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SR E RN, TR R TP R EAMUE LK, 7352 PL Y 2.07 5. 37 7%, 225 .38 s AL BEAE 1S R, PO AR AR
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Effect of phosphorus concentration on Cunninghamia lanceolate
seedling roots and potting soil

WEI Ruping, HU Dehuo, YAN Shu, ZHENG Huiquan, WANG Runhui
( Guangdong Provincial Key Laboratory of Bio-Control for the Forest Disease and
Pet/Guangdong Academy of Forestry, Guangzhou 510520, China)

Abstract ; [ Objective] To demonstrate the morphological and physiological response of Cunninghamia
lanceolate roots, and the variation of nutrient and microorganism contents in potting soil under phosphorus
(P) deficiency. [ Method ] Three treatments including P deficiency (PO), normal concentration P ( P1)
and high concentration P (P2) were applied to potted C. lanceolate seedlings. The temporal dynamics of
root phenotype and physiology, as well as the nutrient and number of microbes of the potting soil were
measured. [ Result] After 30 days treatment, PO had the least accumulations of shoot and whole plant dry
mass, and the highest accumulation of root dry mass and root/shoot ratio, which were 2. 07 and 5. 37
times of those of P1, respectively. Starting from day 15, the root P uptake rate of PO had been the lowest
while P utilization rate had been the highest. At day 30, the root P uptake and utilization rates for PO
were 43. 18% and 231.59% of those for P1, respectively. Root surface area and root tip number in-
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creased with the increase of treatment time, and were 3. 46 ¢cm”and 56 respectively for PO at day 30, sig-
nificantly higher compared to P1 and P2. During the entire treatment process, acid phosphatase, SOD
activities and MDA content of PO were significantly higher compared to P1 and P2. Compared with P1
and P2 treatments, PO had obviously higher content of soil alkali hydrolysable nitrogen, serious shortage
in available P, minor differences in pH, available K and cation exchange capacity, significant increase in
acid phosphatase activity, and decrease in the number of fungi. [ Conclusion] P deficiency (PO) treatment
led to increase in root dry mass accumulation and root/shoot ratio, increase in root surface area and root
tip number with the increase of stress time, decrease in P uptake rate but increase in P utilization rate,
and significant increase in root acid phosphatase, SOD activities and MDA content. In addition, acid
phosphatase activity of the potting soil significantly increased, alkali solution nitrogen content obviously
increased , available P content was in serious shortage and fungi content was the least for PO compared to

other treatments. Therefore, P deficiency has significant effect on root growth, as well as nutrient and

0%

number of microbes of potting soil.

Key words : Cunninghamia lanceolate ; seedling; root; P deficiency; pot culture; soil nutrient

BEVE A AW T 0 K G 2R, BA R i
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it FHBENE C AR 280l 38 i BRI W2 , (HBE
YA ORI A R0 A AR 1 pmol - L7172
A IEASBE N LA o B oK, TG & T 44
LB R A BER A LT RS Bl
PER2E , Hy BB A 1 ~2 mm, RHTERE AR K
RE SR, R 25 1 R PR e o 7 e R
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TR M A e SR AR O, DU D i — 28
) W AZ AR TG 2% IO X Rl 2 55 1) i IS ATL A LA B 1 e
BAZA A e B BRI S K T
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iR IE R
I F 7 R X, A4 113°257, b4
23°14", & R 2= XU, AR R 21,8 °C L 4F
PIRET R 1 725 mm, 4EH78 %5 1 603. 5 mm , F-HAH
KB 79% -+ HBE 1 960 h, LRI R F 340 d.
1.2 ik

FEARITCHER 4 SHIEASN, ik 6 1, F
i 8.50 em, F-3H14% 0. 23 em,
1.3 RWigit

FESR KNP R £ b ik, &1
AP EAZ 22,5 em, JEH H % 10.5 cm, 5 15.5
em, B LEEFTHA S, 76 0. 117 6 MPa 122 C
SR R 2K 20 min, SR REH A . 2015
AETH 8 H L EEEETOH E KBS AR bk
T, FRAERT G — BB AR R, R KE N 3.0 cm
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fidyo BRARRAE 1 ARER, BOE 3 L3, BEHLIX H
He9),3 ES, HHE A 30 PR, £ R Hoagland s
FIRI T (R L, DL KH,PO, MBI, i E 3
v AS ) B e B85 A 5 9% W, B PO (O mmol - L7
KH,PO,,1.0 mmol - L™" KCl) ,P1(1.0 mmol - L'
KH,PO,) .P2(2.0 mmol - L™" KH,PO,) , i A EHE 15
d J& B RPEMDEHE 1 OB FR, AR 30 mL - FR 7T,
HELEGEME 1A F i 1 (R A it i H: A A}, A FE
) PR PR — 3. BB TR KR, BIR S
d, &AL FRFEHLIEI 3 AR AR (3 IR = H ) #H47

BTG BRI E o
1.4 MZEFZE
1.4.1 HHAAEHSFEHEZTMNE IR

R 2K 3 R4, 48 105 C A 30 min, 70 CHET- %
BT I, 43 R a5 A T ) o o a5 AR R O HLE &
R WA A L, A R AU B L
ke,

1.4.2 RAEABIAHNE BUREERIZERR,
F) A ( Microtek ) ScanMaker i800 Plus #4742 2434,
SRIG s T IR LA-S MR 2 20 B R GE 3R B R P
POS FL A

1.4.3 B sk d (ACP) FMHalx 2 M Mc
Lachlan 257" (i 77 3 9647, 185 Ve AR 2 05 B %0 BORE 1)
JE o

1.4.4 B A Y H AL E (SOD) &% fo B — B
(MDA) &2 a2 PR &R 5 B2 HUSE I 72 , SOD
T P00 SR P A A 22 O R0 5 D Ak J 3, MDA
S e R AR E e 2wk

1.4.5 g AacsME HERLEERTKH
Ja BT kg IR A A AE (CK) #4755 — IR 43I 5E 5 78
VEREE IR 30 d BHEAT A 2 YRR, BRIV RE AL A
AEFR 3 AR HHERA AL kg BAEE . 5

OrARRR 9 4 pH B S A R | BH T
A&t FRVERIR RS Ve U, 2 MR+ B
FIRAAC I T TR E
1.5 HiESH

R SAS GEit F M Bl AT S b T
o SRR B R GRS AR

TR R = ORI AE YR - 06 AR Y
DU 588 RS K AW i A= i

MRAR TR IR = HRAR BB R/ AR R
G7/h

WABRAAIR = WAL TH R RBE/MAR
SRS

2 ZHRGOMH
2.1 FRSHBREMEHRTORRRES R

A

Hi % 1 AT, B3R T4 o R BR PO Ak 21
A, PIBER TR TGS 565 15 K, PO AbFh | 34
TYp)o 2 W E(LT P1.P2 4bBE 55 30 KA, PO
ALEE R PL AL H Y 38.52% ,P1 P2 Ab PR [A] 25 5% AN
W, 3 AN EEAR R T o SR B B[] 22 4K i
B o PO A BEBE K IR B R, PL AR BN, B3R
20 K2, PO AbFREA P = T P1 P2 403, 55 30 KET,
Syl P1 P2 AbFHY 2.07 F1 1. 94 £, Btk T
ERE AR LS S BRI, 2R 15 Kk, PO 4b
PRI AT PL.P2 403, 55 30 KA, PO ZbEEH P14k
FHAY 68.29% ,P1 P2 AbPH[A] 2% S AN B B . AR oef LU AE
55 5—30 KN, PO Ab B 5 F P1L.P2 b BE 3R
30 Kif, PO ZEFEAM 31K PL P2 ZEFEEY 5. 37 F1 5. 14
£ P1 P2 Kb3E 26 10 KA, HRIE Eb itk 34 /)N, 435l
7 0.208 ~0. 261 F10.225 ~0. 321 Z 6255,

®1 FEMBHKEEKNTYRS &
Tab.1 The dry mass accumulation of plants supplied with different concentration of P
v b il R | vd b il L
Ho_F i bk = o i bk =
5 PO 0.034a 0.022a 0.056a 0.647a 20 PO 0.055b 0.047a 0.102b 0.855a
P1 0.026a 0.014a 0.047a 0.538ab P1 0.110a 0.025b 0.135a 0.227b
P2 0.036a 0.014a 0.050a 0.389b P2 0.122a 0.031ab  0.153a 0.254b
10 PO 0.041a 0.020a 0.061a 0.488a 25 PO 0.049b 0.053a 0.102b 1.082a
P1 0.069a 0.018a 0.087a 0.261a P1 0.130a 0.027b 0.157a 0.208b
P2 0.046a 0.012a 0.058a 0.261a P2 0.114a 0.032ab 0. 146a 0.281b
15 PO 0.037b 0.021a 0.058b 0.568a 30 PO 0.052b 0.060a 0.112b 1.154a
P1 0.096a 0.021a 0.113a 0.219a P1 0.135a 0.029b 0.164a 0.215b
P2 0.081a 0.026a 0.107a 0.321a P2 0.138a 0.031b 0.169a 0.225b

1) £k B — B 1R R A, LA A — AR B 544 &7 f 0.05 KF £ F R 23 (Duncan” s %) ;2) BB = 1 F 4

RBRE/ I EFRTHRERE,
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Fig.1 Root P uptake rate of plants supplied with different
concentration of P
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Fig.2 Root P utilization rate of plants supplied with differ-

ent concentration of P
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Fig.3 Root surface of plants supplied with different con-

centration of P
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Fig.4 Root tip number of plants supplied with different

concentration of P
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A IR S IS m g, a0 3 A4k
AR ACP {GVEA A FIFEEE A EE e, Horp PO Ab i
L5 5 RIFE W THAR 2 MEH(P <0.05),
5530 Rk A, 7 2.77 U - g7';P1L P2 b HiiFE
BEREI R R ACP 15 PR LB A1, %65 30 RET,
HygsMEa 5 154 fi1.76 U - g7' 2R KB,
AL AL (SOD ) 2 AE P 1A N = R0 Bk B el
MR Z —. WK 6 v A BER R LKA R SOD
PETE 3 ASAbER[A] A2 AL AN AR R] 25 10—30 Kif PO
R N 14.79 ~17.23 U - g ' B & T HA2
AMEFL(P <0.05) ;P1 AR FEAESS 10—30 R 2B
FEfa$h, 55 30 KA 10.35 U - g~ ' P2 b LR
KAk, 55 20—30 KA HAHTE PO P1 Z H]) 254k, TN
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Fig.5 Root ACP activity of plants supplied with different

concentration of P
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Fig. 6 Root SOD activity of plants supplied with different

concentration of P

06 - —e—P) —E—Pl —&—P2
W 05|
=
g
S 04 1
<
a
2 03¢
~
02 | | | | | |
0 5 10 15 20 25 30
td
BE7 AEEBKERZ MDA &

Fig.7 Root MDA content of plants supplied with different

concentration of P
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SRS PE A R RUE Y D) AR 5 3 R % U0 A
S I 2 WA 5 30 K, 3 AN Ab R + 45 pH
TCHA 25 5, (R 22 ALl b PR AT IS A PG . 1 9
R BT BOR /NHERE S PO > P1 > P2 > CK, PO Ab
T 94.33 mg - kg, 43 B4 P1.P2 fy 110. 78% Al
137.91% , 347 3005 5 5 50 BCHE P o P2 > PL >
PO > CK, PO 4b B 43524 P1 P2 Ab B[ 15.61%
3.15% 225 B % . - HE SRR R a4 BORT BH B T
M AE PO P1 P2 BRI 25 S N I 3 (R A 2 ALl
SEPRFTIA W PR o 3 AL I I R T R il
TEPEAESS 30 K 35 T AL Ab #HHT , K/NHEIF
PO > P1 > P2 > CK, PO &b 343 5| &y P1 P2 Ab Hi {1y
189.25% F1 245. 12% , + 3 B B & HEF y PL >
P2 > P0 > CK, H:+ PO ZbFE{Y A P1 AL FEF) 66.5%
B,

F2 TEMEBREZHKTESRSER"

Tab.2 Nutrient of potting soil for plants supplied with different concentration of P

e o w/(mg + kg™") e RT3 v ACP i&EHE/ HH/
A G R (cmol - kg™')  (mg-kg™") (CFU - g™")

CK 5.36 52.65¢ 0.47c 174.21¢ 6.74 b 6.62d 136¢

PO 5.28 94.33a 1.40¢ 571.31ab 9.27a 411.11a 1 059b

Pl 5.11 85. 15ab 8.97b 569.98ab 9.49a 217.23b 1592a

P2 5.23 68. 40bc 44.51a 587.59a 9.68a 167.72¢ 1 198ab

1) R CK 354 B 3 AT 69 4 L3, PO P1 P2 20 5 35 B4 B 55 30 Rout 3 Mabam ey L # K P R 71 K5, LAA — AR

NBFFEETE0.05 KFEFREF(Duncan’s %),

3 Wig54iE

T B A A R SRS A B T BT R 9 72
AEPERE o B ZBEIURIE 5 DR M P 7 D A T A4 3

e S 25 W N, 2 75 A ML) 45 P R 285 R AR B 118
AR L ABRIE R, I8 2 (B e AT R A2
ARV T P A 2, EH PO 4L BUE iR Bk g,
IR T T AZ A T4y o A L _E 38 R 2R 2 [R] F)
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