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Fig. 1

Variation of ground diameter, seedling height and coefficient of variation with different aluminum

concentrations of P. massoniana seedlings

T HEA B EER N (p <0.05). DRI
R R A AR e R RS RR, BBy
19.15%~37.29%, BT ELR, £ ESRE
KN KR (V-] 28.66% ) >H R 4EY & (F
¥]26.75% ) >Hb F#5r (734 6.03% ) >HEEAY
it (F15.64% ), RUIMRZMEIE T SRR
IR B . BEAR R B INAR R . Hb_ LA
B pk A Wy A BRI S O, 7E 0.6
mmol-L™" i} 5z K, F ¥ {H 4+ 5k 0.091 8 g.
0.7024 g #10.794 3 g, ¥EEZT 0. 0.1 f12.4
mmol-L™" 4Rk AL FE, 15 0.3 mmol-L7" 4R ik
WOPETF TR E 2555 2.4 mmol-L™ ARk AN R A=
Pk, HR BN T T AR, AR
MR 5t L 52 305 1G JS wel FE na # L #E 0.6
mmol-L™" i} iz K #0.1316, B FE & T 0. 0.1 F
2.4 mmol-L™" FR e EEAb B
3.3 $AEMEX DEMLEIRZESHZE

WHZE 245087 (F3) Won, RFEIZE RN
W REXT S RAR G EAR S . IR T REURM AR A
EMER M (p<0.05), FARMEHE ML EA
FXF SR AR SR AR M, AR AR

TR EW, DRIMAHRRIESIEAAE T R A
s, AALTEE N 21.84%~44.97%, &45F5R
AR S BB N AR R R (140.13% ) >H 2 i
(29.98%) >HARK (26.28%), ¥J&E F 7z
o BEERMERIEARK | AR AR AR 2
JeBa s g, £ 0.6 mmol-L™" i B kK,
S BAE 43 ) 272.82 cm. 110.19 cm? il 4.92
cm®, HEEET 0. 0.1, 1.2 f12.4 mmol-L™" 4
Weps kb3 TS 0.3 mmol-L7 45 v BE AN FE R e i
S NG 27 (5 TR 5o A 82 wes L) 1) o AN
FRIG AN R, 7E 0.6 mmol-L™ B f: Kk 0.131 6,
HBEET 0. 0.1 F12.4 mmol-L™" 4 i kb 3,
34 AEARZRSEMMERB.REEE

G LRI ZE R, SR 2.4 mmol-L™" 47k
J3E R 3400 5 {5 0.6 mmol-L™" Ab B I < 1 114
FLAETR L 100% TEMTER R AL, FHRIES R B R4
A 55 MM AR F R REEE (K 4),
TERRMREAEE T, RER R DRI R 5250
R, Kt RBHEE R RFEMERBERER, %
A FR PR e T AN TR BRI b BT A FE A FHAS A
], ASTRI G FE A5 P 5K 2 22 57 i 2 B A9 i 22 P -



555 Z

Mg, 4. FRNA N SREM AR AR ST 125

y=0.025 6x°-0.095 1x>+0.076 8x+0.073 1
R?=0.976 8 p<0.001

A
0-18 a K % (Family) F=3.628***

o 0451ap § BT (Al) F=17.447
3 0 o FamilyxAl F=1.223*
g bco . * bc
G 0.12 ¢ ¢ *
o >
B 0.09
4
E oos
i
= 0.03

O 1 1 1 1 1 1 1 3

0 03 06 09 1.2 1.5 1.8 2.1 2.4

FAH¢E Aluminum concentration/(mmol-L™")
1.0 r ab

a b

y=0.060 7x-0.261x+0.260 7x+0.723 2
R:=0.973 5 p<0.001

% % (Family) F=1.821*"

0-2 B (Al) F=52.948"

FamilyxAl F=1.163*

PR Yt
Whole plant biomass/g

0 03 06 09 12 15 18 2.1 2.4
FAvk £ Aluminum concentration/(mmol-L™")

o
o

y=0.035 1x*-0.165 9x+0.183 9x+0.650 1
0.3 Re=0.963 5 p<0.001

K 7 (Family) F=1.793**

SR (Al) F=53.257**

FamilyxAl F=1.914***

R
Aboveground biomass/g

0 1 1 1 1 1 1 1 3
0 03 06 09 12 15 18 21 2.4
FRVE Aluminum concentration/(mmol-L™")

0.3 ap  V=0.030 8x°-0.108 4x+0.079 1x+0.113 4

° [. R?=0.937 9 p<0.001

- a‘b 3 % % (Family) F=1.793"
8 0.2 IS FRURBE(Al) F=53.257* o
G $ 2 C FamilyxAl F=1.914**

o

3

(e}

2 0.1

=

B

0 1 1 1 1 1 1 1 3
0 03 06 09 12 15 18 21 2.4
FRvk EE Aluminum concentration/(mmol-L™")

é (00 @01 @303 06 B12 M@24mmolL"’
g ;
k]
G 30Ff F] S
> _ .
Z . k
c K
8 2071l AL
= N
§ X
= 101N
s LLINS I8 [ em (LN
) WA o b4y ok MR L
Y Y Y
845 Index

B2 AEGKESEMNDEENETURERREY
Fig. 2 Changes of biomass and coefficient of variation with different aluminum concentrations of P.
massoniana seedlings
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Fig. 3 Changes of root morphological and coefficient of variation with different aluminum concentrations of P.
massoniana seedlings
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Fig. 4 Aluminum tolerance coefficient and
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massoniana
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Table1 Component loading matrix and index weight under aluminum stress
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Growth Regularity and Selection of Second-generation Pinus
massoniana Family Seedlings under Aluminum Stress

LI Peng', TAN Jian-hui', YANG Zhang-qi', LUO Qun-feng', LING Jin-yan?,
CHEN Hu', CHEN Zhao-ming?, JIA Jie'

(1. Guangxi Academy of Forestry, National Forestry and Grass Administration, Masson Pine Engineering Technology
Research Center, Guangxi Masson Pine Engineering Technology Research Center, Guangxi Key Laboratory of Fine Timber
Forest Resources Cultivation, Nanning 530002, China; 2. Collage of Life Science Guangxi
Normal University, Guilin Guangxi 541006, China)

Abstract: [Objective] Acid-aluminum stress is an important abiotic stress factor limiting plant growth, which
seriously restricts the productivity of acid soil forests in southern China. In order to explore the growth vari-
ation law under acid aluminum environment of Pinus massoniana seedlings, sselect aluminum-tolerant
families and sensitive families adapted to aluminum stress, and provide basis for genetic improvement of
Pinus massoniana under aluminum stress. [Method] The seedlings of 55 second-generation superior fam-
ilies (201 - 255) were used to study the growth and root morphological changes under 0, 0.1, 0.3, 0.6, 1.2
and 2.4 mmol-L™" aluminum concentration in acidic environment by sand culture of P. massoniana. The
aluminum tolerance characteristics were graded by principal component analysis and cluster analysis. The
excellent aluminum tolerance, the superior families of the seedlings were sselected and identified.
[Results] There were significant differences in seedling height, ground diameter, height-diameter ratio, bio-
mass (aboveground biomass, root biomass, total biomass, root-shoot ratio), root morphology (total root
length, root surface area, root volume) between families and aluminum concentration treatments (p <0.05).
The ground diameter, seedling height, biomass and root morphological indexes increased first and then
decreased with the increase of aluminum concentration of the seedlings, which was the highest at 0.6
mmol-L™" aluminum concentration, significantly higher than that of 0 and 2.4 mmol-L™" treatment. There
were no significant differences with 0.3 mmol-L™" treatment. The coefficient of variation of root biomass and
root morphology was large, with an average of 30.79%. Using the above 10 indicators to calculate the
comprehensive evaluation value (CEV) and analyze for systematic clustering of aluminum resistance char-
acteristics among families, 3 families with strong aluminum resistance (accounting for 5.45%) and 11 famil-
ies with moderate aluminum resistance (accounting for 20%) were selected. 37 families (67.28%)
with general aluminum tolerance, and 4 families (7.27%) with aluminum sensitivity were evaluated.
[Conclusion] Suitable aluminum concentration can promote the growth, especially at the concentration of
0.3-0.6 mmol-L™" aluminum. Selecting aluminum-tolerant and sensitive families is of great significance for
the improvement of aluminum tolerance of P. massoniana.

Keywords: Pinus massoniana; second generation family; aluminum stress; aluminum resistance
characteristics; principal component analysis
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