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M (10, 20, 304F ) MRH ( K, BEHLEE K5
Vb 14 ) T3 B FRAPIRIL, WA X Bl A
BT LRI A . BRI R AT RAHE, Xt
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A, BREAE T, BRSSO R
J BA EE RS L,

1 #REFZE

1.1 WFFEHb S SN

2 e N RPN I = P = BT
i RS BV R AR, ST 1120297 ~
112° 30E, 37° 45 ~ 37° 46' N {i[HlN ., 4EXKE
415 mm 247, AEIRIR 12 CLEL, MK 802 m,
AT A B 153 hm®,  H A i 5 52 KM 67 hm?,
Pt o s ¥ S (e a4 W A P O k= B E g
MR 3 A HE A3 2R R0 5 @ 1
1.2 WtEE S i

T % S KA — R B 2, 2 Ve
PR, T RIPELIA SR, — A g 2
HIREM 8 T ~ 12 77 ke/hm®. EEHME (— B HA -
W - B =18:18:18) 300 ~ 525 kg/hm®, HLBEEIA
T, REE R 20 em; JBAE (4210 ~ 20 d/ IR,
HZE7 ~ 104K, FifE7HZ4A) BEEKEA
BEM 256 ~ 410 ke/hm®, EAEAE B : 40—
Mo 111, BRI AR 5 R 40% ~ 43% 1)
BEN. ZRHEHETL, BUEBRREZHR 162
J7 L/hm’,
1.3 HHEREMENIHITE
1.3.1 AN[FEIFRES AR A

R 2 b O % SR 5 D7 s, AL 10, 20,
30 4F 3 /> FidE AR R 8% S R 45 54, R R
NI HORE, R RE T TE: e SR A
AL K0 ~ 100 em 24 3 A/NX, e
Mg ALY B 20 em 2R 1 AR G FE, 3634 8 &
100 ~ 400 cm + 2 RIEIEAE 20 em 2R 1 MEAFE
A EHEREE 1 kg, B30 44, [RIARAE

LRI R FBE AV ERR T 4 A HbHAEXT IR (SCh
PIFRAERH ),

SKEERTR] A 2020 47 H 26 HFI 8 A 15 H.

TRERT G, BRI 0 E T A, AR
(NO,=N) . 2ff. A% (Olsen-P ),
132 BEMAMHT I NO, =N, Olsen—P R A& AR
R AT

R A TR AR AT R 2R - Bl
[RERDL, 20 - P IL AL, NOy T -N- E4R
HFESHE (AMS Futura 2, 6 ),

3 Olsen—P AYIE . BUAAE 2.5 ¢, FpH 8.5
50 mL 0.5 mol/L ) NaHCO, I ¥ ¥% % 30 min % $2,
SRHERAM O — BB A o

+ BV PEBE (CaClL-P) BN . B L HE2
g, J120 mL 0.01 mol/L ) CaCl, ¥R % 1 h 124
(1:5 1K), RTELIMHOLE - e b
PE

NO, =N/ Olsen-P 2 & (kg/hm®) = +JZE
(em) x NO; =N/ Olsen-P i (mgkg) x T2V
¥IZ%E (g/em’) /10

P Olsen—P % 1 A 1 AL A5, CaCl—P 5 1 A 4L
AR A O ZL, 45 ) 11 Olsen—P 5 CaCl,-P
)5 2 J7 FE, di 15 & Olsen—P & it 55 CaClL-P 22
Y OC R T A R B . RERE KR, Mk
Olsen-P %1t 5 CaCl,-P Z ][ X R A FERER RN,
A M 2R 5547 5 1 2 Olsen—P &5 55k 2 oAb 148
AT Sl LA S
14 BRI 537

IRIEHAE R A Excel 2007 5 Origin 2019 #E474k
AT o

2 HBREH

2.1 AR 39 NO,-N B R RRAE L 5 4R

KA
B 1. 243 B kg A R4 0 15 i S R 4 g
NO; =N 5 55 FEAN [F] - 498 22 vk v 1) 5 B8 ke 3 Rk 8
o ANRIKMIREALE AR, +HEFRS 227K, H
F 1 AR AR BRI £ 48 NO, -N MR BEd KAE . #
AMEFIE T DRI 22 5. & 2 7 10, 20 F130
RIS 0 ~ 400 em £ )2 K Y NO, -N 5% 84 & 43
A KA 145, 1.86 F1 1.25 fi%. Bt + 2 690
R, AN [RIHI I 15 it i S M 38 NO; =N 5% B o 52
P iash, &M 140 ~ 100 em + 29 NO, =N
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Fz1 1O ~ 400 cm TEEMNO-N ik ST (mg/kg )
i 0 ~ 100 cm 100 ~ 200 cm 200 ~ 300 cm 300 ~ 400 cm
TR RUME RokfE W meME ORIl BUME RokE W BoME ROKE ¥yfE
K H 733 1652 139.6 56.3 1459 105.6 75.5 171.0 104.4 74.5 151.9 98.5
10 81.5 295.5 2270 1085 159.1 136.3 88.0 210.0 150.6 109.6 160.0 135.7
20 199.6 463.2 362.2 85.4 265.8 186.6 173.3 282.7 170.7 57.8 191.5 128.0
30 187.9 399.5 2292 293 160.3 96.6 96.4 152.1 124.7 67.4 167.2 109.8
F2 110 ~ 400 cm TEEF NO,-N
0 ~400cm 0 ~ 100 cm HIrH 100 ~ 200 cm HAYEE 200 ~ 300em  EHAREHS 300 ~ 400em EHArH
i B SR (%) SR (%) 2R (%) R (%)
AR (kg/hm*) (kg/hm®) (kg/hm®) (kg/hm*) (kg/hm?)
A B B/A C C/A D D/A E E/A
K H 5602.4 1745.1be 31.1 1320.1ab 23.6 1305.5a 233 1231.6a 22.0
10 8120.1 2837.8a 34.9 1703.2a 21.0 1882.6a 232 1696.5a 20.9
20 10428.7 4527 4ab 434 2166.7b 20.8 2134.2a 20.5 1600.5a 153
30 7003.2 2864.4c 40.9 1207.8b 17.2 1559.1a 223 1371.9a 19.6

W FAEYE G A RN FREROR A BEAE 5% K F L 2EF B, AL B, C. DL E4JIFER0 ~ 400, 0 ~ 100, 100 ~ 200, 200 ~ 300,

300 ~ 400 cm [ NO; -N FFfH,

BB E Y W R T A N A 3 )2 (100 ~ 200,
200 ~ 300 #1300 ~ 400 em ) 4K, 4355 0 ~ 400
em + )2 £ K 9 NOy-N 5% B8 & 19 34.9% ., 43.4%
F140.9%, LI 20 4F 19 5% B4 & 7 Lt o, 20
MY O ~ 100 em )2 NO,-N RS i &, &
K H P 2.6 fF. & W £ 5200 ~ 300 em +
JZ 1) NOy =N 5% B8 4 = T 823K 100 ~ 200 em +
Zo AT, K I R R K B AN A - 4
)2 NO-N g% B & 34 m, 1 H i & /) NO, =N
Al RE T T & 300 ~ 400 em 2 B H HE AL, %
Y6 R B B NOS=N R KBS in 7 M R KI5 4 1
AU

METRTLUE H, #E A R0 ~ 400 em +
2 R4 EURI NOy =N &5 B 5 I 35 A LR P A5G,
TeE BB 05213 (P<0.01), L5k 2 Ui+ 8
52% FE AT NO, =N it Z 2R S iR .

500 -
|~ y=85313x+2.4373

- 400 R?=0.5213 n=450

T 300f .9 .

=t - be)

z 200 -

I
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Z
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25 (gkg)

B1 10~ 400cm TEFELEE NO,-N FENXER
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TG, A 1 3E Olsen—P &4 200 R %

BRI AR Z R LT S B85 10,
{H 10 4EM % 20 ~ 40 em 121 Olsen—P 75 8 8
i K H )21 24.66 me/kg, 20 4EHIHA 40 ~ 60 cm
+ 2B Olsen—P & 5 5 0 K MR ZH; 30 41 %
0 ~ 20, 20 ~ 40, 40 ~ 60 cm t JZ 1 Olsen-P &
S TREARN A2, IR, Bl RHRAERR
K A3 Olsen—P & 5B ZTF 4R 7 T bk

B A KM 3 0 ~ 100 em + )2 4 # 1 O1-
sen-P F i N EW R LKA (K3), E
FEGE 0509 (P<0.01), FKH 1% Olsen-P F 4y
50% HoeF AR i, L, BRICR A
S EHE L) Olsen—P 588, H#AJZ 0 ~ 40 em +
JZE SRR Z ) Olsen—P,

350 y=58.50x 11
Py # R>=0.509 n=225

300 -
250 -
200 -
150+
100

Olsen—P ( mg/kg)

0.0 1‘.0 2‘.0 310 4.‘0 5.6
21 (ghkg)

B3 AEWELTE0 ~ 100cm TEHRLHS

Olsen-P S EHIXFE

2.3 Hg 4 X EIEREH R I YA

Bl 4 S R84 4 47 it 5% S 2 AR A AR
() A1 2 152 it i 52 11 CaCl,~P 5 Olsen—P % 2 /) &
2K, MIWE 40T, 2443 Olsen—P &K T 45.1
mg/kg B, Bifi Olsen—P 5 (Y31, CaCl,-P 7% &4
ngEte, 475 CaCl—P=0.0710lsen—P+0.141
(R’=0.507 ) ; 4 Olsen—P 5 & i it 45.1 mg/kg i},
B Olsen—P 7 1 1) ¥ N, CaCl,-P & & 2 i 3

351

y=0.099x-1.120 x=>45.1 °
[ y=0.071x+0.141  x<45.1

N W
w O
T

—
W
T T

CaCl,-P ( mg/kg)
—_ (3=
(=) S

0 100 200 300
Olsen—P ( mg/kg )

B 4 1 Olsen-P 5 CaCL,-P EEHIXFR

i, —FH A TN CaCl—P=0.0990lsen—P-1.120
(R’=0.812), FHt, HIEPRRREERME 4
87 Olsen—P (B 5 4= SEWE IR ER IR K lim FHE S 45.1
mg/kg, M HT 43 CaClL-P % & 2 4 3.4 mg/kg. ik
55 AR KAV AE £5E0 ~ 40 em 12T
Olsen—P &4 A, PRI ARTAAE RIS AU

3 it

3.1 AEHHRE 3 NO,-N 5% B3 4 F K H 5 2 AU
KA

RER—VAEYERBFENRETTEZ —,
e TR S E AT R 2 FIE A . AR
PEVA AN EERESRMESA, BT
PIEAS . (A R IRIIAA G WA A, — BAEAA
TE R B, SRR R K B A R
ﬂﬁ [9—10]O

FUE 388 = RO AR Bt S A = vh 2 LRk B
i, S U B R S AR B R R S A R I
Jrikz— 0 W A S R A R
TSR IR LA SRR T K B A48 Bl i,
AT EWIN IR E R | IR, ARRK
sr7ER I LR, RECLSRKH R A K E
5, AFENR S e R RS, K24
R SR RER TRM D RSB
PN, et iR oy RAHOR B, R
TRV RS . AR BRI, A+
HEARIE S BT B T, R TR R E
AEFEVERT H ISR R RE I L LR A N+
Herh NO, =N B i 52 B0 HE BE AT 10 in 22 e 1 hn )5
RS

ABFERFERS A 2RI, IE (AR 2R i
S, B REZER, HK)ZE RS NO,-N
m ERsh. BiE L2 IR, A A0 1
NO, =N & PR, XA REE H TR iEs %
T 0Tl ) 7 B, AR R K ek,
ZH AR, BB, BAEMKSEE N LR
3, RENGE, WA RABEATR FZAE R
FELAF BR A3 i A 0 R, R RIS NOs N
F£200 ~ 300 em L )ZHEER L, 0] Rl K
A 300 ~ 400 em )2, KRR T H T oK TE 4
PR, AL R R, RIZ T NOT-N B =
FREFA 1 FERBIEE, (50 ~ 400 em /2 1K
PRI H B S BRI, SO A T S A R
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T, FRRLFHAEY 6 45 A 1 NOT-N ELTER
220 em )2, AERTAS TR A X S5 57 g ik
BB NOy -N AT REEL IR 2 400 em HJZLITF, A
FE0 ~ 400 em 12 BRI R I BRE, P54 4
RE/R, 0~ 400 cm )2 H RN 2% A NOT-N &
I ARG, P REGE 0.5213, KM
13 NOT-N it i —PHe T R i 2 A o it
RIEHA G A, HHEPIREMN NO, -NZ, (1
TR R KU R

PR S R R, PR AR PR R it i R -
NO;-N & i B A — e, AW ~
400 em 12 o NO, =N £ & T K H DL Ffi
BIS 1E I NO, =N & i AR (bt 4R B . B2 KMt
FHAEBR S AEARME A S 3N, B R NO, =N
FERUE GOk ™, 20 4EHHRE T3 NO, -N i
B, ZJa N0, -N S EFHREML. X—H%
FEA R P /R U xS E
S SR 9) (¥ SN DR R TR =R TS S A Y 69
FH i o M R SR A K =, o e A A AR
KA REZ 50 A0S e A0 R i R 5k SRR
T, S EOREG E LA R R O £ 8R4
e 2RI E, IR TR KO B R A R
et P, G RIS AR BR A SE R, KR
Jita FH A HLAE F1 AL A AR AE 3 b R R KR,
AL B AN AR e o8 4 LA (1
DA TS D20 AR A R A v Ak ) o e
T, TP NO, N AR L £ NO N
O o e e L RN o AR i W A W YA E b= | 2
L NO-N &0 L, e h AT
I/ D I R BT 1= 45 NOS =N i,

- A R R — 5 T T LA R K R 2 R 2
TR, A —rmtE )R R A, X UL A
RE M R IRA O T B S AR K R T 1 it
ME . FEBEE . B AR KR DL R A KRB A
R, LibsE REUA SR e P AL FE R Y
g 0]

3.2 A[ENIES 12 Olsen—P %% BE4RHF A L 5 4 ms 1)
K7

BRAABIEE . 5 THBRMNRES, WiE
AR AT R NGRS FHBEIE, SRR B K
TR, rRZBRm, Wik, &5 KRt A,
SRR ERR, HI PRk AL
AL YRR A R, WA R
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SRR TR A R K M i 2 e, AL
Herp IR 22 M R 7 AR, W R K A 4
H AR R

SR, AR A4 Olsen-P 7£ 0 ~ 60
em 12 R2REA AR M, 7£40 em L)JZA
1) RV A B A R 2, MR 3
T 10 R B LA R o 1 R R I 5 o TR o 2
Olsen—P 7£ 38 v 14 75 5 Bifl - 38 R B %) 345 0 1 o8 1457
FEAK, URRH BAR R Eh B R B AR/, (iR
B P R R BRI, )2 13 Olsen—P 173
AARFBRE L FiEk >, Ao > mie
TR A T R ISR S . & it % 52 K
B P AR BRI, Olsen—P £ 448 v (1 v J3 32 W7 42
B, 20 4RI BB, TR ITRATRE L X T
e Wt B S K K it AL, s R B
e, BEE AR, B g 2
MR AR TSRS, S8 B A R R
IR 0 ~ 100 em )22 Olsen—P HIAH
FRRT LB, 29 50% 1112 Olsen—P & 523|
BRI, Hi, #IlMdERASSECEL
Olsen—P M3R 8, 45020 ~ 40 em HZH S A
2 /) Olsen—P B

B LEIN R, I B Y [ B ) Bk,
R /N Y O S AR, W
ke A D P BEE RS IIR A, KR R
B, Y5 R R I U E R, B
ooy NPT 57 N N P B 2 2 B 1171 8723 )
2000 4F: Hesketh %5 "7 & ¥, DL 43 Olsen—P 7 &
FEEA bR, T+ CaCl, -P & & WYL ARER, 15
W2 A — a5, 5 — S XA Ol-
sen—P {H, BEFRA WM RIGAAE" . 4 3 O1-
sen—P AL TR RIG FHE RS, A A T fetk
BUN, BERMRIEGAR, XA AR/, 2 14
i1 Olsen—P 7% f 35 25l 5 T MU, KA MRAE AT
REMERR, BRI RS HIIN, XA =N R
Wi L0 R ANE RS, AFIHLIX A 1
PRAEET . HbPRAAM . RSP EARA—FE, B
AR W BERESIA T ES, Bk, A~
(7] DX - S At U0 2 ek 51 B ol 2 VbV AR e 2 1)
R SckdaE, TR 23 AR[E IR I R
{030 ~ 156 mgkg ™, R K ZHEPTES ~ 60
mgrkg 2], EHITE S0 ~ 80 mekg Z ] >, [
8 N2 BAY KM M K AE 13 ~ 119 mg/kg 22 0] 1,
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TEA 7 R, 0 R G A e B 5 T AR AR AR Y
i, RS RN IR AR R (A,
BRI S I S A0 B 5 2 A 7 PR O T A 3R .
AR, 1 R R B I FLE N 45.1
mg/kg, X—{HTERE IR IG SN O st
NS, KPR L HE 0 ~ 40 em LR
Olsen—P 5 B IU{EL, #RAFAE I KR, PRI,
TEBE G R A, AEORIE B 53 22 422 E ™ A i
e T, MRSt AR R, HE Ak
TEAE . JE R AT BT 58, e R R K IR A ]
R, PR KA R B REE RN, S Bt
LIRSS S AN €Tl PR = [

4 Bt

43 NO,-N. Olsen-P I FREML,; MiH
it SIS 3, £ NO, =N, Olsen-P 7
R E GRS, 20 I I R S
215t NO-N Fri i TAHN K425 &)
NO, -N ATRECL it 2 KT )2 300 ~ 400 cm B
BRAL: 15 30 RS 60 ~ 100 em + )2 11 Olsen—P
THRART RIS, HRMB L )RS &Y ST
KH.

JT A e X T R 2 O I L R 45.1
mg/kg, KA/ A KM O ~ 40 em LJ2FF
TEWRTE AU o
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The nitrogen and phosphorus residue in greenhouse vegetable soils with different planting years in cinnamon soil
region of Shanxi

LI Li-jun" >, LIU Ping" *", MA Lin-jie’, HUI Wei’, MA Qi-qi’, HUO Xiao-lan" > (1. College of Resources and
Environment, Shanxi Agricultural University, Taiyuan Shanxi 030031; 2. Key Laboratory of Soil Environment and Nutrient
Resources of Shanxi Province, Taiyuan Shanxi 030031; 3. College of Life Science, Shanxi University, Taiyuan Shanxi 030006 )
Abstract: The soil nutrient status of facilities greenhouse vegetable was greatly affected by the high intensive cultivation and
management, and the trend of soil nitrogen and phosphorus residues was not clear with the increase of planting years. To
evaluate the impact of long-term application of large amounts of manure and inorganic compound fertilizer on protected soil,
and to determine the phosphorus leaching threshold value, field research and lab analysis were used to clarify the relationship
between the nutrient residues in greenhouse soil and planting years. Based on this, the soils of facility vegetable field,
located in Taigu, Shanxi province, were used as samples, and the content of nitrogen and phosphorus residues and migration
characteristics of greenhouse soil in cinnamon soil with planting age of 0, 10, 20 and 30 years were analyzed. The results
exhibited that NO; -N and Olsen-P mainly accumulated in the surface soil of different greenhouse age. With the depth of soil
layer increased, the content of NO;™-N decreased, and the NO;™-N content in 0 ~ 100 c¢m layer was higher significantly than
that of 100 ~ 200, 200 ~ 300 and 300 ~ 400 cm layer of different planting ages, respectively. The NO;-N contents in
0 ~ 100 cm layer were 34.9%, 43.4%, 40.9% of that of 100 ~ 200, 200 ~ 300 and 300 ~ 400 cm layer, respectively,
and the maximum amount of NO; -N accumulation was achieved in 20 planting years. The NO;-N content of different planting
years was higher than that of the open field. The Olsen-P accumulation in 0 ~ 20 em first increased, and then decreased
with the increasing of greenhouse age. The Olsen-P (0 ~ 40 ¢cm ) content of different cultivated year was 3.8 ~ 5.6 times
of the open field, and Olsen-P content of 20 planting years was the highest. The Olsen-P content decreased abruptly from 40
cm deepth, and it was 24.66 mg/kg in top-soil of open field which was close to that of 20 ~ 40 e¢m of 10 planting years and
40 ~ 60 cm of 20 planting years. A significant correlation were found between the NO; -N content and total nitrogen content in
0 ~ 400 cm, and a power relationship was found between Olsen-P and total P in 0 ~ 100 c¢m layer, both of which indicated
that about 50% NO;™-N and about 50% Olsen-P contents were depended on total nitrogen and phosphorus content in soil,
respectively. The phosphorus leaching threshold value was 45.1 mg/kg of Olsen-P content in cinnamon soil region of Shanxi.
In practice, a large amount of NO, -N and Olsen-P were accumulated in surface soils (0 ~ 20 c¢m ) due to excessive and
irrational fertilization in vegetable productions within short-term, which might be leading to NO;™-N and Olsen-P pollution in
groundwater under flood irrigation conditions.

Key words: cinnamon soil region of Shanxi; greenhouse vegetable; planting years; soil nutrient residues; phosphorus

leaching threshold value
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