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KT mAREEA R, A BARAE(GT) , AL ZE(FL) ., & XF(FW) |, 2 & % 3L (JO) . # d &%k (HR) |
MEBLSM)EFMEZRGME TAMBRGLEMS GHEFTEBRE, RATRRER, REEFTHELEH
(KH,PO, 10 mg/L, s B) K85 (2. 0 mg/L)RAE, MG, THRK. BRAET. LW EXRSEFET, REW®, B
PgE LAWY M AL TEME, AR, TERES ., HAMAR., RAKHEE, ALY, & Ak
REERARZFANFT ISABEEZIRT, AERBARG I 2 HAE DA IKSRF, B3 TRy FRE XK
SM AL AR RTIEN, ERS O ISA LRI RERRAANGE SR £/ IR E T AARKHERS D
EAWNBLSMIRER; REXEIMNEANELAT M IR TR RAFN, ABRET M5 HAR
RESBELEARKBEREXZE W, B L, TROFPREXKSN RS A LN T L A& IK A R ik,
Wl AL AR R AR, BAELE(FLAREXF(FW BT FaMa LA, STMEX(GM) 5z d £ L
O, JTEMBGD 53 & EHM(HR) B TR B AIKHFLR

X § O LEA; R KB ERSSN RE XKL

FESES: S718 MEARERD: A XEHS: 1673 -9868(2017)08 — 0049 — 08

BRI IR AR L R 4 B A 6 T ARy, TERCIR AR LA S, Ao R
BT ARG RS RE . RIS S S R R S S RR EE Y b TR R L 5
SE . B E2E, AR A Y AT WA A SR ARAR T SR 1% 7 R A e T R A S R R R
i T PR R LA A RE A R . MR AR B A T . OB A AR AR AR 2 R A
FAAL, PR ALY 00 A S B SRS IR AR Y Y AR B SR T, (R — W R [ R TR R L L
HERE R BE I AN X B3R A WS8R AT AR T RE AN IR %L BRI s 4 R P v S8R 0 £ R R B R R
fifk PR - SRR 2R A WA AR AR T IR A SR AR

Ty AN ™ T 3R B 7 H XY BE A A, G2 X RIERIR S A R E AR T mE T, LRAE,
BV, TP ARG, CEGIY T DR AR AT, Iﬁt%‘*’*’i‘f’%‘ﬂi%%‘ﬂﬁﬂfwe?fﬁﬁﬁfﬂ’{
AT HENGE A B ST TV 22 5 AR B AR OC AT A B AR AR AR . T A PR R B 1 AR AL R T R A R

@ YR HB. 2016 -10-20
HETH ., SN EKRLH20126011 - 1); 863 7141 (2011AA10020301).
EH R B30 984 -, Lo, WAL RS A, LU A, FENFHRREE M.
WARIER . SCHENs . #Hz, W04 F .



2 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 39 %

RO ALY ZR A R B MDA R i 1 % U e S TR SO e 2 AR R R S 1 A
AR B 30 14 2 A B e AL A

T T AR P2 — AR W S 2R B PRR B — B 25 sl A AR s O AN BE 22 AT 3t B e i A TR R 38 A A
it T Z AR K 2 0] AP AE—E A, B AR 2 BB B EE AR, w A R E 6o 2 b
T B A ST A3 HEAT LA W CEO B RPN (EE A R LR X W R O TR T T R
TS (ER B Aol S5 5 0 9 R T8 AR SO 7 A b 5 M S R b &l B AT IR o, I E T 15 MBS R A B A AR AR
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1.1 Re s

BERARIL 7 43, RAFESEL A RKRIELH 5 D EMFED S MM GT .. mEEks
(FL) ., &R F(FW) | VLV 5 X (JO) K pg ik (HR) . P K 2 A v B 20 HE AR b X AR . pd 1 JE 1
(SMD) B 5% M i & (GMD.
1.2 REiEt

TEPEFORLIRL G OB 1 A 2 KT L SIS TR AT E . I 35 d EBARA MBS (12 cm X
11 e 1, ARIFIETON BB, R4 6tk FA 3 K. Bk 5 d IR TP IR E IR, BIRMIL T S H BIRAESIf
RS AN, 7 e 2Rl b e Ar KH, PO, B EER: PR BETRAY I 2 B . D Pl GO AL FE (10 mg/1) 5
2) ARHEALFR (2. 0 mg/L), AR AR KNO, F1 Ca(NO,), « 4H, O JFiH e FBE LU 2 IE 7 19 NLK BE. 2 FE7E A
TR RN QHX-250BS-1D H 4T, Y6HR 10 h/d, YEHRE 20 000 1x, WIF 18~22 °C, B 75%.
1.3 MEMBSFHE
1.3.1 HAmAcegn T

AR HE 60 d J5, /NGO HBUE B AR, EVE T, S RIE R R A, M BT A R K ORI R &
MR A A« A i CHR 2930 28 A e T0T g A= K ) SR A R A 850 o I 11 B AR e bl R 3R 5 Joft £ 5 Wl I 5 £ It o
1 AR
1.3.2 A2 A AReg 2

U4 Kb BRAH [R) R A7 B o B2k, e A B AR AR AR bR, S IRKE RS M. MRERES RO
Pt 4 BRI 2 5 AT PR (SS) Tt 43 BOR FH B Lb (532500 22 5 79 B (MDA Jii it 43 $CR H B AR B b 2 1
(TBA) I % 5 W P8 11 (SP) Il 43 BCR 1% B i 52 0 G-250 YLk 2 65 76 I 2 5 % 25 il 20 R (Pro) i it
A3 BCR PR M /KA B =0 e 22 5 8 SR AL B AR i (SOD) 16 4 2R Sl A A 35 20 2% DUk (NBT) Y6 ik J 7k
W 5 2ok Sk i (POD) T 1 SR B A0 R B Ak b vk e s 3 S0Pk A CCAT) 1 1 R FH 48 A0 0 ic ik
FE s MRIE IR o ZEM A TE I E
1.4 HELAEBSSITHH
1.4.1 @& # 2 4 (low phosphorus tolerance coefficients, LPTC)

(G A T 5 {0
~ /0
LPTC/ 2 =S e g 1 0°

&4 A RUR BB LPTC B AVERAALE SPSS 20. 0 #4740 564347, 38 5 DPS 9. 50 4k B 45 14
T BRI B 25 2R P K BB 5 e o LR AT B 240 #.
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1.4.3 FHAHERE

Wi:Pi/E ‘P;| t=1,2,3,n
A, W KRR i A ,/r:.?‘ﬁﬁf@?ﬁé?/a‘ “*T*E’JE%%IFEMRE P, R RS @ LR G bR Y 5T
1.4.4 %&MA DA

D= EIU«1>*W] i =1,2.3,n

K DA 25 T U8 A AR B W 38 F’FTJ & it IR BE 7 1 /N (IR )
1.4.5 £ABKAHe (DHAEAKE Y,
min rmn | Xo (k) X, (k) |+p max max | Xo(k) — X, (k) |

k
s (k)= \XU»+X@>Hpmmmm\X(m—X<m|

o= I3 e im1230e

k=1

A, “R7IEACEE £ ANFERR . SRR S B A3 B W IR B R B T I 1Y 10 AR BRAE A48 A CHE B KRS 5 4
N D AE (S HESD BAT BT 2 BB R p=0. 5 TR OCH R B SR BE B . IR 4% G BE K/
BB, ik B AE Microsoft Excel 2010 Hiz %,

2 ZFRE5H5)
2.1 AEAMESERTHEBRBMAHEXEST
TEARBE R BE 38 T, AN [) b 25 2 A 9 Tt 1K 8l 3R B 22 0 B K (3R 1) : MDA(X ), SOD (X 1,), POD
(X ) F CAT (X ) B 0 BCAEARBE B0 N XA AR E N (LPTC>1) s BMSRR (X OH B T, it
B R B /INTF 15 oAb FE b 08 il A0 Bl 22 500 DR b RS () I 22 A R 22 1)L v L, 4% 48 A 76 2 JR8 A8 i I ol AR
Hh T R A AR RN SRR ] A ()00 2 i b R 00 2 S T 3R B0 A1 /99 o 32 M 08 A8 — 30, TR, S0l — A B —
6 HR VEAY 25 i U A AR A R 1 S AN 1Y
F1 FEMEIEMELE TSRO ERRS
Em ERK REE b EEE RE Bmg kWESS MDA SP #E Pro SOD  POD  CAT MZREN
X, X, X, FEX, X X, MEX, X Xy X1 Xy Xy X3 X X5
SM 1.30 3.76 1. 36 1.13 1.19 0.81 1.14 1.23 1.97 0.81 1.88 1.39 1.28 1.59 2.41

GM 0.25 1.07 0. 86 0. 84 1. 06 0. 60 1. 16 1.22 1. 63 0. 94 1.37 1.31 1. 16 1. 33 1.18
GT 0.35 0. 39 0. 69 0.57 1.21 0. 86 1. 44 0.99 1. 39 0.99 0. 44 1.25 1.10 1.23 0.63
FL 1.13 1.22 0. 87 0. 89 0.98 0.90 0.91 1.05 1.29 1.17 1.23 1.35 1.26 1.29 1.40
FW 1.03 0.98 1..20 0.97 1.23 0. 57 1.58 1.25 1.67 0. 94 2.39 1.37 1.26 1.35 1. 64
JC 0. 26 1.53 0.43 0. 68 0.63 0.73 0.50 0.97 115 0. 88 0.79 1.43 1.35 1. 40 0.73
HR 0.31 0. 27 0.34 0.49 0.75 0.58 0.78 0.98 117 0. 94 1.42 1.63 1.54 1.37 0.67

XF £ T A 46 b FLAE B AE AL AR bR AT AR DG M A B . S5 R SR (3R 2) . IR . MR 5 UE & Pro W
FIEM K, 5 SOD Ml POD & A ¢, SRR I B F IEMHG. ERK SRR I E EHE; )
FEEFT R 5AEEIE DR, SSHR RIE AR 3 EAHDG; Hb B EREE T & 5 SOD, POD AR R 16 ) 45 4 {48
bRl EA G, MRS N FE, SSH MDA i % IEAM K, 5 CAT B EF M K. A FIE &8 br 8]t A7
TEAHOCHE, ARG T S EMK B FEMC, Shke . d b 56 5 & fAR W ik B35 IEAHOC Hb |- &8 &
FRSFERKEDEEME, SHENREEEMEG=0.82). FFE, 448 A4 L35 b 8] 77 78 40 ek
SHEE R 5 SS,MDA, SOD Al POD & 2 i 156, Hh St 4R 5 POD A PRI B4 K F; MDA 5
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SS R F A5 SP 5 B Pro [A] H AW IS by A A SCME e 58 . A WF 8 Pro S Mk 3 AHSC. AT IL, 2% 98 r
()77 6 AN ) B2 A A S P, 3 R BT 4R R A5 BAFE B B . R W 1 AN [ U5 5 2 e i R Wl A 7 ) 5 0L
P R HE B PRV A

®2 REMPETEERNEXRY

Xl X'_) X3 X,1 XS X6 X7 X& Xf) XIO Xll Xll_’ X13 Xll le)

X. 0.41 1.00

Xs 0. 27 0. 28 0.79"" 0.43 1.00

Xs 0.39 0.30 0.11 0.34  —0.07 1.00

X; 0.25 —0.17 0.60" " 0.38 0.62" "—0.27 1.00

Xs 0. 04 0.18 0.60" " 0.32 0.70" "=0.53"  0.57" " 1.00

Xy —0.06 0.33 0. 38 0. 04 0.62""=0.51"  0.36 0.82°" 1.00

X1 0.35 —0.25 —0.11 0.00  —0.19 0.29 —0.02 —0.38 —0.34 1..00

Xn 0.48" —0.18 0.35 0.42 0.06 —0.33 0.41 0.42 0.17 0.16 1.00

Xy —0.447 —0.19 —0.39 —0.54" —0.18 —0.54" —0.25 0.10 0.31 —0.02 0.08 1.00

Xy —0.447 —0.15 —0.34 —0.55" —0.07 —0.58""—0.21 0. 20 0.44% —0.07 0.08 0.97" " 1.00

Xy —0.15 0.38 0.21  —0.09 0.447 —0.35 —0.08 0.43" 0.51" —0.29 —0.12 0.25 0.35 1. 00
X5 0.77°7 0.66"" 0.77"" 0.88"" 0.32 0.32 0.23 0. 24 0. 06 0.01 0.30  —0.3¢ —0.40 —0.02 1.00

Peo oo M x o MBI p AE 0,05 B0 01 KT LERAGIEE L.

2.2 ?r\lﬁ]ﬂliﬁ%?#ﬁﬁﬁﬂﬁﬁﬁé%‘ﬂtﬂ@iﬁiﬁﬁ*ﬁ
b RS E iR AN IO E PSS AR - 95 AR (= SN = - e N i - o (39 04 ST NP = N S et A N 7

¥ 5 MBS MEARFE AR Bk, EAREK, *Ef%ﬁ%?ﬁ% oMb b ER e R, AR SEE L) RN 10 AR HAE AL 48 B (4
%, RW¥ ME, SS,MDA,SP, {#% Pro,SOD,POD,CAT, £ % J1) 7EA RS B 2R 85 T 00 Tl A% 8 22 5k

AT E AT B, ARBEIE T 15 D HEAR Y 15 A E sy, W3 3 TRIE . /i 4 286 48 r BB TR A
96.23% , HPH—AF RS oTER T 51, 26 0 fF R, EAEMR IR . MDA, ARG, H FEREE A, SS,
e, ME, FMRK, B8 Pro FIZEHAE N 25 10 MR 5 2 D FE M4 H POD,SOD #il CAT 20, ]
PR ORAP B R 5 28 3 S FE R RO 1 RS R BT it - i o 58 4 A E U R TSP R A
U, MRJTUE . PR S 2R T i B 1 (SP) TR Sy T R R R B BT Y 45 5 R .

®3 EEMETRAHTERSTHRE

£ Cly Cl, Cl; Cl, & IR Cl Cl, Cl; Cl,

X, 0. 99 —0.11 0.01 0.08 X; 0.58 —0.57 —0.48 0. 00
X, 0.95 0.01 —0.12 —0.23 X1 —0.38 0. 85 —0.07 0. 32
X 0.95 0.22 0.17 0.13 X1 —0. 39 0. 84 —0.16 0.26
X, 0. 94 0.09 0.17 0.12 X1 0.55 0.76 0.25 —0.24
X 0. 89 0.03  —0.36 —0.02 X 0. 07 —0.43 0. 88 0. 06
X, 0.79 0.07 0.31 0. 50 X1 —0.29 —0.57 0.17 0.72
X5 0.76 —0.55 —0.21 —0.01 FEAE(E 7. 69 3.54 1.92 1.28
X, 0.72 0. 40 0.51 —0.24 Tk E/ % 51. 26 23. 62 12. 83 8.51
X 0. 70 0.41  —0.45 0.37 | BMTTHRE/%  96.23
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2.3 TR R I A A B 1 O A SRR O )

15 2245 3 072 0 B S0 W7 (00 L+ S B S T SORI 0% v B S B S . X 7 A D R AR U
B ARG A 0 7 T 56 2 A+ R P 3SR AR 46 P T 7 A 0 2 A P U 4% 2 B4 S IR M U o) A T
i W, o IFHSE AT A BB BEAE D B9 D i th R B/ DI JE Ll (SMD 4 2 5% (W) L 8 4 g
(FL) . 36 7 5 (GMD T P42 L (JC) WA ek CFTR) » I P ARAR (GT) . D {8 e 28 7% 1L 2 G W 3 1
SRS p T, 1D LR S LA R T R B A O R AR A AR, BT OE T T
FRIAR . T 242 S0 7 e 9 0 6 X0 I 4 B 0 SO, I 55

F4 EMESEREBIHE TR EBSESESITEN

il 5 ClL Cl, Cl, Cl, U U(2) U(3) U4) D 14 HE4
SM 1.81 1.19 0. 82 1.22 1. 00 1. 00 1. 00 0. 36 0. 94 1
GM 1. 09 0.66 —0.16 1. 10 0. 36 0.42 0.19 0.23 0. 34 4
GT 0. 80 0.28 —0.10 0.98 0.12 0. 00 0.25 0.10 0.10 7
FL 1.11 0.70 0. 34 1.65 0.38 0.45 0.61 0. 82 0. 47 3
FW 1. 42 0.76  —0.40 1. 82 0. 65 0.52 0. 00 1. 00 0.56 2
jC 0.76 0. 88 0. 37 0. 88 0.08 0. 65 0. 64 0. 00 0. 29 5
HR 0.67 0.84  —0.30 1. 40 0. 00 0.61 0.08 0.55 0.21 6
(W) 0.53 0.25 0.13 0.09

2.4 AEMEDREMTHEBSEORESHT

R A BE B AR [R MR BE R BT D (H#E AT RGE R KT (B D, TERKIRIE B % T 0. 44 BIALE, 7
A Iy J 0 Al 5 42 T AU B P 1 i 55 Rl o0 3 3, DI Ll R R LA S Y AR R AR — 2 AR R
Fr (FL) AR g sl (FWO T I 8% B ) 3082 IRAESE 25, J@ T rh SR ImE 28 0 s 5 M1k 56 (GMD 57178 4%
XAC, TN (GT) 5 %I (HR) X 4 DNFE RS =25, 8 T 85 R w3 al,

P EL
FEM&EX
AAEEX
IR
AR
BELE

BERT

I e el DT T T P

44 0.66 0.88 1.10
BREKER
E1 7HEIEMTEBSENERE

A
0.00 0.22

<

2.5 IREBXRESH

AR 538 3 K A SR BT L . WA, 2 E M &K, MDA, SS,SP.Pro,SOD,POD,CAT. & {f
F1% 10 NAEB AR AR AT ZE G VR, BEEE R LTI 5 2% 550 (D 1) LB R, I PE A 45 46 5
e A AR I v Y FE R R 55 . e S T A Y DG R BN 2 5. SCIRE R A 48 bR OC B R B0 - B 1k
P, MR KA KRR R GBI T RN, IR R e A . S TIEE R (D B RPN &5 R
6 W LUE IS SR THTEE M O R B VIR RIS bR BT, R 0.566, HIKJE MDA,
FRU 3 U B I A TR T A B, ORI 43 IR 0. 554,0. 387 F1 0. 381.
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R5 REPETEEENERNMEBRYEE D ENXEREY

s b SM GM GT FL FW JC HR
Bk R 0. 666 0.162 0.153 0.214 0.258 0.401 0.625
KE bR 0. 656 0. 507 0.285 0.451 0.577 0.248 0.179
MDA 0. 147 0. 168 0. 107 0. 245 0.135 0.419 0.152
SS 0. 335 1. 000 0.153 0. 902 0.223 0. 372 0. 280
SP 0. 245 0. 945 0.272 0. 747 0.212 0. 301 0. 275
7 & Pro 0. 308 0.925 0. 157 0.402 0.182 0.878 0.177
SOD 0. 462 0.333 0.095 0. 304 0.173 0. 444 0.221
POD 0. 666 0.162 0.153 0.214 0. 258 0.401 0. 625
CAT 0. 656 0. 507 0.285 0.451 0.577 0.248 0.179
MWHRIE S 0.147 0. 168 0. 107 0. 245 0.135 0.419 0. 152
K6 AABBPHETELEELEUERNXKERELXEKRE
AT MMgE Kw NE SS MDA SP 78 Pro  SOD POD CAT  HIiEN
K B 0. 293 0.566 0.283 0. 554 0. 308 0. 381 0. 338 0. 291 0.261 0. 387
A DA 7 1 9 2 6 4 5 8 10 3
3 3

TR AR TR 7 EBH S LI ARA T JFORMR R A A 2, oA X R AR AR
PRAFAEBOR 22 50 . i TR AE VR FEAL . 728 T2 BB AL A8 S5 o AN [R) b LAY 5 JR2 P F 0K o B 5 ) 35
VEAFAE 22 5% . A7 b 2000 3 — 5 ) A ISR AR A 6 425 3l o G R A I3 A K 3 BT X A8 5 19 B 2 A b 9L
[ s 2R 3 7 At Ml 30 ) 7 % AL 7

Ty J2 T ARl B 301 2 — b 52 22 ik PR 4 1 ) 52 20 2R BRSO, AN [ 48 A b B 3R B B TS B2 1 N —
B L, TR IR BRI b AR ] 248 AR SR BEAT B2 L B £E 5 VAL FE PPN S pn it 2 0t
TR 8] 2 A A5 — 2 AOAH SCHE . (A58 B B 4 A 0 1 0 00 00 05 S e ) £ L 50 AR S8 SO e, EL A B B 7RI
IR A AR By 22 8] A 22 5 T4 5 OV 45 2R R AR D 22 32 o0 B vl e i e 4 19 T B 24 S 20 B bR T 1k
HOBOUA AR, B IERRZ B, IF KRR R WA 2B R F S, PR E
A A CROSTAPER LRSI E (D ED. h T D (R — D To s WA R, DTS 44> Bl (RO B9 Rk
25 A AT HOPE L RBIETE R T A 4 A, kS SRR T, R AT T R AL W AR B AR, N4
B AN R R R A Rl 3l B IE T S R B S p MR, S5 RER T, DU JE h 922 515 2> D HECR . 7E Bt
(¥ 7 A Th RRAR B IR 4 A7 T T A . 2 AL TR A S DA AT i v R A R R L SRS A )
AR ) f, b LA i L ARR R L AR AR TG T L ORI AR GO (0 3R T LU b S R e s B T
IR0 E R

KA SEHR BE 73 B 2 FOR W 58 S My A DG I | AR B A A5 A2 2 I I B2 W A T 8 45 o B2 Wi TR 38 2 ] 119
CHRALT SR E WAL — BRGE T T 7 VA 3 AR O A 1 A R R (RO B 28 R R
KA SEHR BE 23 B it AR 09 2 DR RN SR B — AN KORG8 385 R X AR 2% DR Z AR Y
ST HERE o At VPN AR AR TE AL IR R SE T A AR TR s R SCRR IR R 8 G Bk R 4 LR
SEAT IR, IR YRR R HE S TR AR B R A P 2 SR, SRR, R P R R R AR
{1\ UWE S Pro FIVER P B 5 25 48 Bn 15 B R A TR AR B AR P 1K AR 2 ).

SR TR RN SC TR 2 M R B A T RE R GE T2 BE A, 32 o B mT LK Ak 22 0 R G ) A8 B it
2R O O 2 6 Wl A B LA I T 5 19 3 B 73 5 K A8 SR 1 7 A BE A8 DA 22 473 2 45 s v 4R Y 3 B R E i
b JF A BT AN R SR R SR PR AR L ARSI G K € DG I 3 A AR A 14 15 T R A I A 2 2 )
FAOGHY A= BRAS bR (16 2 8 S R 80, MRG0, U7 B8 Pro FNOR P WS MR 4%, I BB AR AE 285 0 7
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Hh )RR B 3 75— SR vb s TR B R 5 3 A T A TRl e O 2 v ] A5 T

RICHAT 5 AR EMR I 10 A B AR, FEAR T RE A% 4 100 0 8 A [ b U5 55 R AR IR WA b 38 1 119
A B BT HABAR DG RO R H . WD B RRIESE. T B WERS SE TR S PR &R O IR R D
BEUR A ) RN B2 S R A
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Principal Component Analysis and Grey Correlation Analysis for
Low Phosphorus Tolerance Evaluation in Masson Pine
(Pinus massoniana) of Different Provenances

CUI Bo-wen'?, QIAO Guang', FAN Fu-hua’,
DING Gui-jie’s WEN Xiao-peng'
1. Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region (Ministry of Education)/

Institute of Agro-Bioengineering , Guizhou University , Guiyang 550025 , China ;

2. Research Center for Forestry Resources and Environment of Guizhou Province s Guizhou University s Guiyang 550025, China

Abstract: The morphological and physiological parameters of masson pine (Pinus massoniana) seedlings
from different provenances under phosphorus stress were studied through principal component and grey
correlation analyses to select germplasms with high tolerance to low phosphorus stress. Seedlings of seven
masson pine provenances from Tongmian of Guangxi (GT), Longyan and Wuping of Fujian (FL and
FW), Chongyi of Jiangxi (JC), Rucheng of Hunan(HR), Meishan of Sichuan (SM) and Mengguan of
Guizhou (GM) were used as materials for a pot experiment with different phosphorus concentrations, i. e.
normal phosphorus (KH,PO, 10 mg/L, control) and low phosphorus (KH,PO, 2. 0 mg/L). Plant height,
taproot length, root weight, fresh weight of the shoot, ratio of root to shoot, total chlorophyll content,
carotenoids content, soluble sugars, MDA, soluble protein content, SOD activity, POD activity, CAT ac-
tivity and root activity were determined. The low phosphorus tolerance coefficients of the above 15 mor-
phological and physiological parameters were used as the indexes of tolerance to low phosphorus stress of
the seedlings, and principal component analysis and grey correlation analysis were made to give a compre-
hensive evaluation. The principal component analysis classified the 15 single parameters into 4 independent
comprehensive components. Based on the computation with the membership function method, SM had the
maximum D value of tolerance to low phosphorus stress. Grey correlation analysis indicated that carotenoid
content, root activity, MDA and free proline content were closely related to low phosphorus tolerance in
masson pine. In conclusion, principal component analysis and grey correlation analysis could be effectively
used for germplasm selection for high tolerance to low phosphorus stress in masson pine; of the 7 prove-
nances studied SM had the highest tolerance to low phosphorus stress, followed by FL. and FW, and GT
and HR showed the lowest tolerance.

Key words: masson pine (Pinus massoniana); provenance; tolerance to low phosphorus stress; principal

component analysis; grey correlation analysis
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