEENEANRENERSE
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231 EETHEHRAMEKAE E0~10cm Fl 10 ~
20 cm + )2, FHtiACANEE R LA S R
PR Bhkas, Pt RAAL BRI ShE /)N, PR HLIE
FNE 5 A VUL B b A BRI S8 5 it I Ak 3 55 Bk
it (a8 2 ) IR IA TR LA S i (P<0.05)
FIESHPUARHEL G 3 ASAb PRI A LA S &
NEBTYMAHIE (MNO) FiE AR, BAE %A
e AP A, R X T R R AN I
(Kl 4) . 7E0~10cm )2, Fji ZACALHE A1 & A

A LR AL FE 3 T A ML A 50k 0.84 ~
42.17 mg kg Fl 17.13 ~ 158.06 mg kg, N3 &bF
BT TEA LA S Ak, WELT MNO A (P <
0.05) , MN1 Ab¥ HIEFAIEHAILA S ERK, |
5 MN2., MN3 4bPH[E]JC W 3% 22 5 ot ALAE
(MNO ) APPSR, 1 MN1, MN2 F1 MN3
AbEE e B (Fl 4a) o £ 10~20cm )2,
Jiti 2 Ak B AN RUAE 5 MLAE A B - mT s A ML
BN 0.45~39.25 mgkg ! F123.2~93.76 mgkg !,
B HEOTAM AN AT ENZEF S 0~ 10cm +
2R BECH R, MNO FI MN3 &b 38 ) R %, i
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Fig.4 Dynamic changes of soil soluble organic nitrogen content
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Fig.5 Dynamic changes of soil microbial biomass nitrogen content
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Table 2 Correlation coefficients between soil net mineralized nitrogen and soluble organic nitrogen, microbial biomass nitrogen (MBN)

0~49d 70 ~140d
AT HLA MAEYREA ATEPER LA MAYREA
SON MBN SON MBN
A 0.566™ 0.402* 0.523* 0.260

TE: "FR0.0KF B,

FU LA S AT A LA Z AT B A e
(P<0.01) , {H5HUEY &R Z [ 00 5 ARG
(P>0.05) .
3 iR
3.1 REESEHRERES TIEET RS2 1t

RE A FZ0

YR AR, BT RETAMNEEIEMERA,
WRIET AP AT IR A RS, R,
Y4 LA RE 1 SRR T R T T AR
BOCHED, AT, ANFEAE A S
KIHH0O~10cm LEFT 10~20em £)Z (F2)
X5 AT B A AL A 1k B A 5 A5 R A —
FHos2o, 3 FFUR T ) 2R AA IR £ 2iE
T 0~20cm, [FIEFRGENTC A SREAKIRGE, THE R
HE KR/ . HB0ME N A SRR B i R K 2%
T R R IR Z R E AT 40, ) iR 2 1 4%
REMERH, 7o, AURES 7F M, 5
KNt ZACALEE (NO) M EL, 3 A4S ZAC AL B 4 35
S RH S F AN R R A B, H
BN R S5t BAR L, Sitia LR
(MNO) . ZAESHEYUICEC G B T HEe
R AR A s 32, i 20 X H 52
WA (& 2 FE 3) , X UdBIEESE 7 4 it
NE, A PUER S AR AR (184 gke!)
BRI HEARGENEZRNE, FARHZEE
AE S5 A HUAEECEE (i +3% C/N (MNO > MN2 > MN1 >
MN3) &4 TH WA, w1 454 Pl
(&) ByEh e, SR T A AR b8
FH AR kit N RS 5 A AU Bt mT i 198
FRWEEERT, bk TR/ iR e 2,

AR, FERFERT (49d) , HHESRTL
BREK, TERGFR 7 d P RK HES A LR . X
— R TR EFEETK TS (80% H
FRKE ) , BEER T RENRAIE &7 4 — AR
E L WAL AR, TR B AY 2K 23 R0 i

TR R MEEEYE, R T ARE . WA
WA E T o, X —dBRUAMER R E,
I TR ER; J— el TR
IR A Y S R — L/ N A DL S
AR . TS, XLl G YIRS B AR A
Y-k, SEMDS I DA b A 0w
TP S A SRR, R E Y R
TNV, R A g b AR e = Al
A B S A i BRI AT A W i 5, A fefi e
SR E RN, IR ERERET, -
S5 PR Ak 20 AR A VR DRI H 1) i sl U A Ak S i
Rkl , (MR A S R INe, AR HUESE T iX
—gEi, BERR 7d ), HEPESSEELD, +
SRS A S mIg i
3.2 RIESEHBEE ML TIER R AT

TIEATAEEA VLA EZORIE T A VLR . L
BERUEIRIT . AR R BB A SRR, R
e e LR AL R R, R R . A
BT R IG IR H A P i T ZE0R B H B,
Ros S5 WF5R F B, A MU HE F o] LAGE 1398 v iy mp
WA ILE S EA 70%, AR RER, &
B 545 HLAE FC7ite A BEAR EE T 50t Ak I A B 4= 398 mT i
PEAPLEIGIN T 40% ~ 150% ., A WL ] LA
JA: AL R o e Rl E A LA, [
A ALIE RS A S LKAV EY, Haaiibaw
FEW A o0 fff o A8 PTG AR T B/ N o T T A HLA
FAh, AAUE G T R IR, #hF TR
HAAMEAPLAN; dorT e I, i A
AR 2 | TR R, SRS T e E Y
X HIETCALSE B S5 A MLA R e 31, A5
iR BN, AIRSA YIS ECHE T LR R R T s v
AVAEMBAEY A S E (K4 mES) , SRR
B, X TRE R R R A B 5 ) 0 AP o VR A9 b
&, TR S HEEA VLA RMBUEY EE Z
HHEEAL . MBS

AWFGEH, (ERIE 49 d AT, HIEST LA S
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AR FZORIE, WAy A NE A LS AL
TSR E ™), sm - AL A bt B
AR = F 2 A E L AER . KA
Pt A MLAE AT DA 2 - 9 3 I A gy e 69,
RE 5 A VUL BC it Re % 5 2538 hn 3 aT s A AL
RGWMAEMAS R, B AR E e, B
REFALH IR, AP LA G TCHLA
KIE, ZZEKRFE, AMRAERMEF RIS RET,
HEE 7 AR RNE S A HUIE B iE AT DL R R
SVEZS I H AR T A b o - AL U O B
fiet1, H, 187.5 kg hm?2, 375.0 kg hm2 & JIE FI
75000 kg hm 2 A HLALHECE ( MN1, MN2) B 14
REMN 5 FEHF R AT

4 ZEig

PSS T AR RE LA AL X B A R AR S
Vel A AR R A LA . R R A SR
AR, SHEACAHL, AL SAHUACEE 2
Fikm T R AICHLA . SR SR L
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APV Z B ) . RS UL B o
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Effects of Combined Application of Nitrogen Fertilizer and Manure on
the Dynamics of Net Mineralized Nitrogen in Greenhouse Soil

FANG Sheng-zhi, GAO Jia-rui, WANG Hong-qiao, LIU Jie, YU Na, ZHANG Yu-ling"

(College of Land and Environment, Shenyang Agricultural University/Key Laboratory of Cultivated Land Conservation in
Northeast China, Ministry of Agriculture and Rural Affairs/National Engineering Laboratory for Efficient Utilization of
Soil and Fertilizer Resources, Shenyang 110866, China)

Abstract: To evaluate the role of net mineralized nitrogen (N) in the N supply capacity and provide theoretical basis
for rational fertilization, the effect of combined application of N fertilizer and manure on the dynamic changes of net
mineralized N content and net N mineralized rate were studied in greenhouse soil. A tomato field fertilization
experiment with eight treatments of different N fertilizer (NO, N1, N2 and N3) combined with different manure (MNO,
MN1, MN2 and MN3) was conducted for seven consecutive years in greenhouse. The net mineralized N and net N
mineralization rate were measured under indoor aerobic cultivation method, followed by the analysis of the
relationship between soil net mineralized N and soluble organic N (SON), microbial biomass N (MBN). The results
showed that the contents of soil total N (TN) and inorganic N (N,,) with combined application of N fertilizer and
manure were significantly higher than that with single application of N fertilizer (P < 0.05) in the 0-20 cm soil layer.
The N application rate had no significant effect on TN, but it had significant effect on N;,, showing a significant
increase trend with the increase of N application rate. The net mineralized N of each treatment increased gradually first
and then decreased with the prolongation of incubation time. The soil net N mineralization rate of each treatment
reached the maximum in the 7% day of incubation, and decreased rapidly during 7-70 days. After 70 days, it showed a
slow decreasing trend. Soil net mineralized N and net N mineralization rate under the treatments of combined
application of N fertilizer and manure were significantly higher than that of single application of N fertilizer (P <
0.05), indicating a downward trend with the increase of N application rate. The treatments of combined application of
N fertilizer and manure significantly increased the contents of SON and MBN compared with single application of N
fertilizer (P < 0.05), but there was no significant effect induced by N application. The net mineralized N was closely
related to SON and MBN. In summary, the treatments of MN1 and MN2 could significantly increase soil N supply
capacity (inorganic N + net mineralized N). Under the greenhouse conditions of tomato cultivation, the combined
application N fertilizer and manure for seven consecutive years could significantly improve N supply capacity of
greenhouse soil to better coordinate the soil N supply and immobilization.

Key words: Net mineralized nitrogen; Soluble organic nitrogen; Microbial biomass nitrogen; Combined application of

nitrogen fertilizer and manure; Greenhouse soil
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