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AEBIEXN Z AR EERNB RS

. 1 ~2 . a1, % ~ 1 -1 Z 3
BALE T F L, hFmE T VALE VR = L kEs
(1. P ERE BB R AP YR , =8 Bl 666303 ;2. rhpg Al R K4, Bim Kb 410004
3. ZMARIBG, =M BB 650205)

RE:MEEMNEGIENEE LR AYEEARIBPRERE B, KB S-S REB N HE, =R (Pinus
yunnanensis Franch. ) SHEBE T IEIAHR I TRIBAERLRE S, T2 0 H EH AR TRBNRBLE L IR ARBEEXN =
RS A KB RIKEZ N, BRI EBEENYEEAEESE R L, RRITAEFR=ER BN T REE D
BEABEEBEFLUFRRAENNELEZERKR, RERR T ARBEN ZEMOEES . EREK AR S By &
ma, 25 SRR (1) AFIBEIRAL BB =R A4l B 2218 (F =2.352,P =0.067) \ EMRK (F =1.775,P =0. 151) ZEnt A Y (F =
1.359,P=0.269) M RAEYE(F=2.807,P=0.035) fli £ Y& (F=1.017,P =0. 4227) LN SEHEE XA LRHEER,
RN EAKERRBHRALE R 2 7R 85 (2) ARBHEALE T Z B4 BRI H B R/ MR AR % @ B IR KH, PO,
> 5% Ca, (PO, ), > $28% AIPO, > o CK > £kBf FePO,-4H, O, 4 B (K A B & &t i = IR)BUF IR U i @ B IR KH, PO, > k%
FePO,4H,0 > 558§ AIPO, > §58% Ca, (PO, ), > JoBk CK; (3) Ll BHE L H EBEIRTE AR 4% = B A4l i WRCRI 5 (4) RS HAYD
BT H B BIRA i RS 2R

KR B RN A AR IR
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Abstract: Phosphorus is an important element that controls the process of plant life, especially during its growth phase.
Low-phosphorus in the soil usually leads to adaptive changes in plants. Yunnan Plateau, being its distribution range, Pinus
yunnanensis Franch. reflects great capability of adapting to low-phosphorus red soil. Therefore, to study the effect of
different phosphorus on Pinus yunnanensis Franch. seedlings becomes an important reason to help unveil mechanism of
adaptation towards low-phosphorus. Present study was to analyze growth and internal P content of seedlings ( Pinus
yunnanensis Franch. ) to various phosphorus supplies. The seeds used to culture seedlings were collected from healthy and
mature forest of Pinus yunnanensis Franch in Xiushang Forest Park, Tonghai county, Yunnan province, China. The results
of test were as follows: (1) The growth of Pinus yunnanensis Franch. seedlings including shoot height (F =2.352,P =
0.067) , taproot length( F =1.775,P =0.151), shoot biomass( F =1.359,P =0.269), root biomass( F =2. 807,P =
0. 035) and total biomass (F = 1. 017,P =0.427) did not present substantial differences between different phosphorus
supplies; (2) The range of seedling root/shoot ratio was KH,PO, > Ca, (PO, ), > AIPO, > CK > FePO,.4H,0 and that of
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internal P content was KH, PO, > FePO,. 4H, O > AIPO, > Ca, (PO, ), > CK; (3) KH,PO, was better used by Pinus

yunnanensis Franch. seedlings; (4) The internal P content of root was always higher than that of shoot.

Key Words: phosphorus; Pinus yunnanensis Franch. ; seedling; growth; environment

BREE NN A -3 R S RGP E AT R, I 20 HiE42 70 4EARTF 4R, 14D

ZFgHA ( Pinus yunnanensis Franch. ) RAARLH G ETHIEA, LU= w9 & JF R M 16 ol , REE KM
WFP TR LLGE AR S WA R R E VI R X% I T A LEN . = AAxHREE TR R I TR 5
TERLEEST, A IE B A K TR BRI L B0, Z R SR LIRA M S B A
B 1 mg-kg ™', = BRI A4 = B AR L 48 b A 20 & B 0. 85 mg-kg ™' @, ART,BR TKBEMNE T =
FERASHHAR R A W B 45 05 T /D BB AN BRI T = B BE B H B R AR 4 .

BRI, AN B IR S XY AR TS H R K ARBRRO &6 7= A ™, AP B M7 THRITA
[FIBEIE X 2= B AL Al B AR A AR I B R, LASBI BB R 8 7 2= B A Il T3 R 55 o X SRR R 228, 3F
REXT = B AR & e LR Bl Ak 7= SE B AR BT i B o
1 #R5HEE
1.1 #hiEs5E

DRI R i gh i il RIS B A KB B R 47 . 100 YD AR RRIZ W0 5 A28 TBK B U, B3
B pH 528K —8, 3L E 5 A3, b 1 B B (b 3E) 4 MR E ., Bt
o RELE, BREL (BH) M 10 H/H ,6 MHBEWRN . A HKE . FRK AW EMEE R, 4 A
A WAL PR BRI 23 ) 2 5 (B E @ BER KH, PO, , K-P) ( 8k (FePO,. 4H,0,Fe-P) \fRBE (AIPO, , AL-P) F%5
W (Ca, (PO, ),,Ca-P) o FRIFHACHR BRI U EEAHIR] . ARIE = FEAAT 12 70 A0 TARBRLLHE 13X — L PR1E oL, ik
B Bk S B S R e r 40 (KB 138 P 20 & & (0. 09% ) I A7 A0 3 G B #HFT BRI ) , B4
(K 20cm x F& 10em x 5 & em) F#b 300g, BB 0. 135g( B 300g x0.09%/2) (F 1),

®1 TREBEX @4 EBREABERE

Table 1 P content in the experiment of the effects of different phosphorus on Pinus Yunnanensis seedlings

P 5 SrFE P RE B4 P HE(g) BHPERE(g)

Kb Treatment

P source mol. wt P% P dosage( g/pot) P content( g/pot)
T1 5 K-P KH,PO, 138 22.39% 0.6029 0.135
T2 4 Fe-P FePO,-4H,0 223 13.90% 0.9712 0.135
T3 487 Al-P AlPO, 122 25.41% 0.5313 0.135
T4 %% Ca-P Ca; (PO,), 310 20% 0.6750 0.135
T5 %} CK - - - - -

BRBRIR 2250, R E AL B AR R, R AE TR M E RESTRMREMAA T, B R B4R
MR . B IR HIEIEE 10d #hFETCHERE IR 1 UK, B UK 10ml, YR BEMARMERS FRIR (3R 2) 19 10 £, & AP Tk o
1.2 Y REIE

ZRMERKAERER AYBNRTEITE . BER T ZZREMERKEGE R PR AR R MR
BJE MR ARRMEE , ZJ5 #ET R (105°C,30min) HET(65°C,8h) , FIRP- 735 FRIUR 52 A=y & A 25
AR .

O Bk, BBl ZHEHE R RS AR ORISR, 1989,
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R2 ZERYEHRRIFEERERST

Table 2 Culture solution in the test on Pinus Yunnanensis seedlings

KHEICHR Macroelement(g-L~") KNO, :0. 51;Ca(NO; ), -4H,0:1. 18 ;MgS0,. 7H, 0:0. 49 ;KC1:0. 075,

H,B0; :2.86 ;CuS0, *5H,0:0. 083 ZnS0, +7H,0:0. 22 ;MnCl, -4H, 0:1. 81 ;H,M00, :0. 05 ;
MEIGE Microelement(mg-L~") FZED3TA 20 USPe 1ot 104t s nlly «4H, 2 MoO,

€- :

w SERRBE IR BE PR UERSFRUE AU 10 4% The test content is 10 times this standard culture solution

1.3 4k e s BIE

BRI T A= B B4l AORESE Hh rp 27 e P WU N A AL [l A W 3t B A 2 S B 28 4 A TAR R A
ZEMePEEBIE . PS8Ry HNO;-HCIO, 1Hf# , HCL ¥ # , ICP-AES JlI5E .
2 HZR55H
2.1 AREBEIEX Z BIAA 4 A K R

ZIREE RN T BB RIS ERAEER  ERK EHEY R RAEYE  BAYEIREH .
21t 6 MHIBFRN BB ZERTET. 0 ~12.4CM Z i), HEIEHF , A K R

K3 R EARIBHEAMG T B M4 MZER. ATUES,S MY, &m2ER 12. 4om, RIEHN
7. Ocm AHXT T , AbHH 5 (TCBEALER) ISR ZE R % , P49 8. Tem  {H 5 BIAALN B 25 8 1A [R] b 242 ) B2 A
LW AR AR, 7 2 T A R B, A5 AL B B (22 5 AN R (F =2. 352, P =0. 067) o

®3 AEABELETZENRSENZES
Table 3 The height of Pinus Yunnanensis seedlings under different P supplies(cm)

Kb B Treatment B Repeat F-14 Average
1 2 3 4 5 6

T1 % K-P - 9.0 7.8 - 7.8 8.3 8.2

T2 4k Fe-P 10.2 8.9 10.2 9.0 9.6 7.2 9.2

T3 484 Al-P 7.8 9.1 10.2 8.8 8.2 9.2 8.9

T4 451% Ca-P 12.4 8.5 9.0 9.3 8.4 10.1 9.6

T5 JoH CK 7.0 7.8 9.6 8.9 7.3 8.3 8.1

K4 R RAFBHRAN T g M ERKE . ATUE S5 P R K ERK 23, Tem, 558
FRK 7. 6em , MHZB K, KB B HXTE, LB 4 (558 MBS (T 2) M ERKHE, FHh
15. 2cm 1 16. Lem, {HERKLEA [FALBR A U B4 B B A LA , 07 22 70 45 R B , & AL B8] F) 22 52 A8
BE(F=1.775,P=0.151),

F4 TABBELETZERHENERKE
Table 4 The taproot length of Pinus Yunnanensis seedlings under different P supplies(cm)

Kb Treatment B Repeat -4 Average
1 2 3 4 5 6

T1 % K-P - 12.0 17.2 - 21.1 17.7 17.0

T2 &k Fe-P 20.5 17.8 18.9 21.9 21.7 22.4 20.5

T3 484 Al-P 19.5 21.8 19.8 23.7 12.3 19.8 19.5

T4 53§ Ca-P 7.6 11.0 19.2 15.7 18.1 19.8 15.2

TS JH§ CK 21.0 10.2 17.5 16.9 17.1 14.1 16.1

5 RMRAFBER T oEMaEEnAYE WALy E SAEYEMRELL, FTRUER,Z
HAEYE RAEYE  BEYEILNSEEARLGER I EE R B R, FEMTERER BT
ZRAEYE(F=2.807" ,P=0.035) B4 2= 540, Z A& (F=1.359,P =0.269) Ml £ W& (F=1.017,
P =0.027) EA N BEHZEFARE ., TXRREVEZRHFITH BTN, BREYEELEF M 2E
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FREAH S MAEF I AEFE O B B 3 DR IR, 1X A 22 St B IR AR R 52 B o

RS TRBELETZERYEENEMRE L

Table 5 The biomass and root/shoot ratio of Pinus Yunnanensis seedlings under different P supplies

i3] MLy ALYy MR I L
Treatment Shoot biomass( g/ind. ) Root biomass( g/ind. ) Total biomass(g/ind. ) Root/shoot ratio
T1 ¥ K-P 0.2801 0.0596 0.3397 0.213

T2 &k Fe-P 0.3197 0.0338 0.3535 0.106

T3 58§ Al-P 0.2719 0.0475 0.3194 0.175

T4 553§ Ca-P 0.3034 0.0551 0.3585 0.182

TS Jo#§ CK 0.2904 0.0485 0.3389 0.167

T ARIE LI OL & , 3 @ IR KH, PO, A3 (T, ) HIARIE L d K, Bkl FePO,-4H, 0 b3 f5 /)N, $5 3%
AIPO, 58 Cay (PO, ), FITCHE 3 MALHRE

AFIBEFIRAL BT Z R 25  ERK ZE AR RAEYEMEEYE S S HANOVA J7 20
PrEEATE DL LK 6.

*6 AEBHRXNZEMDHERZIE ANOVA FESTLERE
Table 6 Analysis of the effects of different phosphorus on Pinus Yunnanensis seedlings’ growth

- FIrA Frt KA Pl Bt
N Sum of squares df Mean square F Sig.
s Between Groups 13.706 5 2.741
; ieht Within Groups 32.630 28 1. 165 2.352 0.067
“ Total 46.336 33
FHk Between Groups 120.386 5 24.077
T + leneth Within Groups 379.842 28 13.566 1.775 0.151
aproot 1ength  rotal 500.228 33
-2 -3
S Be‘tw?en Groups 1.250 ><1()_2 5 2.500 XIO_3
. Within Groups 5.150 x10 28 1.839 x10 1.359 0.269
Shoot biomass
Total 6.400 x 10 2 33
. Be‘tw?en Groups 2.239 x 10:2 5 4.478 x 10 :
X Within Groups 4.467 x10 28 1.595 x10 2.807 0.035
Root biomass
Total 6.706 x10 -3 33
VB Between Groups 1.352x10 72 5 2.704 x10 73
e Within Groups 7.446 x 10 72 28 2.659 x10 3 1.017 0.427
Total biomass
Total 8.798 x 10 2 33

2.2 A[RIBEIEN Z BIAA 4 v B R SO PR 2

RTRYLIES MBI, NAEER 1 BIALBE S, Z B AL B 1R A B BEAR VRIS , R B N @ PR KH, PO,
> Bk FePO,-4H,0 > f8F AIPO, > §57F Ca; (PO,), > Joif CK, AN [R] 4b B 6] 8 & BAEZE M AR R _E 2B H —
B H . AT 1(T,) B EREIR KH, PO, BERLZRIF T, B4 B AN MBES B AR THE 4 1M
Mo EEO RS RT3 VAR 2. 98 ~4. 86 %, i TR RS B R R AT 3 ME R
8.40 ~11.65 . TMi%kMk FePO, 4H,0 Fa8% AIPO, FMIEG#E Ca; (PO,),iX 3 NI H] Z B HA Ly B AR ARAA PO B &5
BAHEZR IR NRED 1. 63 15, MR, TH B S T & B BART 4 ARG

T —77 W, FEAER S AL BE R R FR B A B o B AR wR S B, T T AR R S B S B AR
BRI 2 AT | B S AR/ (R T) o
3 hESHHEE
3.1 EE BT LU E BRI R 90 B AL 4l B R

ARG = BN PS4 R R A 5 AL Bl AP T BEIR KH, PO, AL B Z B MAS B AR R AR B
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KGR, SRR AR N & B iR . XUl KH,PO, LI 3 FBHIR 8RB 4T, BERE S B =
LRI . XS RBESFRROPIRERAM . REFS UL =M B3 RPN FIBHE X bR A
RAN B BB, 45 R R, T A R B IR G AR R A KA R R, e R — S P b B AR T
BKo

SREHZE S5 BRI — A O A R XK. B ®7 FEBMBLETEMAGEOHEE
it — S0 K AR B TE ML Eh , ;ﬁ‘%l‘ﬁr%— ST ek 48 Table 7 P content of Pinus yunnanensis seedlings under different

R e G M S PR s T meaE
BT RHEAR L, SE05 b, TS LR 2B am (k™) (gks™)
SRIAME, VR TE S BUR B R R P conent P content
FEfE, KB Ca* (Fe' Fe’* A B2 E B%E  1 warccr) 5.88 23.53
BPEREIRER ,95% DL E B A RROE X, MR R 12 gkt (Fep) 1.97 2.80
MELLCR PR, AR T B, RIUPTIE I “ 52 ™ BRALP) 1.35 2.27
%&2” [16] . T4 4% ( Ca-P) 1.21 2.02
3.2 EHHAEAELTER GRS RIEER SHEE 2 =
RS EA %

ARBEREZH, BT ER ERK ZEHAYE RAEYEMBAEYEIL SRR BIE AL
R I B RIL SL 2 5, BV R B IR AL 35 R B 3501k 25 0 = B A S v A R A M i AR AR B . X B
RIS 7E = B AR LTI - 2 2 & B AT AL 38 5 B HER A, BRIK IB IR R BCH = B A %) v A K B PR 1
R, X R T = EA MR
3.3  A[EBEEXA FEEYIARE L s R B R

AR SAEYIR T =4 B BT  EMARE L AR R LR ARG I, B AEYx w5 1
— 7 S BhIE R RS o (B IR R AR AR 5 L i R AR B S A e kil . BRI R RIBEE
PGB FE R AR L2 CK > RP > Fe-P > Al-P > CK + P, Xt IR FHEF N 195404 CK > RP > Al-P > Fe-
P>CK +P, MAEARREH , ARIBIFEAIE T = mE A% i b i K /NF AR R @ R > 5585 > S >
Tow > Bk

RIS [FIBEIR = B A S AR R LRI T @ meIR > £55% > 58 > Tomk > BRBE M K/ NIUT , X S84 b
HAMF TS B E LB X —F R i A, AN ESRama B rHemlsE
HHITRWALLIE, B Z — R EX = A4 i TR E B85 SRR, MmN K- 1 BOA 1 B i 18 2F
B, BB TS R . X—Z R E5E X ERNEETIRSEREYS, eEmaER 5
A VAR B 22 T f is RE K L9 7R B SRV 0. 03125 ~ 0. 00781mmol - L™" 2[RI BR M5 , T AS IR IR )
WL & B AT = T s A .

T R A28 BB IR BE R 5514 T = B S v FAR I b B B B L BB IR AR I 245 1F T MR & L K, 208 etk —
3.4 A[EBEEXAS FFEY) B = A VR AR R, R 2 2 0 o

ARG FBEN = B A KRB A P AL RS, XSRS E - SHEY R ERA
7], 3XBR T 5 = A B THIRBE AR AR S50, 3B R 7 [RY B0 A R AR 4 B 7 A i E R A AR ). R R 22
FHER G, X 5ARMEY) B 5 RBEF FRE GRAZRRAE) A 56 F0IR, A R YR 2R 20 U5 9 %o eV PR 10 1
LEE AR 55 =, A RIS IR S0t + ER BREETE 1 AR PR 25 7= A AR Y, & B AR PR LR
AN S 5 5500, A [RAE AR RS [RIRIE Y BB 0 A AE R o 40, e S0 R B0 v (0l 1 BB 0 A5, it P
T B T OB R O AR 2 AR T S 540 Y, L B 145 . XIS &Y B s g R, X TR R IR
Ab3E NG R R AR PR AEAR BRIUAE R R B E RAR BR2 B (R/B) A B 22 5, HK/NIBF i : K, HPO,
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BAE % . AFEBHEX = RI 4 A K B i B 52 4083

(BEERE —41) > CaMg-P(F5EEHEAL) > SSPI BAERRES) > FA(SRBE KA ) > CK(XHE, AHEBRAL) o
KTAFBIR Tz s AR R B S B 22 57 M IR R AR A At — P IRARIT
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