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Variation of Fruit Traits and Plus Tree Selection
in Terminalia chebula Retz.
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ZHAO Jiangping"?, LI Guilin"*, ZHANG Manchang’
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*Forestry and Grassland Scientific Research Institute of Baoshan City, Baoshan 678000, Yunnan;
*Institute for Drug Inspection and Testing of Baoshan, Baoshan 678000, Yunnan)

Abstract: To comprehensively explore the germplasm resources of Terminalia chebula Retz., this study
selected 240 candidate individual plants from the Nujiang River Basin for analysis. Nineteen fruit traits were
assessed, and variation and correlation analyses were performed. Superior individual plants were identified
through principal component analysis (PCA) , the affiliation function method, and a multidimensional
coordinate synthesis method. The results demonstrated substantial variation in the fruit traits of 7. chebula, with
coefficients of variation ranging from 0.03 to 0.78 and an average of 0.21. Gallic acid content exhibited the
highest variability, followed by pulp weight, total phenols, fruit weight, and kernel weight. In contrast, traits
such as the fruit shape index, water extract, edible rate, and moisture content showed relative limited variation.
The edible rate displayed an extremely significant positive correlation with soluble solids and total acid, as well
as significant positive correlations with water extract, total phenols, and gallic acid content. These findings
highlight the edible rate as a critical indicator for the selection of superior I. chebula individuals. Moreover,

extremely significant positive correlation were observed among total sugar, total acid, total phenols, and soluble
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solids. PCA of the 19 traits yielded five principal components, collectively accounting for 74.444% of the

cumulative variance. Nine exceptional elite plants were identified, with the following serial numbers: BBOI,
BB13, JZS22, MC18, MC20, MCC12, MKO08, MK12, and SJKO0S8. These results offer a scientific foundation

for the selection and development of improved varieties of 7. chebula, holding significant practical value for

future cultivation and resource utilization.

Key words: Terminalia chebula Retz.; fruit;trait variation; plus tree selection
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Table 1 Information of Terminalia chebula sampling sites

Gt SRFEH S, RAEREL HL Rk TR (m)
Code Sampling location Number of samples Individual number Altitude

1 PRIl e e LB 25 BB01~25 937~1190
2 Ly e BA X VT4 30 CG01~30 741~1263
3 PRl e e EL B 31 J7801~31 1143~1241
4 PRI B A 2 31 MCO01~31 1014~1241
5 PRILITTEBE AR 2 31 MCCO01~31 902~1263
6 PRI BEPH IR 1258 & 12 MKO1~12 762~1023
7 PRIl e B ek & 29 SJIK01~29 883~1457
8 AL it fe) EL P 31 TPO1~31 968~1319
9 e 4o T L A 20 ZK01~20 784~1246

1.1.2 Btk B0 R S EEAKIER RAE
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Fig. 1 Terminalia chebula Retz. and its fruits
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Table 2  Statistical analysis of fruit characteristics
SRR ] /M R AE FEE P22 5 REL
Fruit traits Abbreviation Min. Max. Average SD crv
S5z (g)Fruit weight FW 6.64 35.86 16.12 4.99 0.31
HEZE4E (mm ) Transverse diameter of fruit FTD 20.74 38.10 27.53 3.11 0.11
5240 4% (mm) Longitudinal diameter of fruit FLD 25.80 45.77 34.63 4.16 0.12
JA T HE(g)Pulp weight PW 5.12 33.67 13.55 4.64 0.34
A% #E i (g)Kernel weight KW 0.86 4.05 2.19 0.65 0.30
WA (mm) Transverse diameter of kernel KTD 7.10 18.66 12.83 1.59 0.12
Y\ (mm ) Longitudinal diameter of kernel KLD 15.01 27.75 20.24 2.49 0.12
A% (%) Edible rate ER 76.00 94.55 85.46 3.70 0.04
SRIEAEEU Fruit shape index FSI 1.02 1.64 1.26 0.11 0.09
RIZIPIERAAEFE Longitudinal diameter of kernel/  KLD/ KTD 1.12 229 1.60 0.22 0.14
transverse diameter of kernel
7K %3 (% )Moisture content MC 69.21 84.54 78.09 2.73 0.03
JK4y (%) Ash content AC 0.46 1.52 0.90 0.22 0.25
K Y1 (%) Water extract WE 54.08 95.90 91.83 4.46 0.05
HIZF4E (%) Crude fiber CF 1.52 3.28 227 0.30 0.13
A PELREIE Y (%) Soluble solids N 4.82 28.62 14.55 3.28 0.23
S B (g/100g) Total sugar TS 2.08 7.76 433 1.19 0.27
SR (g/kg) Total acid TA 21.11 44.96 31.14 4.24 0.14
J\B7 (mg/g) Total phenol TP 5.78 50.65 26.99 8.97 0.33
B TR (mg/kg) Gallic acid GA 32.34 2377.62 351.25 273.89 0.78
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Fig. 2 Correlation analysis of fruit characteristics
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Table 3 The eigenvector, eigenvalue, contribution rate, and cumulative contribution rate of the former five principal

components

Stk T4 Principal component

Fruit traits PCl PC2 PC3 PC4 PC5
RAHEEFW(X) 0.963 0.119 0.015 -0.157 0.088
MR FTD(X,) 0.911 0.143 -0.101 -0.310 0.072
WY EFLD(X,) 0.885 -0.042 0.323 0.187 0.095
RAERPW(X,) 0.938 0.153 0.084 -0.226 0.096
R E R KW(X,) 0.705 -0.181 -0.485 0.411 -0.005
MR KTD(X,) 0.544 -0.060 -0.763 0.172 -0.096
REYEKLD(X,) 0.719 -0.324 0.111 0.524 -0.005
Al #EER(X,) 0.375 0.297 0.556 -0.609 0.141
FIESEHFSI(X,) 0.051 -0.236 0.575 0.635 0.041
R/ AZHAE KLD/ KTD(X,,) 0.168 -0.247 0.815 0.296 0.084

KAFMC(X,,) -0.005 -0.743 0.066 -0337 0.154
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F3(4)
LSk F A3 Principal component
Fruit traits PC1 PC2 PC3 PC4 PC5
R4y AC(X,,) -0.184 0.272 -0.166 0.412 0.263
ki P WE(X,,) 0.189 -0.277 0.271 -0.159 -0.669
HLF4ECF(X,,) -0.291 0.250 0.194 0.198 0.303
AN PERTEY) SS(X ;) -0.031 0.714 0.193 0.083 0.109
HBETS(X,) 0.149 0.635 -0.126 0.187 -0.339
HEETA(X,,) 0.072 0.451 0.213 0.026 -0.570
JETP(X,) 0.026 0.777 0.133 0.191 -0.154
WEFKGAX,,) 0.056 0.515 -0.094 -0.059 0.474
FFE(H Eigenvalue 5.087 3.157 2.524 1.974 1.402
Bk (%) Contribution rate 26.774 16.618 13.284 10.388 7.380
24451k % (% ) Cumulative contribution rate 26.774 43.392 56.676 67.064 74.444
X, X X X TR AL A PR AR A A
X, X,,X;,...,X,, represents the standardized trait indicator variable
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Fig. 3 Principal component analysis based on 19 traits of Terminalia chebula
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H=0.427X,+0.404X,+0.392X,+0.416X,+0.313X,+
0.241X+0.319X+0.166X,+0.023X,;+0.075X,~0.002.X, —
0.082X,,+0.084.X,,-0.129X,,~0.014X,:+0.066.X,:+0.032.X, -+
0.012X,,+0.025.X,,

H,=0.067X,+0.08 1.X,~0.024.X,+0.086X,~0.102.X.—
0.034X,-0.182X;+0.167X,~0.133X,-0.139.X,,~0.418X, +
0.153X,,-0.156X,+0. 141X, +0.402X,+0.357X,+0.254X, +
0.437X,+0.290X,,

H,=0.009.X,-0.064X,+0.203.X,+0.053X,-0.305.X,—
0.480X+0.070X4+0.350X+0.362X;+0.513X,+0.042.X, -
0.105X,+0.171X +0.122X, +0.122X,~0.079.X +0.134X, +
0.084X,,~0.059.X,,
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H=-0.112X,-0.221X,+0.133X,-0.16 L. X, +0.293.X .+
0.122X+0.373X,-0.434X+0.452X,+0.211.X,,~0.240X, +
0.293X,,-0.113X,,-0.141.X,,+0.059.X,+0.133.X,+0.019.X,+
0.136X,,-0.042X,,

H.=0.074X,+0.061.X,+0.080.X;+0.08 1.X,~0.004.X,~
0.081.X,-0.004.X+0.119X,+0.035X,+0.07 1.X,+0.130X,,+
0.222X,,-0.565X,:+0.256X,+0.092.X,.~0.286.X,~0.481.X,~
0.130.X,,+0.400.X,,

FEHT 5 A E AT T7 22 51K a,(26.774%) \a,
(16.618%) .a,(13.284%) .a,(10.388%) .a;(7.380% )
VAR 3 3 o o I s B PN B : H=a H +
a,H,+a,H+a,H,+a.H;,
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Table 4 Scores of superior complex individuals selected by the three methods (top24)

BT SR ROk AR

He44 Principal component analysis Affiliation function method Multldlmen51?nal coordinate
Ranking synthesis method

' LR AifH %' Pi

No. F Ai value No. Pi value
1 BBO1 2.4928 0.5380 BB01 1.2360
2 MKO8 2.0289 0.5317 MC18 1.3045
3 12822 1.8443 MKO08 0.5280 MKO8 1.3330
4 MK12 1.8248 MK12 0.5230 17822 1.3388
5 BB13 1.7748 17822 0.5115 MCC12 1.3465
6 MCC12 1.7726 0.5113 MK12 1.3582
7 MC18 1.7022 MC20 0.5113 BBI13 1.3927
8 MC20 1.6854 ZK09 0.5050 MCCI11 1.4059
9 BB25 1.4541 MCC12 0.5000 CGO07 1.4274
10 SJKO08 1.2042 MCC19 0.4982 MC20 1.4577
11 MCO07 1.1956 CG28 0.4720 CGO05 1.4692
12 MC12 1.1887 17829 0.4712 ZK14 1.4700
13 MCC11 1.1529 BB08 0.4673 MC12 1.4735
14 CG28 1.1479 SJIK11 0.4670 MCl11 1.4880
15 CGo07 1.0992 MCC09 0.4649 BB04 1.4919
16 ZK14 1.0125 MCI18 0.4640 MCC07 1.4949
17 MCC19 1.0119 MCC22 0.4506 TP06 1.5105
18 MCC10 0.9771 MCO07 0.4473 TP20 1.5147
19 MCC30 0.9673 BB07 0.4470 SJKO08 1.5178
20 SJK09 0.9629 MCCO08 0.4426 CGl4 1.5280
21 MCC06 0.9615 MCC23 0.4414 MCC02 1.5337
22 MCCO07 0.9468 MCC21 0.4383 MC31 1.5361
23 12829 0.9409 SJKO08 0.4380 CGO03 1.5382
24 MCI1 0.9349 CG30 0.4369 MCCO06 1.5418
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Table S Performance of superior individuals at traits
PR St ke Rogie RRER REERE O REER AR AfER B Rz
Individual (@  (mm)  (mm) () () (mm) (mm) (%) ;S‘;' U
number Fw FTD FLD PW KW KTD KLD ER KLD/KTD
BBO1 35.86 38.10 44.88 33.67 2.19 13.51 21.32 93.86 1.18 1.58
BBI13 29.64 34.60 44.26 27.22 2.42 14.19 23.41 91.74 1.28 1.65
JZS22 29.87 34.61 43.76 26.97 2.89 14.19 23.74 90.25 1.26 1.68
MC18 24.97 32.34 40.64 21.99 2.98 13.77 22.89 88.10 1.26 1.67
MC20 25.50 31.55 42.17 2291 2.59 11.92 24.07 89.81 1.34 2.04
MCC12 26.58 33.28 39.81 23.66 2.93 13.14 25.34 88.96 1.20 1.93
MKO08 30.07 33.75 45.39 26.66 341 15.25 23.84 88.42 1.34 1.57
MK12 20.77 27.97 45.77 17.32 345 13.90 25.02 83.03 1.64 1.82
SJKO08 26.69 33.22 40.39 23.55 3.14 16.03 23.51 87.29 1.22 1.47
It B ARk A 27.77 33.27 43.01 24.88 2.89 13.99 23.68 89.05 1.30 1.71
Mean of superior
individuals
BRI 16.12 27.53 34.63 13.55 2.19 12.83 20.24 85.46 1.26 1.60
Mean of total

o , . , . Al o o4 s . - L
kg S Kay ey KRB HLLT 4t W S psyivd eyl WET]R
Individual (%) (%) (%) (%) (0//) (g/100g)  (gke) (mg/g)  (mgkg)
number MC AC WE CF S; TS TA TP GA
BBO1 78.52 0.60 94.21 1.69 17.40 6.45 29.05 36.20 2207.02
BB13 78.04 1.49 94.13 2.01 18.00 4.57 29.18 32.93 273.20
JZS22 77.14 1.02 94.26 1.80 18.92 6.69 24.40 30.66 538.11
MC18 74.33 0.91 93.17 2.14 22.81 6.16 38.13 42.43 382.14
MC20 74.45 0.79 93.20 2.38 19.14 4.76 36.03 22.35 486.40
MCC12 73.28 1.36 93.03 2.48 13.63 5.29 33.02 41.89 278.44
MKO08 73.35 1.14 91.60 2.84 14.29 4.72 39.62 37.72 143.87
MK12 72.86 1.28 93.10 2.35 13.55 7.76 39.85 35.29 401.15
SJKO08 74.87 0.81 95.90 2.16 14.34 6.23 34.24 24.67 186.27
e Rk 75.20 1.04 93.62 221 16.90 5.85 33.73 33.79 544.07
Mean of superior
individuals
A SE 78.09 0.90 91.83 2.27 14.55 4.33 31.14 26.99 351.25

Mean of total
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