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(71 Hoagland (1 (KNO; 0. 51 gL,
Ca(NO3) .- 4H,0 1.18 ¢/ L ,MgS0,- 7TH,0 0. 49 g/ L ,
(28] _ KA 0.075¢/ L ,H,BO32.86 mg/ L ,CuSO,- 5H,0 0. 08
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2,1/2,14/8,1/32,1/128,1/ 512 ,0 mmol/ L.

pH pH 5 6 6
, 1 ,
5
20 %. 5d
1.1
, , 105
30 min ,60 80 8h ,
[12].
1.2
,ICP- AES
1.3
(1) (200
mL/ ), 2h ,
10 mL*
2
1g, , , 10 mL ,
(3) Agilent 1100
, :ZORBAX B - AQ,4.6
mm x 250 mm,54 m. 30 . 20
mmol/L V (KH,PO,) V ( ) =99 1
0. 05 % 0.6 mL/ min. 211
nm.
1.4 SPSS11. 0

1

2.1

1/ 8 mmol/ L

, Y=0.1778+0.039

8 X(R*=0.869,P<0.01).

mmol/ L , 1/ 32 mmol/ L

( P=0.05)

Tab. 1 Biomass and root-shoot ratio of Pinus yunnanensis seedlings under different phogphorus supplies

12

c(P)/

(mmol-L ™% / lg lg /g

2 9 1.385+0.195" 0.257+0.027° 1.642 0. 208% 0.191+0.022°
12 16 1.225+0.160% 0.198 +0.017% 1.423+0.173° 0.166 +0.013°
18 15 1.136 +0. 132** 0.185+0.017*® 1.320+0. 135** 0.170%0.022°
132 10 1.013£0.113% 0.190 + 0. 032* 1.204 0. 138 0.186 0. 025
1/ 128 12 0. 855+ 0. 059™ 0.193 £ 0. 030® 1.048 £0. 063 0.233+0.047°
1/512 16 0.653 % 0.039° 0.169 % 0. 020" 0.822+0.047" 0.260 % 0.032°
0 8 0.222 +0.030° 0.159 + 0. 003" 0.381+0.030° 0.743+0.097°
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2.2 )
.3
, , (1 1/ 32 mmol/ L
, . 1/ 2 mmol/ L ,
: /8 mmol/L . ,
, (Y=11.0413
( 2. - 4.3544X +5.3414 %%, R*=0.948, P<0.05).
1.8
1.6
5 i
S
0.4
0.2 S — .
0 0 0.250 0.500  0.750 1000 1250 L. 500 1,750 2.000
¢ (P)/(omol-L7")
—— PHEHLEYR —a— PHRFAEYR —— EHREYR
1
Fg. 1 Biomassof Pinus yunnanensis seedlings under different phogphorus supplies
2 ( P=0.05)
Tab. 2 Stem height primary root length and the number of latera roots of
Pinus yunnanensis seedlings under different phogphorus supplies
c(P)/ (mmol-L ™) / /cm /cm /
2 9 14.89+1.23% 25.22+0.76%* 23.7+2.8
12 16 16.29+0. 66" 19.72+1.61% 10.8+1.4%
18 15 14.47+0.75% 21.99+1.84 8.9+0.9°
132 10 14.69+1.18% 25.00 + 2. 37™ 10.6+1.4
1/ 128 12 13.80+0.71% 26.27+2. 17" 10.1+1.9
1/ 512 16 11.94+0.80° 29.09+2. 78 12.9+1.4°
0 8 6.63+0.48° 53.81 4. 25° 11.5+0.98°
3
Tab. 3 Phogphorus content of Pinus yunnanensis’ , ,Pearon
seedlings under various phogphorus supplies 0.803(P<0.05) 0.880
c(P/ / / (P<0.01) ,
(mmol-L " %) (mg-kg™")  (mg-kg )
2 9 4.81 2.52 (Y =ho+
U2 16 3.4 2.06 by X+ b X%, 4)
18 15 2.32 1.55
132 10 1.86 1.28
1/ 512 16 0.9 0.55 '
0 8 0.36 0.34 '

2.3
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2.4
,Pearon
(141, 0.848,0.818,- 0.963( P <0.05) ;

[15] 3 3

2.5

, (Y=

1.6843+21. 861 8X - 7.987 8X?, R? = 0. 903,

P <0.05) (Y=6.6086+9.4936X, R*=

0.669, P < 0. 05) (6. 710 6 +
105.212 X - 50.025 X%, R*=0.944, P<0.05) ,

(Y=4.9669- 2.4735X, ,

c(P) =1/32 mmol/ L ,
c(P) =1/2 1/8 mmol/L

R?>=0.928, P<0.01)

4
Tab. 4 Equation of P content of Pinus yunnanensis' seedlings underdifferent phogphorus supplies

R? F P bo by by
0.914 4 21.16 0.007 1.1180 6.0013 -2.0802
0.859 4 12.21 0.020 0. 7580 3.5718 -1.3473

5

Tab. 5 Organic acids exudation in root rhizogphere of Pinus yunnanensis seedlings under different phosphorus supplies

mmol- kg™ *-h™?

c(P/ (mmol-L" 1Y)

2 0 0.01457909 0 0 0
12 0 1.208 657 53 0.127 050 41 0 0
1/ 32 0.014 209 72 0 0.029 357 13 0 0
1/128 0.011571 84 0 0 0 0
1/512 0 1.236 317 450 0.038 173 20 0 0
0 0.062 15171 3.794 308 21 0.090 537 38 0 0
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Tab. 6 Organic acids content in Pinus yunnanensis' seedlings under different phogphorus supplies(dry weight)

6

(

)

mol - kg~

c(P)/ (mmol-L™ 1

2 13.45847660 17.07678663 27.13723133 13.08754601 17.035969 81
1/2 10.58694627 O 5.140965 28 15.58525269 46.77044259
1/ 32 3.02621304 O 7.22985999 4.65108898 9.467 008 69
1/ 128 0 0 6.245084 55 10.75592107 10.21807390
1/ 512 4.62871793 O 15.676 50040 15.95038957 11.45769248

0 0 0 2.34544890 O 0

2 9.43477132 O 9.926544 17 27.67608742 O
1/2 9.48364175 O 5.26232798 25.88891190 3.810247 45
1/ 32 6.24065244 O 9.99241418 28.83444589 5.07020155
1/ 128 4.63853397 O 10.541 94356 34.87813494 4.32113117
1/ 512 3.38180046 O 9.27593033 22.86852319 4.447 41773
0 0 0 14.416 708 94 35.15784485 5.867 023 80

[2] )
; 40d ,
[16]
. [4]
L] p H
pH
[2 4,17] ) C02 : :
H*[14.18]
[8,14,15] ’ pH
3 ) p H
[3] , C(P) < [18,19]-
/8 mmol/L P

c(P) >1/8mmol/L
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Efectsof phoghorus supply on seediing morphology and
organic acids exudation of Pinus yunnanensis

DENG Yun'?, GUAN Hui-lin®, DAI Kai-jie'*, ZHOU Wenrjun*, SHEN Youxin'
(1. Xishuangbanna Tropica Botanicad Garden ,Chinese Academy of Sciences, Kunming 650223 ,China;
2. Shool of Life Sciences, Yunnan Universty , Kunming 650091 ,China;

3. Academy of Energy and Environment , Yunnan Norma Univerdty , Kunming 650092 ,China;

4. Central South Forestry Univerdty ,Changsha 410004 ,China)

Abstract : Phogphorusis a key element for plant growth. Bffects of P supply on seedling growth and or-

ganic acid exudation were tested by growing Pinus yunnanensis seedlingsin culture lutions with different P
supply. Quadratic relationships were found between P supply and root biomass ,numbers of laterd roots and P
content of above-ground and under-ground body of Pinus yunnanensis seedlings. The efect was very strong
when P supply was low ,in contrast turned weak when P supply was high. As the time extendon of P short-
age ,seedlings reduced their root biomass and raised the primary root length to ensure their growth. Phogphorus
deficienciy causes the interna plant acid environment charge and then afect the growth of Pinus yunnanen-
sis. However much exudation of organic acidsin the root were hardly found. Thisindicates that the exudation
of organic acidsis not the mgor reaon for pH change in root rhizophere.

Key words: Pinus yunnanensis ;phogphorus grads; morphology ;biomass;organic acids



