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AL B B e (RS LR (98° 66" N,
24°65' E), F¥WA 164 °C, F KR
2110 mm, 4E¥ H MBEF8 20717 h, FifER YN
Wow, TCRAEED . i 4 5L A B Ak otk I
1.

F 1 g HEEAREAERK

. AP i 4 e T
P (g-kgh) (mg-kg') (mg-kg') (mg-kg")
7.08 36.65 100.12 18.89 154.2

1.2 Ak

eI R = 87,

HEEC AR kL, R IR X S I R AR, o S
B 77 43 HE B A NP0, 1 K,0=8 116 :26, B JE
H N:P,0s :K,0=16 : 0 :30; A il A5 HLAE i A AL 5
= 45%, 5 N2.77%, P,051.55%, K,01.39%, 'EY)
AHIEEHYLR = 25%, N 323%, P05 147%, K,0
1.48%, HEAFFRIEA IR A= 05x 10° 4 - ¢,
1.3 Rt

B E 5 AR, B E 3 IRER
—IL 5N, ERBEILIXAHES . BN XAEA 5
17, BAT9BE, it 45 BRIH, PREEAITTHEE 55 cm x
120 em, /NXTEFL 30 m® (5mx 6 m ), EARACBE .
WEFR L, RIS (CK) 5 AbFR2, 4 4h 5 # it I
(100% FLAE ) ; AbFE 3, 80% 1k HE +3000 kg + hm™
AHLIE; AbFE4, 80% fLHE +3000 kg + hm™ = ) 4A
MLIE; A4bFE 5, 70% FLAE +3000 kg « hm™ A HLAE +
1500 kg + hm™ A=HAHLAE,

DL R i AR AR BE A L (ND L B (P05) .
B (K0) BFR R I, DIRE (464¢-kg') |
MSH I ERES (140 g - kg ) . BRFRER (500 g - kg')
AN o 2 H B A A FEZUIE T 4% N 105 kg - hm™
JEA, HAPFEAR N 60 kg « hm™”, JEAE N 45 kg * hm ™,
RFEAY LB A N:P,Os tK0=1:1:2.5, ¥ H L
JIE FUH T A AL Ak 2 Y T B 2 7 R Ak I i
0 SE A ek i AE A B, 3R 5 AR I 3 0
W, LA IEE 1, B AR R AR 20 d )5 Mt
T YA DUIE AR HAA HUIE RIS, 7288
et — WA, I 58 LS. HaH
Vi) A7 5 it 422 1E R ) DI B R A 7 e R B SR A
(EEiN
14 FEACRES T

53 T3 I LR A /NI R RR A, TS
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AN R [ G bR iE (GB 2635—
1992) 438 )5 2 ks /NX iR & FAE LT
RN SR 5], 4 HR > A ) G W A A A 3R
FHE

TR MR IE TR AR S AR PR - 458, 2 mi U
BRBURAFE, RN WA T, Sk
i, RARTE, HF IR e

+ 3 21 53 >Rk H ok RS B9 Hedley 8 43 2% J7
B EAT O E P, O R 52 WE
W Resin-Pi, 1% ¥ 8 (NaHCO,—P) . 1 7if 1 W
NaOH-P 1 D.HCI-Pi . %2 14 # HC1-Pi FIHE % 14
W ( 5% B B% ) Residual-P, FRHL 0.5 g i 0.149 mm
170 e e w74 W N )5 27 3 T4

(1) PAEBE Resin-Pi, FIZKIZHE;

(2) %5 P8 NaHCO,-Pi Al NaHCO,-Po, F 0.5
mol + L™'NaHCO, IF =4 ;

(3) HhiGPERE NaOH-Pi #1 NaOH-Po, JH 0.1 mol + L
NaOH ¥ 3= 425 % M@ D.HCI-Pi, FH 1 mol - L™
HCl i 4

IREEA Sy, BRRIRIUE IS N 30 mL, A
%% 16 h J5L 10000 r + min™ . 0°CE.L> 10 min, 43
B R VW, % NaHCO, A1 NaOH 2 BUK 7 K
PIZH, — 20 AR LG il TTALeE (Pi), —
A B PR AT IE AL IS, AR EEBT L ka4
W (Pt) FICHLEE (P1), THHEAFHEANLEE (Po),
Po=Pt-Pi,

(4) Fa % PE B C.HCl-Pi #1 C.HCl-Po, 10
mL ERER L, T 80°C/KHA 10 min J5FFIMA 5 mL
WG, FRAMIRHEM AU B0, R LIEWOT
FERZE S0 mL, AP, —A ST G
FETCHLBE (C.HCI-Pi) , —4Hi@did RIS,
FHARBA I L R I 285 (C.HCI-Pr) , 1545 H
FHH#E ( C.HCI-Po=C.HCl-Pt—C.HCI-Pi ),

(5) XEVS M w5 ol 5% B 8% Residual-P, 7£ 360 °C
T AT HS0,-H,0, 4k, FHAHBAHT L €0 100 e X
TR
1.5 B opr

R B P FH Excel 2007 % )5, ] SPSS 20.0
£ 0.05 KT AT BRI 07 225381 (ANOVA ) Fi4e
ot R RIET “ebmplus” pRELfL, FET 4
B HE JE B ( Aggregated Boosted Trees, ABT ) B,
3 b AR E A P A [ AR e R AR i 2 [ A AR X
SEMRIN, 2 TV IR ZE 3 X8 K i ) BTk
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3 ~ 5 YR AT RN T 16.61% . 42.38%
F131.01% (P<0.05), V34381 30.00%; 7~ {E 57
SR IEAN T 36.04% . 89.83% 1 52.84%( P<0.05) ,
SRR N 59.57%;; 1 A0 B 43 ) S 2 R T
55.38%. 116.30%. 75.58% (P<0.05), 71 g
H 82.42%.,

2 ERS5H5H

2.1 AHLICHUAE BCHE XS H5 H0 8 Fi 5 (52
MG R W, A HLCHLIE RO 2 2% e m T

REMRY i A EAEAR L] (R 2), R

TR AE. SHMEE (LB 2) ML, AP

®2 AELEHKEETE. REMEFIER
AR (%) AL (% )

b3 Fea (kg - hm™) FEE (JT - hm™) TREER LS (%)

1 873.50 +29.27e 8385.60 + 280.96e 11.90 + 1.81e 34.50 +3.63b 53.60 +5.38a
2 1419.61 + 94.15d 17035.28 + 1129.70d 33.17 +2.62d 44.46 + 4.05a 22.36 £ 6.65b
3 1655.37 £ 50.74¢ 23175.13 £ 710.28¢ 51.53 +3.14¢ 31.43£3.73b 17.03 £ 3.23be
4 2021.17 + 44.68a 32338.77 + 714.93a 71.74 +1.92a 18.71 +1.29¢ 9.55+3.12¢
5 1859.81 +69.52b 26037.39 + 973.28b 58.23 +2.55b 32.13£3.41b 9.63 £5.35¢

E: ARVNGFRURFIZIAFAL B2 (5] # 22 5735 8] 0.05 BEFKF. TR,

T S G ] 0] 26 B O )RR R IR 1
P, T ab B 4 RS 1 b A L 4y ) 3 AR
T 57.92%. 27.74%, -~V 3 K& i 42.83%, T 55 A
LA 43 90 B S BRI T 57.30% . 56.93%, V-4 R
57.12%.

FEARFE 3 ~ 57, DIALPE 4 B9 45 1045 R e A
RN = P s St = N D S S T i R ]
AL H 3RS By ik B B AR, B E 8.67% ~
39.54%,
2.2 A ALICHLIE it X R AR 1 AR B 5l 2R R AIF 1
A
2.2.1  AEAN A SRR PRBE R RAE

ARG R0, A HLICH AR Bt 2 42 1A

M HERFEIEA B o i (% 3), S5H e
(KR 2) AEE, AbFE 3 ~ 5 BAEARAR by e M i
Sy B RN T 34.75% . 59.85% F1 50.48%
(P<0.05), “F-¥J3hiE Jy 48.36%; i M & it 7
B3 BN T 32.71% . 107.85% F1 60.90% ( P<
0.05), FIIHEMER 67.15%; Food Mm% 7 ) i
O T 14.14%. 21.99% 1 13.40% ( P<0.05) ,
SR HE R R 16.51% 5 XEVE PR 5 43 ) J 25 1
T 10.46% . 17.75% F19.16% ( P<0.05 ), V23405
1 12.46%

TEALHE 3 ~ 5, AbHE 4 (9N R B4 5 e
LA PR A I R A AL 3 R 5 Ak B i
FERAIN, H9E 6.23% ~ 56.63%.

®3 TEAMEHEER R T HRE A (mg - kg")
b3 P i R T Vi HERE AL
1 50.92 + 1.45e 101.93 + 8.44e 251.88 + 12.76d 106.89 + 3.26¢
2 113.73 +2.51d 151.27 +3.62d 285.77 +1.37¢ 118.69 +5.85h
3 153.25 £7.02¢ 200.74 = 10.90¢ 326.17 + 8.60ab 131.11 + 6.68a
4 181.80 +7.23a 314.42 +3.38a 348.61 + 14.07a 139.77 + 4.44a
5 171.14 £ 2.18b 243.40 + 11.94b 324.07 + 19.33b 129.57 + 6.81a

2.2.2  FEAN AR PRI ERE

Hedley 73 2 1k 2, 3 1 % tH Resin-Pi,
NaHCO,-Pi Fl NaHCO,—Po 3 Tl il 4 70 4 1%, 2 W
FE g AR B, XTORIEEM AE R R BRI ER

PN B EEAE . ALHE 1 ~ 5 AR LSRR RS
PEwE & R B ARSI ES (B, 5
WML (LB 2) AHLL, A3 ~ 509 RIS #E
Resin-Pi 3 % 8 i T 25.06%. 31.27%. 54.33%,
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o Resin-Pi
o NaHCO,-Pi
N a = NaHCO,-Po

60

EPERES (g - kg)
ey
=]

[y}
(=
T

(=]

E1 FAELEEFERSE
U R/NG R 3 R R A i) 2 SAF 0.05
EKF, T

- 15 1 i 36.89%, Ab PE 4 F1 5 3k B W E B0 0E
P B NaHCO,-Pi 43 31| i 25 34 i T 27.62% . 52.81%.
4527%, TR 41.90%; TR NaHCO,—Po [FIFE i 3
Il 66.74% . 101.12% . 68.33%, “F-YA4iiE 78.73%.

TEALEE 3 ~ 5 AbEE 4 B9 TE MR NaHCO,—Pi
1 NaHCO;-Po iz 155, 45 51| 72 1 1 % NaHCO,-Pi,
BAbE 3 A5 WEETEEIN T 19.74%.
2.2.3 A H A EARER b

Hedley i 73 2% 4 & v, o 3% M 8% B NaOH-
Pi. NaOH-Po Fl D.HCI-Pi 3 F i 2H 4> 40 1%, 1E N
6 PR 5 R0 PEE B AR SR Ak i DB S, ThiE M
Tl X} 2 1 - M AL LA 2 LB IE A A & b . T
BrROVER . ACFE 1 ~ 5 AL b AR PR i T
RN FEREER I (B 2), 5% (b
FE2) ME, AbPE3 ~ 508G M B NaOH-Pi 53
SHE T 18.20% . 46.13% . 26.06%, V- ¥ 14 g
30.13%, Ab B4 F0S 35 F) W M iR, s bk
W NaOH-Po 73 51| & 2 3% fin 1 30.72%. 126.67%.
74.55%, F-HI10E 77.31%; %R D.HCI-Pi
FEHINT 96.07% . 181.35% . 80.69%, V-1 Jy
119.37%.
- 250,

on
~
2004

(mg -

15 1501

4
100

o NaOH-Pi
o NaOH-Po
m D.HCI-Pi

{7

i

50t

B2 AREGEEPEFEHRSE
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TEALFE 3 ~ 5, AbFE 4 Y v 7 M 4 ) B
W, AL FR 3RS IR B T WE RN N, K 0E
15.92% ~ 73.40%.
2.2.4  FENH A HEARPRAR S MR RO

Hedley B 53 AR &, o P B C.HCI-Pi
F1 C.HC1-Po 1 F Bl 41 43 40 B, X 5 1k Wl D) oy
Residual-P, FE &P TiE HIEBEENIEH, 5
WHLREAC (AbEL2) M, APE3 ~ 5EyFRE M
W C.HCI-Pi ¥4 A [5) A2 B 09 38 m, 364 W& 4 51 0
1924% . 7.41%. 8.61%, - ¥ 34 W& 11.75%, #4b
P 35K ) b 2 PR RG IE; ARUE B C.HCI-Po & i
W2 BTN T 4.77% . 48.76% . 22.20%; Y- 141
W 25.24%, Ab B4 F15 35 2] W35 MR R 0E, HEVR
P % Residual-P 7 1 73 51 W 2 PE 3G 0 T 10.46% .
17.75% . 9.16%, V3R 12.46% (& 3).,

AhER 3 ~ 5, AbBR 4 pRRE PR AL R HE
HVES A, (HRCAL I 3 TS T R Ik B

ST

3]
W
S

be be

o
(=3
(=}

150 oC.HCI-Pi

oC.HCI-Po
mResidual-P

(=3
(=]

w
S

T EAEA RS S (mg - kg)
S

B3 ARGEEREEMEIEHSE

2.3 WL AR AR i A AR TR

ARG, SRFE RN, 8 T AN
BRI SRR I 7= R B S i e /e (K1 4), 45
KBV, ARIEEH S, WS 20 STk
T, A T AR R Y 68.23%, LR
PEBE 17.56%, 11 e 1 R0 v 1 ol X 6 0 7 i 114
Al RN 14.21% (1 4a),

% PR B X5 0 T R B DA IR B
Resin-Pi & Z otk H+, &5 PFA B0l g B
1 68.70%, H K 17.30% ()75 MM NaHCO,-Pi,
MJE N 14.1% WG NaHCO,-Po (& 4b ),
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a e
H—, YTk
R
R FaE
e
0 20 40 60 80 100
ARSI ARSI = A BTk R (% )
b
Resin-Pi
r\‘_,
X )
&  NaHCO,-Pi
R
NaHCO,-Po
0 20 40 60 80 100

VLR R BRI BT (%)
B 4 AEBHE S e E =8R8 Tk

3 it

3.1 A HLICHLAL B A8 Je8 AR 7= s A0 T

ENSME KEEiFsR R, S eitsr, A
PUIEFIACAEER A, A RBIEAE A I N 4 = VEY)
Frar, SCEVEYT, R A IS B R 14
ARG, A e Y, R
HEE G —E R L RE A EY A= ik Ik m]
RN . Wei 28 2 WFSE T A0 [ 32 4EAY K
¥, g5HREM, 5YEiEsE B, B
PLIE 5 A0 A i it ib B BE 6505 EAE M AE K B F, IF
P E RO, BB S, A KEMER
W1, AN Tt A [ A HLIE Fn A= A LIS e
WA R IR A K R, g &=, $27t
REIR BT, PSSR, T REAE S AR PR
AT REZHEE, B S . B
KA ERRRE S

RS BRI EY, fEME &M, B
AR RE ok o T it A= 0 A MU S 5 4 v 1 AR 24.19% &
F115.8% iny BRI, JFPEE 1A E R A
HHELG, REpsasse DY s B Ay )
oI, A=A BIURE R g I AR = AT S A
LB AT AR ARG F[R)NX e g0 4
SRR, AR A AU A A P AR 9 2 4
T, BERM B A BAREEG], S
1661% ~ 1163%, FeulZAbRE 4, LA 209% 1)

Sehthy T BCRGA: YA USRI, X ReR AL
HE F it FH ACsE T R HAAR P - SR A R I 2 R
PEE TP E g, (28 T 13RI
TEACRR R F IR R, RIS A A A
R, [ AYA RS A RE RS EAR S e 5
ST, BRI BB, IS PEAR L
i, eSS ARTE AR P A R TC R A, 3
IR TP SR, I 1 A
3.2 A HLICHUAE L XTI AR PR Rk i DR 45 VE

22 04 20 BCARRIE DA B AR RR T X T4 1 48
R ARG BN X, BT, S
Hedley 20 5340 73 J5 VA AL 4E T R AE W0 A7 R00RE BE AN
AP S TEN, B RECN &3 + 5wk
BRI, CHHORBRZ A RAME R, 22
R P SRS PTAR I ZRR IR A R, TERE A i
MM FRIMIES T, AR5 AIE EE T DA AL
P PG S R A AL, PRI & S
i, XEFERHTAVEASSARZHHEYD,
it A 1 B J5 AT DA g b AR M i B B
SR CEt G i W R W R U R G R AR €
M. ARSI FBIE R A A 13585 2 LG
PE#E NaHCO,-Pi. {5 PE B NaOH-Pi 1) 2H 73 JE =X
FELE, AVUE i R = A s A LR 5 14
HIRREMERE L SR L, RERS A SRR X i 1Y)
W, Hmit A P A A

AHFFE A, A R sk B 209% B it A5 HLAE 1A 4
F LA LA B Ak 8 8t 30% e it AT HLAE F0 AR 47 Bl
NEAH AL BRI, YW T R e,
TEPEBE . FRoe YRR DL ROV TR 1Y B, P
08 12.46% ~ 67.15%, i P4 B NaHCOs-Pi, i M
W D.HCI-Pi, & 2 M 8% C.HCI-Po 1 X 1% P B Re-
sidual-P -1 i 2 1400 T 41.90% . 119.37%. 25.24%
F112.46%, o DLAR A 93 £ 209% e it A= 4 A1 HLAE
(AbEE4) fY 38 iR f oA B &, AL BE 3 AL BE 5 17
a5, NFEBHESEERET 623% ~ 56.63%, H.
7R b A ) R A A . R AT A RS
R, AR 20% Bl A= 9 A IR A0 I8 9
20% TC kS A AL 5, 3% ZE W AE 1Y 7 5 43 il
L T 11.99% F19.25%, b 25 M0 L A5 43 i 42 v
55.81% F124.92%, JE4AE DU RRSEAR I, A
Fb A1) S 25 0 T 33.48%, B B G G M 4R
T 1471%, ARG RS LB H T R4
B — 2, FE4r U AL B 3 dh RS A HLAIE AT
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IS B AR, dEHpls I 2 Dr ok, b3 4
5 RbEE 3 A LY, T A A B AE DR B 4 A 22 T
R0 25 R 15 DU A B T Sy B
s AL EE S B AR AC S 30% B it A ALAC A AE 9
AHUER =5 © SR H LR R R RSN ik
P4, XA g TR AR i 30% 7F—E R IR
il 7 R IR B, T A RS AT AILAE AN
WA NUIETR RGNS, FECT By T i
WA AT E A BTN, 2 AP S Flht AR A
HUIE FH AR 4 (1 —2F, 52m T 38U DTk
ZREPE . G S G ORI S AHOCHE bR
B PR 4T A FTREAR, YT A RSB
FRIAHLICHUACECHE, 82 Reie A A UL Re e
ARGE MU AR S5, B AR,
U, SRS S A L EUEY, R A A A T
e IR PR E AL TR VR R, i — 20 i B A B )
ZE5E, WGy b A AR AR D B A HLAE A A
HLAE A P A ARk AR R A K48 R HL 3 40 B IR )
ROR FFIAEE AU LA 25 F 2

TAh, ARIGE RIEF M “ebmplus” 2 ¥4,
GIHT T SRR A 3 R R A R U ABT BTk,
HA DU e ok E 7, HETE R
F AR Y 68.23%, HUCH 17.56% By IS LR
1421% MRS E M. XEAMERE, TEPERED LI IR TS
Resin—Pi A EE 5Tk T, &2 T A B 7ol iR
() 68.70%, HK A 17.30% Wy i% PE#E NaHCO,-Pi, 1
J5 N 14.1% W15 YERE NaHCO,—Po, 7800 BH 1 BdjitiA:
YA HUBTESGE B3 YIRS 2R TR, T
AEE—E R DARUE TARIX T3 22 AR BR A 52
FAREN T OS2 TR 3 e
PERMEA TR TR (LIRS, ST ZS SR
T—E M —FE Y, WARBL T AR
SRINT, AR ST X G MR T A AR PR - HEm P
BT TSR, A XA B IR 4 1wk
FEESEARTE K, L R (i v B i S AR (R
WS, Pk, TRAE— A i R mE R TS TE
IR AL, EARR A B S L, bt
ANRVERRIEIFRESENE, DI 2R 50 B PR AR R 39l
FEESR AL SRR IR

4 Z5ig

AFgEd, AR 20% Bo A HLAE ( 4b 3
3). AEWANUE (AP 4) DL R AR AR J & 30% il
— 142 —

TEAAUIEFI A YA PR (AP S ) RERS I 25 14 s
JHAR PR TR RS2 o & i, JULAAR IR 4 RO &
JpEE, WEROIN T T P LA R b S LA
A g PR X = B AR BTkas B T 68.23%, LU
B i W Resin—Pi 241 ZE o1 fik A, LUk Oy % 14 %
NaHCOs—Pi, RILH T {6 AL IS it A= A HLAE BE
b P A A AL AR

SE Wk
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Characteristics of phosphorus pool in rhizosphere of flue-cured tobacco and its response to combined application of
organic and inorganic fertilizer

LI Man, WU Run-juan, YAN Mao-heng, XIE Wen-ying, SONG Zhi-jiao, REN Jia-bing ( College of Resources and
Environmental Science, Baoshan University, Baoshan Yunnan 678000 )

Abstract: In order to comprehensively analyze the characteristics of phosphorus pool in rhizosphere soil of flue-cured tobacco
and its response to combined application of organic and inorganic fertilizers, this paper analyzed the differences of flue-cured
tobacco yield, output value, proportion of different grades of flue-cured tobacco and phosphorus pool characteristics through field
experiments. The results showed that the organic combined application of organic and inorganic fertilizers significantly increased
the yield and output value of flue-cured tobacco, the proportion of superior tobacco and the content of different forms of phosphorus
components. Compared with the conventional fertilization ( treatment 2 ), the yield, output value and the proportion of high-
grade tobacco significantly increased by 30.00%, 59.57% and 82.42% on average, respectively, with 20% reduction of chemical
fertilizer combined with organic fertilizer ( treatment 3 ), biological organic fertilizer ( treatment 4 ) and 30% reduction of chemical
fertilizer combined with organic fertilizer and biological organic fertilizer ( treatment 5 ), while the contents of labile P, moderately
labile P, sparingly and non-labile P significantly increased by 48.36%, 67.15%, 16.51% and 12.46% on average, respectively.
The form of phosphorus components which most contributed to the tobacco yield was labile P, accounting for 68.23% of all
phosphorus components, with Resin-Pi as the primary contribution factor, accounting for 68.70% of labile P components, followed
by 17.30% of NaHCOs-Pi and 14.10% of NaHCO;-Po. What’s more, treatment 4 showed the highest content of each phosphorus
component, which significantly increased the yield, output value and high grade leaves of flue-cured tobacco, while significantly
reduced the middle and low grade leaves, reflecting the obvious yield advantage and weight loss and synergistic effect of chemical
fertilizer reduction combined with bio-organic fertilizer.

Key words: organic-inorganic combined application; tobacco; rhizosphere; characteristics of phosphorus pool
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