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Abstract: To better preserve, utilize, and evaluate germplasm resources of Taxodium distichum ( Linn.)
Rich., 65 T. distichum materials were taken as experimental materials, diversity, correlation, and
clustering analyses were conducted for 11 qualitative traits and 6 quantitative traits, and appropriate
sampling strategies were screened for core collection construction. The results show that the Shannon-
Wiener diversity indexes of qualitative traits are 0.23—1.42, and the coefficients of variation are 20.48% -
132.99% ; the Shannon-Wiener diversity indexes of quantitative traits are 1.94-2.06, and the coefficients
of variation are 10.94% —20.00%. The exfoliating branchlet length shows extremely significant positive
correlations (P<0.01) with exfoliating branchlet width and needle length, while the needle density shows
extremely significant negative correlations with exfoliating branchlet length, exfoliating branchlet width,

KRB 2024-11-15

EEWA : VLIRS P ERHAE R B E A FAIRIEEH T H (LYK)(2021)05)

YEERIA: Mot B (2000—) , 22 TLOREhIN BT SEA: | 322 A SFAE A B 3 5 A B B8 U5 T T
CEEMEH E-mail wangziyang@ jib.ac.cn; yinyl066@ sina.com

SRR, o, E8RM, R, 55 65 BEH M RRBMRI T AL ORI BUREL )] . IR SRR, 2025, 34(4) : 65-73.



66

N7/ I AR SRS A

and needle length, and the exfoliating branchlet width also shows extremely significant positive
correlations with needle length and needle angle, whereas the needle angle has a significant negative
correlation with branch density. The clustering analysis result shows that the 65 T. distichum materials can
be divided into four groups, group 1 of T. distichum mostly have traits including resistance to red blight
disease , brownish-red leaf color in autumn, etc.; group Il displays exfoliating branchlet droop, relatively
large needle angles, early defoliation periods, etc.; group Il has medium or relatively long exfoliating
branchlet length, needles not in the same plane, late bud opening period, etc.; group IV shows relatively
large branch density and needle density, etc. The optimal strategy for core collection construction is
identified as * Euclidean distance-priority sampling method-variable average method-25% sampling
proportion’ , a core collection of 16 T. distichum materials are screened out by using this strategy, and
the mean difference percentage, variance difference percentage, range coincidence rate, and coefficient
of variation change rate are 0.00%, 17.65%, 100.00% , and 119.88%, respectively, meeting core
collection construction criteria; in addition, the core collection has obtained greater variability, and
maintains good heterogeneity compared to the original collection. In conclusion, the phenotypic diversity
of the 65 T. distichum test materials is relatively rich, and the core collection screened out can effectively
represent the original collection.

Key words: Taxodium distichum (Linn.) Rich.; phenotypic trait; core collection; sampling strategy
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Table 1  Analyses of distribution frequency of each grade and diversity of 11 qualitative traits of 65 Taxodium distichum ( Linn.)
Rich. materials"’
Ptk By ANAR/ %  Distribution frequency of each grade
Trait H CV/%
1 2 3 4 5 6 7 8 9
FEALHEJT 1] Main branch extension direction 78.46 18.46 3.08 0.61 40.20
Wi 7% 2L/ F 3 Exfoliating branchlet droop 92.31 7.69 0.27 132.99
R & /N HES ) 5 2 31 Exfoliating branchlet arranged in two rows 46.15 53.85 0.69 75.72
T 75 1t /M 2525 Exfoliating branchlet posture 0.00 55.38 44.62 0.69 20.48
E1 IR HES] Needles arranged in a spiral pattern 93.85 6.15 0.23 129.83
£ 7E []— 17 Needles in the same plane 69.23 30.77 0.62 107.50
AR Leaf color at growth stage 0.00 43.08 20.00 7.69 0.00 0.00 20.00 9.23 1.42  58.76
FKZN] {1, Leaf color in autumn 4.61 3.08 3.08 0.00 9.23 3.08 72.31 4.61 1.06  27.09
ZEJF Y Bud opening period 30.77 4.62 64.61 0.78 39.48
7514 Defoliation period 50.76 24.62 24.62 1.03  47.99
FAtIR &I L Incidence of red blight 60.00 33.85 4.62 1.53 0.00 0.88 44.96

D ERARRT 0 1.2.3 % B EAHRE EF R T IE Grade 1, 2, and 3 of main branch extension direction represent diagonal spread, nearly
flattened, and droop, respectively; Mi7& /M T IEMY 1 19 Go il {3« & F1“ )& Grade 1 and 9 of exfoliating branchlet droop represent ‘no’
and ‘yes’, respectively; WP/ INVEHES 52 2 B A 1 19 Ze 4y IS “ &7 Fl“ J& 7 Grade 1 and 9 of exfoliating branchlet arranged in two rows
represent ‘no’ and ‘yes’ , respectively; Wy A 1.2 3 B B BHE R Grade 1, 2, and 3 of exfoliating branchlet
posture represent nearly erect, diagonal spread, and nearly flattened, respectively; £FHSZFERFHEFN A 1 F19 Lo HURE TR F1“ 2" Grade 1 and 9
of needles arranged in a spiral pattern represent ‘no’ and ‘yes’ , respectively; &M 7E[R]—FMEAY 1 F1 9 /R “TH” F1“ " Grade 1 and 9 of
needles in the same plane represent ‘no’ and ‘yes’ , respectively; KW 1.2.3 4.5.6.7.8 A HMCRE L@ R0 FREE W0,
Ba WO EEEO AFEE Grade 1, 2, 3,4, 5,6, 7, and 8 of leaf color at growth stage represent light green, medium green, dark green, yellow-
green, blackish green, yellow, yellowish-brown, and sepia, respectively; FhEMAA)1.2.3.4.5.6.7 8% ER TG0 RGE waii B
@ WA B BELLE FEHE A Grade 1, 2, 3, 4, 5, 6, 7, and 8 of leaf color in autumn represent medium green, dark green, yellow-green,
blackish green, yellowish-brown, orange, brownish red, and sepia, respectively; ZEFFHIAMY 1.2.3 F/a5ER (3 A LA) (3 AdA) 1%
(3 HFA])Grade 1, 2, and 3 of bud opening period represent early (early March) , middle ( mid-March) , and late (late March) , respectively; 75 M
MR 123 ?ﬁﬁ'}ﬂuﬂl%:zﬁl( 11 A J:/EU) (1t A 'T'/ETJ) M (11 H FA])Grade 1, 2, and 3 of defoliation period represent early (early November) ,
middle ( mid-November) , and late (late November) , respectively; TRAGNR BRI 1.2 .3 .4 .5 9243 M 00 BOE Tos \ﬁ%( 1/4 KDL F AL
AR REE(1/4~ 172 B &0 ) JBCE (1/2~3/4 Bt &0 ) V(374 DL B &9 ) Grade 1, 2, 3, 4, and 5 of incidence of red blight
represent disease-free or near-disease-free, lighter (1/4 or less of the branches and leaves are attacked) , medium (1/4—1/2 of the branches and leaves
are attacked) , heavier (1/2-3/4 of the branches and leaves are attacked), and severe ( more than 3/4 of the branches and leaves are attacked).
H'. Shannon—WienerZ¥£EFE 4L Shannon-Wiener diversity index; CV: A 5 Z K Coefficient of variation.
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Table 2 Analyses on statistic and diversity of 6 quantitative traits of
65 Taxodium distichum (Linn.) Rich. materials

vl
ﬁﬁ-i ly/cm  by/cm [ /cm NDZI a,/ B]?l/
Statistic ’ cm (°) m

e KMH Maximum  15.16  3.14 2.00 14.24 503 32.33
#/ME Minimum ~ 5.56 0.52 0.51 7.17 287 12.33

Y9{H Mean 10.00 2.15 1.37 10.68 41.5 21.98
2 Range 9.60 2.62 1.49 7.07 21.6 20.00
SD 1.64 0.43 0.24 1.28 4.5 3.84
H' 1.94 1.98 2.04 2.00 1.99 2.06
CV/ % 16.40  20.00 17.52 11.99 10.94 17.47

D Ly« WP PE/INBK B Exfoliating branchlet length; b« BivEPE/NE
F& % Exfoliating branchlet width; [, ; $F'#4< & Needle length; ND.
£ 25 i Needle density; o, £ 1J2 /4 Needle angle; BD: A2 &
Branch density. SD. #r #fE 22 Standard deviation; H': Shannon —
Wiener Z £ $8 41 Shannon-Wiener diversity index; CV. 78 5 R %
Coefficient of variation.

S 2N 10.94% ~20.00% , Forb | P& /N 5 )
(7R S R, BT e A 0 28 5 R B
2.2 EFLEEEROEXES T

65 1375 PSR 6 A~ 7 i PR IR A0 AH S 1 43 B 45
UL 3, B dE /B B 55 67 1 /NS B B R
R B0 25 TE AR 56 (P<0.01) , 541 2% B 5L b
8RR OG5 WV M /N T B 5 B R BE B S £
S IR A, S A i R S S R OG
B 3 R A B S R OG B e A SR
W FAARSE(P<0.05)
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Table 3 Correlation analysis of 6 quantitative traits of 65 Taxodium
distichum (Linn.) Rich. materials"

Pk MRZZEEL  Correlation coefficient
Trait L, by, 1, ND a, BD
L 1.000
by 0447 %%  1.000
L, 0.492 = 0.900 **  1.000
ND  -0.523 #* -0.410 #* —0.494 %= 1.000
o, 0.194 0.405 *=  0.155 -0.108  1.000
BD -0.105 -0.054 -0.089 0.108 -0.458 = 1.000

D Ly : WYEPE/INE K BE Exfoliating branchlet lengths b, « B 75 M/ N
F& B Exfoliating branchlet width; [, ; M1 Needle length; ND.
FHIF25 B Needle density; o, : £FIHJ¢ff§ Needle angle; BD: Fi%5
Branch density. * : P<0.05; =*:* . P<0.01.
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Fig. 1 Clustering diagram of 65 Taxodium distichum ( Linn.) Rich.
materials based on phenotypic traits
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Table 4 Comparison of Taxodium distichum (Linn.) Rich. core collection constructed by different genetic distances, sampling methods, and

clustering methods at sampling proportion of 25%!*)

MR ICHE B T IS4 e A

NN NIE e

RAEHFLEY Comparison of parameters under Euclidean distance Comparison of parameters under Mahalanobis distance
Clustering method?
MD/ % VD/% CR/% VR/% MD/ % VD/% CR/% VR/%
REHLEUE % Random sampling method
SLM 0.00 11.76 96.73 115.34 0.00 5.88 93.09 106.64
CLM 0.00 5.88 90.50 109.50 0.00 0.00 92.36 110.58
MM 0.00 5.88 88.66 107.01 0.00 5.88 90.58 99.77
CM 0.00 11.76 90.50 106.44 0.00 5.88 87.13 103.54
UAM 0.00 5.88 95.10 112.03 5.88 5.88 91.23 113.80
VAM 0.00 5.88 96.36 110.01 5.88 5.88 89.58 98.26
LM 0.00 5.88 93.85 109.10 0.00 0.00 93.95 103.59
WM 0.00 5.88 96.36 111.32 0.00 0.00 93.95 103.59
AU Priority sampling method
SLM 0.00 17.65 100.00 118.21 5.88 11.76 100.00 118.69
CLM 0.00 17.65 100.00 118.10 5.88 11.76 100.00 118.74
MM 5.88 11.76 100.00 119.88 5.88 23.53 100.00 120.78
CM 5.88 17.65 100.00 119.88 5.88 11.76 100.00 117.87
UAM 5.88 17.65 100.00 119.75 0.00 11.76 100.00 117.96
VAM 0.00 17.65 100.00 119.88 5.88 29.41 100.00 117.86
LM 5.88 17.65 100.00 118.86 5.88 11.76 100.00 116.94
WM 5.88 17.65 100.00 117.88 5.88 11.76 100.00 118.69
125 FE BURE Y Deviation sampling method
SLM 0.00 17.65 99.35 121.14 0.00 17.65 98.04 117.91
CLM 0.00 11.76 95.16 121.53 0.00 17.65 99.35 122.62
MM 0.00 23.53 96.36 113.76 0.00 17.65 100.00 121.02
CM 0.00 17.65 98.04 120.24 0.00 11.76 100.00 121.69
UAM 5.88 5.88 96.00 118.97 0.00 11.76 98.69 122.31
VAM 0.00 11.76 98.69 122.82 0.00 11.76 98.69 122.31
LM 0.00 5.88 97.71 119.35 0.00 11.76 98.69 122.31
WM 0.00 11.76 98.69 122.82 0.00 11.76 98.69 122.31

D MD. ﬂ]{ﬁ%#ﬁé‘}'i Mean difference percentage; VD J5 225 1 433 Variance difference percentage ; CR: WEREZ Range coincidence rate;

VR 257 R B AL Coefficient of variation change rate.

2>QLM o e S v Single linkage method; CLM: T I vk Complete linkage method; MM 1 [A] 1 B 5 Median method; CM; F.0h % CPntrmd
meth()d; UAM ; RIS #74: Unweighted average method; VAM . H] AR 49 Variable average method ; LM, A AR Lex1ble method; WM &

22T ik Ward’s method.
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Table 5 Comparison of Taxodium distichum ( Linn.) Rich. core
collection constructed by different sampling proportions under
‘Euclidean distance-priority sampling method-variable average
method’ )

.
Sdﬁﬁ ;i@;()ﬁion MD/ % VD/ % CR/% VR/ %
15 11.76 5.88 90.20 120.88
20 0.00 11.76 99.35 121.95
25 0.00 17.65 100.00 119.88
30 0.00 5.88 100.00 118.94

UMD ¥J{H 2553 A 4% Mean difference percentage; VD: J5 7572 57
BH4T % Variance difference percentage; CR: % 2% 7 & % Range
coincidence rate; VR: ZE 5 Z ¥4 fb % Coefficient of variation
change rate.

®6 FILROMREEEHRREERERILEY

T A A7), A el B B B8
2,43 ASHRIEGE R B E R -
SEBURE L -] A5 2 23k - 259 BURE L ) SR m b AT
RO R L, SRASF T 16 T P2 AR A O
5k D-Z212 D-Z13 .D-Z14 D-Z715 D-JGS5 .
D-LYG2-1.D-LYG2-2 D-LYG3-3 . D-LYG4-3,
DLYG6-2 .D-LYG7-1 .D-LYG9-4 D-LYG14-2 D-
LYG16-1.D-LYG16-2 . D-LYG16-5, H A H 4% L
B MD {H 4 0.00%, VD {8 } 17.65%, CR {8 N
100.00% , VR fE4 119.88% ,£F A% DR A L ELR |
SRR ARA FR 16 S RAMWEIRbRAEIL )G
MIIEE 7 25 W2V 5 REGHAT LS, 45 2R (R 6)
S AU AN BT 5 DA B B A R AR A BB Y TG
22 RWIR AL O BT 075 18 T 2 A R 5 #%
O BT RK R €8, A s s AR B 7 1k /NR R
JE R 85 BE (19 77 257 0.05 5% 0.01 AKF F i e T
S AT, R RO S A R A R A
PR A0 R 5T 5 R B 2% 6 AL PR A A 22 58 42—
B, RO BB MR BT DA o o v ) 4 S Ao
JoT s AZ O A R AP R 1) A8 S 2R B0 3k v 1 A
T, RIS T RNES, 26 M, &
o R A b OST HAT R AT AR M

Table 6 Comparison of differences in phenotypic traits between core collection and original collection of Taxodium distichum (Linn.) Rich.!

YJE  Mean J72%  Variance M2  Range CV/%
AR Trait
oc cC oc cC oc cC oc cC

F A% EJ5 6] Main branch extension direction 1.25 1.31 025 036 2.00 2.00 40.20  45.87
9% /MR 2 Exfoliating branchlet droop 1.62 2.00 462  7.47 8.00 8.00 132,99  136.63
Wi/ MHESI &L 2 31 Exfoliating branchlet arranged in two rows 5.31 5.00 16.15  17.07 8.00 8.00 7572 82.62
W T8k /M 575 Exdoliating branchlet posture 2.45 2.56 0.25  0.26 1.00 1.00 20.48  19.99
EF I BERHES] Needles arranged in a spiral pattern 1.49 1.50 3.75  4.00 8.00 8.00 129.83  133.33
A1 -7 [ —F 1 Needles in the same plane 3.46 3.50 13.85 14.67 8.00 8.00 107.50 109.42
H KM Leaf color at growth stage 3.91 3.63 5.27 4.52 6.00 6.00 58.76  58.63
FkZ=M{%, Leaf color in autumn 6.28 5.56 2.89 6.00 * 7.00 7.00 27.09 44.02
ZEFFII Bud opening period 2.34 2.31 0.85 0.90 2.00 2.00 39.48 40.93
#H-34 Defoliation period 1.74 1.88 070 0.92 2.00 2.00 47.99  51.06
FRAEIE K IHESE Incidence of red blight 1.48 1.63 0.44  1.05%% 3.00 3.00 44.96  63.06
B 9E /MK BE Exfoliating branchlet length 5.52 5.00 344  8.00%  9.00 9.00 33.59  56.57
W P54/ IV 52 B Exfoliating branchlet width 5.55 5.25 3.63  5.80 9.00 9.00 3429  45.87
£ B Needle length 5.52 5.06 3.72  5.66 9.00 9.00 34.93  47.00
£} 1% % Needle density 5.46 6.56 3.81  7.33%  9.00 9.00 35.76  41.25
132 Needle angle 5.45 5.31 3.66  4.63 8.00 8.00 35.11  40.50
H % ¥ Branch density 5.55 5.75 413 6.20 9.00 9.00 36.57  43.30

Vv, 22 ZEL Coefficient of variation. OC . J5 A7 T i Original collection; CC >R Core collection. * Fl # x 43 I FR R A% O Fh 5t 5 [ A Fh B 7

0.05 F10.01 7KV L2 5 W3 # and *# indicate significant differences between core collection and original collection at 0.05 and 0.01 levels,

respectively.
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