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Table 1 Hoagland complete nutrient solution formula

TR/ i/
% (mg/L) % (mg/L)
Ingredient Content/ Ingredient Content/
(mg/L) (mg/L)
K, SO, 607 Na,B,0, « 10H,0 4,50
NH, H, PO, 11.50 | MnSO, 2.13
MgSO, 493 CuSO, 0.05
Cyo Hy, FeN, NaOy 20 ZnS0, 0.22
FeSO, 15 (NH,)»,SO, 118.90
H;BO, 2.86 | Ca(NOy), 945
KH,PO, 136

1.2 BMBiIRIEE T

Fie R 2 5 BEARKOF PR R 8 A B AL IX 41K
B, BN FR A N N Rl AR R L 4 A B 2
A CK,—=P,+Al.(-=P,+AD,Hs CK AXH, - P
FARBEAL I, + Al HERERAL I, (- P, + AD A w2
FRAL T, 45 Ab BV BE ISR 2 FF R . ¥ KH,PO, L AICL
HKCLERIMZE 1/5 6w g 4% 22 8 52 3 (i B 5 1%
Hit KH,PO, BIEM 2582 E R . IR
B3I RELE. BANER 20 M. H
KH, PO, . AICL, # il 8 #1801 & it AR 45 3% 1 H 4 il 44t
PN TR) 7K SF B B RAR s NaOH R HCL 4 %% + 1
pHH . i 13 pHIE 4E 5 7E4. 00 £ 0. 05K F . £:3d
2 SREBHBEERE

Table 2 P, Al concentrations in each treatment

vk iz / R/
Ab P (mmol/L) (mmol/L)
Treatment P concentration/ Al concentration/
(mmol/L) (mmol/L)
CK 0.073 0.2
-P 0.015 0.2
+ Al 0.073 1.0
-P.+Al 0.015 1.0
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Fig.1 Growth and CV of P. massoniana Lamb. under different concentrations of P and Al stress
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Fig.2 Dry weight,CV and morphological characteristics of P. massoniana Lamb. under different concentrations of P and Al

stress
2.3 AEREDEHRAHRBERSBSETEN
2.3.1 WA BR 48 WA & 2
MR 3 R AEMBERE WA T ARERLRE

A &Iy ¥ PR [ 8 A R [R) — 5 8 (AN [ 435 A 11 T G
TR B W38 2R 02 SR ELAS 95 A A9 T30 2R K0 A IX
]2 A AR o, bR R 38 R % 0859 -



I AR E,2023 ££,30 %, 5 3 #§ Guangxi Sciences,2023,Vol.30 No.3

1. 082, MR B9 K 0. 864 — 1. 067, EMR KB K 0. 850 — B4 0.574 — 1. 364 kT HAYA 0. 700 — 1. 1385 4R
1.086, 40 F#STE AN 0.736 — 1. 159, #b F# T & S LAY 0. 634 — 1. 293,
%3 DERRAMEBBEHERHK

Table 3 Stress tolerance coefficients under the stress of low aluminum phosphate of P. massoniana Lamb. families

EE B 55 Az K M F AR T E MR T Bk T E I L
Family Plant height Ground diameter Main root length Shoot dry weight Root dry weight Dry weight per plant Root-shoot ratio
1 0.947 0.904 0. 864 0.871 0. 860 0. 868 0.988
2 0.973 1. 004 0.979 1. 047 1.013 1. 041 0.967
3 0.997 1.018 0.961 1. 055 1.164 1.079 1.103
4 0.938 1. 025 0.937 0.927 0. 837 0.908 0.902
5 0.915 0.922 1.071 0. 835 0.695 0. 806 0. 832
6 0.914 1.053 1. 061 0.914 0.990 0.929 1. 083
7 0. 966 0.948 1.001 0. 898 1.133 0.945 1. 261
8 0.981 0.978 1. 063 1. 053 1.163 1.073 1. 105
9 1. 044 0. 960 0.929 1. 020 0.783 0.963 0.768
10 0.923 0.989 1.016 0.906 1. 064 0.936 1.174
11 0.991 0.958 0. 996 0.954 0.996 0.962 1. 044
12 0.973 0.993 0. 884 0.971 1. 165 1. 007 1.201
13 0. 994 0.939 0.928 0.978 0.938 0.968 0. 960
14 0.952 0.975 0. 946 0.972 0.929 0.962 0. 955
15 0.971 0.979 0.992 0. 987 1. 275 1. 038 1.293
16 0.943 1. 044 1. 086 0.913 0.976 0.923 1. 069
17 0.994 1.013 0.971 1. 084 1. 364 1.138 1. 258
18 0.992 1.000 0.996 0.989 1. 069 1. 005 1. 081
19 0. 859 0.968 1.016 0.832 0. 760 0. 815 0.913
20 1. 046 0.943 1. 030 0. 849 0.729 0. 819 0. 859
21 0.932 0.930 0. 862 0. 890 0. 883 0. 889 0.992
22 1.077 1.024 0.988 0. 980 0. 849 0.953 0. 867
24 0.993 1.038 0. 950 0.943 0.981 0.951 1. 041
25 0.924 0. 898 0.937 0.742 0.574 0. 700 0.773
26 0.928 0. 950 0. 960 0. 966 0.612 0. 867 0.634
27 0.951 0.900 0. 897 0.965 0.767 0.917 0.795
28 0.970 0. 887 0. 851 0. 864 0. 889 0. 870 1. 030
29 0.872 0.975 0.990 0.901 0.983 0.920 1.092
30 0.942 0.989 0.926 1.016 0.952 1.002 0.937
31 1.024 0.993 0.924 1.018 0. 856 0.987 0. 841
32 0.948 1. 001 0.976 0.959 0.753 0. 898 0.785
33 0. 894 0.970 0. 877 0.916 0. 652 0. 848 0.712
34 0. 945 1.011 0.942 0.945 1.038 0.964 1. 098
35 0.961 1.019 0.965 1. 057 1. 044 1. 054 0. 988
36 0.930 1. 000 0.920 1. 079 0. 764 0.993 0.708

37 0. 960 0.976 0. 850 1. 071 0.728 0.984 0. 680
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Continued table
e 731 Hu A EX8S H bR R R T Bk TR M5 b
Family Plant height Ground diameter Main root length Shoot dry weight Root dry weight Dry weight per plant Root-shoot ratio
38 0.935 0. 864 0.853 0.736 0.786 0.748 1. 069
39 1. 049 1. 044 1. 009 1. 067 1. 040 1. 061 0.974
40 0.923 0.913 0.853 0. 881 1. 046 0.919 1.187
41 0.895 0.914 0.992 0. 880 0.931 0.891 1.058
42 0.939 0.948 0.922 1. 026 0.908 0.995 0. 885
43 0.972 0. 955 0.963 0.934 0.924 0.931 0. 989
44 0.939 0.955 1. 004 0.931 0.876 0.916 0.941
45 0.977 0.978 0.941 1. 040 0.897 1. 007 0. 863
46 1. 065 1. 044 0.952 1. 098 1. 098 1. 098 1.001
47 0.905 0.947 1.075 0.913 1.160 0.964 1.271
48 0.931 1.010 0.997 1.019 0. 898 0.989 0.882
49 0.925 0. 986 0. 960 0. 806 0. 696 0.773 0. 863
50 1.008 0.994 0.997 1. 159 0.992 1.109 0. 856
51 0.951 1.008 0.949 1. 003 0. 895 0.970 0.892
52 1.082 1. 067 1. 057 1.091 1.141 1.102 1. 046
53 0.971 0.962 0.971 1.111 1.172 1.127 1. 056
54 0.907 0.959 1.079 0.893 1.109 0.937 1. 242
55 1.052 1. 000 0. 996 1. 020 0.933 0.999 0.915
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57
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Table 4 Correlation coefficient of each index under the stress of low aluminum phosphate

X1 X2 X3 X4 X5 X6 X7
X1 1
X2 0.385 % * 1
X3 0. 049 0. 404 * 1
X4 0.536 % * 0.586 x = 0. 065 1
X5 0. 250 0.369 * 0.311 % 0.441 % = 1
X6 0.515 % * 0.589 * * 0.174 0.926 * = 0.744 % * 1
X7 —0.042 0. 064 0.294 * —=0.081 0.855 % * 0. 296 * 1

Note: X1, plant height; X2, ground diameter; X3, main root length; X4, shoot dry weight; X5, root dry weight; X6,dry weight per plant; X7, root-

shoot ratio; ¥ P =0.05, x *x P =0.01.
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2.3.3 FREREZDLEMGAKEER 4G R F 54

HI 3 AT 1 B STk R ik 2 96. 62 %, il AE R
AR B S BT By, o B s R R B E R S
B IR T (RS JEB1IER T 51 E# T
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Table 5

Factor loading and variance contribution rates under

the stress of low aluminum phosphate

Ep! %2 %3

foh ERTF  EHT  ERT
R The first The second The third

Index . . .

main main main

factor factor factor

X1 0.030 0. 000 0. 002

X2 0.027 0. 003 0.022

X3 0. 002 0.011 0. 060

X4 0.091 0.002 0. 002

X5 0.071 0.152 0. 024

X6 0. 086 0. 037 0. 007

X7 -0.017 0. 156 0. 020

Variance contribution rate/ % 68. 89 23.00 4.73

Cumulative variance contribu-

tion rate/ % 68. 89 91. 89 96. 62

Note: X1, plant height; X2, ground diameter; X3, main root length; X4,
shoot dry weight; X5, root dry weight; X6, dry weight per plant; X7,

root-shoot ratio.
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Effect and Evaluation of Phosphorus and Aluminum Stress on
the Growth of Pinus massoniana Lamb. Families Seedling

CHEN Zhaoming' . LI Peng®® ,CHEN Hu”"',YANG Zhangqi'”*" "

(1. College of Life Sciences.Guangxi Normal University,Guilin, Guangxi, 541006, China; 2. Guangxi Forestry Research Institute,
Nanning , Guangxi, 530002, China; 3. Guangxi Key Laboratory of Superior Timber Trees Resource Cultivation (Guangxi Forestry
Research Institute) » Nanning . Guangxi, 530002, China; 4. Guangxi Masson Pine Engineering Technology Research Center., Nan-
ning , Guangxi, 530002, China)

Abstract : In order to clarify the growth variation of Pinus massoniana Lamb. seedlings under phosphorus and
aluminum stress and screen out the excellent families with low aluminum phosphate tolerance, 54 excellent
families in the second generation seed orchard of P. massoniana Lamb. were selected as the research objects.
The growth indexes such as plant height,ground diameter, main root length and dry weight were measured
under phosphorus and aluminum stress,and the coefficient of low aluminum phosphate tolerance was calcu-
lated. The stress tolerance coefficient of each index was used as the evaluation index of stress tolerance. The
seven stress tolerance indexes were reduced to three comprehensive indexes by correlation analysis and factor
analysis,and the comprehensive evaluation value-D value was calculated by membership function method.
The characteristics of low aluminum phosphate tolerance of P. massoniana Lamb. seedlings from different
families were comprehensively evaluated, and the hierarchical clustering analysis was used for grading. The
results showed that the growth of P. massoniana Lamb. seedlings in different families was inhibited under
low aluminum phosphate stress,and the plant height, main root length and underground dry weight accumu-
lation were most severely inhibited. Except that plant height was negatively correlated with root-shoot ratio
and shoot dry weight was negatively correlated with root-shoot ratio,other indexes were positively correla-
ted. The D-value between the families was 0. 155 — 0. 919, and the No. 17 family had the best resistance to
low aluminum phosphate,and the No. 25 family was the worst. In summary, under the stress of low alumi-
num phosphate,the growth characteristics of P. massoniana Lamb. are short and thin, the accumulation of
dry matter is inhibited,and the distribution mode is changed,so that the root-shoot ratio is greatly reduced.

Key words: Pinus massoniana Lamb. ;phosphorus and aluminum stress;law of growth;evaluation;screening
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